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1 5 J A N U A R Y
Donald Kaye, Section Editor

News
FDA Approves Ceftaroline

Fosamil (Teflaro) for Bacterial

Infections

FDA News Release

The U.S. Food and Drug Administra-

tion has approved ceftaroline fosamil

(Teflaro), an injectable antibiotic to treat

adults with community-acquired bacte-

rial pneumonia (CABP) and acute bac-

terial skin and skin structure infections

(ABSSSI), including methicillin-resistant

Staphylococcus aureus (MRSA).

Teflaro is an antibacterial agent in

a class of drugs known as cephalosporins,

which act by interfering with the bacterial

cell wall.

Severe or potentially life-threatening

MRSA infections occur most frequently

among patients in contact with health

care settings, according to the Centers for

Disease Control and Prevention.

‘‘These are serious and potentially life-

threatening infections for which new

treatment options are needed,’’ said Ed-

ward Cox, MD, MPH, director, Office of

Antimicrobial Products in FDA’s Center

for Drug Evaluation and Research. ‘‘FDA

is committed to facilitating new antibiotic

drug development.’’

The safety and effectiveness of Teflaro

was evaluated in four, Phase 3 clinical

trials in patients ages 18 years and older

(two each in CABP and in ABSSSI). In the

CABP trials, the comparator antibacterial

treatment was ceftriaxone and in the

ABSSSI trials, the comparator antibacte-

rial treatment was vancomycin plus az-

treonam.

In the CABP trials, 1,231 adult patients

received Teflaro or ceftriaxone. Clinical

response based on improvement in signs

and symptoms of pneumonia on Day 4

after starting therapy served as the key

analysis endpoint. In both trials, the

effectiveness of Teflaro was comparable to

ceftriaxone.

In the ABSSSI trials, 1,396 adult pa-

tients received Teflaro or vancomycin

plus aztreonam. Clinical response, in-

cluding cessation of spread of the lesion

and absence of fever on Day 3, served as

the key analysis endpoint. In both trials,

Teflaro was comparable to vancomycin

plus aztreonam.

The most commonly reported side ef-

fects in patients treated with Teflaro in-

cluded diarrhea, nausea and rash. Teflaro

should not be used in patients with sen-

sitivities to cephalosporin antibiotics.

Editorial comment. The availability

of a beta-lactam antibiotic that is effective

against MRSA could be a major break-

through in the treatment of serious in-

fections. In my opinion, the real test will

be its evaluation in human MRSA endo-

carditis in comparison with vancomycin.

Ceftaroline looks better than vancomycin

in the rabbit model of MRSA endocarditis

and hopefully will perform well in hu-

mans.

One danger in marketing ceftaroline

for anything other than life threatening

MRSA infection, as suggested by the

phase 3 trials, is its widespread use and the

potential of emergence of resistant

staphylococci. (D.K.)

Invirase (Saquinavir) Labels

Now Contain Updated Risk

Information on Abnormal

Heart Rhythms

FDA Drug Safety Communication

In February 2010, FDA announced it

was reviewing clinical trial data about

a potentially serious effect on the heart

from the use of Invirase (saquinavir) in

combination with Norvir(ritonavir).

This new risk information has been

added to the Warnings and Precautions,

Contraindications, and Clinical Pharma-

cology sections of the Invirase label. In

addition, the FDA will require that

a Medication Guide be given to patients

when picking up a prescription for In-

virase. The Medication Guide will include

information on the risk of abnormal heart

rhythms.

The potential changes to the electrical

activity of the heart associated with

Invirase/Norvir, are prolonged QT or PR

intervals. A prolonged QT interval can

lead to a serious abnormal rhythm called

torsades de pointes, which can be fatal.

Torsades de pointes has been reported in

patients taking Invirase with Norvir. A

prolonged PR interval can lead to

a complete heart block. Complete heart

block has been reported in patients taking

Invirase with Norvir.

Patients at particular risk are those with

underlying heart conditions or those

who have existing heart rate or rhythm

problems.

Additional Information for HCPs

Read the new changes in the Invirase

label carefully if you are considering or

currently prescribing this medication to

your patients. Note that Invirase is con-

traindicated in certain patients.

An electrocardiogram (EKG) should be

performed prior to initiation of treat-

ment. In addition, consider whether

ongoing EKG monitoring is appropriate

for your patient and when it should be

done. Patients with a QT interval . 450

msec should not receive ritonavir-boos-

ted Invirase. For patients with a QT

interval , 450 msec, an on-treatment

ECG is suggested after approximately 3 to

4 days of therapy. Patients with a QT in-

terval . 480 msec or with prolongation

over pre-treatment by . 20 msec should

NEWS d CID 2011:52 (15 January) d i

http://cid.oxfordjournals.org/


1 5 J A N U A R Y
Stan Deresinski, Section Editor

In the Literature
Eliminating Leprosy

WHO. Global leprosy situation, 2010.

Weekly Epidemiological Record. 2010;

35:337-48.

Leprosy elimination, defined as a regis-

tered prevalence of ,1 case per 10,000

population, has been achieved by most

countries in which the disease was pre-

viously highly endemic. This goal was

reached, e.g., by the Democratic Republic of

Congo and Mozambique in 2007 and

by Nepal in 2009. At the same time some

areas within Angola, Brazil, Central African

Republic, Democratic Republic of Congo,

India, Madagascar, Mozambique, Nepal,

and the United Republic of Tanzania re-

main highly endemic and the number of

newly detected cases in Sudan has increased

yearly since 2005. Nonetheless, a total of

244,796 new cases of leprosy were reported

in 2009 to the World Health Organization

to the World Health Organization by 141

countries. Sixteen countries accounted for

93% of all new cases reported.

The World Health Organization is in-

volved in a ‘‘final push’’ to eliminate lep-

rosy [1, 2]. The elimination effort is based

on the premise that the most effective way

of preventing disabilities in leprosy, as

well as preventing further transmission of

the disease, lies in early diagnosis and

treatment with multidrug therapy. This

involves making leprosy diagnosis and

treatment available, free of charge, at all

health centers, particularly in endemic

areas, and enabling every health worker to

diagnose and treat leprosy. This also ne-

cessitates dispelling the fear of leprosy,

improving awareness of its early signs,

motivating people to seek treatment and,

insuring that all leprosy patients are cured.

A major difficulty in the elimination of

leprosy is the very long incubation period

and the potential for transmission by

asymptomatically infected individuals.

Several approaches to this problem, none

fully satisfactory or effective, are feasible,

including vaccination with BCG [3], an-

timicrobial prophylaxis [5], and periodic

surveillance for detection of early cases.

The latter includes use of PCR to detect

Mycobacterium leprae DNA on nasal

swabs [4], but the cost of such methods

would appear, prohibitive. Prophylaxis

has been demonstrated to have some

benefit. A single dose of rifampin has been

demonstrated to reduce the risk of leprosy

by 57% at 2 years, but, unfortunately, the

effect is subsequently lost [6]. Eliminating

leprosy form mankind remains a difficult,

but not impossible goal.
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A Carbapenemase From

Abroad: NDM-1

Kumarasamy KK, Toleman MA,

Walsh TR, et al. Emergence of a new

antibiotic resistance mechanism in India,

Pakistan, and the UK: a molecular,

biological, and epidemiological study.

Lancet Infect Dis. 2010;10: 597-602.

CDC recently reported the first identifi-

cation in the U.S. of organisms producing

the New Delhi metallo-carbapenemase

(NDM-1) [1]. This was also the first U.S.

report of Enterobacteriaceae carrying

a metallo-b-lactamase. Three patients,

one infected with Escherichia coli, one

with Enterobacter cloacae, and one with

Klebsiella pneumoniae, were identified

between January and June, 2010. Each

patient had recently received medical care

in India.

This was not, however, the first ever

identification of this carbapenemase. Yong

and colleagues (from the same group of

investigators in the paper reviewed here)

had initially reported identification of the

novel resistant gene, blaNDM-1, encoding

this enzyme in readily transferable plas-

mids in a K. pneumoniae isolate causing

a urinary tract infection in a traveler re-

turned to Sweden from India, where he

had been hospitalized in New Delhi [2].

Kumarasamy and colleagues have now

investigated the prevalence of this organ-

ism in selected areas of Asia, especially

India, and Pakistan, as well as in the UK.

Among amayzed isolates from Chen-

nai, 141 (4%) of 3521 Enterobacteriaceae

in 2009 were reistant to carbapenems and

among these, NDM-1 was detected by

PCR in 44, including 19 E. coli, 14 K.

pneumoniae, 7 Enterobacter cloacae, 2

Proteus spp., and one each of Citrobacter

freundii and Klebsiella oxytoca. In Har-

yana, 26 (13%) 47 carbapenem resistant

isolates were NDM-1 positive.

NDM-1 positive Enterobacteriaceae

were first detected in the UK in 2008,

when 5 were identified, and by 2009

accounted for 32 (44%) of 73 carbape-

nemase producing isolates. These
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included K. pneumoniae (21), E. coli (7),

Enterobacter spp. (5), C. freundii (2),

Morganella morganii (1), and Providencia

spp. (1). At least 17 of the 37 patients had

traveled to India or Pakistan in the pre-

vious year, and 14 of them had been

hospitalized there.

In addition to carbapenem resistance,

all but 4 of the 32 UK isolates were re-

sistant to aztreonam, an antibiotic which

is not hydrolyzed by NDM-1 or other

carbapenemases, and thus an indication

of the presence of multiple antibiotic re-

sistance mechanisms. These included

ESBLs (mainly blaCTX-M-15) and plasmid-

mediated AmpC (mainly blaCMY-4). All

the UK isolates were resistant to both

amikacin and tobramycin (although one

was gentamicin-susceptible) and 34 were

resistant to ciprofloxacin. In contrast, 33

were susceptible to colistin and 26 to ti-

gecycline. The isolates from Chennai and

Haryana, as well as isolates from Pakistan,

other Indian sites, and sites in Bhutan and

Bangladesh had similar resistance pat-

terns. Isolates from the UK and Chennai

were clonally diverse and the plasmids

readily transferable. Those from Haryana

were non-conjugative and the

K. pneumoniae isolates were clonal.

The b-lactamase hydrolysis profile of

NDM-1 is similar to that of IMP-1 and

VIM-2, the more commonly encountered

metallo-carbapenemases, but with slower

rates of hydrolysis. Thus, the enzyme itself

is not of greater concern than these

already worrisome enzymes, but its suc-

cessful spread in south Asia together with

the high background of resistance to

multiple antibiotics in the affected strains

make it particularly dangerous.

Empiric antibiotic therapy for in-

dividuals who have been in India or

Pakistan who present with a bacterial in-

fection must be adjusted to take the pos-

sibility of infection with one of these

infections into consideration, particularly

if they had been hospitalized in those

countries. India and Pakistan, as well as

some other Asian and Middle East

countries, have also been the source of

ESBL-producing Enterobacteriacea in

travelers [3]. In addition the CDC re-

cently reported a US case of catheter as-

sociated bacteremia due to a Klebsiella

pneumoniae exhibiting a VIM resistance

mechanism [4]. The patient had been

repatriated from Greece where she had

been hospitalized and where the central

venous access device had been inserted.

These identified cases, of course, rep-

resent only the tip of the iceberg. The

slogan, ‘‘Bad Bugs, No Drugs’’, is be-

coming a truism.
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discontinue Invirase/Norvir. A cardiol-

ogy consult is recommended if drug dis-

continuation or interruption is being

considered on the basis of EKG assess-

ment to confirm EKG findings.

Advise patients to contact a healthcare

professional immediately if they experi-

ence symptoms of an abnormal heart rate

or rhythm while taking Invirase/Norvir.

HIV Transmission Through

Transfusion — Missouri and

Colorado, 2008

(Abstracted from MMWR 59:1335-

1339, 2010) Transmission of human im-

munodeficiency virus (HIV) through

transfusion of contaminated blood com-

ponents was documented in the United

States in 1982. Since then, the risk for

transfusion-transmitted HIV infection

has been almost eliminated by the use of

questionnaires to exclude donors at

higher risk for HIV infection and the use

of highly sensitive laboratory screening

tests to identify infected blood donations.

The risk for acquiring HIV infection

through blood transfusion today is esti-

mated conservatively to be one in 1.5

million, based on 2007–2008 data. This

report describes the first U.S. case of

transfusion-transmitted HIV infection

reported to CDC since 2002. A blood

center in Missouri discovered that blood

components from a donation in Novem-

ber 2008 tested positive for HIV infection.

A lookback investigation determined

that this donor had last donated in June

2008, at which time he incorrectly reported

no HIV risk factors and his donation tested

negative for the presence of HIV. His

whole blood donation had been screened

at a reference laboratory for HIV by

enzyme immunoassay (EIA) (Genetic

Systems HIV-1/HIV-2 Plus O EIA, Bio-

Rad Laboratories, Redmond, Washington)

and by nucleic acid amplification testing of

minipools of plasma specimens (MP-

NAT) from 16 donations (Procleix HIV-1

Nucleic Acid Test, Gen Probe, San Diego,

California); both tests were negative.

During an interview in April 2009, the

donor reported he was married but had

sex with both men and women outside of

his marriage, including just before his

June 2008 donation. He indicated that the

sex often was anonymous and occurred

while he was intoxicated.

One of the two recipients of blood

components from this donation, a patient

undergoing kidney transplantation, was

found to be HIV infected, and an in-

vestigation determined that the patient’s

infection was acquired from the donor’s

blood products. The other patient un-

derwent transfusion during cardiac sur-

gery and died 2 days later from cardiac

disease; no premortem or postmortem

material was available for testing, and it

was unknown whether the patient had

been infected with HIV.

Even though such transmissions are

rare, health-care providers should

consider the possibility of transfusion-

transmitted HIV in HIV-infected

transfusion recipients with no other

risk factors.

Merck Shingles Vaccine

Effective in Adults in 50s

Last Updated: 2010-10-21 11:14:27 -0400

(Reuters Health)

By Bill Berkrot

NEW YORK (Reuters) - In a huge study

aimed at broadening the use of Merck &

Co’s shingles vaccine, Zostavax reduced

the incidence of the painful disease by 70

percent compared with a placebo in adults

in their 50s, the company said.

The 22,439-subject study monitored

adults aged 50 to 59 for at least one year

after receiving either the vaccine or

a placebo with 30 cases of shingles oc-

curring in the Zostavax group compared

with 99 cases in the placebo group. That

translates into a reduction in incidence

of shingles of 69.8 percent for Zostavax

over placebo.

Based on the robust results, Merck said

it has applied to the U.S. Food and Drug

Administration for approval of Zostavax

to prevent shingles in people ages 50 to 59.

Merck said it is expecting an FDA ap-

proval decision for that population in the

first half of 2011.

The vaccine is currently approved to

prevent herpes zoster, only in people aged

60 and older. In that population the vac-

cine has been shown to cut incidence of

shingles by 51 percent.

Despite its efficacy, Zostavax sales have

been disappointing and hampered by

manufacturing snags, with the vaccine

currently on back-order.

Details of the study were presented at

the Infectious Diseases Society of America

meeting in Vancouver.

There are about one million cases of

shingles in the United States each year

with about half occurring in people aged

60 years and older, according to the

U.S. Centers for Disease Control and

Prevention.

Copyright � 2011 Reuters Limited. All rights reserved.

Published by Oxford University Press on behalf of the
Infectious Diseases Society of America. 2011.
DOI: 10.1093/cid/ciq153

ii d CID 2011:52 (15 January) d NEWS

http://cid.oxfordjournals.org/


M A J O R A R T I C L E

Implementation of Cocooning against Pertussis
in a High-Risk Population

C. Mary Healy,1,2,3 Marcia A Rench,1,3 and Carol J. Baker1,2,3,4

1Center for Vaccine Awareness and Research Hospital, Texas Children's Hospital; 2Ben Taub General Hospital; 3Department of Pediatrics and
4Department of Molecular Virology & Microbiology, Baylor College of Medicine, Houston, Texas

Background. In 2006, the Advisory Committee on Immunization Practices recommended tetanus, diphtheria,

acellular pertussis (Tdap) vaccination of all caregivers of infants aged ,1 year (‘‘cocooning’’) to prevent pertussis-

related complications and deaths. We implemented cocooning in a predominantly Hispanic, medically

underserved, uninsured population at a Houston hospital. Phase 1 (January 2008–January 2010) provided

maternal postpartum Tdap vaccine; Phase 2 (June 2009–January 2010) also vaccinated infant contacts on-site.

Methods. Pertussis education was provided to health care personnel and mothers. Standing orders for maternal

postpartum Tdap vaccination were initiated. Mothers were interviewed to ascertain the number of additional infant

contacts eligible to receive Tdap vaccine. Consenting eligible contacts received Tdap vaccine as soon as possible after

delivery.

Results. From 7 January 2008 through 31 January 2010, 8334 (75%) of 11,174 postpartum women received

Tdap vaccine. During Phase 2, 2969 (86%) of 3455 postpartum women were vaccinated; another 197 (6%) had

previously received Tdap vaccine. Mothers were Hispanic (91.4%), black (5.4%), white (0.8%), Asian (1.4%) and

other (1.0%). A median of 3 (range, 1–11) other Tdap-eligible contacts per infant were identified, and a median of 2

(range, 0–10) contacts per infant received Tdap vaccine. Of 1860 contacts vaccinated, 1813 (98%) anticipated daily

infant contact. A total of 1697 (91%) received Tdap vaccine before infant hospital discharge, and 144 (8%) received

Tdap vaccine within 7 days after hospital discharge. Barriers to full cocooning included the need for extended

vaccination hours, visiting restrictions because of pandemic H1N1 influenza, and inaccurate recall of vaccination

history.

Conclusion. Although practical and logistical barriers exist, Tdap cocooning was well accepted by and

successfully implemented in a high-risk population by using standing orders and providing vaccinations on-site.

Pertussis vaccination in the United States reduced an-

nual pertussis-attributable morbidity and mortality by

92% and 99%, respectively [1]. Despite this fact, and

despite pertussis vaccination rates in US children of

80%–95%, the annual incidence of pertussis has in-

creased since the nadir of 1010 cases reported in 1976

[2, 3]. The Centers for Disease Control and Prevention

(CDC) report that infants under 6 months of age, who

are too young to have completed the primary vaccina-

tion series, have up to a 20-fold higher incidence of

pertussis than does the general population (69.99 versus

3.62 cases per 100,000 population in 2007). Two-thirds

of pertussis-infected infants in this age group are hos-

pitalized [4]. Furthermore, pertussis-related deaths oc-

cur almost exclusively in young infants, the risk being

inversely proportional to age and number of infant

DTaP vaccine doses received [5–7]. Studies also dem-

onstrate that 75% of infants are infected by a household

contact or caregiver, most commonly their mother

(33%) or father (16%) [8, 9]. Pertussis incidence and

mortality are higher in infants of Hispanic ethnicity, for

reasons that are not understood [6, 7, 10].

Since June 2006, in an effort to prevent pertussis in

young infants, the Advisory Committee on Immunization

Practices (ACIP) to the CDC has recommended that
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Tdap vaccine be administered to postpartum women before

hospital discharge and to household and caregiver contacts of

newborns and infants less than 1 year of age [11]. This targeted

vaccination strategy, called cocooning—the only protection

against pertussis available to young infants except vaccination

during pregnancy—has not been widely implemented, largely

because of a lack of necessary infrastructure, a need for education,

reimbursement issues, and logistical barriers [12–14]. We initiated

a phased implementation of Tdap cocooning in a predominantly

Hispanic, medically underserved, and underinsured population in

Houston, Texas. Phase 1 implemented maternal postpartum

vaccination [13]. Phase 2 expanded the program to vaccinate

household contacts of newborn infants on site. This report de-

scribes the implementation of both phases of this strategy through

January 2010.

METHODS

Patient population. Ben Taub General Hospital is 1 of 2

public hospitals of the tax-supported Harris County Hospital

District in Houston, Texas. Approximately 5000 live-born in-

fants, predominantly Hispanic (.90%), are delivered there

annually. Ben Taub General Hospital cares for a largely un-

derinsured, medically underserved, predominantly Spanish-

speaking population that is likely to have inadequate antenatal

care and is unlikely to receive Tdap vaccine from other sources

or to have knowledge about pertussis or Tdap vaccination

recommendations.

Education for health care professionals (HCPs). Educa-

tional methods for HCPs have been previously described [13].

Briefly, the severity of pertussis illness in young infants and

the rationale for cocooning were presented in obstetrical

grand rounds and small group in-service sessions. In-service

sessions targeted physicians, nurses, administrative staff, and

hospital interpreters. Nursing personnel were particularly

targeted because of their role as trusted advisors for new

mothers and their potential to be powerful vaccine advocates.

In-service sessions occurred at convenient times for day-shift

and night-shift personnel to ensure optimal attendance. Ed-

ucation was performed at regular intervals for new personnel,

to reinforce prior information, and provide updates. Physi-

cian directors and dedicated program nurses also were avail-

able to address any questions from hospital nurses and

physicians.

Education for postpartum women and families. Posters

advocating Tdap vaccination were displayed prominently in

antenatal, labor and delivery, and postpartum areas. Program

education was incorporated into antenatal, baby-care, and

breastfeeding classes. Each postpartum woman received a per-

tussis information packet that contained bilingual information

about pertussis infection, Tdap vaccination recommendations

for adults (provided by the Texas Department of Health), and

the Tdap vaccine information statement.

Nurses caring for postpartum women were available to an-

swer questions about the program. This education was supple-

mented, whenever possible, by a visit from our program nurse,

who provided additional education to mothers and any visiting

household contacts or caregivers.

Phase 1: Tdap vaccination for postpartum women. Be-

ginning in January 2008, a standing order for Tdap vaccination

of all eligible and consenting postpartum women was initiated.

Postpartum women were offered Tdap vaccine prior to hospital

discharge unless there was a medical contraindication (eg, his-

tory of anaphylaxis or current unstable neurological condition)

or the woman had previously received Tdap vaccine [11, 15].

During the period from January 2008 through May 2009, a 2-

year minimum interval since receipt of a tetanus-containing

vaccine (tetanus toxoid or tetanus-diphtheria toxoid) was ob-

served [11]. In June 2009, the minimum interval was eliminated

after the CDC issued updated guidelines [15]. Women who

consented received Tdap vaccine on the day of hospital dis-

charge, concomitant with rubella vaccine at a different site, if the

latter was indicated. Vaccinated women were given a personal,

updated vaccination record. When Tdap vaccine was not ad-

ministered, hospital nurses documented the reason in the

medical record.

Phase 2: Tdap vaccination of household contacts. Begin-

ning in June 2009, postpartum women were interviewed Mon-

day through Friday by the program nurse to ascertain the

number of household contacts and the number of contacts eli-

gible to receive Tdap vaccine by age and vaccination history.

Supplemental education was provided to women and contacts as

necessary. Contacts who desired vaccination were referred to

The Cocoon Family Vaccine Center, a dedicated room for the

program on the postpartum floor. Contacts who were unable to

avail themselves of Tdap vaccination prior to maternal hospital

discharge also were referred here by other HCPs and by the

newborn follow-up outpatient clinic.

Tdap vaccine recipients completed a screening questionnaire

adapted from those recommended by the CDC and Immuni-

zation Action Coalition (available at http://www.immunize.org/

catg.d/p4065.pdf). This questionnaire recorded their personal

demographic data and previous tetanus-containing vaccination

history, screened for medical contraindications, and docu-

mented their consent for vaccination. Eligible, consenting con-

tacts received Tdap vaccine as recommended [16]. Each

vaccinated contact was provided with an updated vaccination

record for future use. Tdap vaccination was documented for

program records.

Where possible, for each infant, the number of contacts who

received Tdap vaccine was compared with the number of con-

tacts eligible to receive Tdap vaccine. An infant was classified as
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being completely cocooned when it was confirmed that the

mother and all eligible infant contacts had received Tdap vaccine

(either through this program or through documentation of

prior Tdap vaccination). Partial cocoons were expressed as

a percentage of vaccinated versus eligible persons.

Identifying barriers. The program was assessed on a regular

basis to determine Tdap uptake and identify areas for process

improvement. Records were reviewed for demographic charac-

teristics and to define reasons for not administering Tdap vac-

cine. The implementation of Phase 2 coincided with the 2009

H1N1 influenza pandemic, and the hospital instituted visiting

restrictions in late September 2009 through the end of the study

period. Only 1 named contact per postpartum woman was

permitted to visit for the duration of the hospitalization. Other

contacts were permitted to come to the clinic for vaccination but

were not permitted to visit mother or baby. Tdap vaccine uptake

before initiation of these restrictions was compared with uptake

after restrictions were in place.

Financing could be a barrier to implementing cocooning;

thus, the annual cost to the hospital of delivering this service

(including overhead, personnel, and vaccine costs) was de-

termined. Vaccine cost was determined from price lists available

from the CDC (available at http://www.cdc.gov/vaccines/pro-

grams/vfc/cdc-vac-price-list.htm). The number of Tdap vac-

cine-eligible individuals was calculated by multiplying the

annual hospital birth rate by the median number of eligible

persons per newborn, as determined by maternal interview.

Statistical analysis was performed using SPSS software, ver-

sion 15.0 for Windows (SPSS). Statistical significance for di-

chotomous outcomes was determined by v2 and Fisher exact

tests. Normally distributed data were assessed by means and the

Student’s t test; where positive or negative skewing of data oc-

curred, statistical significance was assessed by medians and the

Mann-Whitney U test.

RESULTS

Phase 1: Tdap vaccination of postpartum women. One-

hundred and fifty HCPs completed in-service training, which

was repeated at regular intervals. From 7 January 2008 through

31 January 2010, 8334 (75%) of 11,174 postpartum women

(median age, 27 years; range, 11–47 years) received Tdap vaccine

prior to hospital discharge. No serious adverse events were re-

ported.

From 1 June 2009 through 31 January 2010, following elim-

ination of the requirement for a 2-year minimum interval since

receipt of prior tetanus-containing vaccine [15], 2969 (86%) of

3455 postpartum women received Tdap vaccine prior to dis-

charge from the hospital (91% of those who reported themselves

eligible). An additional 197 (6%) had documented prior Tdap

vaccination; 172 of these had been vaccinated by our program

following the birth of a previous infant. Vaccinated women

during this interval had demographic characteristics that were

similar to those of the overall cohort. Two-hundred and ninety-

two (10%) were <19 years of age. Women who had received

Tdap vaccine during the current hospitalization or previously

did not differ by age, but they did differ by ethnicity, when

compared with women who had not received Tdap vaccine. The

proportions of white and black women who refused Tdap vac-

cine were 3.1-fold and 2.1-fold greater, respectively, than those

who did not (P , .001) (Table 1).

Phase 2: Tdap vaccination of household contacts and

caregivers. Sixty-seven percent of postpartum women (2303

of 3445) were interviewed by the program nurse. Most women

who were not interviewed delivered their infants and were dis-

charged from the hospital on days on which the program nurse

was not present (generally on the weekend). Maternal interviews

identified that families had a median of 4 household contacts

(range, 1–15 contacts), of whom a median of 3 contacts (range,

1–11 contacts) were eligible for Tdap vaccination (age range, 11–

64 years; no prior Tdap vaccine; no medical contraindications).

The median number of vaccinated contacts was 2 (range, 0–10

contacts). Overall, 1332 (58%) of the families of interviewed

mothers had >1 household contact (other than the mother)

vaccinated with Tdap by this program.

The characteristics of 1860 infant contacts who received Tdap

vaccine are summarized in Table 2. A total of 1697 (91%) were

Table 1. Characteristics of Women Vaccinated and Not
Vaccinated with Tetanus, Diphtheria, Acellular Pertussis (Tdap)
Vaccine at Hospital Discharge from 1 June 2009 through 31
January 2010

No. (%) of women

Variable

Vaccinateda

(n 5 3166)

Not Vaccinated

(n 5 279)

Ethnicityb

Hispanic 2891 (91.3) 228 (81.7)

Black 167 (5.3) 31 (11)

Asian 47 (1.5) 5 (1.8)

White 27 (.8) 7 (2.5)

Other 34 (1.1) 8 (2.8)

Age group

10–19 Years 314 (9.9) 32 (11.5)

20–24 Years 738 (23.3) 65 (23.3)

25–29 Years 918 (29) 71 (25.4)

30–34 Years 858 (27.1) 75 (26.9)

35–39 Years 249 (7.9) 25 (9)

>40 Years 89 (2.8) 11 (3.9)

NOTE. No minimum interval since previous tetanus-containing vaccine

after 1 June 2009.
a A total of 2969 individuals received Tdap vaccine between 1 June 2009

and 31 January 2010; 197 had previously received Tdap vaccine
b P , .001.
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vaccinated before or on the day of infant discharge from the

hospital; an additional 144 (8%) were vaccinated on days 1–7

after infant hospital discharge. A total of 1813 contacts (98%)

reported daily contact with the infant, and 63% anticipated that

contact would exceed 12 h per day. One-thousand and eighteen

(55%) could not remember when their last tetanus-containing

vaccine was administered, even to within a 5-year interval. One

patient reported feeling ill 48 h after Tdap vaccine administra-

tion; this was deemed to be unrelated to Tdap vaccination after

the patient received a diagnosis of gastroenteritis from her

physician.

Pertussis vaccination histories for each contact were obtained

for 2268 (99%) of 2303 families. Following this program,

a complete cocoon (vaccination of 100% of infant contacts)

was achieved for 579 (26%) of the infants. Overall, the

median percentage of each cocoon completed was 50% (range,

0%–100%).

Effect of the H1N1 pandemic. Following the institution of

hospital visiting restrictions during the H1N1 pandemic, Tdap

vaccination rates decreased. Among interviewed families, the

proportion of fathers vaccinated decreased from 58% to 49%

(P , .001); families with >1 contact (other than the mother)

vaccinated decreased from 64% to 53% (P , .001), and the

proportion of families with a completed cocoon decreased from

28% to 23% (P , .001). The Tdap vaccine uptake rate among

postpartum women increased from 89% to 94% during the

same time period (P 5 .002).

Estimate of annual cost. We estimated the cost per dose of

Tdap vaccine administered as $40, considering the CDC con-

tract cost per dose ($26.25) plus the cost of overhead, faculty,

and nursing personnel required to administer the program.

Assuming an annual birth rate of 5000 babies and 4 persons

(mother and 3 Tdap vaccine–eligible contacts) vaccinated to

complete a cocoon, the annual cost of this program was esti-

mated at approximately $800 000.

DISCUSSION

This report is, to our knowledge, the first to document successful

implementation of pertussis cocooning in a US hospital setting

in a population at particular risk of transmitting life-threatening

pertussis to young infants [3, 4, 7–10, 17]. Cocooning is difficult

to implement [12–14, 18, 19]. Cocooning involves a new vac-

cination platform utilizing health care providers who may be

relatively unfamiliar with the severity of pertussis illness in

young infants and who, traditionally, have not provided vacci-

nations. It targets 2 populations, postpartum women and the

contacts of newborn infants until 1 year of age, who have dif-

ferent educational needs and are governed by different state and

legal requirements regarding vaccinations. Finally, there are

significant financial constraints for hospitals and physicians.

We achieved overall Tdap vaccination rates in excess of 90%

in postpartum women, which is the group who are most likely to

infect young infants [8, 9, 15, 20]. Eliminating the minimum 2-

year interval since receipt of prior tetanus-containing vaccine is

the most important explanation for this increase from our

previously reported 72% vaccination rate [13]. Our cohort has

little access to health care outside of childhood and peripartum

periods and is more likely to receive recommended tetanus-

diphtheria toxoids (Td) booster vaccine during pregnancy,

precluding them from receiving postpartum Tdap vaccine in

prior years. This was exacerbated by inaccurate reports of Td

vaccine receipt when other intramuscular agents were admin-

istered during pregnancy [13]. It also is likely that repeated

education targeting HCPs, coupled with their increasing famil-

iarity with the rationale for cocooning, enhanced their role as

vaccination advocates. However, although postpartum vaccina-

tion is a necessary prerequisite for the ‘‘protective cocoon’’

around a newborn infant, it alone is unlikely to reduce infant

infection rates by more than a third, if that [8, 9, 15]. Further-

more, the 14-day window required to develop a ‘‘protective’’

antibody response to pertussis [15] could allow maternal infection

with subsequent infant transmission. The most significant limi-

tation of focusing only on postpartum women is that household

contacts also may infect infants [6, 8, 9, 20–23], especially in

populations where large households are the rule.

Table 2. Characteristics of 1860 Contacts Vaccinated with
Tetanus, Diphtheria, Acellular Pertussis (Tdap) Vaccine

Variable Contacts

Age, median years (range) 30 (11–64)

Age group

11–19 Years 140 (7.5)

20–29 Years 763 (41)

30–39 Years 633 (34)

40–49 Years 219 (11.8)

.50 Years 105 (5.7)

Ethnicity

Hispanic 1757 (94.5)

Black 47 (2.5)

White 31 (1.7)

Asian 20 (1.1)

Other 5 (.2)

Relationship to infant

Father 1219 (65.5)

Sibling 54 (3)

Grandmother 186 (10)

Grandfather 45 (2.4)

Aunt 174 (9.4)

Uncle 119 (6.4)

Great-grandparent 4 (.2)

Caregiver 43 (2.3)

NOTE. Data are no. (%) of contacts, unless otherwise indicated.
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Establishing a platform to vaccinate family and household

contacts is particularly challenging. Ideally, this platform

should deliver the service prior to the infant’s birth, thus al-

lowing time for protective immunity to develop before the

infant’s birth. In practice, this is unlikely to occur, given that

preventative services often are not a priority for healthy

adults. Delivering a service before the infant’s discharge from

hospital is a reasonable, if imperfect, compromise that will

theoretically provide indirect protection to infants by age 14

days. A hospital-based program is likely to be superior to

models that target pediatrician offices because it can vaccinate

and protect contacts earlier. A hospital-based program also

can theoretically immunize larger, more-diverse populations

of contacts who may be more likely to visit the hospital than to

attend well-child visits, and it provides a service for contacts

before the demands of caring for a newborn infant take

priority after hospital discharge [14].

A hospital program is subject to significant barriers, however.

There are state-specific legal and logistical complexities when

vaccinating individuals who are not hospital patients. There is the

need to provide service during times when working families are

visiting (eg, evenings and weekends). We achieved a remarkably

good vaccination rate for a new platform (�60% for families who

were interviewed by a program nurse). This personal intervention

was superior to utilizing postpartum nursing personnel alone and

was particularly effective for families who visited during cocoon

clinic operating hours, compared with families who received

clinic referrals. We have recently expanded our service, adding an

additional program nurse on weekends to overcome this limi-

tation; however, this increases program cost considerably.

Our program highlights some inherent limitations of current

vaccination platforms and future cocooning strategies. We

vaccinated significant numbers of adolescents, who are epide-

miologically at high risk of transmitting pertussis but are more

properly targeted by the adolescent platform [20, 24–26]. Fur-

thermore, this age group, for whom school mandates have been

established, is not affected by vaccine procurement costs, as

older age groups are, because cost is covered by the Vaccines for

Children program. The need for access to lifespan vaccination

registries is also highlighted, because recall of vaccination history

is notoriously unreliable. This will assume greater importance if

recommendations for Tdap booster doses are made. The cost of

Tdap vaccine procurement and administration is often viewed

as prohibitive for hospitals and physicians, because this has not

yet been bundled into maternity charges covered by Medicaid or

by many insurance plans.

One attraction of a cocooning delivery model is the potential

to immunize against infections that target very young infants in

cases in which infant vaccination is not appropriate (eg, in-

fluenza). Our finding that the Tdap vaccine uptake rate among

postpartum women increased during the 2009 H1N1 influenza

pandemic, probably attributable in part to greater awareness of

vaccinations in general, suggests that this approach could have

synergy in preventing both infections. Ironically, the pandemic

also negatively impacted our ability to cocoon against pertussis

when infection control measures eliminated the very motivation

(ie, visit to mother and infant) that allowed us to vaccinate

a diverse group of household contacts.

Our study has some limitations. First, despite our best efforts

to verify vaccination history, inaccurate reports of prior Tdap

vaccination may have reduced our vaccination rates. However,

program nurses were very proactive and administered Tdap

vaccine when the vaccination history seemed doubtful, realizing

that the benefit to contacts and infants exceeded the risk of

greater injection site reactions. Second, we could have under-

estimated the number of cocoons completed, because additional

contacts may have accessed no-cost or low-cost vaccines

through public health clinics, as noted in our educational ma-

terials, especially during times when H1N1 vaccine also was

available. Finally, publicity surrounding the importance of

vaccinations that accompanied the 2009 H1N1 pandemic could

have positively affected our cohort’s acceptance of Tdap vaccine,

although high acceptance rates have previously been reported in

this population [13].

Cocooning alone is unlikely to completely prevent infant

pertussis-related deaths, because the infant is vulnerable in the

first few weeks of life. Augmenting cocooning with maternal

vaccination in the third trimester of pregnancy could offer greater

benefit. This approach was shown to be safe and effective with

whole-cell vaccines many decades ago [27, 28]. Contemporary

studies have demonstrated that pertussis antibodies are actively

transported from mother to infant, the half-life of this antibody

has been calculated, and high maternal antibodies did not in-

terfere with infant response to acellular pertussis vaccines [29–33].

Maternal vaccination could be a potent weapon in reducing

pertussis-related mortality and morbidity in early infancy, while

allowing more time for vaccination of other contacts.

In summary, our study demonstrates that, although it is

possible to achieve high Tdap vaccination rates for hospital-

based cocooning, such a program requires a significant in-

vestment of resources to achieve its goals. In addition to the

costs and hospital HCP support outlined, our program uti-

lizes the services of 2 physicians, 2 full-time program nurses,

and administrative support that is not reimbursed by the

hospital. Targeted educational initiatives need to be delivered

and updated frequently to meet the specific needs of the target

population. Ideally, the service should be delivered either

before or as soon as possible after birth and not restricted to

8 am to 5 pm on Monday through Friday, but scheduled for

the convenience of working contacts. A variety of vaccination

providers should be used. It is only through the investment of

time and finances and by using innovative models in a co-
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operative fashion that a successful infant cocoon program can

be achieved.
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Background. Nongonococcal urethritis (NGU) is a common chlamydia-associated syndrome in men; however,

Trichomonas vaginalis and Mycoplasma genitalium are associated with its etiology and should be considered in

approaches to therapy. We sought to determine whether the addition of tinidazole, an anti-trichomonal agent, to the

treatment regimen would result in higher cure rates than those achieved with treatment with doxycycline or azithromycin

alone. A secondary aim was to compare the efficacy of doxycycline therapy and with that of azithromycin therapy.

Methods. Randomized, controlled, double-blinded phase IIB trial of men with NGU. Participants were

randomized to receive doxycycline plus or minus tinidazole or azithromycin plus or minus tinidazole and were

observed for up to 45 days.

Results. The prevalences of Chlamydia trachomatis, M. genitalium, and T. vaginalis were 43%, 31%, and 13%, respectively.

No pathogens were identified in 29% of participants. Clinical cure rates at the first follow-up visit were 74.5% (111 of 149

patients) for doxycycline-containing regimens and 68.6% (107 of 156 patients) for azithromycin-containing regimens. By

the final visit, cure rates were 49% (73 of 149 patients) for doxycycline-containing regimens and 43.6% (68 of 156

patients) for azithromycin-containing regimens. There were no significant differences in clinical response rates among the

treatment arms. However, the chlamydia clearance rate was 94.8% (55 of 58 patients) for the doxycycline arm and 77.4%

(41 of 53 patients) for the azithromycin arm (P 5 .011), and the M. genitalium clearance rate was 30.8% (12 of 39

patients) for the doxycycline arm and 66.7% (30 of 45 patients) for the azithromycin arm (P 5 .002).

Conclusions. Addition of tinidazole to the treatment regimen did not result in higher cure rates but effectively

eradicated trichomonas. Clinical cure rates were not significantly different between patients treated with doxycycline

and those treated with azithromycin; however, doxycycline had significantly better efficacy against Chlamydia,

whereas azithromycin was superior to doxycycline for the treatment of M. genitalium.

Urethritis in males that is not caused by gonorrhea is

classified as nongonococcal urethritis (NGU). NGU is

the most common urethritis syndrome seen in men in

the United States; in the past, p to 40% of NGU cases

were attributed to Chlamydia trachomatis, and as many

as 40% of cases were of unknown etiology [1–3].

However, there has not been a comprehensive re-

evaluation of the therapy for NGU in 15 years [4]. Since

that time, there have been data suggesting that addi-

tional pathogens may play an important role in the

etiology of NGU and should be considered in ap-

proaches to therapy. Newer studies using more-sensitive

diagnostic techniques have implicated other pathogens

in the etiology of NGU including Mycoplasma

genitalium and Trichomonas vaginalis [5, 6]. We hy-

pothesized that currently recommended initial therapies

for NGU, doxycycline and azithromycin, might be im-

proved by the addition of antimicrobial coverage for T.

vaginalis. We further hypothesized that, of the 2 cur-

rently recommended initial treatment regimens for

NGU, azithromycin therapy would result in a higher
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clinical cure rate than doxycycline therapy because azi-

thromycin, compared with doxycycline, apparently has greater

efficacy against M. genitalium [7] and is reported to have

equivalent efficacy against C. trachomatis [4].

METHODS

We conducted a randomized, controlled, double-blinded

phase IIB treatment study of NGU. The primary aim was to

determine whether the addition of tinidazole, a proven anti-

trichomonal agent [8], to the recommended treatment regi-

men for NGU [9] would be tolerable and more efficacious

than treatment with either doxycycline or azithromycin alone.

Tinidazole was chosen over metronidazole because of

the former’s superior penetration into the male genital tract

tissues [10]. A secondary aim was to compare doxycycline

treatment with azithromycin treatment for NGU with

respect to the effect of each treatment drug on M. genitalium.

This aim was motivated by accumulating data suggesting

that doxycycline may lack clinical efficacy against

M. genitalium, which plays a prominent role in the patho-

genesis of NGU.

The study evaluated the efficacy of doxycycline administered

in a 100-mg oral dose twice daily for 7 days plus or minus

tinidazole administered in a single 2-g oral dose and the efficacy

of azithromycin administered in a single 1-g oral dose plus or

minus tinidazole administered in a single 2-g oral dose.

Study participants were heterosexual men 16–45 years of age

who attended sexually transmitted disease (STD) clinics in

Birmingham, Alabama; New Orleans, Louisiana; Durham,

North Carolina; and Baltimore, Maryland. NGU was defined as

new-onset urethral discharge or dysuria and a urethral smear

with >5 polymorphonuclear leukocytes (PMNs) per 3–5 oil

immersion fields without evidence of gonorrhea [9]. Partic-

ipants were excluded from the study for the following reasons:

a test result positive for gonorrhea at the baseline visit; history of

recurrent NGU (>3 episodes within the previous year) or his-

tory of recent NGU (within the previous 30 days); signs or

symptoms of epididymitis or prostatitis; known allergy to study

drugs; receipt of systemic antibiotics within 30 days of enroll-

ment; presence of concomitant infection that required anti-

biotics; unwillingness to abstain from alcohol for 24 h after

enrollment; serious underlying infection, including known HIV

infection or other primary or secondary immunosuppression; or

voided within the hour preceding evaluation.

After consent was obtained, participants were asked questions

regarding their sexual history and current symptoms. The

presence of urethral discharge was confirmed. A urethral swab

specimen was obtained for T. vaginalis nucleic acid amplifica-

tion testing (NAAT), and a first fraction urine specimen was

obtained for gonorrhea, chlamydia, M. genitalium, and T.

vaginalis NAAT. Participants were asked to abstain from sexual

intercourse or use condoms during the study period. Partic-

ipants who tested positive for Neisseria gonorrhoeae were noti-

fied to return immediately for treatment according to local

guidelines and were discontinued from the study.

Participants were randomized using a block randomization

scheme with blocks of size 16 stratified by clinical center to 1 of 4

treatment arms: (1) doxycycline, (2) doxycycline plus tinidazole,

(3) azithromycin, or (4) azithromycin plus tinidazole. The single

doses of tinidazole and azithromycin (active or placebo) were

directly observed. Participants were counseled regarding partner

notification and treatment as well as abstinence and condom use.

Participants were asked to return in 1 week after completion

of therapy (days 15–19). They were queried regarding interim

sexual activity, symptoms, and possible adverse effects of the

study medication. A genital examination was performed to de-

termine the presence or absence of urethral discharge. Two

urethral swab specimens were obtained for staining and quan-

tifying PMNs on the urethral smear and for T. vaginalis PCR.

A urine specimen was obtained for detection of N. gonorrhoeae,

C. trachomatis, T. vaginalis, and M. genitalium. Participants with

persistent symptoms and objective signs of NGU were dis-

continued from the study and treated according to local

guidelines for recurrent or persistent urethritis. The final

study visit was conducted during days 35–45 using the same

procedures.

Definition of clinical cure varied slightly according to the

study visit and was modeled after definitions used by Stamm

et al [4] in the last major study of NGU treatment, which served

as the historical benchmark for this study. At the first follow-up

visit, clinical failure was defined as persistent symptoms and .5

PMNs per 3–5 oil immersion fields on the urethral smear (re-

gardless of urethral discharge) or persistent urethral discharge

on examination (regardless of symptoms or number of PMNs).

At the final study visit, clinical failure was defined as .5 PMNs

per 3–5 oil immersion fields alone (regardless of symptoms or

presence of urethral discharge) or persistent urethral discharge

on examination (regardless of symptoms or number of PMNs).

Participants who failed to return and/or were not evaluated for

any reason were designated as unevaluable. Participants who

met the criteria for clinical failure at any visit were discontinued

from the study and added to the cumulative failures for the

study. Efficacy was based on the last visit for which the person

had a clinical response determined.

Microbiological Methods
Urethral Gram stains were performed at the clinic sites to quan-

titate PMNs and determine the presence or absence of gram-

negative diplococci. At each clinical site, urine specimens were

mixed and aliquoted into transport media for the assay for

N. gonorrhoeae and C. trachomatis. This testing was performed in
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accordance with the manufacturer’s instructions using the li-

censed GEN-PROBE TMA assay (Aptima Combo II; Gen-Probe).

Detection of M. genitalium in urine was performed centrally

at Louisiana State University using the GEN-PROBE TMA-HPA

M. genitalium analyte-specific reagent assay (Gen-Probe). PCR

testing for T. vaginalis was performed centrally at the University

of Alabama at Birmingham, as previously described [11].

Sample Size Estimation
It was hypothesized that conventional therapy (with azi-

thromycin or doxycycline) would be at least 70% effective. For

each conventional therapy agent, the sample size was estimated

using the Mantel-Haenszel-Cochran test without continuity

correction to adjust for stratification across 4 clinical centers.

With 75 patients in each arm, an improvement in clinical cure

rate to 89% within each parallel trial could be detected between

a conventional therapy arm minus tinidazole and the corre-

sponding arm plus tinidazole at the 1-sided .05 significance level

with power of .90. Sample size was determined on the basis of

response at the last evaluable visit.

Statistical Methods
The primary analysis population for efficacy and safety was the

modified intent-to-treat (MITT) population, which comprised

all participants randomized who received at least 1 dose of study

drug therapy or placebo. Confirmatory analyses were performed

with the per protocol population (n 5 200), which did not

include participants who did not meet eligibility criteria (n

5 12), had protocol deviations potentially affecting the primary

endpoint (n 5 8), or did not adhere to the protocol visit

schedule (n 5 85).

For each of the treatment groups, the binomial proportion

and its 95% confidence interval were used to estimate clinical

cure rate. The stratified Mantel-Haenszel-Cochran test was used

to evaluate the addition of tinidazole to each conventional

therapy and to compare the 2 conventional therapies across the

4 clinical sites (strata). For each treatment group, the prevalence

and microbiological cure rate for each organism (C. trachomatis,

T. vaginalis, and M. genitalium) were estimated using the bi-

nomial proportions and 95% confidence intervals. For micro-

biological cure rates, the overall group effect was assessed using

v2 tests, and when significant, pairwise comparisons were made.

RESULTS

A total of 305 study participants were randomized and included

in the MITT population, as follows: 76 received doxycycline, 73

received doxycycline plus tinidazole, 77 received azithromycin,

and 79 received azithromycin plus tinidazole (Figure 1). The

first subject was enrolled in November 2006, and the last follow-

up visit was completed in April 2009.

The randomization groups were similar with respect to

their baseline demographic characteristics and sexual history

(Table 1). The median number of lifetime sexual partners was

20, whereas the median number of partners within the previous

30 days was 1. On average, 7 days had elapsed between the last

time that participants had engaged in sexual activities and the

time they presented for care. In terms of symptoms, 55% pre-

sented with urethral discharge only, 5% presented with dysuria

only, and 40% presented with both discharge and dysuria.

Screening, Enrollment, and Follow-up
Of the 313 individuals screened for the protocol, 305 (97%) were

enrolled. Of the 8 individuals who were eliminated at screening,

2 had gonorrhea and 6 did not have >5 PMNs on urethral

smear (1 of whom also did not have the required symptoms).

Eighty-two percent of study participants completed the first

follow-up visit, and 56% completed the second follow-up visit.

Of those who discontinued the study early, 41% discontinued

because of clinical failure at the first follow-up visit; having

reached a specified study end point, their study discontinuation

was in accordance with the protocol. Most of the other

participants who terminated study participation before com-

pleting the second follow-up visit were lost to follow-up. The

percentage of patients who were lost to follow-up varied by

clinic and ranged from 15% at the Birmingham site to 42% at

the New Orleans site, but this rate did not differ significantly

according to treatment arm, with rates of loss to follow-up

ranging from 18% for the doxycycline arm to 31% for the

azithromycin arm.

Figure 1. Study flow diagram. aThe results of a gonorrhea test
performed at screening were reported to be positive after randomization.
bAll randomized participants were analyzed in a modified intent-to-treat
analysis.
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Prevalence of Pathogens at Baseline
The distribution of pathogens detected at baseline is shown in

Figure 2. The prevalence of chlamydia was 43%, whereas the

prevalence of M. genitalium was 31%. T. vaginalis was detected

in 13% of participants (in urine or swab samples). None of the 3

pathogens were identified in 29% of participants. Sixteen per-

cent of men had multiple pathogens detected, with the most

common combination being C. trachomatis and M. genitalium

(8%). No significant differences among treatment arms were

detected with respect to the proportion of patients who tested

positive for chlamydia (P 5 .35), M. genitalium (P 5 .96),

trichomonas (P 5 .66) or with respect to the distribution of

gram stain PMNs (P 5 .77).

Efficacy Response by Study Visit
In the MITT population, in which participants who were lost to

follow-up (ie, unevaluable) were counted as having experienced

treatment failure, clinical cure rates at the first follow-up visit were

74.5% for doxycycline-containing regimens combined and 68.6%

for azithromycin-containing regimens combined (Table 2). The

Table 1. Baseline Participant Demographic Characteristics and Sexual History

Variable

Doxycycline

therapy arm

(n 5 76)

Doxycycline 1

tinidazole

therapy arm

(n 5 73)

Azithromycin

therapy arm

(n 5 77)

Azithromycin 1

tinidazole

therapy arm

(n 5 79)

All participants

(n 5 305) Pa

Age, mean years (6SD) 27.3 6 7.0 27.8 6 6.8 26.4 6 6.7 25.7 6 7.2 26.8 6 6.9 .243

Race 74 (97) 72 (99) 76 (99) 77 (97) 299 (98)

Black or African American .953

White/other 2 (3) 1 (1) 1 (1) 2 (3) 6 (2)

Education level 19 (25) 13 (18) 16 (21) 21 (27) 69 (23)

No high school degree .543

Vocational, technical, or trade school certificate 1 (1) 0 (0) 0 (0) 0 (0) 1 (,1)

High school graduate or GED 33 (43) 35 (48) 39 (51) 34 (43) 141 (46)

Some college 17 (22) 22 (30) 21 (27) 22 (28) 82 (27)

Bachelor’s degree or higher 6 (8) 3 (4) 1 (1) 2 (3) 12 (4)

New sexual partners in previous 30 days,
median no. of partners (range)

0 (0–3) 0 (0–3) 0 (0–4) 0 (0–27) 0 (0–27) .738

Episodes of vaginal sex in the previous 30 days,
median no. of episodes (range)

5 (0–40) 5 (0–50) 4 (0–90) 5 (0–30) 5 (0–90) .962

Episodes of receptive oral sex in the previous 30 days,
median no. of episodes (range)

2 (0–30) 1 (0–30) 2 (0–90) 2 (0–30) 2 (0–90) .674

Different sexual partners in the previous 3 months,
median no. of partners (range)

2 (1–6) 2 (0–20) 2 (0–30) 2 (1–100) 2 (0–100) .297

Condom use during most recent sexual encounter 48 (63) 51 (70) 48 (62) 39 (49) 186 (61)

No .066

Yes 27 (36) 22 (30) 29 (38) 40 (51) 118 (39)

Missing data 1 (1) 0 (0) 0 (0) 0 (0) 1 (,1)

Did the condom break or come off? 20 (26) 19 (26) 15 (19) 22 (28) 76 (25)

No .025 b

Yes 7 (9) 3 (4) 14 (18) 18 (23) 42 (14)

Not applicable 49 (64) 51 (70) 48 (62) 39 (49) 187 (61)

How often was a condom used in the
previous 3 months?

Never 16 (21) 19 (26) 12 (16) 9 (11) 56 (18) .137

Almost never 6 (8) 5 (7) 5 (6) 5 (6) 21 (7)

Sometimes 24 (32) 17 (23) 23 (30) 16 (20) 80 (26)

Almost always 26 (34) 27 (37) 29 (38) 30 (38) 112 (37)

Always 3 (4) 4 (5) 8 (10) 14 (18) 29 (10)

Do not know/missing data 1 (1) 1 (1) 0 (0) 5 (6) 7 (2)

NOTE. Data are no. (%) of subjects, unless otherwise indicated. GED, general educational development certificate; SD, standard deviation.
a Exact v2 or nonparametric Kruskal-Wallis test for differences among treatment arms. When statistically significant, additional 2-sided pairwise tests were

performed. Missing data, not applicable, and do not know categories were excluded from P value calculations.
b P 5 .488 for doxycycline therapy arm versus doxycycline 1 tinidazole therapy arm; P 5 .810 for azithromycin therapy arm versus azithromycin plus tinidazole

therapy arm.
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addition of tinidazole to either regimen did not benefit clinical

cure rates. As of the final study visit, cumulative cure rates

were 49% for doxycycline-containing regimens and 43.6% for

azithromycin-containing regimens. The primary hypotheses

comparing doxycycline versus doxycycline plus tinidazole

(P 5 .34, 1-sided) and azithromycin versus azithromycin plus

tinidazole (P 5 .12, 1-sided) were both nonsignificant. There

were no significant differences among any of the 4 treatment

arms. Results for the per protocol population were consistent

with those for the MITT population.

Of the 82 individuals defined as having experienced clinical

failure at the final study visit, 53 (65%) of 82 were defined as such

solely on the basis of a urethral smear showing .5 PMNs. If these

participants were classified as having experienced cure, there

would still be no difference in the efficacy of the treatment arms.

Microbiological Efficacy
The 4 treatment arms differed significantly in the proportions of

participants with chlamydial infection at baseline who had

negative results after treatment (P 5 .017) (Table 3). The

chlamydia clearance rate was 94.8% (55 of 58 participants) for

those who received doxycycline with or without tinidazole and

was 77.4% (41 of 53) for those who received azithromycin with

or without tinidazole (P 5 .011, 2-sided).

The 4 treatment arms also differed significantly with respect

to the proportion of participants with M. genitalium infection

after treatment of participants who had positive results at

baseline (P 5 .008). The M. genitalium clearance rate was 30.8%

(12 of 39 participants) for those who received doxycycline with

or without tinidazole and 66.7% (30 of 45) for those who re-

ceived azithromycin with or without tinidazole (P 5 .002, 2-

sided).

Only 1 (5%) of 20 tinidazole-treated participants with tri-

chomonas (detected in urine or swab samples) at baseline had

results that remained positive for this infection at follow-up.

Among those participants not receiving specific treatment for

trichomonas, 5 (31%) of 16 had PCR results that were positive

for this pathogen at their follow-up visits. Thus, 11 (69%) of 16

men who had T. vaginalis detected at baseline and did not re-

ceive tinidazole had apparent spontaneous resolution of the

infection (confirmed in urine and swab samples). Of these

participants, 8 (73%) of 11 had cleared the infection at the first

Table 2. Efficacy Response by Study Visit for Modified Intent-to-Treat Population

Variable

Doxycycline

therapy arm

(n 5 76)

Doxycycline 1

tinidazole therapy arm

(n 5 73)

Azithromycin

therapy arm

(n 5 77)

Azithromycin 1

tinidazole therapy arm

(n 5 79

All participants

(n 5 305)

Follow-up visit 1 10 (13) 7 (10) 8 (10) 8 (10) 33 (11)

Clinical failure

Clinical cure 57 (75) 54 (74) 52 (68) 55 (70) 218 (71)

Unevaluable 9 (12) 12 (16) 17 (22) 16 (20) 54 (18)

Follow-up visit 2 22 (29) 17 (23) 24 (31) 19 (24) 82 (27)

Clinical failure

Clinical cure 22 (29) 24 (33) 19 (25) 25 (32) 90 (30)

Unevaluable 22 (29) 25 (34) 26 (34) 27 (34) 100 (33)

Treatment failure at visit 1 10 (13) 7 (10) 8 (10) 8 (10) 33 (11)

Cumulative efficacy outcomea 32 (42) 24 (33) 32 (42) 27 (34) 115 (38)

Clinical failure

Clinical cure 36 (47) 37 (51) 30 (39) 38 (48) 141 (46)

Unevaluable 8 (11) 12 (16) 15 (19) 14 (18) 49 (16)

Exact 95% CI for cure rate 40.8–64.2 37.4–61.3 20.8–50.7 40.4–63.3

NOTE. Data are no. (%) of subjects, unless otherwise indicated. CI, confidence interval. P . .05 for cure rate.
a Subjects who met the criteria for clinical failure at any visit were discontinued from the study and added to the cumulative failures and those who did not return

for any follow-up (unevaluable) were counted as treatment failures. Therefore the number cured for the cumulative efficacy outcome was the total number of

subjects minus treatment failures minus those who did not return for any follow-up (unevaluable).

Figure 2. Prevalence of pathogens at baseline.
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follow-up visit, and 3 (27%) of 11 had cleared the infection by

the second follow-up visit. Interim use of metronidazole could

only be documented for 1 of these individuals. Among those

participants in whom T. vaginalis infection resolved and in

whom it was the only pathogen detected, 8 (72.7%) of 11 met

the definition of clinical cure of NGU. None of the 4 participants

who failed to clear T. vaginalis in the doxycycline or azi-

thromycin only arms were deemed to have experienced clinical

cure.

Participant Adherence to the Protocol
Only 2% of participants reported taking antibiotics other than

the study drugs during follow-up. At the first follow-up visit,

61% of participants were adherent to therapy, which was

defined as taking at least 80% of the medications, as determined

on the basis of pill count. No significant differences among

study groups were detected with respect to medication

adherence.

At the first follow-up visit, the median number of sexual

partners and median number of new sexual partners reported

since the baseline visit were 1.0 and 0, respectively. There were

no significant differences among the 4 treatment arms with re-

spect to sexual behavior with the exception of frequency of re-

ceptive oral sex (P 5 .009). The pairwise comparison between

therapy with azithromycin only and therapy with azithromycin

plus tinidazole was statistically significant (P 5 .01). At the

second follow-up visit, the median number of sexual partners

and median number of new sexual partners reported since the

last visit were 1.0 and 0, respectively. There were no significant

differences among the 4 treatment arms with respect to sexual

behavior. At the first follow-up visit, 75% of participants who

reported having sex since the last visit reported always using

a condom. Seventy-seven percent stated that they had used

a condom during their most recent sexual encounter. At the

second follow-up visit, 57% of participants who had had sex

since the previous visit reported always using a condom. Se-

venty-one percent stated that they had used a condom during

their most recent encounter. There were no significant differ-

ences among the 4 treatment arms with respect to frequency of

condom use or condom use for the most recent sexual en-

counter at either follow-up visit.

Adverse Events
Study drugs were well tolerated, with similar rates of adverse

events reported for the 4 study arms. The most frequently re-

ported adverse events were nausea, vomiting, abdominal pain,

diarrhea, and taste abnormality (Table 4). Only 1 severe (grade

3) event, diarrhea, was reported.

Table 3. Microbiologic Cure Rate

Last available result for subjects

who were positive at baseline

Doxycycline

therapy arm

Doxycycline 1 tinidazole

therapy arm

Azithromycin

therapy arm

Azithromycin 1 tinidazole

therapy arm

All

participants Pa

Chlamydia 0 3 7 5 15

Positive .02c

Negative 34 21 19 22 96

Missing data 4 4 3 9 20

Prevalence (exact 95% CI)b 0 (0–10.3) 12.5 (2.7–32.4) 26.9 (11.6–47.8) 18.5 (6.3–38.0)

Trichomonas in swab/urine samplesd 3 0 2 1 6

Positive .35e

Negative 6 9 5 4 24

Missing 2 3 2 3 10

Prevalence (exact 95% CI)b 33.3 (7.5–70.1) 0 (0–33.6) 28.6 (3.7–71.0) 20.0 (0.5–71.6)

Mycoplasma genitalium 16 11 9 6 42

Positive .005f

Negative 5 7 13 17 42

Missing data 1 4 3 2 10

Prevalence (exact 95% CI)b 76.2 (52.8–91.8) 61.1 (35.8–82.7) 40.9 (20.7–63.7) 26.1 (10.2–48.4)

NOTE. AZI, azithromycin; CI, confidence interval; DOX, doxycycline; T, tinidazole.
a v2 of overall group effect (DOX vs DOX 1 T vs AZI vs AZI 1 T).
b Missing values excluded from the denominator of prevalence (%) calculations.
c P values for subsequent a priori specified pairwise comparisons: DOX vs DOX 1 T, P 5 .97 (1-sided); AZI vs AZI 1 T, P 5 .26 (1-sided); (DOX, DOX 1 T) vs (AZI,

AZI 1 T), P 5 .01 (2-sided); [DOX, AZI] vs. [DOX 1 T, AZI 1 T], P 5 .59 (2-sided).
d All subjects were tested for trichomonas at baseline using tests performed on both swab and urine samples with results that were 93% concordant. Subjects

were considered to be positive for infection at baseline if they had positive results on either test. Those subjects who were positive at baseline underwent follow-up

testing of both urine and swab samples, which had results that were 100% concordant at the final follow-up visit.
e No subsequent pairwise comparisons performed, because the overall group effect was nonsignificant as specified a priori.
f P values for subsequent a priori specified pairwise comparisons: DOX vs DOX 1 T, P 5 .24 (1-sided); AZI vs AZI 1 T, P 5 .18 (1-sided); (DOX, DOX 1 T) vs (AZI,

AZI 1 T), P 5 .002 (2-sided); [DOX, AZI] vs [DOX 1 T, AZI 1 T], P 5 .19 (2-sided).
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DISCUSSION

Nongonoccoccal urethritis is a common clinical syndrome.

Recommended initial treatment regimens primarily target C.

trachomatis as the etiology, although the contributions of other

pathogens, including T. vaginalis and M. genitalium, have been

increasingly reported [5, 6, 12–19]. In one study, trichomonas

was nearly as common as chlamydia (17.3% vs 19.6%) [6].

Despite this, current recommendations are to include anti-

trichomonal therapy only for men with persistent NGU [9]. In

terms of M. genitalium, Mena et al [13] found a prevalence of

21% among men with symptomatic NGU. The optimal therapy

for M. genitalium remains unclear, because treatment failure has

been reported for both doxycycline and azithromycin therapy

[20]. Interestingly, older studies found that NGU caused by

chlamydia responded significantly better to tetracyclines than

did cases of NGU in which no chlamydia was found [21, 22].

In our study, tinidazole did not enhance the clinical cure rates

of conventional therapy for NGU. This finding may be attrib-

utable to the lower-than-anticipated prevalence of trichomonas

among study participants and the high rate of spontaneous re-

gression of trichomonas in the absence of tinidazole. Sponta-

neous resolution of trichomonas from the urethra has been

previously reported [23, 24]. Of note, among those men with

trichomonas who received tinidazole, only 1 microbiological

failure occurred.

Important findings in our study were the significant differences

in the microbiologic cure rates for M. genitalium and, especially,

C. trachomatis following treatment with doxycycline or azi-

thromycin. Azithromycin was significantly more effective against

M. genitalium than was doxycyline; however, doxycycline therapy

offered superior efficacy over azithromycin therapy for chla-

mydia. Failure to cure M. genitalium with both doxycline and

azithromycin therapy has been previously documented [7, 25,

26], and one randomized study showed azithromycin therapy to

be more efficacious than doxycycline therapy [20]. However, we

are unaware of clinical studies that have shown doxycycline to be

superior to azithromycin for the treatment of C. trachomatis.

Clearly, these are important topics for additional study.

In our study, cure rates were lower than those reported by

Stamm et al [4]. Reasons for lower clinical cure rates could

include the high rate of C. trachomatis infection coupled with

the lower observed efficacy of azithromycin therapy for this

infection in our study, as well as potential re-infections in this

high-risk population. Finally, it is possible that there has been

a real decrease in response to therapy for NGU over the previous

2 decades. Compared with rates of cure in clinical practice, rates

of cure at the final study visit are underestimated, because the

majority of clinical cures in our study and in that of Stamm et al

[4] were based solely on the persistence of neutrophils and

would not have been recognized in the course of usual care,

a setting in which test-of-cure gram stains are not routinely

performed.

The limitations of our study include the aforementioned

lower-than-anticipated prevalence of trichomonas, coupled with

spontaneous regression of trichomonas in the absence of tini-

dazole. A larger sample size, which would have accounted for

these factors, may have been desirable. Our study population

was largely African American and may not be applicable to

a more diverse group of men.

In summary, the addition of tinidazole to doxycycline or

azithromycin therapy did not result in higher rates of clinical

cure but did effectively eradicate trichomonas. Clinical cure rates

were not significantly different between the doxycycline and

azithromycin arms. However, doxycycline therapy had signifi-

cantly better efficacy against Chlamydia, whereas azithromycin

therapy was superior for the treatment of M. genitalium in-

fection. Based on these data, it may be that management of

NGU, and especially of recurrent or persistent NGU, should be

guided by an etiologic diagnosis rather than by a syndromic

approach.
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Background. To assess the value of rotavirus vaccination in India, we determined the potential impact and cost-

effectiveness of a national rotavirus vaccination program.

Methods. We compared the national rotavirus disease and cost burden with and without a vaccination program

and assessed the cost-effectiveness of vaccination. Model inputs included measures of disease and cost burden, vaccine

performance, and vaccination coverage and cost. We measured the annual number of health-related events and

treatment costs averted, as well as the cost-effectiveness in US dollars per disability-adjusted life-year (DALY) and

cost per death averted. One-way sensitivity analyses were performed by individually varying each model input.

Results. With use of a vaccine that has an estimated effectiveness of 50%, a rotavirus vaccination program in

India would prevent �44,000 deaths, �293,000 hospitalizations, and �328,000 outpatient visits annually, which

would avert $20.6 million in medical treatment costs. Vaccination would be cost-saving at the GAVI Alliance price

of $0.15 per dose. At $1.00 per dose, a vaccination program would cost $49.8 million, which would result in an

expenditure of $21.41 per DALY averted or $662.94 per life saved. Even at $7.00 per dose, vaccination would be

highly cost-effective. In sensitivity analyses, varying efficacy against severe rotavirus disease and vaccine price had

the greatest impact on cost-effectiveness.

Conclusions. A national rotavirus vaccination program in India would prevent substantial rotavirus morbidity

and mortality and would be highly cost-effective at a range of vaccine prices. Public health officials can use this locally

derived data to evaluate how this highly cost-effective intervention might fit into India’s long-term health care goals.

(See the editorial commentary by Nelson et al, on pages 178–179.)

Rotavirus is the most common cause of severe dehy-

drating gastroenteritis in children ,5 years of age

worldwide and causes an estimated 527,000 deaths an-

nually [1, 2]. Approximately 23% of these deaths occur

in India alone [3]. Because improvements in sanitation

and hygiene have had little impact on the incidence of

severe rotavirus gastroenteritis, vaccination is considered

to be the best means of controlling this disease [4, 5].

Since 2006, 2 safe and effective live, attenuated, oral

rotavirus vaccines have become available on the world

market [6], and other rotavirus vaccines are under

development in India and elsewhere. In June 2009, the

World Health Organization (WHO) recommended

global use of rotavirus vaccines in infants [7]. To

help policy makers to assess the value of a national

rotavirus vaccination program in India, we determined

the impact of vaccination on rotavirus disease burden

and associated health care costs, and we evaluated the

cost-effectiveness of vaccination.

METHODS

Model Overview
We used a Microsoft Excel–based model to evaluate the

impact and cost-effectiveness of a projected national
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rotavirus immunization program in India by comparing rota-

virus disease and cost burden with and without such a program

for an annual birth cohort that was followed-up for a 5-year

period [8]. Principle model inputs included measures of disease

burden (rotavirus-associated rates of childhood death, hospi-

talization, and outpatient visit), direct treatment costs (cost of

hospitalization and outpatient visit), vaccine effectiveness, vac-

cination coverage rates, and vaccination cost (vaccine price,

administration costs, and wastage).

Impact of vaccination on disease and cost burden, which was

expressed in terms of annual number of health-related events and

costs averted, and cost-effectiveness, which was expressed in US

dollars per disability-adjusted life-year (DALY) and cost per death

averted, were calculated. DALYs measure ‘‘age-specific life ex-

pectancy for loss of healthy life due to disability’’ [9]. In contrast to

quality-adjusted life-years (QALY), which measure the addition of

healthy years, DALYs measure a loss of healthy years by weighting

the incremental loss of health as a result of specific diseases. In

keeping with norms for DALY-related analyses, standardized life

expectancy at 1 year of age was used to calculate the DALY burden

due to rotavirus mortality. A default disability weight of 0.119 and

estimated duration of illness of 6 days were used to calculate the

DALYs for cases of rotavirus disease that resulted in a hospital or

outpatient visit [10]. DALYs included age weights and all future

costs, and DALY estimates are discounted at a rate of 3%. All costs

and savings are considered exclusively from the health care system

perspective and focus on direct medical treatment costs (eg, di-

agnostic tests, medications and medical supplies, and facility

costs), and they are reported in 2008 inflation-adjusted US dollars.

Three clinical states were modeled: well, ill (ie, hospitalized or

seeking outpatient medical care), and dead. Societal costs (eg,

transportation, food, and lodging costs and lost wages of care-

givers), economic costs associated with fatalities, and costs for

persons ill with rotavirus gastroenteritis who sought care outside

of the formal medical system were not considered.

Model Inputs
Rotavirus disease burden and treatment costs. Base-case

estimates for the India-specific rotavirus death rate, hospitali-

zation rate, and outpatient visit rate and their associated medical

treatment costs among children ,5 years of age were obtained

from our recently published study (Table 1) [11]. The rotavirus

death rate was 108 deaths per 100,000 children ,5 years of age.

Hospitalizations and outpatient visits occurred at a frequency of

652 hospitalizations and 932 visits per 100,000 children ,5 years

of age, respectively. We applied a cost of $68.90 per rotavirus

hospitalization; in India, each rotavirus hospitalization averaged

3 days in duration. For each rotavirus-related outpatient visit,

a cost of $2.89 was used.

Rotavirus vaccination effectiveness. Rotavirus vaccine

immunogenicity, efficacy, and effectiveness have all been found

to vary by income level of the country where the vaccine is used,

and they tend to be lower in lower-income countries than they

are in middle- and upper-income countries [12]. Because India-

specific rotavirus vaccine performance data do not exist, we

assumed a performance similar to that observed in Bangladesh

and Viet Nam, which are 2 Asian countries that are comparable

to India and which have existing rotavirus vaccine clinical trials

data [7, 13]. Data combined from these 2 countries show an

efficacy against severe rotavirus disease of �50%, and we used

this figure for the effectiveness of rotavirus vaccination against

death and hospitalization due to rotavirus infection in India

(Table 1). No data specifying rotavirus vaccine efficacy against

outpatient visits exist from a country that is comparable to

India. Therefore, we assumed rotavirus vaccine effectiveness

against outpatient visits for rotavirus infection to be 10 per-

centage points lower than the estimated effectiveness of the

vaccine against severe disease. The effectiveness of 1 dose was

assumed to be one-half that of the full 2-dose series.

Rotavirus vaccination coverage and timing. Our model

assumed a 2-dose infant rotavirus vaccination series, adminis-

tered on the same schedule as the first 2 doses of diphtheria,

tetanus, and pertussis (DTP) vaccine. Using WHO–United

Nations Children’s Fund vaccination coverage data for DTP

vaccination in India, we estimated that India-wide rotavirus

vaccination coverage would be 73% for the first dose and 63%

for the second dose (Table 1) [14, 15]. Our model assumed on-

time administration of all vaccinations. Because children at

greatest risk for death due to rotavirus infection may have less

access to routine vaccination, we assumed coverage among these

children to be 10 percentage points lower than coverage among

other children [8].

Rotavirus vaccination cost. Vaccination cost reflects the

combination of vaccine price, cost of administration, and loss

from waste. The price of rotavirus vaccine for use in the public

sector in India is not known. For purposes of this analysis, we

varied vaccine price from a low of $0.15 per dose [16] (the

current lowest possible country co-pay price for procurement

of vaccine through the GAVI Alliance), a medium price of

$1.00 per dose (a stated target price for rotavirus vaccines that

are currently being developed in India), to a high of $7.00 per

dose [17, 18] (the price currently paid by some middle-income

developing countries for rotavirus vaccine). We estimated the

cost of vaccine administration to be $0.25 per dose with use of

the WHO Global Immunization Vision and Strategy costing

model [19], with an expected vaccine loss of 10% due to

wastage.

Model Outputs
Rotavirus vaccination impact. Vaccination impact was

expressed in terms of annual number of lives saved and annual

hospitalizations, outpatient visits, and medical treatment costs
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averted. Impact was also expressed in terms of DALYs averted.

DALYs quantify the years lost because of premature death and

the years lived with disability [10], and included age weights and

a discount rate of 3%.

Rotavirus vaccination cost-effectiveness. Incremental

cost-effectiveness ratios (ICERs), which are a measure of cost-

effectiveness, were expressed in 2 ways: (1) incremental cost per

DALY averted, and (2) incremental cost per life saved, where

incremental cost equals the cost of the vaccination program

minus the medical cost savings from vaccine-prevented cases.

The medical break-even price of vaccination, which is the price

per dose of vaccine where the cost of vaccination exactly equals

the health care costs averted, was also determined. Finally, we

compared ICERs in cost per DALYs averted to the WHO

threshold for highly cost-effective interventions [20]. By this

standard, an intervention is considered to be highly cost-effec-

tive if the cost per DALY averted is less than the country’s per

capita gross domestic product (GDP). The 2008 GDP for India

was $1017 [21].

Sensitivity analysis. One-way sensitivity analyses were

performed by individually varying each base-case model input

and observing the effect on cost-effectiveness (Table 1). The

upper and lower limits for the rotavirus death rate, the lower

limit for the hospitalization rate, and the upper limit for the

outpatient visit rate were all taken from the same study that

provided the base-case estimates for these parameters, which

reflects a difference in calculation methods used by the authors

[11]. We also varied the hospitalization rate by 125% and the

outpatient visit rate by -25% to create the upper and lower

limits, respectively. Medical treatment costs and vaccination

administration costs were varied by 625% from the base-case

estimate. To arrive at upper and lower limits for both rotavirus

vaccine efficacy and vaccination coverage, we varied these pa-

rameters by 610%. The vaccine price was held at the base-case

price of $1.00 per dose during the sensitivity analyses, except

where we evaluated the impact of the vaccine price itself. For this

component, we varied vaccine price from the low price of $0.15

per dose to the high price of $7.00 per dose.

RESULTS

Rotavirus Vaccination Impact on Disease Burden and
Treatment Costs
A national rotavirus vaccination program in India would prevent

�44,000 deaths, �293,000 hospitalizations, and �328,000 out-

patient visits annually (Table 2). More than 1.3 million DALYs (or

50 DALYs per 1000 children) would be averted by such a program.

The reductions in rotavirus disease brought about by vaccination

would save the health care system in India $20.6 million annually

in medical treatment costs ($19.7 million in hospitalization and

$0.9 million in outpatient visit costs), or $0.76 per child.

Rotavirus Vaccination Cost and Cost-effectiveness
At the low price of $0.15 per dose, a vaccination program would

cost a total of $15.3 million but would be cost-saving in India

(the medical break-even price of vaccine is $0.28 per dose)

Table 1. Principle Base-Case Values, Sensitivity Ranges, and References and Assumptions of Model Inputs for Estimating Impact and
Cost-effectiveness of a National Rotavirus Vaccination Program, India, 2008

Parameter Base-case estimate Sensitivity range References and assumptions

Disease burdena

Rotavirus death rate 108 102–112 [11]

Rotavirus hospitalization rate 652 337–816 [11]

Rotavirus outpatient visit rate 932 700–1501 [11]

Treatment costs

Cost of 3-day hospitalization $68.90 $51.68–$86.13 [11]

Cost of outpatient visit $2.89 $2.16–$3.61 [11]

Vaccine performance

Effectiveness against death, % 50 40–60 [7]

Effectiveness against hospitalization, % 50 40–60 [7]

Effectiveness against clinic visit, % 40 30–50 .b

Vaccination coveraged

First dose, % 73 63–83 [14]

Second dose, % 63 53–73 [14]

NOTE. All costs are given in 2008 inflation-adjusted US dollars.
a Expressed as annual rate per 100,000 children ,5 years of age.
b No data available; assumed effectiveness in preventing a clinic visit was 10 percentage points lower than effectiveness against hospitalization and death.
c Assumes 10% vaccine wastage.
d Vaccine received by 12 months of age; assumes on-time vaccination.
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(Table 3). At the medium price of $1.00 per dose, a vaccination

program would cost a total of $49.8 million (a net cost of $29.1

million), which would result in an ICER of $21.41 per DALY

averted or $662.94 per death averted. At the high price of $7.00

per dose, a vaccination program would cost a total of $293.2

million (net cost of $272.6 million), which would result in an

ICER of $200.21 per DALY averted or $6199.88 per death

averted. With use of the WHO cost-effectiveness criteria, a vac-

cination program would be highly cost-effective up to a per-dose

vaccine price of $34.41, but at this price a vaccination program

in India would cost over $1.4 billion annually.

One-way Sensitivity Analysis
Using the base-case price of $1.00 per dose, the ICER (ex-

pressed as incremental cost per DALY averted) was most

sensitive to changes in rotavirus vaccine efficacy against both

death and hospitalization (Table 4). A 10 percentage point

decrease in efficacy against death and hospitalization yielded

a 25% increase and a 14% increase, respectively, in ICER.

Conversely, a 10 percentage point increase in efficacy against

death and hospitalization yielded a 17% decrease and a 14%

decrease, respectively, in ICER. Varying vaccine price also had

a substantial effect on the ICER. An increase in vaccine price

to $7.00 per dose yielded an 835% increase in the ICER,

whereas a decrease to $0.15 per dose was cost saving. Varia-

tions in all other model inputs had negligible effects.

DISCUSSION

In India, rotavirus infection is estimated to cause 122,000–153,000

deaths, 457,000–884,000 hospitalizations, and 2 million outpatient

visits among children ,5 years of age each year, with associated

annual medical treatment costs as high as $72 million [11]. On the

basis of available data on the performance and expected coverage

of rotavirus vaccination in India, we show that a national rotavirus

vaccination program would save 44,000 lives and avert 293,000

hospitalizations and 328,000 outpatient clinic visits each year,

which would save the health care system $20.6 million in medical

treatment costs. From the perspective of the health care system

Table 2. Rotavirus Infection–Related Events in Children <5 Years of Age and Associated Medical Treatment Costs with and without
Rotavirus Vaccine and Averted by Vaccination and Cost of Intervention, India, 2008

Variable Without vaccine With vaccine Annual averted events or cost (%)

No. of events

Deaths 147,386 103,423 43,963 (30)

Hospitalizations 884,315 591,229 293,086 (33)

Outpatient visits 1,263,745 935,589 328,156 (26)

DALYs lost 4,564,545 3,203,135 1,361,410 (30)

Medical treatment costs, in millions

Hospitalization 61.7 42.0 19.7 (32)

Outpatient 3.7 2.8 0.9 (24)

Total 65.4 44.8 20.6 (31)

NOTE. All costs in 2008 inflation-adjusted US dollars. DALY, disability-adjusted life-year.

Table 3. Cost-effectiveness of a National Rotavirus Vaccination Program at Varying Vaccine Prices, India, 2008

Vaccine price

per dose, $

Cost of program

in millions, $a
Net cost of

program in millions, $b
Incremental cost

per DALY averted, $

Incremental cost per

death averted, $

0.15c 15.3 25.3 Cost-saving Cost-saving

0.28d 20.6 0 0 0

1.00e 49.8 29.1 21.41 662.94

7.00f 293.2 272.6 200.21 6,199.88

NOTE. All costs in 2008 inflation-adjusted US dollars. DALY, disability-adjusted life-year.
a Includes stated per-dose vaccine price plus $0.25 vaccine administration; assumes a 2-dose vaccination schedule and 10% vaccine wastage.
b Equal to the cost of the vaccination program minus the medical treatment cost savings from averted rotavirus-associated disease ($20.6 million).
c Low-price estimate representing the current lowest possible India co-pay price for procurement of vaccine through the GAVI Alliance [16].
d Medical break-even price of vaccine or the price per dose of vaccine where the cost of the vaccination program exactly equals the health care costs averted

by vaccination.
e Medium base-case price based on stated target price for rotavirus vaccines that are being currently developed in India.
f The price some middle-income developing countries have paid for vaccine [17, 18].
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Table 4. Sensitivity Analysis to Examine the Effect of Rotavirus-associated Disease and Cost Burden, Vaccine Performance, and
Vaccination Cost and Coverage on the Cost-effectiveness of a National Rotavirus Vaccination Program, India, 2008

Input parameter Parameter value

Change in parameter

value, %

Cost per DALY

averted, %

Change in

ICER, %

Rotavirus-associated death ratea

Low 102 26 22.81 17

Base case 108 21.41

High 112 14 20.78 23

Rotavirus hospitalization ratea

Very low 337 248 28.41 133

Low 634 3 21.81 12

Base case 652 21.41

High 816 125 17.77 220

Rotavirus outpatient visit ratea

Low 700 225 21.58 11

Base case 932 21.41

High 1501 161 20.99 22

Hospitalization cost per child, $

Low 51.68 225 25.03 117

Base case 68.90 21.41

High 86.13 125 17.79 217

Outpatient visit cost per child, $

Low 2.16 225 21.58 11

Base case 2.89 21.41

High 3.61 125 21.24 21

Vaccine efficacy against death, %

Low 40 210 26.75 125

Base case 50 21.41

High 60 110 17.84 217

Vaccine efficacy against hospitalization, %

Low 40 210 24.31 114

Base case 50 21.41

High 60 110 18.51 214

Vaccine efficacy against outpatient visit, %

Low 30 210 21.58 11

Base case 40 21.41

High 50 110 21.24 21

Vaccine price per dose, $

Low 0.15 285 Cost-saving 2100

Base-case 1.00 21.41

High 7.00 1733 200.21 1835

Administration cost per dose, $

Low 0.19 225 19.78 28

Base-case 0.25 21.41

High 0.31 125 23.03 18

First dose vaccine coverage rate, %

Low 63 210 21.46 10

Base case 73 21.41

High 83 110 21.37 20

Second dose vaccine coverage rate, %

Low 53 210 21.35 20

Base case 63 21.41

High 73 110 21.46 10

NOTE. All costs given in 2008 inflation-adjusted US dollars. ICER, incremental cost-effectiveness ratio.
a Expressed as annual rate per 100,000 children ,5 years of age.
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alone, rotavirus vaccination would be cost-saving for India if

vaccine is procured at the GAVI Alliance country co-pay price of

$0.15 per dose [16], and it would be highly cost-effective even at

the higher vaccine prices that we examined, although program

costs would be substantially greater.

Rose et al [22] have recently published another report on

the impact and cost-effectiveness of rotavirus vaccination in

India, and some important differences between their as-

sumptions and those of our study should be noted. First,

unlike our disease burden estimates, which are based on

surveillance of rotavirus health outcomes in India, Rose et al

[22] extrapolated data from a study conducted in Mexico [23]

to model the incidence of infections and clinical outcomes of

rotavirus infection in Indian children. Second, although we

applied recent data from rotavirus vaccine efficacy trials

conducted in Asian countries that had a socioeconomic status

similar to that of India, Rose et al [22] used data from rota-

virus vaccine trials conducted in the Americas and Europe

and in affluent countries in Asia, with adjustment for rota-

virus strain patterns in India. Regarding the findings, our base

estimates of rotavirus-associated mortality and hospitaliza-

tion in the absence of vaccination are greater than those of

Rose et al [22], but our estimates of vaccine effectiveness and

coverage are lower. Consequently, our overall estimates of

rotavirus-associated deaths and hospitalizations prevented

are very similar to those of Rose et al [22] (44,000 deaths and

293,000 hospitalizations prevented vs 41,000 deaths and

203,000 hospitalizations prevented). Furthermore, at a vac-

cine price of $7.00 per dose, the cost-effectiveness reported by

Rose et al [22] of $164 per DALY averted is also similar to our

estimate of $200 per DALY averted at the same vaccine price.

Although rotavirus vaccination is likely to have substantial

public health impact in India, our analysis indicates that only

approximately one-third of the estimated rotavirus-associ-

ated deaths would be averted by vaccination. Efforts to im-

prove vaccination coverage rates in India could further

enhance the life-saving benefits and public health impact of

this intervention. In addition, research is needed to un-

derstand the reasons for the lower immune response and

lower effectiveness of rotavirus vaccination in low-income

countries, such as India, compared with middle- and high-

income countries, as well as to develop targeted strategies to

improve rotavirus vaccine performance. Our cost-effective-

ness model showed greatest sensitivity to changes in the ef-

fectiveness of vaccination in preventing both death and

hospitalization, and strategies to improve vaccine perfor-

mance would benefit both the impact and the cost-

effectiveness profile of rotavirus vaccination in India.

These data are subject to several limitations. First, we consider

cost-effectiveness only from the health care system perspective

and ignore societal costs in our analysis. Including societal costs,

which could be substantial, would improve the overall cost-

effectiveness of vaccination. Second, we use a 2-dose rotavirus

vaccination schedule in our analysis. It is possible that a 3-dose

rotavirus vaccine will ultimately be adopted. If this were the case,

administration costs would be higher, but this also would have

a relatively limited overall impact on the cost-effectiveness es-

timate, based on our sensitivity analysis. Vaccine price, however,

could increase or remain the same. Third, effectiveness of ro-

tavirus vaccination in India against severe disease (death and

hospitalization), which is the parameter with the greatest impact

on the cost-effectiveness estimate in our model, is unknown.

Although our base-case estimate derives from rotavirus vaccine

efficacy trials that were conducted in Asian countries compa-

rable to India, vaccine performance in the Indian environment

might differ and could impact rotavirus vaccination cost-effec-

tiveness positively or negatively. Fourth, India is an enormously

diverse country with incomplete health and health care cost

data. Although we included the best and most current data

available, our rotavirus disease and cost burden estimates orig-

inate from limited locations within India. Additional, up-to-

date, nationally representative data would help to refine esti-

mates of rotavirus vaccination impact and cost-effectiveness.

Finally, our model does not consider the future medical costs of

individuals whose lives are saved by the intervention, nor do we

consider the productive contributions these individuals will

make that might offset future medical costs [24].

In conclusion, our findings suggest that a national rotavirus

vaccination program, if adopted in India, would be a highly cost-

effective means for reducing the tremendous disease and eco-

nomic burden of rotavirus gastroenteritis in that country. The

WHO now recommends inclusion of rotavirus vaccine in the

vaccination schedule of all infants worldwide. Given the intense

competition for severely limited resources, these data provide

additional tools to public health officials and policymakers to

objectively decide which of the myriad public health programs

and medical interventions to adopt for implementation in India.

Acknowledgments

We thank Margaret S. Coleman, Division of Global Migration and

Quarantine, Centers for Disease Control and Prevention, for her expert

advice in medical economics and her critical review of the manuscript. The

findings and conclusions in this report are those of the authors and do not

necessarily represent the views of the Centers for Disease Control and

Prevention (CDC).

Financial support. Centers for Disease Control and Prevention.

Potential conflicts of interest. All authors: no conflicts.

References

1. Parashar UD, Gibson CJ, Bresse JS, Glass RI. Rotavirus and severe

childhood diarrhea. Emerg Infect Dis 2006; 12:304–306.

2. World Health Organization. Rotavirus mortality estimates. http://

www.who.int/immunization_monitoring/burden/rotavirus_estimates/

en/index.html. Accessed 18 November 2009.

176 d CID 2011:52 (15 January) d Esposito et al.

http://www.who.int/immunization_monitoring/burden/rotavirus_estimates/en/index.html
http://www.who.int/immunization_monitoring/burden/rotavirus_estimates/en/index.html
http://www.who.int/immunization_monitoring/burden/rotavirus_estimates/en/index.html
http://cid.oxfordjournals.org/


3. Parashar UD, Burton A, Lanata C, et al. Global mortality associated

with rotavirus disease among children in 2004. J Infect Dis 2009;

200:S9–S15.

4. Villa S, Guiscafre H, Martinez H, Munoz O, Gutierrez G. Seasonal

diarrhoeal mortality among Mexican children. Bull World Health

Organ 1999; 77:375–380.

5. World Health Organization. Report of the meeting on future directions

for rotavirus vaccine research in developing countries. Geneva, Swit-

zerland: World Health Organization, 2000.

6. World Health Organization. Rotavirus vaccines. Wkly Epidemiol Rec

2007; 82:285–295.

7. World Health Organization. Rotavirus vaccines: an update. Wkly Ep-

idemiol Rec 2009; 84:533–540.

8. Rheingans RD, Antil L, Dreibelbis R, Podewils LJ, Bresee JS,

Parashar UD. Economic costs of rotavirus gastroenteritis and cost-

effectiveness of vaccination in developing countries. J Infect Dis 2009;

200:S16–S27.

9. Gold MR, Siegel JE, Russell LB, Weinstein MC, eds. Cost-effectiveness in

health and medicine. New York, NY: Oxford University Press, 1996; 396.

10. Murray CJL, Lopez AD. The global burden of disease: a comprehensive

assessment of mortality and disability from diseases, injuries and risk

factors in 1990 and projected to 2020. Cambridge, MA: Harvard

University Press, 1996.

11. Tate JE, Chitambar S, Esposito DH, et al. Disease and economic burden

of rotavirus diarrhoea in India. Vaccine 2009; 27:F18–F24.

12. Patel M, Shane AL, Parashar UD, Jiang B, Gentsch JR, Glass RI. Oral

rotavirus vaccines: how well will they work where they are needed

most? J Infect Dis 2009; 200:S39–S48.

13. List of Member States by WHO region mortality stratum: 2003.

Geneva, Switzerland: World Health Organization, 2003. http://

www.who.int/whr/2003/en/member_states_182-184_en.pdf. Accessed

17 February 2010.

13. International Institute for Population Sciences (IIPS) Macro In-

ternational. 2007. National Family Health Survey (NFHS-3), 2005–

2006. Vol 1. Mumbai, India: IIPS, 2007.

15. WHO/UNICEF. Review of National Immunization Coverage, 1980–

2008. Available at: http://www.who.int/immunization_monitoring/

data/ind.pdf. Accessed 24 November 2009.

16. GAVI. Alliance. Policy brief: GAVI Alliance new vaccine co-financing

policy. Geneva, Switzerland: GAVI Alliance, 2008.

17. Accelerating the introduction of rotavirus vaccines into GAVI-eligible

countries: investment case for GAVI secretariat. Seattle, WA: PATH, 2006.

18. de Oliveira LH, Danovaro-Holliday MC, Matus CR, Andrus JK. Ro-

tavirus vaccine introduction in the Americas: progress and lessons

learned. Expert Rev Vaccines 2008; 7:345–353.

19. Wolfson LJ. WHO immunization coverage estimates and Trajectories

(WHO ICE-T). Geneva, Switzerland: World Health Organization,

2008.

20. World Health Organization. The world health report 2002–reducing

risks, promoting healthy life. Geneva, Switzerland: World Health Or-

ganization, 2002.

21. The World Bank. World development indicators data catalog:

economic policy and external debt, GDP per capita. http://data

.worldbank.org/indicator/NY.GDP.PCAP.CD/countries/

latest?display5default.. Accessed 9 June 2010.

22. Rose J, Hawthorn RL, Watts B, Singer ME. Public health impact and

cost effectiveness of mass vaccination with live attenuated human ro-

tavirus vaccine (RIX4414) in India: model based analysis. BMJ 2009;

339:b3653.

23. Velazquez FR, Matson DO, Calva JJ, et al. Rotavirus infections in in-

fants as protection against subsequent infections. N Engl J Med 1996;

335:1022–1028.

24. Meltzer DO. Accounting for future costs in medical cost-effectiveness

analysis. J Health Econ 1997; 16:33–64.

Rotavirus Vaccination Impact in India d CID 2011:52 (15 January) d 177

http://www.who.int/whr/2003/en/member_states_182-184_en.pdf
http://www.who.int/whr/2003/en/member_states_182-184_en.pdf
http://www.who.int/immunization_monitoring/data/ind.pdf
http://www.who.int/immunization_monitoring/data/ind.pdf
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD/countries/latest?display&equals;default
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD/countries/latest?display&equals;default
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD/countries/latest?display&equals;default
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD/countries/latest?display&equals;default
http://cid.oxfordjournals.org/


E D I T O R I A L C O M M E N T A R Y

Reaching MDG 4 in India: A Role for Rotavirus Vaccine?

Edmund Anthony S. Nelson,1 and Damian G. Walker2,3

1Department of Paediatrics, The Chinese University of Hong Kong, Shatin, Hong Kong Special Administrative Region, PR China, 2Financing and Policy, Global Health
Program, Bill and Melinda Gates Foundation, Seattle, WA, and 3Department of International Health, Bloomberg School of Public Health, Johns Hopkins University,
Baltimore, MD

(See the article by Esposito et al, on pages 171–177.)

A new health intervention can be either

more or less expensive than existing in-

tervention(s) (usually more). It can also

be more or less effective (again, usually

more). Thus, improving the health of

a population usually costs more money

(for governments, taxpayers, and/or in-

dividuals) [1]. Occasionally, the situation

arises when a new and better intervention

costs less and is cost-saving. In this case,

the decision should be to introduce the

intervention, and a failure to do so would

require a very detailed explanation.

The economic evaluation by Esposito

et al of the introduction of rotavirus

vaccine to India’s National Immunization

Programme reports that if the Govern-

ment of India applies to the GAVI Alli-

ance and is approved to receive funds to

support its introduction, it could pay the

heavily discounted copay price of US$ .15

per dose (US$ .30 for a 2-dose course); at

such a price per dose, it would be in the

fortunate position of saving both lives

and money. Of importance, however, the

contribution of the Government of India

to the cost of the vaccine would be ex-

pected to steadily increase over time until

the full cost was borne by the govern-

ment; thus, the potential cost-saving

scenario would not last forever. Never-

theless, even at higher prices, purchasing

the rotavirus vaccine would be consid-

ered to still be a very sound investment.

What is the likely eventual full cost that

the Government of India would pay?

The 2 rotavirus vaccines currently

widely available and prequalified by the

World Health Organization cost from

US$ 15.00 to .US$ 200 per course (2 or

3 doses). Through its Revolving Fund,

the Pan American Health Organization

has successfully obtained the vaccine

Rotarix (GlaxoSmithKline) for US$15

per 2-dose course and the vaccine Ro-

tateq (Merck) for US$ 16.50 per 3-dose

course [2]. The analysis be Esposito et al

indicates that a universal rotavirus vac-

cine program for India could avert 1

disability-adjusted life-year per US$ 200

at a price of US$ 14 per 2-dose course.

This value is indicative of a very good

use of scarce resources using a decision

rule whereby an intervention that averts

1 disability-adjusted life-year for less

than India’s GDP per capita (US$ 1017

in 2008) is considered to be a highly

cost-effective intervention. However, the

government would need to mobilize an

additional US$ 273 million to achieve

this health benefit at this vaccine price.

Although the Government of India’s

share of the cost of the vaccine payable to

the GAVI Alliance would increase over

time, it can be assumed that the un-

subsidized price of the vaccine would also

decrease over time. Specifically in the

future, local manufacturers are expected

to make available the vaccine at a much

lower price per dose than offered even to

Pan American Health Organization.

India’s pharmaceutical industry is to

produce its own rotavirus vaccines at

a reported target price of US$ 1.00 per

dose. Bharat Biotech has developed a live

attenuated rotavirus vaccine, 116E,

which is due to enter phase III studies

[3]. Earlier in the vaccine pipeline is

a bovine-human reassortant vaccine de-

veloped at the National Institutes of

Health and licensed to the Serum In-

stitute of India and Shantha Biotechnics.

Although prospects for cheaper local

vaccines seem to be good, these hopes

still remain pinned in the future.

India’s National Technical Advisory

Group on Immunization (NTAGI) was

established in August 2001 and provides

recommendations regarding the in-

troduction of new vaccines to the Min-

istry of Health and Family Welfare [4].

Although the committee has already

discussed rotavirus vaccination, no rec-

ommendation has yet been made to in-

troduce the vaccine into India’s National

Immunization Programme. Before

making a recommendation, it is likely

that NTAGI will consider the economic
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evaluations of both Esposito et al and

Rose et al [5]. These analyses reach

similar conclusions that the vaccine is

most likely to be a good investment,

despite somewhat different inputs. The

higher estimates of disease burden of

Esposito et al [11] is countered by the

higher estimates of vaccine efficacy by

Rose et al. Excluding vaccine cost, these

2 variables were the main drivers of the

economic evaluations, and if these 2

inputs are not perceived as credible, the

analyses could be disregarded. Recent

data suggest that natural rotavirus in-

fection in India occurs earlier in life and

offers more limited protection against

future infections than was found in the

seminal study from Mexico [6, 7]. Thus,

it is possible that rotavirus vaccine effi-

cacy in India could be lower than that in

other developing countries. In this re-

spect, it is reassuring to note that eval-

uation by Esposito et al used revised

estimates of rotavirus disease burden in

India [8] and recent vaccine efficacy data

from developing countries in Asia, in-

cluding neighboring Bangladesh [9].

India is the second most populous

country in the world (1.15 Billion in

2009) and, based on 2004 estimates,

contributed 23% of the estimated

527,000 annual rotavirus deaths glob-

ally. Across India, 74 children died be-

fore they reached the age of 5 years for

every 1000 live births during 2005–

2006, compared with 125 in 1990 [10].

At this rate of decline, India is likely to

miss its MDG 4 target (ie, reducing

under-5 mortality to a target 42 deaths

per 1000 live births by 2015). The

analysis by Esposito et al suggests that

a universal rotavirus vaccine program

could prevent approximately one-third

of all rotavirus-related deaths (approx.

1.8 deaths per 1000 children aged , 5

years, ie, one-third of the 5.4 deaths per

1000 children ,5 years of age) [8].

Although this reduction alone would

not be enough to fast-track India to-

wards MDG 4, it could nonetheless

make a significant 5.6% contribution

(1.8/[74–42] deaths per 1000 live

births) [10]. The states of Assam, Bihar,

Madhya Pradesh, Orissa, Rajasthan, and

Uttar Pradesh are lagging in reducing

their under-5 mortality rates [11], and

introducing rotavirus vaccine to these

states first could be a public health

strategy for NTAGI to consider before

scaling nationally.

Rotavirus vaccines offer an important

option for the Government of India to

make a significant dent in its MDG 4

target shortfall. Furthermore, it could

do so in a very cost-effective manner.

Nevertheless, there are understandable

concerns regarding the affordability of

rotavirus vaccination after support from

the GAVI Alliance. Therefore, with 2015

fast approaching, working with in-

ternational and Indian vaccine manu-

facturers to determine a guaranteed,

affordable future price of the vaccine

should be an immediate priority. A

greater certainty around the price after

support from the GAVI Alliance, in ad-

dition to newly available data including

these economic evaluations, should enable

NTAGI to expedite a decision on whether

to introduce rotavirus vaccination.
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M A J O R A R T I C L E

Conservative Wait-and-See Therapy Versus
Antibiotic Treatment for Nontuberculous
Mycobacterial Cervicofacial Lymphadenitis in
Children
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Background. In this explorative study, 50 children with microbiologically confirmed nontuberculous

mycobacterial cervicofacial lymphadenitis were randomized to either receive antibiotic therapy or follow

a conservative wait-and-see approach. Our primary objective was to assess the time for all infected lymph nodes to

heal in patients after the nonantibiotic, wait-and-see treatment, compared with patients after a 12-week course of

clarithromycin and rifabutin.

Methods. Fifty children (19 boys and 31 girls) with a polymerase chain reaction (PCR)– or cultureconfirmed

diagnosis of cervicofacial nontuberculous mycobacterial infection were included in our study. Twenty-five children

were randomized to receive antibiotic therapy and 25 to be given a wait-and-see approach.

Results. The median age of the children was 35 months (range, 14–114 months). The median time to resolution

of the disease for the antibiotic group was 36 weeks, compared with 40 weeks for the wait-and-see group. Adverse

effects of antibiotic therapy included gastrointestinal complaints, fever, and reversible extrinsic tooth discoloration.

Conclusion. In children with an advanced stage of nontuberculous mycobacterial cervicofacial lymphadenitis,

we observed no significant differences in median healing time between the wait-and-see group and the group

receiving clarithromycin and rifabutin antibiotic therapy.

Surgical excision has been the recommended treatment

for nontuberculous mycobacterial (NTM) cervicofacial

lymphadenitis in children [1]. Esthetic results are ex-

cellent in early cases without skin discoloration or ab-

scess formation [2]. However, surgery is less attractive in

cases in which children exhibit skin redness and lymph

node fluctuation, because of lymph node adherence to

surrounding structures, such as facial nerve branches.

Damage to branches of the facial nerve might lead to

facial paralysis. Temporary facial nerve weakness has

been reported in 20% of cases, and permanent facial

weakness has been described in 2% of cases [1]. The

dogma in literature is that excision of the infected

tissue is the best therapy if it can be done safely [3].

Antibiotics or just a wait-and-see approach might

be good alternatives for surgery, especially in more

advanced cases.

Success percentages reported for antibiotic therapy

vary from 66% to 100% [1, 4, 5]. An argument against

antibiotic use in NTM cervicofacial lymphadenitis is

that resolution of the disease while the patient is re-

ceiving a regimen of antibiotics may represent the nat-

ural course of the disease [5]. A strategy of

nonintervention, the so-called wait-and-see policy, has

been advocated by some researchers [6, 7]. Because

NTM infection is a benign condition, in immunocom-

petent patients, all cases will ultimately resolve. It could,
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however, take months or even years before complete healing is

achieved; however, the benefits of avoiding both surgical se-

quelae and an adverse reaction to antibiotics make the con-

servative (wait-and-see) option justifiable. However, in the

absence of randomized controlled trials, nonsurgical treatment

decisions are based on anecdotal reports and case series of

treated patients.

The aim of this study was to assess the time to resolution of

the NTM lymphadenitis in both treatment groups: antibiotic

treatment or the wait-and-see approach.

METHODS

We conducted our study during the period January 2005–

December 2007. All parents gave their written consent before

study enrollment, and the institutional review boards of the

Academic Medical Center, Amsterdam, The Netherlands, ap-

proved our study design.

Patients
Children (age, 0–15 years) with microbiologically proven NTM

lymphadenitis were included in the study. Only patients with

infected lymph nodes that were already in an advanced stage,

characterized by fluctuation of the lymph node and discolor-

ation of the skin, were included in the study. All children with

enlarged NTM lymphadenitis without skin discoloration were

treated with surgical excision. Immunocompromised patients

and patients using immunosuppressive drugs were excluded. For

included patients, the clinical suspicion of NTM lymphadenitis

was supported by a positive result of polymerase chain reaction

(PCR) or mycobacterial culture of fine needle aspirate specimens.

Our diagnostic procedure has been described elsewhere [8].

Study Design
This randomized, non-inferiority study assessed the efficacy of

clarithromycin and rifabutin antibiotic therapy, compare with

a conservative nonantibiotic treatment in immunocompetent

children with NTM cervicofacial lymphadenitis.

Treatment
Patients who met the study entry criteria were randomized to

receive either oral suspensions of clarithromycin (15 mg/kg in 2

divided doses) and rifabutin (5 mg/kg once daily) for 12 weeks

or no antibiotic therapy. No placebos were used.

Study Procedures
Before randomization, a head and neck ultrasound was per-

formed to assess the number, size, and aspect of involved lymph

nodes. The randomization and allocation of subjects to the

conservative (wait-and-see) arm or the antibiotic therapy arm

was performed with a randomization software program, using

a balanced coin method to ensure an equal number of subjects in

each therapy arm. Study personnel could not influence the

treatment allocation.

Follow-up
Patients were scheduled for follow-up visits biweekly after the

start of therapy. Adverse effects of the medication, such as fever,

fatigue, gastrointestinal complaints, and allergic reactions, were

scored. A follow-up ultrasound [9] was performed by an in-

dependent radiologist 12 and 24 weeks after initiation of therapy

and for the final resolution assessment of infected lymph no-

de(s). Among patients who were randomized to receive antibi-

otic treatment, compliance with antibiotic therapy was assessed

through parent questioning. Plasma rifabutin concentrations

were determined at week 2 and, if necessary, were repeated. The

desired target concentration was .05–.15 mg/L. The dose of ri-

fabutin was adjusted for patients in whom plasma levels deviated

from the target levels. Antibiotic therapy was to be continued if,

at week 12, ultrasound of the affected lymph nodes did not

reveal regression of lymph node swelling. Ultrasound was re-

peated monthly until final resolution of the affected lymph

node(s) was achieved.

Outcomes
The primary endpoint was cured NTM lymphadenitis, defined

as regression of lymph node enlargement by at least 75%,

with cured fistula and total skin closure and no local recurrence

or de novo lesions, as assessed by clinical and ultrasound eval-

uation. Secondary outcome measures were adverse effects

caused by the medication. An independent investigator assessed

the outcome on the basis of clinical observations and ultrasound

examination.

Statistical Analysis
Differences between the 2 groups, compared in median time to

resolution, were tested with the Mann-Whitney U test. Quan-

titative variables were expressed by their mean 6 standard de-

viation (SD) when they followed a normal distribution or by

their median and interquartile range (IQR) in cases with skewed

distributions. All analyses were performed using SPSS software,

version 16.0, for Windows (SPSS). Post-hoc sample size calcu-

lations indicated that, with a sample size of 25 in each group, we

had 80% power to detect a probability of .70 that the number of

weeks to total resolution in the antibiotic therapy group was less

than that in the wait-and-see group with use of a Mann-Whitney

rank-sum test with a 1-sided significance level of P 5.05.

RESULTS

After screening, 79 children received a diagnosis of NTM cer-

vicofacial lymphadenitis, and 29 patients were excluded from

the study. The reason for exclusion was refusal by the parents to

randomize treatment or refusal to receive nonsurgical treatment.
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The excluded children were surgically treated. Fifty children (19

boys and 31 girls) with a PCR- or culture-confirmed diagnosis of

cervicofacial NTM infection were included in the study. Twenty-

five children were randomized to receive antibiotic therapy, and

25 observed a conservative wait-and-see policy. The median age

of the children was 35 months (range, 14–114 months). Table 1

shows the baseline characteristics of the patients. All children

had red, fluctuating lymphadenitis. There were no marked dif-

ferences between treatment groups with respect to mean dura-

tion of lymph node swelling before presentation, location of

lymph node swelling, and size of lymph node swelling. Most

(72%) of the involved nodes were located in the submandibular

region, and 20% were located in the preauricular region. Mul-

tiple locations (both preauricular and submandibular) were

observed in the remaining cases. Mycobacterium avium (70%)

and Mycobacterium hemophilum (24%) were the predominant

NTM species. Culture results were positive for 70% of the pa-

tients, and the remaining patients received a diagnosis based on

only PCR results.

All children in the antibiotic group completed the 12-week

course of clarithromycin and rifabutin treatment. At the clinical

and ultrasound assessments, ultrasound revealed regression of

lymph node swelling so that continuation of medication was not

required. All patients were available for all follow-up visits, and

no patients were lost to follow-up.

The median time to resolution of the lymphadenitis for the

antibiotic group was 36 weeks (range, 20–64 weeks; IQR, 28–52

weeks), compared with 40 weeks (range, 20-68 weeks; IQR, 31-

47 weeks) for the wait-and-see group (P 5 0.38, Mann-Whitney

U test). NTM species showed in vitro susceptibility to clari-

thromycin in 91% of patients and susceptibility to rifabutin in

94%. In the 3 patients who had resistant strains, 2 had M. avium

strains that were resistant to both clarithromycin and rifabutin.

The infection was resolved in both patients at 30 and 47 weeks,

respectively. The third patient had a M. avium infection that was

not susceptible to clarithromycin. In this patient, total resolu-

tion was achieved by 47 weeks. Adverse reactions to the anti-

biotic therapy are listed in Table 2.

DISCUSSION

The present randomized study revealed no difference in the time

to resolution of NTM cervicofacial lymphadenitis when com-

paring clarithromycin and rifabutin antibiotic treatment with

a wait-and-see policy. Total resolution of the infected lymph

nodes was the primary endpoint and was similar for patients

treated with each treatment modality (median time, 36 weeks vs

40 weeks). Only children with lymph nodes characterized by

violaceous changes of the skin and abscess formation were in-

cluded in the study. Most reports of children with NTM

Table 1. Baseline Clinical and Microbiological Characteristics of Children with Nontuberculous Mycobacterial (NTM) Cervicofacial
Lymphadenitis

Characteristic Antibiotic group Wait-and-see group

Sex, no of patients

Male 7 12

Female 18 13

Median age in months (range) 36 (17–114) 29 (14–86)

Duration of NTM cervicofacial lymphadenitis (weeks) 8.3 64.6 9.7 62.8

Location of NTM cervicofacial lymphadenitis

Right submandibular 10 (40%) 8 (32%)

Left submandibular 8 (32%) 10 (40%)

Right preauricular 2 (8%) 2 (8%)

Left preauricular 3 (12%) 2 (8%)

Multiple locations 2 (4%) 3 (6%)

Size of infected node (cm, mean 6 SD) 2.68 6 .9 2.8 6 .8

Mycobacterium species

M. avium 19 (76%) 16 (64%)

M. hemophilum 4 (16%) 8 (32%)

M. xenopi 0 (0%) 1 (4%)

M. kansasii 1 (4%) 0 (0%)

M. scrofulaceum 1 (4%) 0 (0%)

Positive cultures 16 (64%) 19 (76%)

Susceptibility to clarithromycin, proportion of patients (%) 92 96

Susceptibility to rifabutin, proportion of patients (%) 96 96
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cervicofacial lymphadenitis are also in these later stages. Surgery

is recommended for the management of cervicofacial NTM

lymphadenitis, but alternative treatments include antibiotics or

conservative therapy. Surgical excision of involved lymph nodes

leads to a quick resolution of the NTM infection; however, the

decision for surgery versus nonsurgical therapy can be critical

because infected lymph nodes can be close to the facial nerve. In

addition, surgery can be complicated in cases with abscess for-

mation and severe skin involvement, and unfortunately, most

children are seen in later stages of the disease [1]. This study

corroborates an earlier observational report on conservative

treatment in which total resolution of the NTM lymphadenitis

was achieved in 71% of the patients within 6 months [7]. Res-

olution was observed within a year in the remainder of the

patients. In another report [10], 6 patients with NTM infection

used a wait-and-see approach because the families refused initial

treatment. Three of them healed spontaneously within 8

months, whereas the others were surgically treated after 10

months. Studies on antibiotic therapy with clarithromycin and

rifabutin for NTM lymphadenitis reported resolution in 50%–

100% of patients in 2–6 months [4,5,10–12]. However, many

children were treated with antibiotics after failed, incomplete

surgical excision. It is therefore safe to assume that surgery had

already eliminated a large part of the necrotic lymph node(s). In

a randomized trial comparing surgical excision with clari-

thromycin and rifabutin antibiotic therapy, a 66% cure rate was

reported for the antibiotic therapy [1]. In that study, 66% of the

patients were cured with antibiotics after 6 months. Ninety-four

percent of the NTM species showed in vitro susceptibility to

clarithromycin and 96% showed susceptibility to rifabutin. Two

patients (1 in each treatment group) had NTM strains that were

resistant to both clarithromycin and rifabutin. However, both

patients were cured in 30 and 47 weeks, respectively. Therefore,

the surplus value of antibiotic therapy for NTM lymphadenitis

in immunocompetent children is questionable. It is accepted

that in vitro susceptibility testing does not reflect the clinical

response [6]. Some authors [4] consider performing routine in

vitro susceptibility testing on NTM isolates to be inappropriate

and unnecessary in most clinical situations, because the in vitro

results lack correlation with therapeutic efficacy.

One can argue that fine needle aspiration biopsy also represents

some form of treatment, and therefore, the patient population in

the present study cannot be considered conservatively treated.

However, fine needle aspiration plays a crucial role in determining

the correct diagnosis, and it is currently impossible to reliably

diagnose NTM lymphadenitis without some form of intervention

to obtain material for microbiological investigation [3].

Most NTM infections in the present study were caused by M.

avium (70%), whereas M. hemophilum was the cause in 24% of

patients. Of note, a recent study [7] reported that M. hemophi-

lum was responsible for infection in 35% of patients. Increasing

numbers of M. hemophilum are probably reported as a result of

newer PCR techniques and a better understanding of the unique

growth conditions required for this microorganism [7].

Adverse effects reported in the present study were comparable

to those reported in our previous report [1]. Extrinsic

tooth discoloration was a long-term sequela in 64% of patients

treated with antibiotics and required treatment by a dental hy-

gienist. Adverse effects of the clarithromycin and rifabutin

therapy were also described previously by Losurdo et al. [11].

Four of 7 patients treated with antibiotics experienced toxicity,

presumably as a result of rifabutin therapy. Three children ex-

perienced neutropenia, and 1 patient developed skin pigmen-

tation. These adverse effects disappeared after reduction of

the rifabutin dose to 5 mg/kg/day. In the present study, we

monitored the rifabutin blood level and kept it in a range from .05

to .15 mg/L.

A limitation of our study was that we used no placebo for the

wait-and-see therapy group. After randomization, 1 group of

patients received the antibiotics, and the control group did not

receive any form of medication. When considering giving

a placebo, we debated that the child’s needs should prevail over

our trial design, enrollment, and execution, especially because it

is sometimes difficult to administer medication to young chil-

dren for a prolonged time. The results of this explorative study

should also be interpreted with caution because of the

small sample size. It might, therefore, not be possible to de-

monstrate noninferiority of the conservative treatment. Al-

though no recurrences have been reported in the present study

with a follow-up of at least 2 years, a longer period of follow-

up may be prudent to assess whether recurrences of NTM

infection occur in the nonsurgically treated patients with

NTM infection [13].

Table 2. Adverse Events Associated with Antibiotic Therapy

Outcome/adverse events

No. (%) patients with

antibiotic treatment

Fever within 2 weeks 15 (60)

Fever after 6 weeks 1 (4)

Fatigue within 2 weeks 12 (48)

Fatigue after 6 weeks 3 (12)

Abdominal pain within 2 weeks 7 (28)

Abdominal pain after 6 weeks 1 (4)

Extrinsic tooth discoloration within 6 weeks 4 (16)

Extrinsic tooth discoloration after 6 weeks 16 (64)

Headache within 2 weeks 3 (12)

Headache after 6 weeks 0 (0)

Vomiting within 2 weeks 0 (0)

Vomiting after 6 weeks 0 (0)

Abnormal stools within 2 weeks 2 (8)

Abnormal stools after 6 weeks 0 (0)
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In conclusion, the results of the present study suggest that

antibiotic therapy with clarithromycin and rifabutin may not be

beneficial in immunocompetent patients with advanced NTM

cervicofacial lymphadenitis. The cure rate in the antibiotic

group did not differ significantly from that in the group who

used the conservative wait-and-see approach. Moreover, dis-

advantages of the antibiotic therapy were the substantial cost of

the 3-month antibiotic regimen and adverse effects.
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Background. Primary pneumonic plague (PPP) caused by Yersinia pestis is the most threatening clinical form of

plague. An outbreak was reported in July 2009 in Qinghai Province, China.

Methods. This outbreak was investigated by clinical, epidemiological, bacteriological, and immunological

methods. Multilocus variable number tandem repeat analysis (MLVA) was used to track the source of the outbreak.

Results. The index case, a patient with PPP, contaminated 11 close contacts. All the 12 cases, including the

index patient, experienced sudden onset of fever, headache, and productive coughing with bloody sputum. Three of

them died. Nevertheless, another 61 direct and 256 indirect contacts were not infected during the 2-week

quarantine. Antibodies to F1 antigen were detected in 9 survival cases, with a 4-fold increase in titers in serum

samples collected at different periods. Seven strains of Y. pestis were isolated from dogs and patients. Field

investigation and MLVA of the isolated strains revealed that this outbreak was started by a deceased dog.

Conclusion. Dogs are believed to be an indicator animal for plague surveillance, but their association with PPP

is rare. Our results provide evidence for this possibility, which suggests the public health significance of dogs as

a source of plague.

Plague, caused by Yersinia pestis, was classified as

a reemerging infectious disease by the World Health

Organization (WHO) in the early 1980s, because the

reported cases around the world were increasing at

that time. There are different forms of plague, in-

cluding bubonic and pneumonic, and the latter is the

most threatening clinical form. Primary and second-

ary pneumonic plagues have been well-documented in

history. The primary pneumonic plague (PPP) out-

breaks in Oakland in 1919, Los Angeles in 1924 [1],

Manchuria during 1910–1911 [2], and Madagascar in

1957 are the most frequently cited ones. PPP was also

reported recently in the United States, India, Uganda,

Zambia, Ecuador, and Madagascar [3–11]. Because

PPP progresses so rapidly that the patients often re-

ceived a diasgnosis or were suspected to have plague

only in the late stage of the disease, most of the PPP

cases were reported on the basis of retrospective

epidemiological investigations with only some of

them confirmed by bacterial isolation and antibody

detection.

On 29 July 2009, a suspected PPP outbreak in Xinghai

County, Qinghai province of China, was reported to the

Qinghai Ministry of Health by China’s public health

emergency reporting system. The next day, a group of

plague experts, including epidemiologists, bacteriolo-

gists, doctors, and management officers, were sent

out for further investigation in the Xinghai County

Tibetan (XCT) hospital, where the suspected patients

had been admitted.
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METHODS

Clinical and Epidemiological Investigation
Clinical symptoms were observed by clinical doctors, and con-

ventional epidemiological investigation on this outbreak was

conducted by epidemiologists. The landscape of the outbreak

site is alpine meadow steppe with bare rock in the Qinghai-Tibet

plateau (a well-known plague focus). There are 324 families with

1472 people in the outbreak village. Marmota himalayana was

the primary host of plague in this area. Other rodents (Mus

musculus, Cricetulus migratorius, Allactaga sibrica, Microtus oe-

conomus, and Ochotona daurica) and some wild or domestic

animals (foxes, cats, goats, lynxes, badgers, and dogs) are

sometimes found to be infected by Y. pestis. The mean tem-

perature during plague outbreak is 11.5�C, with rainfall of 113.6

mm. To trace the source of this outbreak, domestic animals

(3 dogs, 2 goats, 1 cat, 1 pig, and 1 cow), and wild animals

(35 marmots and 1 field mouse) were captured in the vicinity of

the epidemic area (�873 km2 around the epidemic village).

Serum samples were taken to detect antibody against F1 antigen

by indirect hemagglutination assay (IHA) and to isolate Y. pestis.

All the animals were handled according to the national criterion

for animal plague investigation of China. All the experiments

were performed according to our institute’s guidelines for ani-

mal operation. This study was approved by the bioethic sub-

committee of the scientific committee in the Qinghai Institute

for Endemic Diseases Prevention and Control.

Determination of F1 Antibody and Antigen
IHA [12] was used to measure the specific F1 antibody titer [13]

by a 2-fold serial dilution of serum samples collected from the 9

survival patients and all their contacts. All the samples were

taken specifically for this study, and all the live subjects provided

signed informed consent; the samples taken from the dead

patient was agreed by its direct relative’s signed informed con-

sent. IHA was performed by including F1 antigen inhibition

control and negative and positive controls [14]. Reverse IHA

was used to detect the F1 antigen of Y. pestis from human and

animal samples [15].

Isolation and Identification of Y. pestis
Clinical specimens from patients, dogs, marmots, and field rats,

including bloody sputum, throat swabs, or necropsy organs

(liver, lungs, spleen and heart from the index case and the 2 dead

dogs, marmots, and rats), were first injected intraperitoneally

into mice (1 sample for 5 mice) for observing disease symptoms

(eg, fever, ruffled fur, and dysthymic) for 7 days. If the animal

was dead, the liver, spleen, and lungs of the animal were ob-

tained immediately for inoculating onto 2 selective agar plates

(termed BIN agar, which is based on brain heart infusion agar

with adding the selective agents of irgasan and cholate salts) for

bacterial isolation at 28�C [16]. If the animal showed no obvious

symptoms, the animals were autopsied on day 5–7, with 1 ani-

mal killed each day; the liver, spleen, and lungs were emulsified

for inoculating more mice as mentioned above. If the sample

was negative for the third round of aforementioned inoculation

for bacterial isolation, it was considered to be negative for

Y. pestis. Biochemical tests, such as arabinose, glycerine, rham-

nose, and melibioseuse; Gram staining; bacteriophage lysis test;

and specific polymerase chain reaction tests targeting F1 and pla

genes, were used to identify the suspected isolates. The in vitro

antibiotic susceptibility of them to streptomycin, ceftriaxone,

kanamycin, and ciprofloxacin was evaluated by disc diffusion

test [17].

Multilocus Variable Number Tandem Repeat Analysis (MLVA) for
Source-Tracing
MLVA with 46 loci was performed on the 7 Y. pestis isolates

from both dogs and patients in this outbreak and 5 other isolates

from the same natural focus around Qinghai Lake, as previously

described [18, 19]. Fluorescently labeled amplicons were visu-

alized by polyacrylamide gel electrophoresis on an Applied

Biosystems 3100 DNA sequencer using GeneScan fragment

analysis. Data were imported in the BioNumerics software

package, version 5.10 (Applied-Maths) as character data sets.

Clustering analysis was done using the categorical coefficient

and the unweighted pair-group method with arithmetic means.

Minimal spanning tree was constructed from the similarity

matrix.

RESULTS

Overview of the Outbreak
The index case (patient A) was a 34-year-old male herdsman

who moved from his winter grassland to his summer one in

Zhihaigou, Xinghai County shortly before the outbreak. When

his family arrived at Zhihaigou on 20 July 2009, the herdsman

found one of his dogs lost and he searched for it. He found it

6 km away beside a river, lying there short of breath. He took it

home, and the dog coughed and vomited severely, with blood in

its mouth and nose. It died 2 days later on 22 July without eating

anything. The herdsman carried the dead dog on his shoulders,

around his neck, down the hill to a place�400 m away from his

home and buried it. Another dog in his family died with similar

symptoms the next day.

In the afternoon of 24 July, the herdsman felt uneasy, and he

developed a fever and cough on 25 July. On 26 July, his younger

brother took him by a motorcycle to the village clinics, where

2 doctors received him. One of the doctors examined the

herdsman’s throat by tongue depressor without any personal

protection for himself. On 29 July, this doctor became ill

(patient L). The other doctor, who was only in contact with the
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patient’s arm to give transfusion of physiological saline with

4.0 g ceftriaxone sodium, did not get infected. The doctors de-

scribed the herdsman’s symptoms as fever, coughing with

blood-tinged sputum, a pale face, and chest pain. During the

treatment in this clinic, the patient had a face-to-face contact

with one of his friends in the same village (patient K). After

initial treatments, the doctor advised that the patient should be

sent to the XCT hospital for further treatments. On the way to

the hospital, accompanied by his 2 elder brothers (patients G

and J) and 1 younger brother (patient F), the patient presented

with abrupt dysphoria and vomiting. He died at �5 PM on

26 July. In the evening of the same day, the herdsman’s corpse was

driven home, where his 2 elder brothers (patients G and J),

2 younger brothers (patient F and I), his father-in-law (patient E),

and his nephew (not infected) helped to prepare him in a fetus

shape according to the Tibetan tradition. Early next morning

(�5 AM), the victim was buried. During the development of his

disease, his wife (patient B), 2 sons (patients C and D), and

younger brother (patients H) also had close contact with him.

During epidemiological investigation, we defined a close

contact as a person who lived with or had face-to-face contact

(within 1 m) with the patient, a direct contact as a person who

once was together with a patient in the same room or in the

same car with closed windows, and an indirect contact as

a person who met a patient in the hospital, in the open air, or in

a bus without face-to-face contact. All 11 close contacts were

infected (Figure 1), and the 61 direct or 256 indirect contacts

were not infected. This observation is similar to previous reports

that the transmissibility of PPP was not as high as was thought to

be [4, 5, 20–23].

Clinical Symptoms and Treatment
This outbreak involved 12 persons: 9 male adults, 2 male chil-

dren, and 1 female adult. Three of them died. Clinical mani-

festations are summarized in supplementary Table S1.

Unfortunately, because of the sudden outbreak, rapid handling

requirement of public health emergency, and limited medical

conditions in such a remote area, radiographs and conventional

blood cell counting were not performed for these patients. All

the cases were diagnosed by contact history, bacterial isolation

and/or specific antibody production, and antibiotic treatment

outcome. All cases presented with sudden onset of fever,

coughing with bloody sputum, and chest pain. The incubation

period was 2–4 days. Streptomycin, ceftriaxone sodium, and

ciprofloxacin in combination were selected for treating the pa-

tients [24, 25]. Streptomycin was administered intramuscularly

(6 g per day for adults and 2 g for children). Ceftriaxone sodium

was given intravenously (6g per day for adults and 4g–5g for

children). Ciprofloxacin was only given to adults (0.2g–0.3 g

twice daily). The dose of the antibiotics was reduced 1 week later

according to the symptoms of the patients. All patients were

treated with conventional antishock and other supporting

therapies (supplementary Table S1).

Bacterial Isolation and Immunoassays
Y. pestis strains were isolated in the lung samples of the index

case, sputum samples from patients L and K, sputum and throat

swab samples from patient J, and lung samples from the 2 dead

dogs. Therefore, 7 strains of Y. pestis were isolated: 5 from

patients and 2 from dogs. The bacteria were identified by Gram

staining, biochemical assays, phage lysis test, and polymerase

chain reaction targeting caf1 and pla genes. All isolates were

confirmed to be biovar antiqua. The isolates were susceptible to

all the antibiotics tested. No bacteria could be isolated from

other patients because antibiotics were given immediately at

admission. Although the index patient also received 4g cef-

triaxone, he was not treated specifically with streptomycin and

we isolated Y. pestis from his lung samples, suggesting the

inhibition of streptomycin to Y. pestis during the early stage.

Figure 1. Epidemiological investigation on the primary pneumonic
plague. Dog I died of pneumonic plague and contaminated the index case
(A), and dog II in the same family household was also died. Patient A
infected his family members (B to J), a village doctor (L), and one of his
friends (K) by close contact. Contact tracing revealed 61 direct contacts
and 256 indirect contacts. No one was found to be contaminated. Source
tracing was conducted by capturing domestic and wild animals using
bacterial isolation and antibody detection. Four marmots from the vicinity
of the place where the first diseased dog was found were confirmed to be
seropostive for antibodies to F1 antigen, indicating that the dog might
have been infected by hunting a diseased marmot.
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IHA was used to measure the specific antibody titer to F1

antigen by a 2-fold serial dilution of serum samples collected

from the 9 survival patients and all their contacts. As shown in

Figure 2, the IgG antibody could not be detected at day 6 after

onset of symptoms, but dramatic increases are seen for all sur-

vivors at day 12. Of note, 1 patient (I) had much higher

F1-antibody titer than did the others, which might reflect the

biological variations of immunological responses among in-

dividuals. All the serum samples from the direct and indirect

contacts were shown to be negative for antibody against F1 by

IHA, indicating that no asymptomatic infections among them

occurred during this outbreak.

F1 antigen of Y. pestis was detected in sputum samples from

some of the patients by reverse IHA until day 10 after onset of

symptoms. The necropsy samples from the index case and the

sputum sample from patient J at day 3 after onset of symptoms

were shown to be F1 positive. In patient L, who experienced an

extended course of the plague, with complicating shock, F1

antigen could be detected in the sputum samples until day 20

after onset of symptoms. F1 antigen was not detected in sputum

samples from the other patients.

Molecular Investigation by MLVA
Y. pestis was isolated from the 2 dead dogs, indicating the pos-

sible source of the pathogen. This is corroborated by the fact that

the strains from both dogs and humans belongs to the same

genotype by MLVA [18, 19]. Twelve strains were investigated by

MLVA, including 2 from dogs and 5 from patients in this out-

break and 5 representative strains collected in our previous work

from different counties near Xinghai County. As shown in

Figure 3, there is no difference in the MLVA profiles of all 7

isolates in the 2009 outbreak, and they are different from other

isolates from nearby regions, indicating that the isolates from

patients were transmitted from the infected dog.

Epidemiological Investigation on Wild and Domestic Animals
Among the animal serum samples detected by IHA, serum

samples from 4 marmots (from the vicinity of the epidemic area

where the diseased dog was found) had anti-F1antibody, with

titers of 1:20 for 1, 1:80 for 1, and 1:1280 for 2, which were all

significant, compared with the zero background in marmots.

Although no Y. pestis strain was isolated from animals captured,

this serological evidence indicates that sylvatic plague is still

ongoing, or was once prevalent in this region. Because shepherd

dogs have a habitat of eating dead marmot in the field, it also

implies that the dog might have been infected by hunting

a diseased marmot. We had previously reported that in the

neighboring county (Huangyuan) (Figure 3B), hunting mar-

mots is a high-risk factor in this plague focus, and that hunters

and their family members have a significantly increased plague

seropositivity rate of 21.7% (26 of 120) because of asymptomatic

infections [26].

DISCUSSION

On the basis of results of bacterial, serological, epidemiological,

and genetic investigations, it can be concluded that the PPP

reported here was caused by Y. pestis and was initialized by an

infected dog.

In this investigation, we found that simple countermeasures

could effectively prevent the spread of PPP among contacts.

Patient L, a doctor, has some knowledge of plague, and when he

heard of the herdsman’s sudden death, he was worried that he

had contracted contagious PPP. When he developed a sudden

fever, chest pain, and cough with bloody sputum on 29 July

2009, he asked his wife not to contact him face-to-face and to

sleep with him in a head-to-foot manner. When he took a bus to

the Xinghai prefecture hospital for further treatment, he put

a jacket over his head all the way. He did not contaminate any

direct or indirect contacts. Patient K was sent by his elder

brother-in-law to see another village doctor. The doctor had

heard about a possible PPP outbreak and asked them to wear

a mask before entering the clinics. The doctor also wore a mask

when receiving them. Then, they were met by the quarantine

personnel and assisted to the XCT hospital, and the patient was

treated timely in the open air on the grassland for 6 h with

transfusion of antibiotics before he was transferred to the hos-

pital. No direct or indirect contacts were infected from this

patient. Another example is the herdsman’s nephew who was

not infected. He only contacted the herdsman’s corpse, in-

dicating the relatively higher communicability of PPP during the

bloody coughing period. Similarly, a Utah girl with pneumonic

Figure 2. Antibody titers to F1 antigen from nine survival patients
during the course of the disease. The x-coordinate shows the days after
onset of symptoms and the y-coordinate log2 of the antibody titer
determined by IHA. Patient F was not shown because his antibody
response is same as that of patient B. All patients demonstrated a .4-
fold antibody titer increase.
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plague contacted .200 people, and no one was contaminated,

according to antibody analyses [8]. However, there is another

report that some attendees of the funeral ceremonies for the

patient with PPP were contaminated [6].

Most of the patients (6 of 11, excluding the index case) in this

outbreak developed septicaemic plague complicated with shock,

2 of 11 developed multiple organ failure, and 1 of 11 developed

meningitis. Effective antibiotics should be administered as early

as possible because a delayed specific treatment will result in

harmful outcomes [24]. Pneumonic plague reported recently

were often traced to domestic or wild animal contacts, including

cats [9], dogs [27–29], guinea pigs [11], and lions [3] or other

wild animals [5]. This emphasized the important role of do-

mestic animals in plague surveillance. Although the dogs were

thought to be resistant to Y. pestis infection and a mediator to

facilitate transfer of fleas as a source of bubonic or septicemic

plague [27] and a surveillance sentinel by measuring the anti-

body to F1 in dog’s serum to predict the plague outbreak risk

[29, 30], dogs indeed could be infected by Y. pestis, showing

lethargy, pyrexia, and a purulent skin lesion [28]. To our

knowledge, this is the first report to demonstrate pneumonic

plague caused by dogs, which might contract plague from

hunting a diseased or dead marmot, the main host of Y. pestis in

the epidemic area. This result is significant for public health,

because if a nonspecific fever and lethargy were found in a dog in

a natural plague focus, we should keep in mind the possibility

of Y. pestis infection. Although this outbreak was well-

documented, it was difficult for us to determine a basic re-

production number for it because we could not identify whether

there was a possible secondary transmission of plague among

patients who lived in a poorly ventilated yurt.

The natural plague focus in Xinghai County, Qinghai Prov-

ince, was first confirmed in August 1956 by isolating Y. pestis

from a dead marmot. Since then, Y. pestis has been isolated from

different hosts, including marmots and Mongolian 5-toed jer-

boas, and vectors, including fleas, ixodid ticks, and lice. The first

outbreak of human plague occurred in September 1960, caused

by flaying marmots. Twenty people were infected, and 7 of them

died. In August 1962, 1 person died of septicemic plague caused

by flaying marmots. There was no human or animal plague

reported in this area from then until this outbreak. As revealed

by MLVA analysis, the 2009 outbreak isolates were different

from the 1962 isolates in Xinghai County (Figure 3), indicating

that MLVA is a promising technology for source-tracing of

suspected bacterial pathogen in a specific outbreak investigation,

which has previously used for identifying the most likely source

of 2 New York bubonic cases [31].

Supplementary Material

Supplementary materials are available at Clinical Infectious Dis-

eases online (http://www.oxfordjournals.org/our_journals/cid/.
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Figure 3. Relationship between 2009 outbreak isolates (larger red node) and other isolates from the same natural focus around Qinghai Lake. The
origins of the isolates in panel A are shown in the map (B) by different colors. A, Minimal spanning tree with 46 VNTR loci [18, 19]. The isolating year and
source of the strains are shown near the nodes, such as ``1962 patient'' for the upper-left smaller red node, indicating that this strain was isolated from
a patient in 1962. Digits near the branches correspond to the number of VNTR loci differences between two nodes. The number in each node indicates
the strain ID. B, Geographical distributions of the isolates analyzed in this study.
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M A J O R A R T I C L E

Case-Control Evaluation of the Effectiveness of
the G1P[8] Human Rotavirus Vaccine during an
Outbreak of Rotavirus G2P[4] Infection in
Central Australia

T. L. Snelling,1 R. M. Andrews,1 C. D. Kirkwood,2 S. Culvenor,1 and J. R. Carapetis1

1Menzies School of Health Research and Charles Darwin University, Casuarina, Melbourne, Australia, and 2National Rotavirus Reference Centre and the
Enteric Viruses Research Unit, Murdoch Children's Research Institute, Northern Territory, Australia

Summary. The human rotavirus vaccine was evaluated during an outbreak of rotavirus G2P[4] infection in

central Australia. No overall protective effect against hospitalization was demonstrated, raising concerns over the

durability of vaccine protection against heterotypic strains.

Background. Two and a half years after commencing routine vaccination with human rotavirus vaccine, an

outbreak of rotavirus G2P[4] infection occurred in central Australia. Vaccine effectiveness against a P[8]-containing

strain (G9P[8]) had been demonstrated previously in this setting. This subsequent outbreak provided the

opportunity to evaluate vaccine effectiveness against hospitalizations for a non–vaccine-related genotype in the

same population.

Methods. A case-control study was nested within a cohort of vaccine-eligible children listed on a population-

based immunization register. Children with rotavirus-confirmed gastroenteritis were individually matched by date

of birth and Indigenous status with 4 control subjects.

Results. Forty-one cases met the inclusion criteria, and 21 were severe cases among infants aged ,12 months.

Nineteen (46%) of 41 case patients had received 2 doses of human rotavirus vaccine, compared with 87 (53%) of

164 control subjects. Vaccine effectiveness against rotavirus-related hospitalization was 19% (odds ratio, .81; 95%

confidence interval, .32–2.05) for 2 doses compared with none. On secondary analysis, there was evidence of

a protective effect against disease complicated by acidosis in the subset of infants aged ,12 months (odds ratio, .15;

95% confidence interval, .03–.84).

Conclusions. Evidence was not found for an overall protective effect of human rotavirus vaccine against

hospitalization for rotavirus disease in this setting. Post hoc analyses suggested a protective effect against severe

disease in young infants.

Rotavirus infection in early childhood is near universal,

causing an estimated 600,000 deaths annually, mostly in

developing countries [1]. Recurrent infections are

common; however, protection against severe disease

generally develops after the first 1–2 infections [2]. The

aim of oral rotavirus vaccination is prevention of severe

disease through replication of the immune response to

natural infection. Protection is mediated in part by type-

specific neutralizing antibodies targeting 1 of 2 surface

proteins, which is the basis of the binary G type/P type

serological classification system [3]. Five G types (G1,

G2, G3, G4, and G9) and 2 P types (P[4] and P[8])

predominate worldwide.

Safety and efficacy against severe rotavirus disease was

demonstrated for 2 vaccines in prelicensure trials in

Europe and the Americas [4–6]. Human rotavirus

vaccine (HRV; Rotarix; GlaxoSmithKline), an attenu-

ated monovalent G1P[8] vaccine strain, relies on G and
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P type–independent mechanisms to protect against strains such

as G2P[4], which are serologically heterotypic.

The World Health Organization (WHO) recently recom-

mended use of rotavirus vaccines in all countries, with prioriti-

zation in countries where diarrhea-related deaths account for

.10% of child mortality [7]. Central to this was the observed

vaccine effectiveness in several settings after licensure and the

demonstration that efficacy of HRV was satisfactory in sub-

Saharan Africa [7], a setting where previous vaccine candidates

had failed [8–10]. Important questions remain about the

persistence of vaccine protection, protection against heterotypic

serotypes, and the potential for strain replacement with these

serotypes.

HRV was adopted into the immunization schedule for all

children in Australia’s Northern Territory (NT) in 2006. After

an outbreak of rotavirus G9P[8] infection several months later,

vaccination was found to have reduced the rate of hospitaliza-

tion for rotavirus-confirmed disease by 85% [11]. Two years

later, a widespread outbreak of infection due to a G2P[4] ro-

tavirus strain occurred in the same region, providing the

opportunity to perform a comparable evaluation against an

important heterotypic serotype.

METHODS

Study Setting
Alice Springs Hospital, in Australia’s central arid region, is

the only major hospital servicing a catchment area of .1

million km2 and a population of �50,000, including 4000

children ,5 years of age. Sixty percent of children are

Indigenous and most of these children live in small, remote

communities. Hospitalization rates for diarrheal diseases remain

unacceptably high for these children [12, 13], with widespread

outbreaks of rotavirus disease documented in most years for the

past decade (Figure 1).

All doses of scheduled childhood vaccines are recorded on

a centrally administered, population-based immunization reg-

ister, which includes up to 95% of children resident in the area

[14]. The register monitors coverage and facilitates vaccination

by allowing providers to access vaccination records at the

point-of-care. Monthly recall lists of children due for vaccina-

tion are forwarded to providers. HRV is routinely administered

as 2 doses, at 2 months and 4 months of age.

Our investigation was conducted as an interim analysis of an

ongoing prospective study evaluating HRV in the NT that

commenced at Alice Springs Hospital on 8 September 2008. This

analysis includes all patients enrolled at that site until 30 June

2009.

Data Collection
Researchers regularly visited the children’s ward to identify all

children ,36 months of age who were admitted with gastro-

enteritis. Parents were questioned about the presence, duration,

and frequency of symptoms. Medical records and laboratory

results were reviewed using a standardized data collection

template.

Cases of rotavirus infection were defined as those occurring in

children aged 6 weeks (the youngest age at which a valid HRV

dose could be administered) to 36 months who were hospital-

ized with rotavirus-confirmed gastroenteritis from 8 September

2008 through 30 June 2009. Gastroenteritis had to be recorded

as the primary reason for admission with documentation of >3

loose stools on any day , 48 h before presentation. Gastroen-

teritis was considered to be rotavirus confirmed if rotavirus was

Figure 1. Rotavirus notifications and hospitalizations in Central Australia from January 2000 through July 2009. Monthly rotavirus notifications (blue
bars) and rotavirus-coded hospitalizations (red line) for children aged ,5 years in the study catchment area. The human rotavirus vaccine (HRV) program
commenced in Central Australia in October 2006 for children born on or after 1 August 2006. Source of notification data: Dr Peter Markey, Northern
Territory Centre for Disease Control.
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detected in a stool sample collected , 72 h after presentation.

Episodes were classified as complicated by acidosis if a serum

bicarbonate level ,18 mmol/L was documented , 12 h after

presentation.

Rotavirus antigen was detected in stool samples with use of

a commercial immunochromatographic test (Vikia; BioMérieux).

Positive stool samples were frozen at 270�C and transferred to

the National Rotavirus Reference Centre in Melbourne, where

they were G and P genotyped using a heminested multiplex

reverse-transcriptase polymerase chain reaction assay [15, 16].

Vaccine Effectiveness
A case-control study was nested within a population cohort of

vaccine-eligible children listed on the immunization register.

The cohort was dynamic, comprising Central Australian

children born on or after 1 August 1 2006, the earliest date of

birth for eligibility for HRV. Children entered the cohort on the

date of first receipt of any routine childhood vaccine other than

HRV or from the date of study commencement, whichever was

the latter. Children remained in the cohort until hospitalized

with rotavirus gastroenteritis (ie, case patients were included

only once) or until censored on their third birthday or the date

of study completion.

Hospitalization for rotavirus infection in this setting occurs

mostly among young Indigenous infants not previously exposed

to outbreaks of rotavirus infection. To minimize potential

confounding, each case patient in the cohort was individually

matched by age (date of birth 6 7 days) and Indigenous status

with 4 children randomly selected from the cohort risk-set. The

risk-set comprised all children in the cohort (and therefore at

risk of becoming a new case patient) on the date of hospitali-

zation of the case patient.

The vaccination status of case patients and control subjects

was referenced with respect to the date of case patient hospi-

talization and was ascertained from the immunization register at

least 42 days later to allow for any delay in recording of doses. A

dose of HRV was considered to be invalid if administered before

42 days of age, ,28 days after dose 1 for the second dose, or ,7

days before the date of hospitalization of the case patient for

each matched set. Children who received an invalid dose of HRV

were censored from the cohort from that date.

Assuming 2-dose vaccine coverage of 50% among control

subjects, we estimated that 30 cases each matched to 3 control

subjects would have 87% power to detect as significant a 2-dose

vaccine effectiveness (VE) of 85%, the estimate of VE during the

previous outbreak.

A secondary analysis was performed using a hospital control

group as an alternative source of control subjects. In this anal-

ysis, any vaccine-eligible child hospitalized for a first episode of

gastroenteritis during the study period was included regardless

of whether he or she was listed on the register. Case patients were

children testing positive for rotavirus, and unmatched control

subjects were those testing negative; untested children were

excluded.

Data Analysis
Conditional logistic regression was used to determine the odds

ratio (OR) of vaccination for case patients, compared with

matched population control subjects. Vaccination status was

entered as a categorical variable (0, 1, or 2 doses), and separate

ORs were calculated for 2 doses versus none and 1 dose versus

none. Post hoc analyses included stratification by age (case pa-

tients younger or older than 12 months of age) and restriction of

the analysis to case patients with confirmed acidosis or symptom

score >11. ORs were adjusted (aOR) for sex and/or remote

domicile (Alice Springs versus elsewhere in Central Australia)

when this changed the point estimate of the OR by .5%. Under

the assumption that the VE was homogenous, multiplicative,

and not waning, estimates of VE were based on the OR (VE 5 1 –

OR), in which the OR was interpreted as equivalent to the

relative hazard of hospitalization for vaccinated versus

unvaccinated children in the cohort.

For the hospital control group analysis, ordinary logistic re-

gression was used. Age, sex, Indigenous status, remoteness,

breast feeding status (any versus none), and date of birth were

incorporated in the full model. Variables were removed from the

model by backwards stepwise elimination on the basis of like-

lihood ratio tests (P . .05) until the most parsimonious model

was achieved. Reported 95% confidence intervals (CIs) are 2-

sided. Analyses were performed using Stata, version 10.1 (Stata).

Study approval was granted by the Central Australian Human

Research Ethics Committee.

RESULTS

Pattern of Gastroenteritis
There were 310 hospitalized children with vomiting and/or for

diarrheal symptoms. Of these, 237 (76%) involved 213 children

and were captured by the study (Figure 2). Of 237 hospital-

izations, 177 (75%) met the criteria for a gastroenteritis episode,

and 46 (26%) of these episodes were confirmed to be rotavirus

related. Of 46 rotavirus-confirmed episodes, 44 (96%) occurred

between 20 February and 17 May 2009 (Figure 3), 42 (91%)

occurred in Indigenous children, 37 (80%) had documented ac-

idosis, and 39 (85%) had a symptom score >11 (Table 1). All but

one of the rotavirus-confirmed episodes were referred for geno-

typing, with 41 (91%) confirmed as containing the G2 and/or

P[4] genotype. No G1- or P[8]- containing strains were detected.

Direct VE
Among the 2,307 children in the population cohort, there were

41 rotavirus hospitalizations included in the primary
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population-based analysis. Five rotavirus-related hospital-

izations occurred among children not in the cohort: 3 were

ineligible for vaccination, and 2 were not listed on the immu-

nization register (Figure 2).

Nineteen (46%) of 41 case patients compared with 87

(53%) of 164 matched population control subjects had

received 2 doses of HRV. The aOR for 2 doses versus none was

.81 (95% CI, .32–2.05; P 5 .65), resulting in a VE estimate of

19% (95% CI, 2105%–68%). Restricting the analysis to case

patients with acidosis and to case patients with a symptom

score >11, the aORs for 2 doses versus none were .89 (95% CI,

.30–2.64; P 5 .84) and 1.06 (95% CI, .33–2.67; P 5 .91)

Figure 2. Flow diagram of the recruitment and exclusion of case patients and control subjects for the population control group and hospital control
group vaccine effectiveness analyses.

Figure 3. Weekly number of hospitalizations to Alice Springs Hospital for gastroenteritis, by rotavirus antigen result and genotype over the study
period.
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respectively. The aOR for 1 dose versus none was .99 (95% CI,

.34–2.86; P 5 .99).

In the analysis using hospital control subjects, there were 36

case patients and 94 control subjects with nonrotavirus gastro-

enteritis. Ten rotavirus episodes were excluded: 3 were in per-

sons not eligible for vaccination, and 7 were in persons who had

been previously included as control subjects (Figure 2). A

comparison of demographic and clinical features is provided in

Table 1. The aOR for 2 doses versus none was in broad

agreement with the population-based analysis: aOR of .81 (95%

CI, 0.30–2.19; P 5 .68) for all hospitalizations and aOR of .83

(95% CI, 0.27–2.51; P 5 .74) for infection complicated by

acidosis.

Among infants ,12 months of age in the population control

group analysis, the aORs were .49 (95% CI, .12–1.92; P 5 .30)

for hospitalization of any severity, .15 (95% CI, .026–.84; P 5

.03) for those complicated by acidosis, and .68 (95% CI, .15–

3.00; P 5 .61) for those associated with a symptom score >11.

Table 1. Demographic and Clinical Characteristics of Hospitalized Patients with Rotavirus Infection, Compared with Population and
Hospital Control Subjects

Population-based

analysis

Hospital control group

analysis

Case

patients

Population control

subjectsa P valueb
Case

patientsc

Hospital

control

subjectsd P valuee

Total 41 164 36 94

Age, months,
median (IQR)

10.1 (5.6–17.2) 10.2 (5.5–17.2) Matchedf 10.5 (5.4–17.6) 13.8 (8.4–18.9) .20

Indigenousg,
no. (%)

40 (98) 160 (98) Matched 33 (92) 89 (95) .68

Male sex,
no. (%)

23 (56) 92 (56) 1.00 19 (53) 51 (54) .88

Remote,h no. (%) 23 (56) 108 (66) 0.23 15 (42) 49 (52) .29

Breast fed, any, no. (%) 29 (71) n/ai 27 (75) 59 (63) .19

Breast fed, exclusive,
no. (%)

9 (22) n/ai 9 (25) 10 (11) .04

Weight for length z score,
median (IQR)

2.7
(21.3 to 2.1)

n/ai 2.9
(21.4 to 21.0)

2.4 (.92.4) .04

Serum bicarbonate level,
mmol/L, median (IQR)

14.0
(11.9–16.3)

n/ai 15.0 (12.4–17.4) 17.0 (14.6–20.0) .02

Symptom score (out of
20), median (IQR)

14 (13–15) n/ai 14 (13–15) 13 (10–15) .03

Rehydration: nasogastric,
no. (%)

11 (27) 10 (28) 31 (33) .05

Rehydration: intravenous or
intraosseous, no. (%)

30 (73) 26 (72) 49 (52) .05

Total cases referred for
genotyping, no.

39 34

G2P[4] 33 29

G2/P-nontypable 2 2

G-nontypable/P[4] 2 1

G-nontypable/P-nontypable 2 2

G1 or P[8]-containing
genotypes

0 0

a Pooled data for population control subjects in which 4 control subjects were directly matched to each case patient by indigenous status and date of birth

(67 days).
b Conditional logistic regression.
c Only case patients who were rotavirus positive at first hospitalization for gastroenteritis during the study period included.
d Children age-eligible for rotavirus vaccination and hospitalized for rotavirus-negative gastroenteritis during the study period.
e Kruskal-Wallis test for continuous variables and chi-square test for categorical variables.
f Controls matched to cases on age by virtue of matching on date of birth.
g Children identified as Aboriginal, Torres Strait Islander, or both by immunization register (primary analysis) or by parental report (secondary analysis).
h Defined as ‘‘other than Alice Springs’’ for usual place for primary healthcare attendance according to immunization register (primary analysis) or location on the

night before hospitalization (secondary analysis).
i n/a Rates of breast-feeding and anthropometric measures not available (and severity data not applicable) for population controls.
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Among children >12 months of age, the aOR was .91 (95% CI,

.21–3.83; P 5 .89). Sub-analysis by age and severity using the

hospital control group, albeit limited by small numbers, was

broadly consistent with the population-based analysis (Table 2).

The introduction of an interaction term between the explana-

tory variables age and vaccine doses did not result in a statisti-

cally significant improvement in the fit of the regression model

for the hospital control group analysis (P 5 .19).

Vaccinated and unvaccinated case patients are compared in

Table 3.

DISCUSSION

Our study is the second postlicensure evaluation that has failed

to demonstrate high effectiveness of HRV against hospitalization

for G2P[4] disease, in particular for children .12 months of age

[17]. However, numbers were too small to exclude a more

modest protective effect. The findings are in contrast to the VE

estimate of 85% (95% CI, 23%–97%) observed in the same

population during an earlier outbreak of G9P[8] disease [11]

and estimates from clinical trials elsewhere [18]. Estimates of VE

against severe disease were high in large prelicensure trials in

Latin America (85%) [6] and Europe (90%) [4] but lower in

a more recent trial based in South Africa (77%) and Malawi

(50%) [19]. It has been suggested that rotavirus vaccines are less

immunogenic in resource-poor settings, and this has been at-

tributed to a number of potential host or environmental factors,

such as malnutrition or vaccine interference by breast milk

factors or concurrent enteric infection [20, 21].

In this outbreak, the predominant strain was heterotypic to

the vaccine genotype: most cases were confirmed as G2P[4]. In

the Latin American trial, VE against severe G2P[4] disease was

45% (95% CI, 282%–86%) [6]. When pooled with 3 smaller

studies, the aggregate VE against severe G2P[4] disease was 71%

(95% CI, 20%–91%) [18], although this estimate was based on

only 21 cases.

An increase in the proportion of G2-containing strains has also

been detected elsewhere in Australia after introduction of HRV

[22]; however, ongoing surveillance is required to determine

whether this represents selective replacement or a chance event.

A second feature of our study is that the population cohort

included children up to 3 years of age. Post hoc analyses

Table 2. Estimates of the Odds Ratio (OR) for Vaccination with Human Rotavirus Vaccine (HRV) for all Hospitalized Patients with
Rotavirus and Hospitalized Patients with Infection Complicated by Severe Acidosis, Compared with Population-Based and Hospital-
Based Control Subjects

Population-based

analysis

Hospital control

group analysis

Proportion fully

vaccinated (%)

Proportion fully

vaccinated (%)

Case

Patientsc

Population

Control

Subjectsd
ORa

(95% CI)

P

value

Case

Patientse

Hospital

Control

Subjects

ORb

(95% CI)

P

value

a) All hospitalizations

0–35 months 19/41 (46) 87/164 (53) 0.81 (.32–2.05)f .65 17/36 (47) 54/94 (57) 0.81 (.30–2.19) .68

0–11 monthsg 6/24 (25) 40/96 (42) 0.49 (.12–1.92) .30 6/20 (30) 20/39 (51) 0.61 (.10–3.63) .58

12–35 monthsh 13/17 (76) 47/68 (69) 0.91 (.21–3.83) .89 11/16 (69) 34/55 (62) 0.82 (.21–3.23) .77

b) Severe acidosisi

0–35 months 15/34 (44) 73/136 (54) 0.89 (.30–2.64) .84 13/30 (43) 54/94 (57) 0.83 (.27–2.51) .74

0–11 monthsg 3/21 (14) 38/84 (45) 0.15 (.03–.84) .03 3/17 (18) 20/39 (51) 0.17 (.01–2.20) .17

12–35 monthsh 12/13 (92) 35/52 (67) -j 10/13 (77) 34/55 (62) 1.73 (.33–9.08) .52

a OR for 2 doses of HRV (versus no doses) of case patients, compared with matched control subjects, estimated by conditional logistic regression and adjusted

for remoteness.
b OR for 2 doses of HRV (versus no doses) of case patients, compared with unmatched hospital control subjects, estimated by ordinary logistic regression and

adjusted for age and date of birth.
c Vaccine-eligible rotavirus-confirmed hospitalizations registered on the population immunization register.
d Pooled data for case patients and control subject, in which 4 population control subjects were directly matched to each case patient by indigenous status and

date of birth (67 days).
e Vaccine-eligible rotavirus-confirmed hospitalizations and first hospitalization for gastroenteritis during the study period.
f Primary outcome.
g Excluding case patients (6matched control subjects) >12 months on the date of hospitalization.
h Excluding case patients (6matched control subjects) ,12 months on the date of hospitalization.
i Excluding case patients (6 matched control subjects) without a serum bicarbonate level ,18mmol/L documented within 12 h after presentation.
j No case patients >12 months with severe acidosis were unvaccinated.
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suggested heterogeneity in the protective effect of the vaccine.

The OR of vaccination among infants ,12 months of age for

disease with acidosis was consistent with VE estimates reported

elsewhere, and the apparently greater protective effect against

severe disease is also consistent with observations from other

studies. We did not find evidence of significant protection

against disease associated with higher symptom scores, nor

a difference in symptom scores between vaccinated and un-

vaccinated case patients. However, unlike biochemical markers

of acidosis, symptom scores rely in part on parental report and

may have less reliably discriminated between grades of severity

among hospitalized case patients in this setting.

The lack of observable protection among older children

contrasts with the persistence of protection observed for HRV in

clinical trials, although existing data are limited with regard to

protection against heterotypic strains. Significant protection

against disease of any severity was reported over 2 rotavirus

seasons in Europe, although the point estimate of VE against G2

strains in the second year was modest (VE, 57%; 95% CI, ,0%

to 83%) [4]. Protection in the second year of life against severe

infection was reported in a Latin American trial (VE, 79%; 95%

CI, 66%–87%), but there were too few G2P[4] cases in the

second year to show heterotypic protection [23]. In contrast,

a study from northeastern Brazil recently reported apparently

poor VE against G2P [4] infection in the second year of life [17].

Our results, similar to those from Brazil [17], raise concerns

about the quality of immune responses to rotavirus vaccination

in these populations, at least against heterotypic strains. Com-

parisons of antibody titers and seroconversion rates suggest

poorer immune responses to rotavirus vaccines in less-

developed settings [21], whereas suboptimal antibody responses

have been documented for other vaccines among Australian

Indigenous children [24, 25]. Serological studies might help to

determine the extent to which our results could be explained by

primary vaccine failure or by waning antibody titers. However,

even in the absence of poor or waning immune responses, an

apparent decrease in VE with age might also be partially ex-

plained by incomplete ascertainment of prior or incident in-

fection [26]. Because natural infection itself confers protection,

it is plausible that the relative benefit of vaccination among older

(previously exposed) children could be lower than the relative

benefit among younger children. Although the relative rate of

hospitalization of vaccinated compared with unvaccinated

children appeared to be higher for older than for younger

children, we were unable to determine whether this was ac-

companied by a rebound in the absolute rate of hospitalization.

A number of measures were taken to avoid bias. Selection bias

was minimized by nesting the primary analysis in a fully enu-

merable source population—a cohort of children listed on

a population-based immunization register. Only 1 of 94 children

in the hospital control group was not listed on the register,

which is evidence that the register is comprehensive and,

therefore, represents well the total population. The register is

actively maintained by the regular issuance of recall and

Table 3. Comparison of Demographic and Clinical Features of Vaccinated Compared with Partially Vaccinated and Unvaccinated
Patients with Rotavirus Hospitalizations

No doses 1 dose 2 doses P valuea

Total 12 10 19

Age, months, median (IQR) 7.3 (3.4–10.6) 5.9 (4.7–10.1) 14.7 (11.0–22.2) ,.01

Indigenous,b no. (%) 12 (100) 9 (90) 18 (95) .722

Male sex, no. (%) 10 (83) 6 (60) 7 (37) .04

Remote,c no. (%) 5 (42) 4 (40) 14 (74) .12

Breast fed (any; exclusive), no. (%) 10 (83); 4 (33) 6 (60); 4 (40) 13 (68); 1 (8) .33

Weight for length z score, median (IQR) 21.3 (21.5 to 2.5) 2.3 (21.6 to .3) 2.6 (21.2 to 2.1) .19

Serum bicarbonate level, mmol/L, median (IQR) 12.7 (9.5–15.0) 12.6 (11.4–13.9) 16.0 (14.0–17.5) .01

Symptom score (out of 20), median (IQR) 13 (11–14.5) 15 (13–16) 14 (12–15) .27

Rehydration (nasogastric; parenteral), no. (%) 3 (25); 9 (75) 2 (20); 8 (80) 6 (31.6); 13 (68.4) .72

Total cases referred for genotyping, no. 10 10 19

G2P[4] 10 8 15

G2/P-nontypable 0 1 1

G-nontypable/P[4] 0 1 1

G-nontypable/P-nontypable 0 0 2

G1 or P[8]-containing genotypes 0 0 0

Abbreviation: IQR, interquartile range.
a Fisher’s exact test for dichotomous variables. Kruskal-Wallis test for continuous and ordinal variables.
b Identified on the immunization register as Aboriginal, Torres Strait Islander, or both.
c Defined as ‘‘other than Alice Springs’’ for usual place for primary healthcare attendance according to immunization register.
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reminder lists to providers; thus, vaccination records are likely

to have been accurate.

Despite matching and further controlling for confounders

with use of regression, the possibility remains of residual bias

because of differences in propensity for hospitalization between

vaccinated and unvaccinated children. For example, VE may

have been underestimated if unvaccinated children with severe

gastroenteritis were less likely to access health care or over-

estimated if medical staff had a lower threshold for hospitalizing

unvaccinated children. Such biases are unlikely to have applied

to the hospital control group analysis. Because control subjects

were hospitalized with gastroenteritis, it can be reasonably as-

sumed that they also would have been hospitalized (and would

have been case patients) if their gastroenteritis was caused by

rotavirus. In general, the rotavirus status of hospitalized children

was only known after admission, so medical staff were, in effect,

blinded to the outcome status at the time of hospitalization.

Therefore, any influence of vaccination status on propensity to

hospitalization is likely to have applied equally to case patients

and control subjects. The hospital control group analysis also

included children not listed on the immunization register—a

potentially under-serviced population, among whom VE might

be worse.

However, there was potential for other biases in the hospital

control group analysis. Although the rotavirus antigen test used

is reported to be up to 96.6% sensitive [27], it is possible that

some rotavirus infections were misclassified as nonrotavirus on

the basis of false-negative test results. It is reassuring that the

estimate from the hospital control group analysis was in broad

agreement with the population-based analysis, although differ-

ences in the control sampling methods mean that the ORs do

not represent exactly the same effect measure. It remains pos-

sible that both were affected by different but quantitatively

similar net biases. However, that high VE was observed during

an earlier outbreak in the same setting using an analogous

population control group and control sampling strategy [11]

suggests that the methods were not intrinsically biased against

demonstrating a protective effect.

We did not demonstrate an overall protective effect of ro-

tavirus vaccination against hospitalization during an outbreak

of rotavirus G2P [4] infection. We acknowledge that a modest

protective effect cannot be excluded, especially in young in-

fants. Our results contrast with clinical trial data and with

observations in this same setting during an earlier outbreak.

Potential explanations include serotype mismatch between

the vaccine and the outbreak strains and the older age of

children included in this study. Our results do not preclude

other benefits, such as a reduction in severity in hospitalized

case patients or a reduction in overall disease transmission.

Measuring the total benefit of rotavirus vaccination will re-

quire population-level studies in multiple settings. Even

a vaccine providing only short-lived protection has the po-

tential to save many of the 600,000 lives lost annually to ro-

tavirus [1], especially considering that many of those deaths

are likely to occur in early infancy.
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Santé des Armées, Marseille; 5Service de Dermatologie, Hôpital Henri-Mondor, Assistance Publique–Hôpitaux de Paris, and UPEC Université Paris-Est
Créteil Val de Marne, Paris and 6Unité de Recherche sur les Maladies Infectieuses et Tropicales Emergentes at Marseille, Centre National de la
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Bedbugs are brown and flat hematophagous insects. The 2 cosmopolite species, Cimex lectularius and Cimex

hemipterus, feed on humans and/or domestic animals, and recent outbreaks have been reported in occidental

countries. Site assessment for bedbug eradication is complex but can be assured, despite emerging insecticide

resistance, by hiring a pest-control manager. The common dermatological presentation of bites is an itchy

maculopapular wheal. Urticarial reactions and anaphylaxis can also occur. Bedbugs are suspected of

transmitting infectious agents, but no report has yet demonstrated that they are infectious disease vectors. We

describe 45 candidate pathogens potentially transmitted by bedbugs, according to their vectorial capacity, in

the wild, and vectorial competence, in the laboratory. Because of increasing demands for information about

effective control tactics and public health risks of bedbugs, continued research is needed to identify new

pathogens in wild Cimex species (spp) and insecticide resistance.

Bedbugs are hematophagous arthropods. The discovery

of specimens in tombs at Tell al-Armana, Egypt, suggests

that these insects have been pestering humans for at least

3550 years [1]. After World War II, bedbugs became

uncommon in developed countries due to social and

economic progress and insecticide development [2],

while infestation in poor countries never decreased

[3, 4]. Recently reported outbreaks have indicated bed-

bug resurgence in many occidental countries [5]. Med-

ical interest in bedbugs (especially Cimex lectularius in

temperate zones or Cimex hemipterus in tropical

areas and sometimes temperate zones) has increased

(Figure 1). Numerous authors have postulated that these

species could transmit pathogens to humans. Consensus

on their medical impact remains limited to dermato-

logical reactions to their bites [6, 7]. We undertook

a literature review, describing their entomological

characteristics, epidemiology, and medical impact and

focusing on the vectorial behaviors of this insect.

ENTOMOLOGY

Bedbugs are Hemiptera order insects of the Cimicidae

family. Medicine is well acquainted with 2 Hemiptera:

Reduviidae, as vectors of Chagas disease (Trypanosoma

cruzi), and Cimicidae, as pests [1]. C. lectularius, C.

hemipterus, C. columbarius, C. pipistrelli, C. dissimilis,

and Oeciacus hirundinis are the main species involved in

humans, whereas birds or bats are the primary hosts for

C. columbarius, C. pipistrelli, O. hirundinis, C. lectularius,

and C. hemipterus. This review focuses on these last 2

species.

Adult C. lectularius and C. hemipterus are reddish-

brown, flat, wingless ovals (4–7 mm) resembling

confetti (Figures 2A and 2B). The 2 species are distin-

guishable only by specialists. Both sexes are hematoph-

agous and can live for 12 months without feeding and

even 1.5–2 years in colder environments.
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During each Cimicidae mating, sperm are deposited

by traumatic insemination, which bypasses the female

genital tract. The male’s intromittent organ pierces the

cuticle via a surface groove, called the ectospermalege

(which purportedly evolved to guide the organ and re-

duce trauma but is a frequently missed target and hence

the cuticle is punctured elsewhere) and injects sperm

into the mesospermagele, a specific female organ

through which the sperm migrate. Males preferentially

direct their sexual interest to recently fed females, which

undergo �5 traumatic inseminations per feeding [8].

High female mortality results from these numerous

traumas, but other explanations have also been pro-

posed (eg, microbe introduction by traumatic in-

semination). As for most female insects, sperm are

stored in specific structures called seminal conceptacles.

The female reproductive tract is used only for laying

fertilized eggs. Each adult female produces 200–500 eggs

in her lifetime.

Under a constant temperature of 14–27�C, eggs hatch

4–10 days after mating, yielding the nymphs, which are

1–3 mm long, visible to the naked eye, translucent, and

lighter in color [8]. Each molt requires a blood meal,

which can last 10–20 min, to grow to the next stage every

3–7 days if a host is available. These developmental stages

of the bedbug (Figure 3) explain how a previously un-

known bedbug presence in a newly infested site achieves

exponential multiplication by the end of the first month.

Bedbugs fear light and are generally active in the dark.

They hide in any small dark place, such as bedclothes,

mattresses, springs, bed frames, cracks, crevices, and

wallpaper. They emit an easily recognized, offensive

odor caused by an oily secretion produced by special

glands [8, 9].

Figure 1. Increase in the number of PubMed citations for the search words Cimicidae, Cimex, Afrocimex, or Oeciacus over the past
10 years. The medical community's interest in bedbugs (Cimex lecturarius or Cimex hemipterus) has increased dramatically.

Figure 2. Physical appearance of bedbugs (Cimex lectularius). Bedbugs are hematophagous arthropods that resemble small,
brownish, flat, and oval confetti. A, Bedbug nymph; note the bite unit in front of the head (arrow), which is usually folded under the
head as for the adult. B, Adult bedbug.
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EPIDEMIOLOGY

Beds bugs are cosmopolite insects. Isolated cases,

clusters, or epidemics of bedbugs have been reported

in most big cities on all continents [2, 10, 11]. Bedbugs

have the ability to spread near and far. Local spread-

ing, called ‘‘active dispersal,’’ occurs by walking short

distances, such as when they try to reach hosts from

their dark resting places. Active dispersal is the main

means of room-to-room spreading in communities

through ventilation ducts. Bedbugs can also travel

longer distances by being transported by humans in

clothing, luggage, or furniture; this is called ‘‘passive

dispersal.’’ Hence, the rapid turnover of residents in

certain locations is a risk factor for bedbug infestation.

Furthermore, overcrowding and deprived conditions

are factors that facilitate the bedbug burden. Finally,

the infestation risk reflects rapid turnover and high

human density but not specific geographic areas or

climatic conditions [12–14].

Bedbug eradication from an infested site is a chal-

lenge: Insecticide resistance has been demonstrated

experimentally and is an increasing problem [15]. Suc-

cessful bedbug elimination relies mainly on good co-

operation between the owner of the pest-infested site

and the pest manager for site assessment, thorough in-

spection, identification, and eradication. An ‘‘efficient

search-and-destroy’’ operation, as Doggett explained

[16], must be imposed, starting by removing all bed

linens and washing at a temperature .60�C, then by

checking and dismantling all furniture to access all

bedbug hiding places, to identify and destroy eggs,

nymphs, and adults (Figures 4A–4F) [16]. Alternatively,

a dog specifically trained to detect bedbugs’ character-

istic odor can do the search [17]. Attractive traps can

also be used in highly infested locations [18]. It is always

best to vacuum first to reduce the overall bedbug pop-

ulation, but complete success is unlikely without rem-

nant insecticides for residual protection against bedbug

survivors. Fumigants, which are too frequently used by

nonprofessionals, do not penetrate deeply into bedbug

hiding places, fail to provide any residual protection,

and can pose an immediate health risk to the user.

Aerosolized insecticides against cockroaches, for exam-

ple, are quick killing agents that can be accurately

applied meticulously to specific areas (eg, mattress or

cracks and crevices in furniture). The best option is

a remnant insecticide, which is spread by a professional

in all hiding areas identified during the inspection pro-

cess. Sometimes, it may be advisable to treat adjoining

rooms, even when no bedbugs were found during the

inspection [12, 16]. Some methods can minimize the

risk of infestation or expansion: regular inspections,

hygiene procedures, and general education of the pop-

ulation. Complementary measures include modifying

room temperature, destroying nearby bat or bird hab-

itats, eliminating peeling paint and plaster, and caulking

cracks and crevices in walls and furniture [16, 19].

MEDICAL IMPACT

After identification of bedbug bites, skin and infectious

transmissible diseases are the 2 main medical concerns

of human contact with the bedbugs [20, 21].

Figure 3. Life cycle of the bedbug (Cimex lecturarius or Cimex hemipterus). These evolutionary stages and the reproduction biology
of the bedbug explain how, over 1 month, an unknown introduction of several bedbugs into a new site leads to their exponential
multiplication and sudden infestation.
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Hosts are usually bitten at night. Because bedbug

saliva contains anesthetic compounds, bites are painless

and usually not felt until several hours later. Other

compounds are also injected: anticoagulant factors (eg,

factor-X inhibitor), vasodilatory compounds (such as

nitric oxide), and proteolytic enzymes (eg, apyrase),

which are all substances that participate in the ensuing

local hypersensitivity reactions [6].

The typical skin lesion is a pruritic erythematous

maculopapule, 5 mm to 2 cm in diameter, with a cen-

tral hemorrhagic crust or vesicle at the bite site, simi-

lar to arthropod bites. Atypical forms vary from

asymptomatic or pauci-symptomatic to purpuric, ve-

sicular, and bullous lesions. The bedbug-bite distribu-

tion frequently follows a line or curve (Figure 5A and

5B). Lesion numbers range from several to many,

depending on habitat-infestation intensity, and are

preferentially located in unclothed zones (Figure 5C).

Sometimes, the eruption mimics urticaria (Figure 5D).

Exceptional anemia [21] or anaphylactic reactions have

been reported. Lesions resolve spontaneously within 2–6

weeks, but permanent postinflammatory hyperpig-

mentation may ensue [22–25].

Bedbugs have been suspected of transmitting in-

fectious agents; over 40 microorganisms have frequently

been considered strong candidates [6, 7]. In contrast to

that for mosquitoes or ticks, the literature evidence level

for disease transmission by bedbugs is very heteroge-

neous and sometimes incomplete.

Several steps are mandatory to demonstrate the causal

relationship between a vector and a disease. The first is

vector competence—that is, an attempt must be made

to demonstrate by laboratory experiments an arthro-

pod’s ability to acquire an infectious agent from another

Figure 4. Hiding places of begbugs (Cimex lecturarius or Cimex hemipterus). An efficient search-and-destroy operation against
bedbugs (A) must start by removing the mattress (B) and box springs (C ), then by exploring the floor close to the bed (D) and curtains (E,
F) to identify and destroy eggs, nymphs, and adults.
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animal or infected blood, to maintain or amplify it,

and then to transmit it to another animal [26]. Only

successful demonstration of all of these abilities permits

consideration of the vector as competent, but this re-

mains insufficient to designate an arthropod as an ef-

fective vector for a defined infectious agent. Vector

competence is invariable for a defined arthropod–

pathogen couple. Location, climate, and entomological,

ethological, and/or epidemiological parameters that

may interfere in effective transmission must also be

considered. This type of study, which is conducted in

the wild, enables assessment of the potential vectorial

capacity with a mathematical algorithm that includes

the number of infected arthropods and the number of

bites per night and per person [26]. Vectorial capacity

varies for a defined arthropod–microbe couple.

In considering bedbugs as vectors of infectious dis-

eases, older studies in scientific literature mainly consist

of logical but not evidence-based postulates [7]. Epi-

demiological links between human-disease prevalence in

a population and bedbug presence, or infectious agent

detection in wild bedbugs, without data concerning

acquisition, multiplication, or transmission, led some

authors to examine bedbug vectorial capacity [7, 27].

On the basis of some laboratory studies, we found rel-

evant experimental evidence that >1 vectorial compe-

tence steps have been completed for bedbugs [6], but we

found no published evidence for completion of all the

necessary steps leading to the conclusion that bedbugs

transmit a pathogen.

Table 1 lists 45 pathogens reportedly found in bed-

bugs (without considering study quality) and classifies

bedbug–pathogen couples according to their vectorial

competence (eg, acquisition, maintenance, and trans-

mission) and vectorial capacity (eg, reasoning and de-

tection in the wild) criteria, with a summary of each

Figure 5. Presentation of bedbug (Cimex lecturarius or Cimex hemipterus) bites: forms vary from asymptomatic or pauci-symptomatic
to purpuric, vesicular, and bullous lesions. The typical skin lesion is a pruritic erythematous maculopapule that is 5 mm to 2 cm in
diameter with a central hemorrhagic crust or vesicle at the bite site, similar to other arthropod bites (A). A series of bites in a line is
characteristic of bedbug bites (B). Lesion numbers range from a few to numerous, depending on habitat-infestation intensity, and are
preferentially located in unclothed zones (C). In some cases, the eruption mimics urticaria (D).
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Table 1. Classification of Studies on Pathogens Carried by Cimex lectularius or Cimex hemipterus According to Their Vectorial Competence or Vectorial Capacity

No. Pathogen

Laboratory investigation: vectorial competence

Studies in the wild: vectorial capacity

Maintenance

Acquisition Replication� Detection

Detectiona Saliva Feces Transovarian

Transmission to

another animal

Inference, deduc-

tive reasoning, or

conjecture

Found in wild

bedbugs

Bacteria

1 Bacillus
anthracis

No [7] Yes and
no [7]

2 Bartonella
quintana

No [7] No [7]

3 Borrelia
recurrentis

Yes [7] Yes [7]

4 Borrelia duttoni No [7]

5 Brucella
melitensis

Yes [7] Yes [7] Yes [7]

6 Candidatus
Midichloria
mitochondrii

Yes [36]

7 Coxiella
burnetii (Q fever)

Yes [7, 28, 29] Yes [28, 29] Yes [28, 29] Yes [28, 29] Yes, suspected [28, 29] Yes [28, 29] Yes [28, 29]

8 Francisella
tularensis

Yes [7] Yes [7] Yes, via feces [7]

9 Leptospira spp No [7]

10 Mycobacterium
leprae

Yes [7] No [7] Yes [7] No [7] Yes [7]

11 Mycobacterium
tuberculosis

Yes [6, 7]

12 Rickettsia africae No [7]

13 Rickettsia conorii Yes [7],
injection

No [7] No, meal;
yes, injection [7]

14 Rickettsia
prowazekii

No [7] Yes [7]

15 Rickettsia
rickettsii

Yes [7],
injection

Yes and no [7] Yes and no, meal;
yes,
injection [7]

Yes [7] No, via feces or meal [7] Yes [7]

16 Rickettsia typhi Yes [7], injection

17 Salmonella typhi Yes [7] Yes [7] Yes [7] Yes [7]

18 Staphylococcus
aureus

Yes [7] Yes [7]

19 Streptococcus
pneumonia

No dead
bedbugs [7]

Yes [33]

20 Wolbachia spp Yes [7] Yes [32, 33]

21 Yersinia pestis Yes [7]

Fungi

22 Aspergillus
flavus

Yes, carried [6, 37]
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Table 1. (Continued)

No. Pathogen

Laboratory investigation: vectorial competence

Studies in the wild: vectorial capacity

Maintenance

Acquisition Replication� Detection

Detectiona Saliva Feces Transovarian

Transmission to

another animal

Inference, deduc-

tive reasoning, or

conjecture

Found in wild

bedbugs

23 Penicillium spp Yes, carried [37]

24 Scopulariopsis spp Yes, carried [37]

Parasites
(filariasis)

25 Brugia malayi Yes [7] No [7] Yes [7]

26 Wuchereria
bancrofti

Yes [7] No [7] Yes [7]

27 Mansonella
ozzardi

Yes [7] No [7]

28 Onchocerca
volvulus

No [7] No [7]

29 Leishmania brazil-
iensis

Yes [7] Yes [7]

30 Leishmania
donovani

Yes [7] No [7] Yes and no, stom-
ach [7]

Yes [7] No [7] No [7]

31 Leishmania
tropica

Yes and no [7] Yes [7] Yes [7]

32 Plasmodium spp Yes [7]

33 Trypanosoma cruzi Yes [6, 7, 39, 40] Yes [7, 39, 40] Yes [7, 39, 40] Yes and no, via feces [7, 39, 40] Yes [7, 39, 40]

34 Trypanosoma
gambiense

Yes [7]

Viruses

35 Hepatitis B Yes [6] Yes and no [6] Yes [6] No [6] No [6] Yes [6] Yes [6]

36 Hepatitis C No [6] Yes [6]

37 Hepatitis E Yes [6]

38 Human immuno-
deficiency

Yes [6] No [6] No [6] No [6]

39 Influenza Yes [7]

40 O’nyong-nyong No [46]

41 Polio Yes and no [7]

42 Rabies No [47]

43 Reovirus Yes [48]

44 Variola
(smallpox)

Yes [7] Yes [7] Yes [7] Yes [7]

45 Yellow fever Yes and no [7] Yes [7]

NOTE. Classification of 45 microbes (bacteria, fungi, parasites, and viruses) in alphabetical order. For each pathogen, studies are classified according to vectorial competence (acquisition, maintenance, and

transmission) and vectorial capacity (reasoning and detection in the wild). We intentionally listed a maximum of investigations without considering their quality to compare the process of studies. For each cell, no means

negative results or failure, yes means positive results or success, and a blank cell means no published study was found.
a After a blood meal (meal) or intragut injection (injection).
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study’s results. Below, we focus on the best studied

pathogens and/or the best candidates for transmission

by bedbugs, such as Coxiella burnetii and Wolbachia spp

among bacteria, Aspergillus spp among fungi, T. cruzi

among parasites, and hepatitis B virus (HBV) and hu-

man immunodeficiency virus (HIV).

Coxiella burnetii. Q fever is a cosmopolite disease

transmitted by aerosolization of C. burnetii spores con-

tained in goat, sheep, or cattle bedding or by con-

sumption of unpasteurized milk products [28]. In the

1960s, bedbugs were successfully infected by feeding on

infected guinea pigs [29]. C. burnetii has been isolated at

all bedbug stages, which demonstrates transstadial

transmission. C. burnetii reportedly persisted in the

bedbugs for up to 250 days without loss of pathogenicity,

multiplied therein, and were excreted in bedbug feces. In

an epidemiological study conducted by the same author

at the same period [30] around Leningrad (Russia), C.

burnetii was detected in field-collected bedbugs, with the

Q fever prevalence there estimated at 29.2% of the

population. The results of the first study suggested that

the insect was able to acquire, replicate, transmit to

progeny, and excrete C. burnetii via feces. Thus, hypo-

thetical vectorial competence of possible pathogen

transmission to another animal has to be considered. An

apparent relationship between high Q fever prevalence

in the Leningrad population and bedbug infestation

could be an epidemiological argument supporting vec-

torial capacity, but it remains questionable, because

many confounding factors may intervene; for example, it

is known that ticks are also a potential Q fever vector

[31]. Finally, the potential ability of bedbugs to transmit

C. burnetii to humans requires further investigation.

Wolbachia spp. Wolbachia spp (among Ana-

plasmataceae bacteria) are obligate intracellular bacterial

symbionts that change the reproductive capacities of

many arthropod and filarial nematode hosts. This

effect has enhanced medical and scientific interest in

view of new therapeutic options. Wolbachia spp have

been detected in most tested C. lectularius, are specifi-

cally located in the bacteriomes (specialized organs

found mainly in some insects that host endosymbiotic

bacteria), and appear to be obligate nutritional mutu-

alists. Transovarial transmission to future generations

has been established. Thus, arguments supporting

bedbug vectorial competence and capacity to spread

this ubiquitous microorganism exist, but its human

pathogenicity remains unknown. More knowledge is

needed before Wolbachia spp can be used as a weapon to

control bedbugs (eg, through sterilization, which is re-

quired for symbiosis) [32–36].

Aspergillus spp. Aspergillus spp, along with various

other molds (eg, Penicillium spp and Scopulariopsis spp)

and bacteria (eg, Enterobacter spp and Staphylococcus

spp), have been found on bedbugs. Like any biting or

walking insect (such as cockroaches), bedbugs can be

very good transporters and thus can participate in

spreading molds [37]. Phoresy is the passive trans-

portation of some pathogens by a carrier. To our

knowledge, only such passive carriage could be a route

of fungus transmission by bedbugs, but a real epide-

miological impact remains to be proven. Furthermore, 9

bacterial and fungal species have been identified in male

intromittent organs and bedbugs’ hiding places [8].

Trypanosoma cruzi. T. cruzi, which causes Chagas

disease, is transmitted by kissing bugs. Bedbugs and

kissing bugs have many similarities: both have reflexive

feces excretion after a blood meal, which is an important

behavioral feature responsible for transcutaneous T.

cruzi transmission from kissing bugs [38]. Indeed,

scratching pruritic bites facilitates mechanical entry of

parasites contained in bedbug feces into bite sites.

Moreover, Latin American biotopes of the 2 bugs live in

proximity in the wild and around or in houses, and

contacts between the 2 insects are frequent, mostly in

rural areas or poor districts, where T. cruzi transmission

is frequent. Pertinently, T. cruzi has been detected in

wild bedbugs. Moreover, in experimental laboratory

studies, after eating an infectious meal, the bedbug had

acquired the parasite, which replicated and was detected

in feces [39]. Transstadial transmission has also been

proven, and Azevedo et al [39] studied bedbug salivary

glands to precisely describe their ultrastructure, as

T. cruzi stored therein might be transmitted during a

blood meal. Thus, arguments supporting vectorial

competence and capacity exist in the literature, and

bedbug transmission to humans would not be unlikely.

To date, T. cruzi is among the most studied candidates

for transmision via feces or saliva, and ongoing

experimental and epidemiological studies are trying to

determine whether transmission is fact or fiction [6, 7,

39, 40].

Hepatitis B virus. According to the literature, HBV

is the best candidate for transmission by bedbugs. HBV

has frequently been detected in wild bedbugs [6, 41–43].

In the laboratory, it has been detected up to 2 months

after an infectious meal or after direct injection into the

bedbug, it has been found in feces, and transstadial

transmission has been demonstrated. However, the

majority of studies were unable to demonstrate virus

multiplication and transmission to chimpanzees.

Moreover, in a Gambian study, insecticide spraying of
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children’s rooms was highly effective at reducing bedbug

exposure but had no effect on HBV infection incidence,

refuting the suspected relationship between children’s

HBV infections and bedbug presence [6]. Another study

conducted in India obtained similar findings [6]. Fi-

nally, to date, no proof of effective transmission exists.

Human immunodeficiency virus. HIV has never

been found in wild bedbugs. HIV survived for 8 days

after experimental feeding, with no replication in bed-

bugs, and has never been observed in bedbug feces.

Transmission assays from bedbugs to laboratory animals

failed, despite very high virus concentrations. Thus, even

though acquisition and persistence attest to partial

vectorial competence, no evidence supports that such

transmission may occur or has ever occurred. Therefore,

to date, HIV is no longer a valid candidate pathogen for

bedbug–borne transmission [6].

DISCUSSION AND CONCLUSION

Because common bedbugs have a worldwide distribu-

tion, are hematophagus insects, and have been suspected

of transmitting infectious diseases to humans, the

medical community’s interest has increased dramati-

cally over the past 10 years. Although regional central-

ization of information about bedbug epidemics or

infested clusters is lacking in many countries, the United

Kingdom, Canada, Australia, and the United States are

leaders in collecting pest cases. As for head lice in

schools, the insect’s presence is known, but the majority

of public health centers are unable to provide precise

case numbers. Bedbugs have to be tracked, at least in

public and crowded places (eg, hotels, trains, and dor-

mitories). Furthermore, because of increasing travel and

climate change, the scientific community has to monitor

the differential identifications of C. lectularius (tem-

perate climates) and C. hemipterus (tropical and tem-

perate climates). Just as macroscopic identification of

parasites is being confirmed more frequently by mo-

lecular biology analyses, the same holds true for the

identification of these 2 bedbug species [44]. In each

cluster, as is done in Australia, the United States, Can-

ada, and the United Kingdom, other countries must

work together to devise local eradication strategies and

raise bedbug colonies to develop insecticide-suscepti-

bility testing. Without the expansion of these different

aspects of bedbug management, further escalation of

this public health pest is expected, and the demand for

information about effective control tactics will rise.

For general practitioners, identification of bedbug

bites is difficult because of patients’ widely varying

immunological responses. A serological test should be

developed [45].

Concerning the possible transmission of pathogens,

we know that bedbugs can be carriers of .40 micro-

organisms in their stomach, feces, teguments, and/or

saliva. Those pathogens were isolated from bedbugs

captured in the wild and in human habitats, or after

feeding on natural or artificial infected laboratory ani-

mals or after direct injection into bedbugs. But the

majority of reports failed to demonstrate that C. lectu-

larius and C. hemipterus are infectious disease vectors.

However, those studies were generally old and did not

benefit from modern tools to identify microorganisms.

Furthermore, emerging bacteria (eg, C. burnetii or

Wolbachia spp) have not been evaluated using these new

biological approaches. The pathogens carried by wild

bedbugs have to be investigated and updated with

modern tools and parallel studies in bedbug and human

samples, with blinded clinical assessment to detect the

same pathogens independently.

The discordance between microbe levels in bedbugs

and low numbers of suspected germs transmitted re-

mains a major enigma. We hypothesize that this in-

sect’s novel reproductive biology could affect this

discordance. Among hematophagous arthropods

feeding on humans, bedbugs are the only ones to mate

by traumatic insemination. Bedbug immunity and

infectious agent carriage could be related: frequent

traumatic inseminations of a female are definitely

a source of repeated pathogen introduction and thus

a source of repeated immune stimulation. Because

traumatic insemination has been shown to shorten the

female lifespan, Reinhardt et al [34] presumed it to be

a factor in the selection of high immunity bedbugs.

These different factors and their various effects or

interactions influence the female immune system,

transmission intensity, and/or pathogen virulence.

Some bacterial agents are likely to be obligate endo-

symbionts necessary for bedbug survival and evolu-

tion (eg, Wolbachia spp and other proteobacteria),

whereas others are likely to be transstadially trans-

mitted, such as HBV. Hence, the bedbug might only

play the role of vector in pathogen transmission and,

consequently, may be involved in human disease in

special circumstances not yet discovered. Future in-

vestigations are needed to improve our knowledge on

the medical importance of bedbugs.
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V I E W P O I N T S

What Is The Predominant Source of Intravascular Catheter
Infections?

Leonard A. Mermel1,2

1Division of Infectious Diseases, Rhode Island Hospital, and 2Department of Medicine, Warren Alpert Medical School of Brown University, Providence, Rhode Island

The predominant source of intravascular catheter–related bloodstream infections has been a research and clinical question

for more than 30 years. During that time, we’ve moved from the position of a single source predominating in all clinical

scenarios to a more realistic appraisal that both skin at the insertion site and the catheter hub/connector (ie, an extraluminal

and an intraluminal source of infection, respectively) are important and that maximally effective prevention programs must

address both sources of infection.

Debate has existed regarding the major

route whereby microbes infect in-

travascular catheters, an extraluminal

route arising from skin at the catheter

insertion site or an intraluminal route

emanating from the catheter hub, from

the catheter tubing connection, or less

frequently, from contaminated in-

travenous fluids. Most of the evidence

suggests that, in general, an extraluminal

source of infection predominates in

catheters placed for a shorter duration of

time, whereas an intraluminal source

predominates with more prolonged

dwell times. In a study of 25 short-term

catheter-related bloodstream infections

(CRBSIs) that used molecular finger-

printing to confirm the source of in-

fection, 15 CRBSIs were from an

extraluminal source, 3 CRBSIs were

from an intraluminal source, and 7

CRBSIs could have originated from ei-

ther source [1]. In sharp contrast,

a study of 24 long-term CRBSIs found 5

CRBSIs were from an extraluminal

source, 16 CRBSIs were from an intra-

luminal source, 2 CRBSIs could have

arisen from either source, and 1 case

resulted from hematogenous seeding of

the catheter [2]. In another study that

used molecular fingerprinting, the me-

dian duration of catheterization was 14

d for CRBSIs with a confirmed extra-

luminal source, 24 d when the source

was either extraluminal or intraluminal,

and 64 d when the source was confirmed

as intraluminal [3]. Intraluminal colo-

nization with biofilm-producing mi-

crobes was more widespread after

prolonged catheterization in a study that

found .40% of the intraluminal surface

of catheters in situ after .30 d was

covered with biofilm compared with

only 15% of the intraluminal surface of

catheters in place for ,10 d (P , .001)

[4]. Catheter-drawn blood cultures were

performed weekly in a study of patients

with hemodialysis catheters [5]. If

a catheter-drawn blood culture revealed

microbial growth, then weekly,

percutaneously drawn blood cultures

were obtained. Of 31 patients, 21 de-

veloped positive catheter-drawn blood

cultures at a mean dwell time of 27 d. Of

these 21 patients, 12 went on to develop

concordant microbial growth from

percutaneously drawn blood cultures

at a mean time of 32 d after the first

positive catheter-drawn blood cultures

were obtained. These findings sug-

gest that intraluminal catheter coloni-

zation, as measured by positive blood

cultures drawn through the catheter,

occurs in long-term catheters, and if

left unchecked, this can lead to true

CRBSI.

CRBSIs arising from the insertion site

are extraluminal, and adequate cutane-

ous antisepsis of the insertion site re-

duces risk of such infections [6]. CRBSIs

arising from an intraluminal source re-

flects a breach in aseptic technique when

manipulating catheter hubs, caps, con-

nectors, or stopcocks, or contamination

of the infusate itself. In 1 study, 31% of

nurses did not disinfect needleless cath-

eter connectors before accessing them

and 17% of ‘‘discarded’’ blood samples

from blood drawn through these nee-

dleless connectors had microbial growth
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[7]. This may reflect inadequate time to

properly clean the connectors before ac-

cessing them, inadequate training, or

both. Likewise, a low nurse-to-patient

ratio independently increases the risk of

catheter infection [8], likely reflecting

lapses in aseptic technique. Similarly, in-

sufficiently trained nurses working in an

intensive care unit setting independently

increases the risk of such infections [9].

Some needleless connectors are asso-

ciated with an increased incidence of

catheter infection, likely from an intra-

luminal source [7, 10]. This may be due

to of difficulty cleaning the surface of

some currently marketed connectors, the

inability to disinfect the internal con-

nector components, or behavioral issues,

as noted above, leading to suboptimal

disinfection of connectors prior to their

being accessed, or no disinfection at all.

On the other hand, a decreased risk of

catheter colonization with use of nee-

dleless connectors has been found in

some studies [11, 12], suggesting that

there are likely differences in the risk of

intraluminal contamination and re-

sultant bloodstream infection among the

devices now in clinical use.

In conclusion, both extraluminal and

intraluminal routes of infection are im-

portant in the pathogenesis of central

venous catheter–related infections. Soon

after insertion, the extraluminal route of

infection predominates, whereas the in-

traluminal route does so after a more

extended dwell time. Thus, a focus on

catheter insertion will help prevent

CRBSIs that occur within days of cathe-

terization and a focus on catheter main-

tenance will help prevent later infections.

Behavioral changes reflecting education,

evidence-based catheter insertion, and

maintenance bundle use [13–15], as

well as the promise of novel catheter

and connector advances [16, 17],

antimicrobial dressings [18], and catheter

flush solutions [19] will further reduce

risk of catheter infections.
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Six cases of Rhinocladiella mackenziei cerebral phaeohy-

phomycosis are being reported for the first time in Pakistan.

Identification was confirmed by DNA sequencing (isolates

and fixed tissue). Diabetes, head trauma, immunosuppres-

sive treatment, and postpartum state were present in 4 cases.

Two survivals and 3 fatalities occurred, with 1 patient lost to

follow-up.

Rhinocladiella mackenziei (formerly Ramichloridium mack-

enziei), a melanized neurotropic fungus, is one of the commonly

reported agents of cerebral phaeohyphomycosis[1]. The ma-

jority of R. mackenziei infections occur in immunocompetent

individuals[2]; however, it has been reported in patients with

diabetes, hematological malignancies, systemic lupus eryth-

ematosus, chronic liver disease, and renal transplantation, as

well as after chemotherapy[1–3]. Cerebral infections with R.

mackenziei have been associated with very low survival rates. R.

mackenziei grows slowly in culture media, and its accurate di-

agnosis requires expertise and often consultation with reference

laboratories. Confirmed diagnosis of the infection requires vi-

sualization of pigmented fungal elements along with isolation of

the fungus from biopsy sample or aspirated pus from brain

lesions[4]. Central nervous system infections due to R. mack-

enziei have been exclusively reported from the Middle East,

except for cases recently reported from India and Afghanistan

[5–6]. Infection with R. mackenziei has never been previously

reported from Pakistan. This case series describes 6 cases of

cerebral R. mackenziei infection from arid regions of Baluchistan

and Sind.

CASES

Details of the cases are described in Table 1. All cases underwent

surgical excision of the lesion, followed by antifungal agent, used

singly or in combination (Table 1).

LABORATORY IDENTIFICATION

Material was mixed with 10% KOH and was visualized at 103

and 403 magnification. Lactophenol cotton blue staining was

used to confirm septations and pigment in doubtful cases. All

cases demonstrated numerous pigmented septate hyphae on

examination. Tissue sections were examined initially with he-

matoxylin and eosin staining and were further stained with

periodic acid–Schiff’s for proper visualization of fungal hyphae.

All samples revealed inflammation with moderate to numerous

darkly pigmented hyphae. Several toluroid and moniliform

hyphae were also visualized, but no yeast forms were noted

(Figure 1). Specimens were inoculated on sheep blood agar,

Saboraud’s dextrose agar, potato dextrose agar, and Mycosel and

BiGGY agar. Plates were incubated at 27oC and 37oC and were

observed daily. In the laboratory, most of the isolates were neg-

ative at 4 weeks and started to grow initially as black discoloration

of media. Unless the laboratory has a high index of suspicion, the

culture plates may be discarded at 4 weeks, falsely reporting these

as fungal culture negative. Slide cultures were prepared on malt

extract agar or tap water agar. Rhinocladiella-type sporulation

(‘‘Mickey Mouse’’ appearance) was seen in all isolates, with no

additional sporulation types even after prolonged incubation.

Four isolates (cases 1–4) were sent for confirmation to the

Centers for Disease Control and Prevention (CDC), where the

D1/D2 (28S) ribosomal DNA region was sequenced [7]. Ge-

nomic DNA was extracted using Omnimixer and DNeasy Tissue

kit (Qiagen, Valencia, California), and amplification was per-

formed under conditions previously described[7] by using Pfx

DNA polymerase (Invitrogen Tech-Line). Amplicons were pu-

rified with the ExoSAP-IT PCR purification kit (USB), and

products were directly sequenced using the same primers as for

PCR amplification, as described elsewhere [8]. Sequences were

edited using Sequencher, version 4.9 (Genecodes), and were

compared with the sequences deposited in GenBank using

the BLAST algorithm. DNA from all 4 isolates showed 99%

Received 2 May 2010; accepted 29 September 2010.
Correspondence: Kauser Jabeen, MD, Dept of Pathology Microbiology, Aga Khan University

Hospital, Stadium Rd, PO Box 3500, Karachi 74800, Pakistan (kausar.jabeen@aku.edu).

Clinical Infectious Diseases 2011;52(2):213–217
� The Author 2011. Published Oxford University Press. All rights reserved.
1058-4838/2011/522-0001$37.00
DOI: 10.1093/cid/ciq114

BRIEF REPORT d CID 2011:52 (15 January) d 213

http://cid.oxfordjournals.org/


Table 1. Details of the Patients with Rhinocladiella mackenziei Cerebral Phaeohyphomycosis

Case

Age and

Gender

Patient

Residence

and Occupation Comorbidities

Clinical

Presentation

Radiologic

Findings Histopathology

D1/D2 28S

rDNA

Sequencing Therapy Outcome

1 45, male Balochistan,
shopkeeper

Diabetic, hyper-
tensive, para-
plegic with
bed sores

Fever for one
month, slurred
speech, dys-
phagia, right
hemiparesis

MRI: ring en-
hancing le-
sions in cen-
trum semi-
ovale, left
middle pedun-
cle, and right
periventricular
region

Numerous pig-
mented sep-
tate hyphae
with extensive
necrosis

Isolate sequenc-
ing positive for
Rhinocladiella-
mackenziei;
tissue se-
quencing not
performed

Surgical evacua-
tion twice;
Amphotericin
B deoxy-
cholate 1mg/
kg/day and itra
conazole 200
mg BD for 6
weeks

Death at one
month

2 30, male Sindh, woodcut-
ter

Head injury with
tree bark 2
years prior to
presentation

Progressive right
arm weak-
ness, fever,
and vomiting

MRI:frontopar-
ietal lesion

Moderate pig-
mented sep-
tate hyphae
with toruloid
forms; granu-
lomatous in-
flammation

Isolate sequenc-
ing positive for
Rhinocladiella
mackenziei;
tissue se-
quencing neg-
ative for fungi

Frontoparietal
craniotomy
and evac-
uation;Ampho-
tericin B deox-
ycholate 1 mg/
kg/day and
itraconazole
200 mg BD
given duration
unknown

Alive at 10
months, wors-
ening focal
deficits. No
contact after
that

3 45, male Unknown None known Fever, vomiting,
and focal defi-
cits

Not known Pigmented sep-
tatemoniliform
hyphae; gran-
ulomatous in-
flammation

Isolate sequenc-
ing positive for
Rhinocladiella
mackenziei;
tissue se-
quencing neg-
ative for fungi

Surgical evacua-
tion; Ampho-
tericin B deox-
ycholate 1 mg/
kg/day and
itraconazole
200 mg BD
given duration
unknown

Lost to follow-up

4 20, female Balochistan,
housewife

20 days post-
partum

Fever, headache,
vomiting, and
right-sided
weakness;
had
2 seizures
during therapy

MRI: left poste-
rior frontal
cortex lesion

Numerous pig-
mented tor-
uloid hyphae;
granuloma-
tous in-
flammation

Isolate and tis-
sue sequenc-
ing positive for
Rhinocladiella
mackenziei

Neuronavigation-
guided crani-
otomy and as-
piration; Am-
photericin B
deoxycholate
1 mg/kg/day
and itracona-
zole 200 mg
BD for 4
weeks, then
itraconazole
alone follow-
ing this

Alive at 12
months; ther-
apy continued,
lesions re-
solved on im-
aging, resolu-
tion of focal
deficits
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homology with GenBank accession number EU041866.1 R.

mackenziei (CBS 368.92). One isolate also gave 100% homology

with GenBank accession number FJ427212.1 R. mackenziei and

with GenBank accession number AF050288.1 R. mackenziei.

Sequencing of the internal transcribed spacer(ITS) regions was

attempted, but no amplification was obtained.

Formalin-fixed paraffin-embedded blocks from cases 2–6

(5 blocks) were used for direct extraction of fungal DNA. The

block from case 1 could not be located for testing. Fungal DNA

was extracted and amplified, and the ITS 2 region was sequenced

from 3 of the 5 blocks (cases 4–6) according to methods

previously described [9]. The recovered DNA from blocks 4–6

(285 nucleotides each) showed a 99% match to multiple

R. mackenziei sequences in GenBank. Fungal DNA could not be

recovered from 2 of the blocks (cases 2 and 3), although the

human globin DNA control could be amplified.

DISCUSSION
This series represents the first reported cases of cerebral phaeo-

hyphomycoses due to R. mackenziei from Pakistan. At this time

the literature describes about 22 reports, all in residents of Middle

Eastern countries, including Saudi Arabia, Syria, and Kuwait[1–2,

4]. The reason for this endemicity has been related to the hot and

arid climate in these countries. Recently cases of cerebral abscess

due to R. mackenziei have been reported from India and Afgha-

nistan, regions on nonendimicity for this mold[5–6].

Diagnosis in our cases was established using phenotypic

characteristics in Karachi and was confirmed using both

morphology and molecular methods at the CDC. DNA

matching R. mackenziei sequences was recovered from each of

the 6 cases, either from an isolate or a paraffin block. Sequencing

results of 4 isolates were consistent with conventional identifi-

cation. Two isolates from cases in the latter part of the study

could not be sent for molecular identification. Identification of

R. mackenziei from Formalin-fixed paraffin-embedded tissue

blocks was positive in 3 of 5 cases, including the 2 cases in which

isolates were not available. The negative DNA results in 2 of the

paraffin blocks despite the presence of fungal elements on his-

topathology could be explained by DNA cross-linking due to

type of fixative, storage time, temperature variability, or pres-

ence of PCR inhibitors, although the human control could be

amplified from the material [9].

In our series, all the patients 20–53 years of age, and 5 of 6

were male. They had no history of travel outside the country and

resided in Balochistan (3 patients) and inland Sindh (2 patients),

both hot and dry areas consistent with the climate of the known

region where R. mackenziei is endemic.

Cerebral R. mackenziei infections may be a result of either

hematogenous or direct spread from accidental introduction

of spores at contiguous sites[10]. We were unable to ascer-

tain the route of infection in these cases, although in the5
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patient with a history of head trauma there is a high possi-

bility of direct inoculation of the spores as a result of skull

injury.

Only 1 patient, who was post–renal transplantation, had

a clear history of immunosuppression. Of the rest no clear risk

factors could be ascertained.

Cerebral phaeohyphomycoses with R. mackenziei is associated

with poor outcome, and mortality is reported to be almost 100%

despite surgical intervention and antifungal therapy[2–4]. Of the

6 patients in our series, 3 did not survive (2 had significant

comorbidities), and 1 patient was lost to follow-up. Case 6 did

show shrinking lesions on CT but died of complicated ob-

structive uropathy and urosepsis at the fourth month of crani-

otomy. The remaining 2 patients were both alive at the 6-month

follow-up, though one of these patients subsequently dis-

continued his antifungal therapy without advice and had de-

veloped symptoms again at 10 months. He was later lost to

follow-up. The other patient at 15-month follow-up was well,

with no evidence of disease progression. The survival rate in our

series seems apparently higher than that reported previously;

however, the surviving patients still require further follow-up to

document cure. There has been only one previously reported

case of successful treatment of R. mackenziei brain abscess [11].

That patient showed improvement after switching to therapy

from itraconazole to posaconazole. Posaconazole and, recently,

isavuconazole have been reported to be effective in vitro against

this agent[12]. However, these drugs are not freely available in

developing countries, and a recent report of treatment failure

with posaconazole is also of concern[3]. We recognize that all of

our patients received suboptimal therapy; the cost of newer

antifungals was a great limitation. Due to resource constraints

one of our patients was not even able to continue itraconazole

(case 2, the woodcutter) and went back to his remote village in

Sind and declined follow-up. The patients who could afford

voriconazole(cases 4 and 5) both responded favorably to the

available itraconazole radiologically as well as clinically. Case 5

was also advised to take voriconazole, but before the drug

could be made available (being found only at one center in

Karachi and that in oral form), the patient deteriorated and

expired.

The emergence of R. mackenziei from Pakistan, previously

recognized as a country of nonendemicity for this fungus, is

alarming. High mortality and the nonavailability and high cost

of effective antifungal agents are our major concerns.
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P H O T O Q U I Z
Philip A. Mackowiak, Section Editor

A 20-Year-Old Man with Fever, Headache, and Neck Stiffness
(See pages 271–272. for the Answer to the Photo Quiz.)

A 20-year-old white college student, with no significant medical

history, presented to the emergency department in March 2009

with symptoms of fever, headache, neck stiffness, and vomiting

for 3 days. Four days before evaluation, he had noticed an ery-

thematous maculopapular skin rash over the right antecubital

fossa. Over the course of next 3 days, he had developed wors-

ening occipital headache associated with vomiting, neck stiff-

ness, photophobia, fever, and myalgia, which prompted him to

seek care.

Twelve days before his visit to the emergency department, the

patient had traveled by car through California. He had stayed in

a cabin near Lake Tahoe for 1 day, but he denied any other

camping activities. He denied having any sick companions, re-

ceiving any mosquito or tick bites, or having unprotected sexual

activity while in California. He returned to Michigan 5 days

before his visit to the emergency department.

The patient denied any other significant medical problems or

the use of illicit substances. He reported being sexually active

and in a monogamous relationship.

On physical examination, the patient had a temperature of

38.1oC, and the findings of a neurological examination were

significant for nuccal rigidity without any other focal neuro-

logical deficits. The patient had macular rash on his right an-

tecubital fossa. The rest of his physical examination findings

were unremarkable.

The patient’s complete blood count showed a leukocyte

count of 11,700 cells/lL, a hemoglobin level of 14.6 g/dL, and

a platelet count of 77,000 platelets/lL. The peripheral blood

smear is shown in Figure 1. The patient’s liver enzymes

were normal. Cerebrospinal fluid (CSF) analysis showed

18 red blood cells per cubic millimeter, 213 white blood

cells per cubic millimeter (with 92% neutrophils and 8%

mononuclear cells). The patient’s CSF protein level was 53

mg/dL, and his CSF glucose level was 59 mg/dL. A gram stain

of the CSF specimen with cytospin preparation revealed

abundant polymorphonuclear leukocytes and no organisms

(Figure 1).

What is your diagnosis?

Clinical Infectious Diseases 2011;52(2):218
� The Author 2011. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.
1058-4838/2011/522-0001$37.00
DOI: 10.1093/cid/ciq120

Figure 1. Wright stain of the patient's peripheral blood smear, which
was obtained at the time of presentation.
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I N V I T E D A R T I C L E H I V / A I D S
Kenneth H. Mayer, Section Editor

Influenza Susceptibility, Severity, and Shedding
in HIV-Infected Adults: A Review of the
Literature

Anandi N. Sheth,1 Keri N. Althoff,2 and John T. Brooks3

1Division of Infectious Diseases, Department of Medicine, Emory University School of Medicine, and; 2Department of Epidemiology, Johns Hopkins
Bloomberg School of Public Health, Baltimore, Maryland; 3Division of HIV/AIDS Prevention, Centers for Disease Control and Prevention, Atlanta,
Georgia

Influenza is a common cause of respiratory illness in adults infected with human immunodeficiency virus

(HIV), but current knowledge about seasonal and 2009 H1N1 pandemic influenza A (H1N1pdm) virus

infections in HIV-infected persons is limited. In this paper, we review the existing literature regarding influenza

susceptibility, severity, and shedding in HIV-infected adults. Data show HIV infection does not significantly

increase susceptibility to influenza. AIDS is associated with greater seasonal influenza–related morbidity and

mortality, but the risk associated with HIV infection among those with less immune suppression is largely

unknown. Immunologic compromise has been shown to increase the magnitude and duration of influenza virus

shedding; however, these studies are limited within HIV-infected populations. With regards to H1N1pdm, data

are even more limited. Reports raise concern of increased severity among HIV-infected persons, although this

may be driven by other comorbid illnesses. Prospective studies are needed among HIV-infected persons to more

definitively investigate influenza susceptibility, severity, and shedding.

Human immunodeficiency virus (HIV) infection in-

creases susceptibility to numerous infections, including

recurrent respiratory infections [1]. Although seasonal

influenza and 2009 H1N1 pandemic influenza A

(H1N1pdm) are both common causes of respiratory

illness in HIV-infected adults [2], little is known about

the epidemiology of either illness in HIV-infected

adults. In this paper, we review published data regarding

susceptibility to infection, severity of infection, and

shedding of virus in HIV-infected adults with influenza,

both seasonal and H1N1pdm. Response to influenza

vaccination in this population has been discussed else-

where and will not be reviewed here.

Susceptibility to Influenza Infection

among HIV-Infected Adults

Published data on susceptibility of HIV-infected adults

to influenza appear to be limited to 1 survey and 3

outbreak investigations. A study of 460 adults who

presented with influenza-like illness (ILI) to an emer-

gency department in New York City, New York, from

January to April 1988 found the cumulative incidence

of laboratory-confirmed influenza was 4.3%–12.5%

among adults ‘‘at high risk’’ (not otherwise specified by

the authors) for HIV infection [3]. Incidence rates

among persons with and without HIV exposure risks

were stated to be equivalent, but actual HIV infection

status was not confirmed.

The 3 outbreak investigations compared seasonal

influenza A incidence among HIV-infected and HIV-

uninfected adults in residential drug rehabilitation

facilities [4–6]. HIV infection was confirmed in these

studies, but definitions of ILI varied (Table 1). Two of

the studies conducted prior to the advent of highly
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(ansheth@emory.edu).
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active antiretroviral therapy (HAART) found no association

between ILI and HIV infection, whereas a third conducted in

2004 did. In their 1988 investigation, Cohen et al [4] reported

a nonsignificant difference in ILI attack rates in a comparison of

7 HIV-infected and 38 HIV-uninfected residents. CD4 cell

counts in the HIV-infected individuals were not described. In

their 1996 investigations, Fine et al [5] reported that 52% of 73

HIV-infected persons developed ILI compared with 25% of 60

HIV-uninfected persons (P 5 .002); however, after adjusting for

smoking in the multivariate analysis, HIV infection was not

associated with ILI. Most HIV-infected participants had CD4 cell

counts of ,300 cells/lL. Both studies were limited by small

study populations, and neither study examined patients with

high CD4 cell counts. In the third report, by Boschini et al [6] of

a 2004 outbreak, the 177 HIV-infected residents of a drug re-

habilitation facility were significantly more likely to have expe-

rienced ILI compared with the 1140 HIV-uninfected residents

(relative risk, 1.77; 95% confidence interval [CI] 1.32–2.37). CD4

cell count (87% had .200 cells/lL) and HIV RNA load (44%

had ,50 copies/mL) were not significantly associated with risk

for developing ILI among HIV-infected persons. Although this

study was larger, it did not describe or account for other po-

tentially confounding comorbidities, most notably, tobacco

smoking.

Additional data on influenza incidence in HIV-infected per-

sons are available from influenza vaccination trials. Studies of

adults in the United States military and in Japan each found that

among 47 and 66 HIV-infected placebo recipients, respectively,

21% in both groups developed laboratory-confirmed influenza

virus infection [7, 8]. In the Japanese study, attack rates did not

differ significantly for participants with CD4 cell counts of ,200

cells/lL and .200 cells/lL. In an Italian study of dual vacci-

nation with pneumococcal and influenza vaccines, 62% of 60

HIV-infected participants receiving placebo injections de-

veloped influenza; however, the definition of influenza was not

specified [9]. The findings of these studies should be interpreted

with caution; they were not designed to investigate influenza

illness in HIV-infected individuals and did not include HIV-

uninfected comparison groups.

Incidence rates for symptomatic, laboratory-confirmed

H1N1pdm virus infection among HIV-infected adults have

not yet been reported. Reports of the prevalence of HIV in-

fection among persons with confirmed H1N1pdm virus in-

fection have provided early data about influenza susceptibility

among HIV-infected adults (Table 1). In Brazil (estimated

adult HIV infection prevalence, .6% [10]), 1.3% of 5747

laboratory-confirmed H1N1pdm cases reported during the

first 4 months of the pandemic were among HIV-infected

adults [11]. In a similar report from Germany (estimated

adult HIV infection prevalence, .1% [10]), the frequency of

immunosuppression (not further specified) among the first

9950 laboratory-confirmed cases of H1N1pdm was .1% [12].

Laboratory testing in these studies was not random and may

have been limited to persons who met specific clinical criteria

or enhanced in persons with underlying medical problems

(eg, HIV infection). Additionally, neither study reported the

frequency of other comorbidities or immunosuppressive

conditions among persons with HIV infection that could have

affected influenza susceptibility, nor did they include data on

CD4 cell counts. Nonetheless, neither study suggested that

HIV-infected persons were substantially overrepresented

among persons with H1N1pdm.

Three studies have reported rates of H1N1pdm virus infection

among HIV-infected and HIV-uninfected adults. The first study

found 11 (55%) of 20 HIV-infected emergency department

patients with ILI in Mexico City, Mexico, had a nasopharyngeal

specimen positive for H1N1pdm virus compared with 120

(15%) of 812 HIV-uninfected patients (P , .001) [13]. Notably,

the HIV-infected patients were older, although not significantly

(median age, 47 vs 36 years; P 5 .12), and more likely to smoke

tobacco (63% vs 13%; P 5 .001) than the HIV-uninfected pa-

tients. Conversely, among 2106 adults with acute respiratory

illness presenting for care in Barcelona, Spain, 3% of nasopha-

ryngeal specimens collected from HIV-infected adults yielded

detectable H1N1pdm virus compared with 27% of specimens

collected from 567 HIV-uninfected patients [14]; like the first

study, HIV-infected patients were older (mean age, 44 vs 39

years; P 5 .02) and more likely to smoke tobacco (54% vs 13%;

P , .001). A serology-based study among women in the United

States reported incidences of H1N1pdm (defined as a >4-fold

increase in H1N1pdm hemagglutination inhibition antibody

titer in serum samples collected in March–September 2009

compared with the same months in 2008 or 2007) of 20.6 (95%

CI, 6.1–69.6) and 24.6 (95% CI, 7.4–81.4) per 100 person years

among HIV-infected women (n 5 1270) and similar HIV-

uninfected women (n 5 531), respectively [15].

In summary, despite limited and heterogeneous methodolo-

gies, available data suggest HIV-infected adults are not sub-

stantially more susceptible to influenza virus infection, including

H1N1pdm virus infection, than adults in the general population.

The role of CD4 cell count in influenza susceptibility remains

unclear. Other risk factors for influenza infection, notably to-

bacco smoking, are more prevalent among HIV-infected in-

dividuals [16], and it may be these factors that mediate any

apparent relationship between HIV infection and observed in-

creases in influenza susceptibility.

Severity of Influenza Illness in HIV-Infected

Adults

Early studies provided inconsistent results about the severity of

influenza illness among HIV-infected adults. Several case reports
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Table 1. Reported Influenza Susceptibility Among Adults With HIV Infection

Study Study population Period Influenza virus strain Outcome Outcome frequency Additional findings

Seasonal influenza incidence in HIV-infected versus uninfected persons

Maldarelli et al
(1988) [3]

460 adults with ILI January–April
1988

A(H1N1),
A(H3N2),
and B

Laboratory-confirmed
influenza (culture)

Age-specific cumulative incidence
in adults with risk for

HIV-infection, 4.3%–12.5%;
age-specific cumulative
incidence in adults with
no risk for HIV infection,

‘‘equivalent’’

Cohen and
Macauley
(1989) [4]

45 drug treatment
facility residents
with known HIV
status during
outbreak

March 1988 A(H1N1) ILI (fever, chills,
myalgia, sore
throat, and
nonproductive
cough)

HIV-infected, 0/7; HIV-
uninfected, 14/38 (37%)

Fine et al
(2001) [5]

133 residents and
staff of drug
treatment facility
during outbreak

November–
December
1996

A(H3N2) ILI (temperature
of >37.8�C and

either cough or
sore throat) or
laboratory-confirmed
influenza

HIV-infected, 38/73 (52%);
HIV-uninfected, 15/60 (25%)

HIV infection not associated
with ILI in multivariate
analysis

Boschini et al
(2006) [6]

1310 drug
treatment facility
residents during

outbreak

February–
March
2004

A(H3N2) ILI (temperature of
.38.0�C plus

constitutional
symptom plus
respiratory symptom)

HIV-infected, 44/171 (26%);
HIV-uninfected,
165/1140 (14%); RR,
1.77; 95% CI, 1.32–2.37

No significant difference in
ILI attack rate among HIV-
infected persons by CD4
cell count or HIV RNA load

Prevalence of immunosuppression or HIV infection among persons with 2009 H1N1 pandemic influenza A

Oliveira et al
(2009) [11]

5747 laboratory-confirmed
cases in Brazil

May– August
2009

2009 pandemic
A(H1N1)

HIV infection 25/5747 (1.3%) Population HIV infection
prevalence, .6%

Giseldorf and
Poggensee
(2009) [12]

9950 laboratory-confirmed
cases in Germany

April– August
2009

2009 pandemic
A(H1N1)

Immune
suppression

5/5885 (.1%) Population HIV infection
prevalence, .1%

NOTE. CI, confidence interval; HIV, human immunodeficiency virus; ILI, influenza-like illness; RR, relative risk.
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Table 2. Reported Seasonal Influenza-Associated Morbidity and Mortality Among Adults With HIV Infection

Study

Study

population Period Outcome(s) Outcome frequency Additional findings

Neuzil et al
(1999) [22]

Adult women
enrolled in
Tennessee Medicaid
program

1974–1993 Influenza-attributable
rates of hospitalization

and death due to
cardiopulmonary
events during influenza
seasons per
10,000 person-
months of
observation

Women with high-risk
conditions (including
HIV): aged 15–45 years,
10.3; aged 46–64 years,
26.4. Low-risk women:

aged 15–45 years, 2.0;
aged 46–64 years, 2.9.

HIV infection prevalence,
.02%

Lin and
Nichol
(2001) [23]

Persons with AIDS
and general US
population >
13 years old from
national cause-of-
death data

1991–1994 Deaths due to
pneumonia or

influenza during
influenza

seasons

Adults and adolescents with
AIDS, 9.4–14.7/10,000;
adults and adolescents
in US population, 1.1–

1.2/10,000

Fine et al (2001)
[5]

133 residents and
staff of drug treatment

facility during outbreak

November–
December
1996

Severe influenza
(ie, requiring

emergency department
or hospital visit or
prolonged illness)

HIV-infected, 8/38
(21%); HIV-uninfected,
0/15; P5.06

CD4 cell counts among
HIV-infected persons with
and without ILI did not
differ significantly; most
counts were ,300 cells/lL

Skiest et al
(2001) [24]

43 cases of laboratory-
confirmed influenza
diagnosed at an HIV
clinic

1997–1999 Influenza-associated
pneumonia

7/43 (16%) With pneumonia: mean CD4
cell count, 304 cells/lL; mean HIV
RNA load, 3.37 log10

copies/mL. Without pneumonia:
mean CD4 cell count, 346
cells/lL; mean HIV RNA load,
3.25 log10 copies/mL

Neuzil et al
(2003) [25]

Adults with AIDS or
advanced HIV infection
enrolled in Tennessee
Medicaid program

1995–1999 Influenza attributable
hospitalization rates
during influenza seasons

1995–1996 (pre-HAART),
48/1000 persons;
1996–1999 (HAART),

5/1000 persons

Reported rates in the HAART
era comparable to rates for
other high-risk groups for which
vaccination is recommended

NOTE. HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; ILI, influenza-like illness; US, United States.

222
d

C
ID

2011:52
(15

Jan
u

ary)
d

H
IV

/A
ID

s

http://cid.oxfordjournals.org/


noted high frequencies of lower respiratory tract infection,

prolonged illness, hospitalization, and death among HIV-

infected patients with influenza [17–20], and one ecological

study noted that the mortality among 25–44-year-old adults in

cities with high cumulative AIDS incidence exhibited seasonality

typical of influenza [21].

Two studies conducted before the widespread use of HAART

estimated excess influenza-associated morbidity and mortality

in HIV-infected compared with HIV-uninfected persons while

accounting for severity of illness. Both studies suggested that

HIV-infected persons with influenza experienced higher rates of

hospitalization and death [22, 23]. The first study compared the

incidence rates of acute cardiopulmonary events resulting in

hospitalization or death among adult women enrolled in a state

Medicaid program between 1973 and 1993 during influenza and

peri-influenza seasons [22]. HIV-infected women experienced

the highest influenza-attributable risk of acute cardiopulmonary

events; however, this risk did not differ statistically significantly

from corresponding rates for women with other high-risk

conditions (eg, chronic heart disease, malignancy, or diabetes).

In addition, HIV infection prevalence was low (.02%), so con-

fidence intervals for the estimated risk of influenza attributable

to HIV infection overlapped with the estimates for many other

high-risk conditions. The second study estimated excess deaths

due to pneumonia or influenza for adolescents and adults with

AIDS from the multiple cause-of-death data of the Centers for

Disease Control and Prevention. The authors calculated the

differences in annual rates of death during each of 3 influenza

seasons (1991–1992, 1992–1993, and 1993–1994) and corre-

sponding non–influenza periods for HIV-infected persons

compared with the remaining population of presumed un-

infected persons in each group [23]. Excess death rates attrib-

utable to pneumonia or influenza were 8.5–10.3 times higher in

patients with AIDS compared with the persons in the general

population and 106–161 times higher compared with the subset

of adults aged 25–54 years. Notable limitations of both studies

were the inability to account for other respiratory infections,

such as pneumococcal pneumonia, that demonstrate seasonality

and could have contributed to excess mortality or events in this

population, and the lack of data regarding the immune status

(eg, CD4 cell count) of the HIV-infected populations.

Four additional studies conducted during the HAART era

provide insight into the relationship between CD4 cell count

and seasonal influenza severity, although these studies reached

differing conclusions. In the above-mentioned influenza out-

break investigation at a drug treatment facility [5], 8 (21.1%) of

38 HIV-infected patients with ILI had ‘‘more severe disease’’

(ie, they required an emergency department visit, required

hospitalization, or experienced .14 days of illness) compared

with 0 of 15 HIV-uninfected individuals with ILI (P 5 .06).

However, the 8 HIV-infected persons with more severe disease

were all tobacco smokers, and 3 had additional comorbid

illnesses, making it difficult to draw conclusions about the in-

dependent contribution of HIV infection to influenza severity in

this study. Median CD4 cell counts did not differ significantly

among HIV-infected patients when stratified by ILI severity, but

nearly all patients in this study had CD4 cell counts of ,300

cells/lL. In another above-described outbreak investigation [6],

HIV-infected persons had a higher risk of complications (odds

ratio, 5.12; 95% CI, 2.52–10.20); however, low CD4 cell counts

and older age were not associated with increased risk of com-

plications (eg, bronchitis, pneumonia, meningitis, and sinusitis).

Additional comorbidities were not described. A review of 43

cases of laboratory-confirmed influenza occurring over a 3-year

period at a large, hospital-affiliated HIV clinic with a primarily

rural patient population found that 16% of HIV-infected pa-

tients were diagnosed with pneumonia—a rate the authors state

was comparable to that previously reported for the general

population [24]. In this study, most patients had CD4 cell

counts of .200 cells/lL and were receiving HAART. Finally,

a second study by Neuzil et al [25] compared hospitalizations for

cardiopulmonary illness during influenza seasons from 1995

through 1999 using a state Medicaid database. The authors

observed that HIV-infected enrollees experienced fewer in-

fluenza-attributable hospitalizations in the years during which

HAART use increased (5 hospitalizations per 1000 persons; 95%

CI, 20.5 to 11) compared with prior years (48 hospitalizations

per 1000 persons; 95% CI, 16–91). CD4 cell counts were not

reported, and it is thus difficult to directly associate reductions

in hospitalizations with improved immune function, although

this seems a reasonable hypothesis.

Early reports of patients hospitalized with probable or con-

firmed H1N1pdm virus infection have found that the fraction of

persons with HIV infection exceeded the prevalence of HIV

infection in the general population (Table 3). In 1 French and 3

North American studies, 1%–6% of patients hospitalized with

H1N1pdm were HIV-infected [26–29], although HIV infection

prevalence in the corresponding regions was ,1% [10]. Studies

from Reunion Island, Ireland, Mexico, Andalusia, and the

Netherlands reported that the prevalences of any immunosup-

pressive condition not otherwise specified among patients hos-

pitalized with H1N1pdm were 2%–12% [30–34]. However, in

those studies that also reported outcome data, the durations of

hospitalization, rates of intensive care unit (ICU) admission,

and death rates among patients with H1N1pdm did not differ

meaningfully between patients with or without either HIV

infection or an otherwise unspecified immunosuppressive

condition.

Four reports have described the prevalences of HIV infection

or otherwise unspecified immunosuppressive conditions among

fatal cases of confirmed H1N1pdm. In a summary report of

684 influenza-associated deaths in 28 countries, comorbid
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Table 3. Reported Prevalences of Comorbid Conditions, Rates of Intensive Care Unit Admission, Duration of Hospitalization, and Death Rates Among Persons Hospitalized With 2009
H1N1 Pandemic Influenza A

Location

Regional HIV

infection

prevalence [10] Study population

Total Admitted to ICU

Median hospital

stay, days (range) Died

Study

Total

cases

HIV/IS

(%)

Total

cases

HIV/IS

(%)

All HIV/IS Total

cases

HIV/IS

(%)

HIV

Jain et al (2009),
Peters et al (2010)
[26, 51]

United
States

.6% Hospitalized adults with
laboratory-confirmed
infection

150 9 (6) 43 1 (2) 3 (1–49) 5 (1–10) 14 0 (0)

Louie et al
(2009) [28]

California ,.5% [52] Adults and children who were
hospitalized or died with
confirmed or probable infectiona

744 22 (3) 250 NR 4 (1–74) NR 110 4 (4)

Kumar et al
(2009) [27]

Canada .4% Critically ill hospitalized persons
with confirmed or probable
infectiond

168 2 (1) 168 2 (1) NR NR 29 NR

Fuhrman
et al (2010)
[29]

France .4% Hospitalized persons with
probable or laboratory-
confirmed infection

758 NR 244 2 (,1) NR NR 37 0 (0)

Martinez et al
(2010) [14]

Spain .5% Adults with confirmed
infection

623 56 (9) NR NR NR NR 3 0 (0)

Immunosuppressive condition not otherwise specified

Thouillot et al
(2009) [30]

Reunion Island NR Hospitalized persons with
laboratory-confirmed
infection

255 4 (2) 19c NR NR NR NR NR

Cullen et al
(2009) [31]

Ireland .2% Hospitalized persons with
laboratory-confirmed infection

205 17 (9) 19 0 (0) 6 (0–79) 4 (1–22) 4 NR

Dominguez-
Cherit et al
(2009) [32]

Mexico .3% Critically-ill persons with
confirmed, probable, or
suspected infectiond

58 2 (3) NR NR NR NR 24 NR

Mayoral-
Cortés et al
(2009) [33]

Andalusia,
Spain

NR Hospitalized persons with
laboratory-confirmed infection
(data on comorbid conditions
reported for 137 persons)

311 17 (12) d 28 2 (7) NR NR NR NR

van ‘t Klooster et al
(2010) [34]

Netherlands .2% Hospitalized persons with
laboratory-confirmed infection
(data on comorbid conditions
reported for 1152 persons)

2181 24 (1) d 219 3 (1) NR NR 53 2 (4)

NOTE. ICU, intensive care unit; IS, immunosuppressive condition not otherwise specified; HIV, human immunodeficiency virus; HIV/IS, persons with HIV infection or immunosuppressive condition not otherwise

specified; NR, not reported.
a Data in table includes adults only except for hospital days.
b Critically ill persons were defined as having been admitted to an ICU, required mechanical ventilation, had a fraction of inspired oxygen of >60%, or received inotropic or vasopressor infusions.
c Admitted to ICU or died.
d Among the patients for whom data on the presence or absence of comorbid conditions were available.
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conditions were reported present in 193 (28%) deaths, but HIV

infection was not specifically among the listed conditions [35].

Sixteen patients had underlying ‘‘immunodepression’’ and 19

had ‘‘infectious diseases other than flu.’’ Most of the countries

that contributed data to this report had low HIV infection

prevalences (,1%). A study in Peru, where HIV infection

prevalence is �.5%, reported that 3.5% of 143 deaths due to

confirmed H1N1pdm had an ‘‘infectious’’ comorbidity, pre-

sumably an immunosuppressive condition [36]. A report from

South Africa, where HIV infection prevalence is �18% [10],

observed that among 91 patients who died of confirmed

H1N1pdm, 17 (53%) of 32 patients whose HIV status was known

were HIV-infected. Data on CD4 cell counts, use of antiretroviral

therapy or anti-influenza antiviral therapy, and comorbid con-

ditions (most notably tuberculosis) were not provided. Tuber-

culosis was reported in 10% of patients who died of influenza,

and nearly two-thirds of HIV-infected patients who died were

also pregnant. It is thus difficult to discern to what degree im-

munosuppression from HIV infection might have contributed to

these deaths; however, this single study raises concern that HIV

infection increased influenza severity and risk of death, and that

during influenza pandemics, countries with high HIV infection

prevalences could experience substantial excess influenza-related

mortality. Finally, in a study from New York City, New York,

where HIV prevalence is �1.4% [37], 7 (15%) of 47 confirmed

fatal H1N1pdm cases occurred among HIV-infected persons

[38]. Among a separate convenience sample of patients hospi-

talized with confirmed or probable H1N1pdm, the fraction di-

agnosed with immunosuppression (not otherwise specified) was

greater among the 28 decedents than among the 95 survivors

(29% vs 3%; P , .05); however, other underlying risk conditions

were quite prevalent, including obesity (58%) and chronic pul-

monary disease (32%), and the independent contribution of HIV

infection to risk of death was not reported.

Four additional studies compared H1N1pdm severity in HIV-

infected individuals with that in HIV-uninfected individuals.

The first, from Mexico City, Mexico, reported similar rates of

hospitalization (27% vs 25%; P 5 .81), severe disease (9% vs 7%;

P 5 .68), and death (9% vs 5%; P 5 .86) in HIV-infected

persons compared with HIV-uninfected persons diagnosed with

laboratory-confirmed H1N1pdm virus infection [13]. Another

study, also from Mexico City, reported high rates of hospitali-

zation (52%), mechanical ventilation (26%), and death (22%)

among 27 HIV-infected patients with confirmed H1N1pdm vi-

rus infection [39]. Thirteen (48%) of these patients were di-

agnosed with HIV-associated pulmonary opportunistic

infections (OIs) at presentation, and it was these severely im-

munosuppressed patients (median CD4 cell count, 83 cells/lL;

interquartile range [IQR], 43–169 cells/lL) who comprised all

persons who required mechanical ventilation (n 5 7) or who

died (n 5 6). Among the 14 patients without OIs (median CD4

cell count, 326 cells/lL; IQR, 162–402 cells/lL), only 2 required

hospitalization, none required mechanical ventilation, and none

died, suggesting that severity of illness may have been related to

the pulmonary OI and not necessarily influenza. A third report

from a case-control study conducted in Barcelona, Spain, found

that among a subset of patients with confirmed H1N1pdm virus

infection and no additional comorbidities, HIV-infected persons

compared with HIV-uninfected were not more likely to have

longer hospitalizations (mean duration, 1.1 vs 2.0 days; P 5 .08),

develop complications (13% vs 11%; P 5 .71), or die (0% vs 2%;

P 5 .74) [14]. Finally, a fourth report from Singapore compared

11 HIV-infected persons (cases; median CD4 cell count, 223

cells/ lL; range, 113–158 cells/ lL) with confirmed H1N1pdm

virus infection to 33 persons without known HIV infection

(controls) and without any known comorbid conditions and to

33 persons (controls) with at least 1 comorbid condition; no

significant differences were observed comparing cases to either

control group in terms of durations of illness, fractions of the

populations hospitalized, fractions of the populations adminis-

tered ICU care, or lengths of hospitalization [40].

In summary, AIDS is associated with greater influenza-related

morbidity and mortality, but the risk associated with HIV in-

fection at higher CD4 cell counts is largely unknown. Limited

available data indicate that a greater proportion of persons

hospitalized with confirmed H1N1pdm virus infections are

HIV-infected compared with the general population; however,

a potential bias to hospitalize and test HIV-infected persons with

suspected ILI could have increased their representation among

hospitalized patients. There does not appear to be a substantially

increased risk for H1N1pdm-associated ICU admission or death

among HIV-infected adults in areas with low HIV infection

prevalence. Data from a single resource-limited region raise

concerns about the possibility of more widespread severe in-

fluenza illness in regions with high HIV infection prevalence.

Prospective studies of laboratory-confirmed influenza infection

that include information on CD4 cell counts, HAART use, co-

morbid conditions, and clinical outcomes are necessary to define

the contribution of HIV infection to the severity of influenza.

Influenza Shedding in HIV-Infected Adults

Knowing whether HIV-infected persons shed influenza virus dif-

ferently from HIV-uninfected persons would help inform infection

control measures and influenza prevention and treatment guide-

lines for this population. Comprehensive data on shedding of in-

fluenza viruses among adults living with HIV infection do not yet

exist. In otherwise healthy adults, the median time to cessation of

viral shedding has been reported to be ,1 week [41]; early antiviral

therapy may decrease the duration of shedding [42]. Case reports

in persons immunosuppressed for reasons other than HIV in-

fection have described shedding of seasonal influenza virus [43–
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47] and of H1N1pdm virus [48, 49] for weeks to months and not

uncommonly in association with the development of resistance to

antivirals used to treat the infection, including resistance of

H1N1pdm virus to oseltamivir [48]. Among the cases described in

one of the Mexico City, Mexico, series of H1N1pdm virus in-

fections, shedding (ie, nasopharyngeal swabs that tested positive

by reverse-transcription polymerase chain reaction) was detected

among 6 (60%) of 10 HIV-infected adults tested 2–10 days after

beginning oseltamivir treatment [39]. One study has examined

shedding following intranasal administration of a live attenuated

vaccine containing 3 influenza strains; this study included 54

HIV-uninfected and 57 HIV-infected adults (all CD4 cell counts,

.200 cells/lL; all HIV RNA loads, ,10,000 copies/mL) [50].

Culturable virus (an influenza B strain) was recovered from 1

adult, an HIV-infected participant, 5 days after vaccination;

clinical illness was not described.

Conclusions

Although HIV infection does not appear to significantly increase

susceptibility to seasonal influenza virus infections, case series

and retrospective cohort studies from the pre-HAART era have

demonstrated increased illness severity among HIV-infected

adults, particularly those with AIDS. Data on illness severity for

seasonal influenza are lacking for contemporary patients, but

observed reductions in influenza-associated hospitalizations

among HIV-infected persons with the advent of HAART suggest

that seasonal influenza severity may be lower among patients

with higher CD4 cell counts. Some reports raise concern that

hospitalizations and deaths due to H1N1pdm could be more

common among HIV-infected persons, although these out-

comes might have been related to other comorbid illnesses.

Reports from regions with low HIV infection prevalence are

reassuring; however, data from a single high-prevalence, re-

source-constrained setting raises concern that HIV-infected

persons might experience a substantially increased risk for death,

due to greater immunocomprise and a higher prevalence of

other comorbid conditions, such as tuberculosis. Prospective

studies are needed to better define influenza susceptibility, se-

verity, and shedding among HIV-infected persons. Prevention

and treatment of other underlying conditions (including tobacco

cessation counseling), in addition to annual influenza vaccina-

tion, should continue to be part of routine HIV clinical care.
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Daptomycin is the only antibiotic with in vitro bactericidal activity against vancomycin-resistant Enterococcus

(VRE) that is approved by the Food and Drug Administration (FDA). Data on the potential emergence of

daptomycin nonsusceptibility among enterococci remain limited. We systematically reviewed the published

literature for reports of isolates of enterococci that were daptomycin nonsusceptible and assessed the clinical

significance and outcome of therapy. Based on susceptibility breakpoints approved by the Clinical Laboratory

Standards Institute (CLSI), daptomycin has in vitro activity against .90% of enterococcal isolates. Less than

2% of enterococcal isolates were daptomycin nonsusceptible, with minimum inhibitory concentrations (MICs)

.4 lg/mL. The prevalence of nonsusceptibility of VRE isolates to daptomycin may be overestimated due to the

spread of clonally related isolates in health care settings. Clinicians should be aware of the possibility of the

emergence of daptomycin nonsusceptibility and should closely monitor daptomycin MICs of enterococci

isolated during treatment.

Antimicrobial drug resistance is a growing public health

problem, and multidrug-resistant pathogens such as

vancomycin-resistant enterococci (VRE) are increasing

worldwide [1]. The limited therapeutic options currently

available for the treatment of VRE infections emphasize

the need for new antimicrobial agents with activity

against these pathogens and for ongoing efforts to limit

the transmission of VRE in health care settings [1].

Daptomycin, a cyclic lipopeptide approved for the

treatment of complicated skin and soft-tissue infections

and Staphylococcus aureus bloodstream infection, is the

only antibiotic with in vitro bactericidal activity against

VRE that is approved by the Food and Drug Adminis-

tration (FDA). Data regarding the potential emergence

of daptomycin nonsusceptibility among enterococci

remain limited. Here, we systematically review pub-

lished literature for cases of daptomycin nonsusceptible

enterococci (DNSE).

METHODS

We performed a literature search in PubMed and EM-

BASE (through April 2010) using the National Library

of Medicine’s medical subject headings (MeSH) terms

‘‘daptomycin,’’ ‘‘enterococcus,’’ ‘‘VRE,’’ and ‘‘resistance,’’

for articles that reported Enterococcus isolates non-

susceptible to daptomycin (microbiological failure). In

addition, the references cited in these articles were

examined to identify additional reports. Enterococcus

isolates with daptomycin minimum inhibitory con-

centrations (MICs) .4 lg/mL, determined by broth

dilution or Etest, or a zone of inhibition ,11 mm by

disk diffusion, were considered to be nonsusceptible,

according to the Clinical Laboratory Standards

Institute (CLSI; formerly National Committee for

Clinical Laboratory Standards [NCCLS], 2003) [2].

According to FDA interpretative criteria, daptomycin

nonsusceptibility breakpoint (4 mg/L) is available only
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for vancomycin-susceptible Enterococcus faecalis [3]. The

European Committee on Antimicrobial Susceptibility Testing

(EUCAST) has not issued interpretative criteria for enterococci

and daptomycin.

RESULTS

From 2003 through 2010, we identified 23 studies reporting

150 DNSE (Supplementary Table 1) [4–27]. Of these 150

isolates, 140 (93.3%) were VRE [4–27], 9 (6.0%) were van-

comycin-susceptible enterococci (VSE) [5, 14, 15], and in 1

(0.7%) case, vancomycin susceptibility was not reported [4].

One hundred thirty-two isolates (88%) were Enterococcus

faecium [5, 7, 8, 10–15, 17–22, 24–27], 13 (8.7%) were

E faecalis [6, 8–10, 14, 23, 26], 4 (2.7%) were other Entero-

coccus species [14, 16], and in 1 (0.7%) case, the species of

Enterococcus was not reported [4]. The country of origin was

documented for 144 (96%) of these 150 isolates, including

58 (40.3%) reported from Asia [10, 13, 19], 49 (34%) from

Europe [12, 15, 21, 26], and 37 (25.7%) from North America

[5–9, 14, 16–18, 22–24, 27]. The age and sex of the source

patients were documented in only 8 cases; the mean age was

54.6 years, and 5 of 8 (62.5%) patients were female [7–9, 16,

17, 22–24]. The type of infection was documented in 27 cases

[6–9, 11–13, 16, 17, 20, 22–24] and in all cases was blood-

stream infection (BSI), including endocarditis in 4 (14.8%) of

these cases [7–9]. In 2 large studies, the incidence of dapto-

mycin nonsusceptibility was 0.1% (3 of 3258 Enterococcus

isolates) [20] and 0.04% (2 of 4731 Enterococcus isolates) [21].

In one study in North America, 0.03% (1 of 2905) of E faecalis,

0.6% (11 of 1806) of E faecium, 0.02% (5 of 3336) of VSE

species, and 0.6% (10 of 1560) of VRE were DNSE [14].

However, 2 studies in Asia [13, 19] and 1 in Europe [26]

reported a much higher incidence of daptomycin non-

susceptibility among E faecium isolates (10%–10.2% and

19.1%, respectively). Some of these isolates were suspected to

be clonally related, but this was not confirmed [13]. The

prevalence of daptomycin nonsusceptibility was 0.2% (10 of

4051; range 0.1%–1.1%) for VSE isolates [5, 14, 15, 25], 1.0%

(34/3445; range 0.0%–9.9%) for VRE isolates [5, 14, 15, 25],

2.6% (54 of 2092; range 0.6%–19.5%) for E faecium [5, 7, 11,

14, 15, 18, 20, 21, 25–27], and 0.1% (5/3398; range 0.0%–

1.3%) for E faecalis isolates [6, 14, 26]. The overall prevalence

of daptomycin nonsusceptibility for all Enterococcus isolates

was 0.6% (111 of 17084; range 0.0%–19.1%).

The microbiological methods used to determine daptomycin

susceptibility in Enterococcus isolates from 23 studies (Supple-

mentary Table 2) included reference broth microdilution

(BMD) (78.3%) [5, 7, 9, 11, 13–16, 18–27], agar dilution (4.3%)

[10], Etest (30.4 %) [4, 7, 8, 12, 16, 17, 27], and disk diffusion

(13%) [9, 22, 24]. Only 6 studies determined MICs by both

diffusion and dilution methods (Supplementary Table 3) [7, 9,

16, 22, 24, 27]. In 2 cases, E faecium developed daptomycin

nonsusceptibility de novo, without prior documented use of

daptomycin [12, 17]. The duration of daptomycin administra-

tion before the isolation of DNSE was reported in only 8 cases

and ranged from 14–69 days (mean, 32.3 days) [6–9, 16, 22–24].

The dosage of daptomycin was 6 mg/kg/day [7, 8, 22, 24], and 6

mg/kg every 48 h in 4 patients receiving hemodialysis [6, 9,

16, 23].

Treatment of DNSE isolates was reported in 6 cases. Linezolid

was used in 4 cases [8, 16, 22, 24], ampicillin and gentamicin in 1

case [9], and linezolid and high-dose ampicillin in 1 case [23].

From a review of 31 daptomycin-nonsusceptible (DNS)

E faecium isolates with available data on susceptibility to am-

picillin [7, 12–15, 17, 18, 22, 24], 25 isolates (80.6%) were re-

sistant to ampicillin in vitro [7, 12–15, 17, 18, 22, 24]. However,

in one study, 6 of these DNSE isolates that were susceptible to

ampicillin were clonally related [13]. If the duplicate clonal

isolates are excluded, only 1 (3.8%) of 26 DNS E faecium isolates

were susceptible to ampicillin in vitro. Available data on su

ceptibility to ampicillin was found in only 2 DNS E faecalis

isolates, and both of these isolates were susceptible to ampicillin

[9, 23] (Supplementary Table 1).

The clinical outcome of infection with DNSE was reported in

only 8 cases [6–9, 16, 22–24] with clinical and microbiologic

failure reported in all 8 cases, including 2 cases of endocarditis

resulting in death despite treatment with alternative agents

[8, 23].

DISCUSSION

Little is known about the frequency of the emergence of DNSE

species. Although in vitro studies suggested that daptomycin

resistance was unlikely to develop in vitro [2, 28–32], case

reports of DNSE suggest this is an emerging clinical problem.

Although clinical data, including site of infection and out-

come, were not commonly reported, many infections associ-

ated with the isolation of DNSE infections were deep-

seated—especially bloodstream infection and endocarditis,

where there is a heavy bacterial load and penetration of the

drug may be limited.

Among studies reporting DNSE, the overall prevalence of

Enterococcus species with MIC .4 lg/mL was low. This preva-

lence likely overestimates the true prevalence of daptomycin

nonsusceptibility among enterococci because of reporting bias

and possible transmission of clonally related isolates in single

institution reports [33]. However, there is a lack of data on

daptomycin-nonsusceptible Enterococcus isolates from the World

Health Organization Antimicrobial Resistance Information
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Bank, and from international and national programs such as

The Surveillance Network (TSN) database [34, 35].

In vitro studies have shown nearly uniform susceptibility

of daptomycin against vancomycin-resistant E faecium and

E faecalis strains with an MIC90 of 2–4 lg/mL [14, 28]. Dap-

tomycin MIC distributions for vancomycin-resistant Entero-

coccus strains are nearly identical to those of vancomycin-

susceptible strains [5].

Mechanisms of Daptomycin Nonsusceptibility in Enterococcus
Isolates
Daptomycin possesses a unique mechanism of action that

targets the bacterial membrane in the presence of calcium. No

cross-resistance with other classes of antimicrobial agents has

been documented, making it an option for the treatment of

infections caused by multidrug-resistant gram-positive or-

ganisms. The mechanisms of nonsusceptibility to daptomycin

have not been characterized, but the risk of gene transfer of

daptomycin resistance determinants has been raised as a po-

tential threat [36]. In S aureus, daptomycin nonsusceptibility

(MIC1 lg/mL) is associated with alterations in membrane

phospholipid dynamics such that a relative positive charge is

accumulated on the membrane outer leaflet [37–39]. This

charge may then prevent permeabilization of the membrane

by daptomycin-calcium complexes that result in membrane

depolarization. This change in membrane phospholipid pro-

file may also allow for increased resistance to cationic host

defense peptides. However, these exact mechanisms do not

appear to hold true for enterococci, as the genes identified in S

aureus that are associated with daptomycin nonsusceptibility,

mprF, yycG, and rpoB, are not altered in daptomycin-non-

susceptible E faecium isolates [40]. Although the resistance

mechanism has yet to be determined in enterococci, reduced

daptomycin diffusion into the bacterium due to the thickened

cell walls of vancomycin-resistant isolates has been proposed

[41–43]. Indeed, the emergence of heteroresistance to dap-

tomycin following vancomycin exposure has been described

for S aureus [44], but has been documented only rarely for

enterococci [7].

Daptomycin has been shown to have a low spontaneous

resistance rate [38]. Among enterococci, no spontaneously

resistant mutants of E faecium have been isolated in vitro [38].

To our knowledge, there are only 2 reports of the development

of spontaneous daptomycin nonsusceptibility in clinical En-

terococcus isolates from patients with no documented prior

exposure to the agent [12, 17]. Similarly, exposure to other

classes of antibiotics has not been associated with the de-

velopment of daptomycin nonsusceptibility. Resistance to

vancomycin, teicoplanin, quinupristin/dalfopristin, or peni-

cillin among the gram-positive isolates did not impact dapto-

mycin activity [45].

Methods Used to Determine Nonsusceptibility of Enterococcus
Isolates to Daptomycin
Although the majority of the included studies used the reference

CLSI BMD method to determine susceptibility to daptomycin, 7

studies used Etest [4, 7, 8, 12, 16, 17, 27] and 3 studies used the

disk diffusion method (in addition to BMD) (Supplementary

Table 2) [9, 22, 24]. Discrepancies in daptomycin MIC results

obtained by Etest and BMD have been documented for S

aureus [46]. In a study at the Centers for Disease Control and

Prevention (Atlanta, GA), MIC values by Etest tended to be 1

log2 higher than MIC values by broth microdilution [46]. In

one study comparing CLSI reference BMD and Etest for use

of daptomycin in 124 Enterococcus spp strains, 69% of the

Etest MIC values were found to be identical or within one

doubling dilution of MICs determined with the BMD [4].

One study comparing BMD to Etest in 124 Enterococci

strains found that 31% of the Etest and BMD MIC values

differed by more than one dilution [4]. Of these 124 isolates,

32 (25.8%) had MIC values of 4 lg/mL by Etest compared to

8 of 124 (6.5%) isolates by BMD. Furthermore, 1 isolate

(0.8%) had an MIC of 8 lg/mL by Etest, whereas no isolates

were daptomycin nonsusceptible by BMD. Johnson et al.

[47] found a higher overall agreement between Etest and

BMD MIC values that may reflect the use of Iso-Sensitest

agar. Several studies have shown that Ca21 concentration

can affect the results obtained by in vitro susceptibility

testing, and strict adherence to CLSI (BMD) and BioMerieux

(Etest) protocols is required [48, 49]. Calcium concen-

trations are known to fluctuate between production lots of

Mueller Hinton agar, and this may account for the height-

ened MICs obtained by Etest. Furthermore, interpretation of

daptomycin MICs by Etest is not trivial, and may be asso-

ciated with higher reported MIC values. Generally, Etest

tended to produce higher daptomycin MIC values than BMD

[47]. It is recommended that a second method (BMD) be

used to confirm Etest values .1 lg/mL. Of note, according

to CLSI, disk diffusion is not considered reliable for testing

of enterococci susceptibility to daptomycin [50].

To our knowledge, there are no large studies that investigate

the performance of daptomycin susceptibility testing (in En-

terococcus isolates) on the major commercial machines (eg, Bi-

oMerieux Vitek 2, BD Phoenix, or TREK Sensititre). A

multicenter study compared CLSI reference agar and broth

microdilution to Vitek 2 against 184 staphylococci at 3 centers,

and found 98.2% overall agreement among Vitek 2, agar di-

lution, and broth dilution methods [51]. In a multisite evalua-

tion study of 287 gram-positive isolates and 77 CDC challenge

isolates, the performance of daptomycin on the Sensititre sus-

ceptibility system, using either the automated or manual reading

method, was equivalent to its performance using the NCCLS

microdilution reference method [52]. Further studies are needed
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on comparison of the performance of daptomycin susceptibility

testing on the major commercial machines versus Etest.

Clearly, the reproducibility of findings with the use of

different microbiological methods has not been adequately

evaluated.

Treatment Options for DNSE Isolates
The data presented here is suggestive that a daptomycin dose of

4 mg/kg should be used with caution to treat serious entero-

coccal infection because of the risk of daptomycin non-

susceptibility. This hypothesis is supported by previous studies

showing the development of nonsusceptibility to daptomycin in

high inoculum infections with gram-positive organisms that

were treated with doses of daptomycin of 4 mg/kg [53]. One

approach to decrease the development of daptomycin non-

susceptibility is to use doses greater than those currently ap-

proved for clinical use (ie, .4–6 mg/kg). The optimal dosing for

enterococcal infection is not yet established; however, daily

dosing at 6 mg/kg in the absence of renal insufficiency has been

the most common dosing scheme. When daptomycin was tested

against multidrug-resistant enterococcal isolates, in vitro phar-

macodynamic models with simulated endocardial vegetations

showed that 10 mg/kg/day resulted in more rapid and greater

kill than 6 mg/kg/day, suggesting that higher doses may increase

the efficacy of daptomycin in the treatment of enterococcal

endocarditis [54, 55]. Increasing daptomycin doses to 10 mg/kg

daily was shown to overcome resistance selection both in vitro

and in animal models with S aureus or vancomycin-resistant

enterococcal endocarditis [55, 56]. In humans, daptomycin

doses up to 12 mg/kg for 14 days appear to be well tolerated [57,

58] and could potentially reduce the risk of the development of

nonsusceptibility and treatment failure in deep-seated or com-

plex infections. However, the safety profile with prolonged high-

dose therapy is not well known.

Another potential approach for reducing the development of

daptomycin-nonsusceptible enterococci is the use of combina-

tion therapy. Daptomycin has variable in vitro synergies with

other antibiotics against methicillin-resistant S aureus (MRSA)

[19, 59–62] and Enterococcus spp, including VRE [32, 59, 63,

64]. Synergies between daptomycin and other antibiotics, in-

cluding b-lactams and aminoglycosides, have been reported, but

data concerning the clinical efficacy of combinations with other

antibiotics remain scarce (Supplementary Table 3) [29, 60, 63,

65]. There is increasing evidence that the combination of dap-

tomycin and ampicillin is an important consideration for the

treatment of cases of DNSE infections with persistent positive

cultures [7, 66]. Sakoulas et al. [66] have recently demonstrated

that ampicillin can alter the surface charge of daptomycin-

nonsusceptible strains of VRE and apparently make the organ-

ism more likely to bind to daptomycin. Although in the current

review we found that the majority of DNS E faecium isolates are

resistant to ampicillin, this b-lactam may be tried in combina-

tion with daptomycin to treat DNS E faecium infections [7, 66],

but further studies are needed to confirm these observations.

Further in vitro and in vivo studies of regimens containing

daptomycin combined with other antibiotics are needed to

improve our understanding of the mechanism of synergy and

potential clinical use.

LIMITATIONS

This review has several limitations. Publication bias and other

biases inherent in single-institution reports may underestimate

or overestimate the prevalence of DNSE and its association with

daptomycin therapy. Detailed clinical data were not available for

most of the reported Enterococcus isolates that were non-

susceptible to daptomycin. Risk factors for and frequency of the

emergence of daptomycin nonsusceptibility associated with

therapy remain poorly characterized. In addition, the optimal

management of serious DNSE infection is unknown. Case-

control studies could better define the association between

daptomycin dosage and the emergence and duration of DNSE.

In addition, randomized prospective clinical studies are needed

to define the optimal dosage of daptomycin for the treatment of

serious VRE infections.

CONCLUSIONS

The mechanisms of nonsusceptibility to daptomycin have not

been characterized and may not parallel those for S aureus.

Clinicians should be aware of the possibility of the emergence of

daptomycin nonsusceptible enterococcal strains, especially as-

sociated with the treatment of bloodstream infection with

daptomycin, and should closely monitor the susceptibilities of

sequential isolates recovered during treatment. The data pre-

sented herein is suggestive that a daptomycin dose of 4 mg/kg

should be used with caution to treat serious enterococcal in-

fection because of the risk of daptomycin nonsusceptibility.

Since daptomycin may be one of the few microbiologically active

agents against multidrug-resistant Enterococcus, further well-

designed studies focused on the clinical effectiveness of dapto-

mycin for infections caused by these pathogens, particularly for

bloodstream infections, are required.

Supplementary Material

Supplementary materials are available at Clinical Infectious

Diseases online (http://www.oxfordjournals.org/our_journals/

cid/).
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Objective. The risk of neurocognitive disorders in human immunodefiency virus (HIV)–infected patients in

the era of highly active antiretroviral therapy (HAART) is controversial. We aimed to compare the incidence and

impact on mortality of severe neurocognitive disorders (SNCDs) in HIV-infected patients with that of the

background population.

Methods. The method used was a nationwide, population-based cohort study using Danish registries. We

calculated incidence rates, incidence rate ratios, mortality rate ratios, and Kaplan–Meier tables to estimate the

incidence of and survival after SNCD in HIV-infected patients, compared with a general population control cohort

matched by age and sex.

Results. We observed 32 cases of SNCDs among 4452 HIV-infected patients and 120 cases of SNCDs among

62 328 population control subjects. The overall risk of SNCD among HIV-infected patients was 1.0 case per 1000

person-years (PYR), compared with 0.23 cases per 1000 PYR for population control subjects but became 0.35 cases/

1000 PYR after 2004, compared with 0.27 cases/1000 PYR in population control subjects. The absence of HAART

and a low CD4 lymphocyte count increased the risk of SNCD. The mortality among HIV-infected patients with

SNCD was higher than that among population controls with SNCD (median survival, 4.3 years vs 9.7 years

[P 5 .02]).

Conclusion. HIV-infected patients have an increased risk of SNCD, but the risk is low and has, in recent years,

become comparable to that seen in the background population. In contrast, the mortality remains high among HIV-

infected patients diagnosed with SNCD.

During the past decade, highly active antiretroviral

therapy (HAART) for human immunodeficiency virus

(HIV) has decreased morbidity and mortality sub-

stantially in the HIV-infected population [1, 2]. It is still

debated to what extent the HIV-infected population

experiences increased risk of morbidity associated with

non-HIV-defining cancers, cardiovascular diseases, and

accelerated aging [3]. Before HAART, neurocognitive

disorders (NCDs) were major threats to the HIV-

infected population, especially in late stages of the dis-

ease [4]. It is controversial whether HIV-infected pa-

tients are still at increased risk of NCDs despite HAART

[5, 6]. Several studies have observed persistent and even

slightly increased risk of NCDs in HIV-infected patients

on HAART [7–11]. An increased risk of NCDs in HIV-

infected patients on HAART could be induced by

chronic HIV infection and persistent inflammation in

the central nervous system (CNS) despite HAART
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[12–14], which may subsequently lead to increased deposition of

b-amyloid in the CNS of HIV-infected patients [15] and even-

tually to Alzheimer dementia [16].

We aimed to estimate the risk of severe neurocognitive dis-

orders (SNCDs) in HIV-infected patients in the HAART era,

and compare the risk with that of a matched HIV-uninfected

general population control cohort. Furthermore, we determined

the impact of SNCDs on mortality in the HIV-infected and

HIV-uninfected populations.

METHODS

Study Design
In the first part of the study, the study populations were a na-

tionwide cohort of HIV-infected patients and a cohort of HIV-

uninfected individuals matched by age and sex. The outcome

was time to a first diagnosis of an SNCD. In the second part of

the study, the outcome was time to death, and we determined

the impact of SNCDs on mortality in the 2 cohorts.

Setting
In 2007, Denmark had a population of 5.5 million, with an es-

timated HIV infection prevalence of�0.07% among adults [17].

Patients with HIV infection are treated in 1 of the country’s 8

specialized medical centers, where they are seen on an outpatient

basis at intended intervals of 12 weeks. Antiretroviral treatment is

provided free of charge to all HIV-infected residents in Denmark

and prescribed according to international guidelines.

Data Source
We used the unique 10-digit civil registration number assigned

to all individuals in Denmark to link the data sources described

below.

The danish HIV cohort study. The Danish HIV Cohort

Study (DHCS) is a population-based prospective nationwide

cohort study of all HIV-infected individuals >16 years at time of

HIV infection diagnosis and who have been treated at Danish

HIV centers since 1 January 1995 [18]. Patients are consecutively

enrolled, and multiple registrations are avoided using the unique

10-digit civil registration number assigned to all individuals

in Denmark at birth or immigration. Data are updated

annually and include demographic characteristics, date of HIV

infection, AIDS-defining events, date and cause of death, and

antiretroviral treatment. CD4 lymphocyte counts and HIV RNA

measurements are extracted electronically from laboratory data

files.

The Danish civil registration system. From the Danish

Civil Registration System(DCRS), which has stored information

on all Danish residents since 1968, we extracted information of

date of birth, sex, location of residence, dates of emigration or

immigration, and date of death [19].

The Danish national hospital registry. Since its estab-

lishment in 1977, the Danish National Hospital Registry

(DNHR) has kept records of all in-patient admissions to non-

psychiatric hospitals in Denmark. Data from outpatient and

emergency department visits were added in 1995. Each record

includes the dates of admission and discharge, 1 primary di-

agnosis and up to 19 discharge diagnoses coded according to the

International Classification of Diseases, Eighth Revision (ICD-8)

until 1993, and the Tenth Revision (ICD-10) from 1994 onward.

One of the discharge diagnoses is designated as the primary

diagnosis. The diagnosis codes are recorded at the time of dis-

charge by the medical doctor responsible for discharging the

patient [20].

Study Population
HIV-infected population. The study included all patients in

DHCS who received a diagnosis of HIV infection after the age of

16 and before 1 June 2008, lived in Denmark at time of the HIV

infection diagnosis, and did not receive a diagnosis of SNCD

before the HIV infection diagnosis. In our study, the index date

was defined as the date of HIV infection diagnosis for all cohort

members except those who received a diagnosis of HIV infection

before 1997. For these latter patients, the index date was set as 1

January 1997.

General population control cohort. From the DCRS, we

identified 14 population controls for each HIV-infected patient,

matched by age (month and year of birth) and sex. For the

population controls, the index date was defined as the index date

of the HIV-infected patients to whom they were matched. The

population controls had to be alive and living in Denmark on

the index date. Because of the nature of the study, the population

controls were not systematically screened for HIV infection.

Outcomes and Other Studied Variables
Definition of SNCDs. SNCDs were defined as the following

diagnoses in the DNHR: senile and pre-senile dementia, Alz-

heimer dementia, degenerative dementia, alcoholic dementia,

vascular dementia, AIDS dementia, post-infectious dementia,

epileptic dementia (ICD-8 diagnosis 29009–29309, or ICD-10

diagnosis G300–G319, F0–F039, or F051), or a diagnosis of

AIDS dementia in DHCS.

Comorbidity. Comorbidity data were categorized with

Charlson Index scores based on discharge diagnoses registered in

the DNHR before the index date for both populations [20]. The

Charlson comorbidity index scoring system assigns between 1 and

6 points to a range of diseases, with the points’ sum serving as the

comorbidity measure for each patient during previous hospital

contacts [21]. We captured the comorbid diseases with use of the

ICD-8 and ICD-10 codes [22]. AIDS-defining diagnoses were not

included. We defined 3 modified comorbidity levels according to

the Charlson index: low 5 0 (Charlson score 5 0), medium 5 1

(Charlson score of 1–2), or high 5 2 (Charlson score .2).
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We defined alcohol abuse as being registered in DNHR with

>1 of the following diagnoses prior to the index date: ICD-8

codes 291.00–291.99, 571.09, 571.10, 303.00–89, 303.91–99 and

ICD-10 codes K 70.0–70.9, F10.2–10.9, G31.2. Injection drug use

(IDU) was defined as having IDU reported as the route of HIV

transmission. Chronic hepatitis C virus (HCV) infection was

defined as positive tests for HCV antibodies and/or HCV RNA.

Statistics
Part one, incidence study. We computed time from the

index date (1 January 1997 or date of HIV infection diagnosis)

to date of a first SNCD diagnosis, death, loss to follow-up,

emigration, or 1 June 2008, whichever came first. Incidence rates

(IRs) for SNCDs were calculated for 1000 person-years at risk

(PYR), with 95% confidence intervals (CIs), and were stratified

by age and sex. Cox regression analysis was performed to esti-

mate unadjusted incidence risk ratios (IRRs) and IRRs adjusted

for the modified Charlson comorbidity index (0, 1, or 2). In

these analyses, the first date with a CD4 lymphocyte count <350

cells/lL before HAART initiation, the date of HAART initiation,

and the date of first CD4 lymphocyte count >350 cells/lL after

HAART initiation were introduced as time-dependent variables.

Late presenters were defined as individuals presenting with

a CD4 lymphocyte count ,200 cells/lL or AIDS within 3

months after their first test positive for HIV.

Part two, mortality study. We computed time from the

index date to date of death, emigration, or 1 June 2008, whichever

came first. For the populations with SNCD, the Kaplan–Meier

estimator was used to construct survival curves in which time

was calculated from date of SNCD diagnosis to the first of date of

death, emigration, or 1 June 2008. We calculated mortality rate

ratios (MRRs) for HIV-infected patients and population con-

trols who received a diagnosis of SNCD. MRRs were estimated

using Cox regression analyses stratified according to the initial

match criteria (age and sex). For HIV-infected patients and

population controls, the date of a first SNCD was introduced in

the Cox regression analyses as time-dependent variables.

The study was approved by the Danish Data Protection

Agency. SPSS statistical analysis software, version 15.0 (Norusis;

SPSS) and R software version 2.8.1 (the GNU Project), were

used for data analysis.

RESULTS

Characteristics of the Study Population
The study population included 4 452 HIV-infected patients and

62,328 individuals in the general population control cohort

(Table 1). Because of the matched-study design, patients and

population controls were well matched in terms of age at index

date and sex, and furthermore, they were equally distributed in

terms of emigration and loss to follow-up. Median age was 37

years (interquartile range [IQR] 31–45) and the sex ratio male-

to-female was 3:1. During the study period, the HIV-infected

cohort accumulated 32 394 person-years of observation (PYR),

and the population controls presented a total of 515 467 PYR.

Almost half of the HIV-infected patients (46%) had received

a diagnosis of HIV infection before 1 January 1997, and 1 133

(25%) had had received an AIDS-defining diagnosis prior to

study inclusion. Eighty percent of the HIV-infected patients

started HAART before or during the study period. One hundred

thirty-one of the HIV-infected patients (3%) received a di-

agnosis of a neuro-AIDS-defining event other than AIDS de-

mentia (cerebral toxoplasmosis, cryptococcosis, tuberculosis,

lymphoma, cytomegalovirus [CMV], or progressive multifocal

leukoencephalopathy [PML]) prior to study inclusion.

Part One, Incidence Study
Characteristics of the SNCD patients. During the study

period, we observed 32 SNCD events in the HIV-infected patient

cohort and 120 SNCD events in the general population control

cohort. Of the 32 diagnoses of SNCD in the HIV-infected pa-

tients, 12 (37.5%) were AIDS dementia. Demographic charac-

teristics of HIV-infected patients and population controls who

received a diagnosis of SNCD are presented in Table 2. The HIV-

infected patients who received a diagnosis of SNCD were

younger than the population controls, had less comorbidities,

and were less likely to receive a diagnosis of alcohol abuse. No

HIV-infected patients had developed other neuro-AIDS con-

ditions before a diagnosis of SNCD. Among HIV-infected pa-

tients, 65% received a diagnosis of HIV infection at least 10

years before an SNCD diagnosis, 66% were treated with HAART

(of whom 71% had an undetectable viral load), and only 25%

had CD4 lymphocyte count ,100 cells/lL (Table 2). Nine HIV-

infected patients were well controlled from a virological, im-

munological, and clinical standpoint, and had no other non-

HIV causes of SNCD. Three patients were considered as late

presenters (diagnosed in 1997, 2003, and 2006).

Absolute risk of developing SNCDs. In the HIV-infected

population, the absolute risk of developing SNCDs was 1.0 case/

1000 PYR, compared with 0.23 cases/1000 PYR for the

population controls (Table 3). Figure 1 shows IRs of SNCDs for

HIV-infected patients and population controls stratified by

calendar periods (1997–2000, 2001–2004, and 2005–2008); the

risk of SNCD decreased dramatically in the HAART era, whereas

the risk in the general population control cohort increased

slightly. Table 3 shows IRs for HIV-infected patients according

to sex, CD4 lymphocyte count, HCV status, IDU, and alcohol

abuse. Injection drug users and patients with alcohol abuse had

an increased risk of SNCD. The IR of SNCD in HIV-infected

patients who received a diagnosis after 1 January 1997 was

slightly lower than that in the HIV-infected patients diagnosed

before 1997.
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Incidence rate ratios of SNCD. Overall, HIV-infected

patients had a 4.2-fold increased risk of developing SNCDs

compared with population controls. The risk increased sub-

stantially for the HIV-infected patients when the CD4 lym-

phocyte count decreased to ,350 cells/lL (adjusted IRR, 10.1).

After immune reconstitution developed after initiating HAART

(CD4 cell count .350 cells/lL), IRRs decreased to a level

comparable to that observed for HIV-infected patients with CD4

cell counts .350 cells/lL in the pre-HAART period. For both

periods, however, the risk of developing SNCDs was clearly

increased compared with the population controls. After im-

mune reconstitution developed during HAART, HIV-infected

patients without IDU had a risk of SNCDs that was only twice

that of the population controls (Table 4).

Part Two, Mortality in SNCD Patients
A total of 19 HIV-infected patients and 42 population controls

died after a diagnosis of SNCD. Kaplan–Meier curves for the 2

populations with SNCDs are shown in Figure 2. The impact of

SNCDs on mortality in HIV-infected patients was 2-fold higher

than in the population controls (P 5 .02). The HIV-infected

patients with SNCDs had a 26.3-fold increased risk of death

(95% CI, 12.2–56.9), compared with the population controls

without SNCDs. In addition, the mortality in the population

controls who received a diagnosis of SNCDs was almost 8 times

higher than that among those who did not receive a diagnosis of

SNCDs (MRR, 7.5 [95% CI, 5.1–11.0]).

DISCUSSION

In this nationwide population-based cohort study, we found

that the risk of SNCD decreased substantially in the HAART era,

and after 2004, it was comparable to that observed in the

background population. The absence of HAART and a low CD4

lymphocyte count increased the risk of SNCD. Furthermore, the

mortality of HIV-infected patients who received a diagnosis of

Table 1. Characteristics of HIV-Infected Patients and Population Controls

Variables

HIV-infected patients

(n 5 4452)

Population controls

(n 5 62,328)

Age, years, median (IQR) 37.1 (31.2–44.9) 37.1 (31.2–44.9)

Male, no (%) 3327 (74.7) 46 578 (74.7)

Modified Charlson comorbidity indexa, no (%)

0 4023 (90.4) 57 783 (92.7)

1 380 (8.5) 4013 (6.4)

2 49 (1.1) 532 (0.9)

Alcohol abuse, no (%) 156 (3.5) 747 (1.2)

Duration of follow-up, years, median (IQR)

Total 7.8 (3.8–11.4)

>350 CD4 before HAART 0.6 (0.05–2.6)

,350 CD4 before HAART 0.3 (0.06–1.2)

,350 CD4 under HAART 1.1 (0.26–2.8)

>350 CD4 under HAART 6.3 (3.3–9.1)

Loss to follow-up, no (%) 16 (0.4) 27 (0.1)

Migration, no (%) 174 (3.9) 884 (1.4)

Infection risk factors, no (%)

MSM 1943 (43.7)

Heterosexual 1693 (38.0)

IDU 479 (10.8)

Others or unknown 334 (7.5)

White race, no (%) 3347 (78.7)

Diagnosis of HIV infection before 1 January 1997, no (%) 2040 (45.8)

HAART during study period, no (%) 3583 (80.5)

CD4 lymphocyte count at index date, median (IQR), cells/lL 300 (140–490)

Neuro-AIDSb, no (%) 131 (2.9)

AIDS before inclusion, no (%) 1133 (25.4)

HCV infection, no (%) 366 (8.2)

NOTE. HAART: highly active antiretroviral therapy; HCV: hepatitis C virus; IDU: injection drug use; IQR: interquartile range; MSM: men who have sex with men.
a Modified Charlson index: Charlson scale 0 5 0; 1–2 5 1; and .2 5 2.
b Neuro-AIDS corresponds to a history of cerebral toxoplasmosis, cryptococcosis, tuberculosis, lymphoma, PML, or CMV prior to study inclusion.
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SNCD was high and substantially higher than that observed in

HIV-uninfected patients who received a diagnosis of SNCD.

The major strengths of the study are its nationwide

population-based design, combined with complete follow-up

and the capacity to compare incidence of SNCD with that ob-

served in an age- and sex-matched general population control

cohort. Access to complete data on hospitalization, antiretroviral

treatment, and CD4 lymphocyte counts allowed us to adjust for

comorbidity and to estimate the impact of immunodeficiency

and antiretroviral therapy on the risk of developing SNCD.

Two potential biases may have lead to an overestimation of

incidence of SNCD in HIV-infected patients: (1) the frequent

hospital contacts of Danish HIV-infected patients may make

them more prone to have symptoms of SNCDs recorded in

national registries, and (2) of note, our study compared SNCDs

in 2 populations of which one, by definition, could not develop

HIV dementia. However, we found IRs of SNCD in HIV-in-

fected patients equivalent to that in other comparable studies [7,

8], and after 2004, IRs were close to that of population controls.

In addition, population controls may have been infected with

HIV without receiving a diagnosis of the disease. We presume,

however, that this misclassification is of minor importance, as

the incidence of undiagnosed HIV infection in the Danish

population is suggested to be ,0.02%.

The study outcome was based on discharge diagnoses, which

could underestimate the true incidence of neurocognitive dis-

orders, especially in patients with discrete symptoms. However,

we presume that these factors are not very prominent in the

pathogenesis of SNCDs conversely to mild cognitive impair-

ments [23], and we focused the analysis exclusively on SNCDs,

in accordance with other studies with similar designs [7, 8].

The risk of SNCD has been linked to HIV replication in

the CNS and, thereby, to the penetration and effectiveness of

antiretroviral therapy in the brain, sometimes expressed as

CNS penetration-effectiveness [24]. We did not perform an

analysis on CNS penetration-effectiveness, because its clinical

relevance remains a matter of debate [5].

We observed that the risk of SNCD was 1.0 case/1000 PYR,

which is in accordance with that observed by other cohort

studies [7, 8]. It has been presumed that HIV-infected patients

Table 2. Characteristics of Patients with Severe Neurocognitive Disorders (SNCDs): HIV-Infected and Population Controls

Variables

HIV-infected patients

with SNCDs

(n 5 32)

Population controls

with SNCDs

(n5120)

Age, median (IQR), years 44.5 (36.5–52.2) 53.2 (46.9–63.5)

Males, no (%) 27 (84.4) 110 (91.7)

Period of diagnosis

1997–2000, no (%) 14 (44) 23 (19)

2001–2004, no (%) 14 (44) 45 (38)

2005–2008, no (%) 4 (12) 52 (43)

Modified Charlson comorbidity index, no (%)

0 29 (90.6) 84 (70)

1 2 (6.3) 29 (24.2)

2 1 (3.1) 7 (5.8)

Alcohol abuse, no (%) 3 (9.4) 19 (15.8)

Infection risk factors, no (%)

MSM 14 (43.8)

Heterosexual 10 (31.3)

IDU 6 (18.8)

Others or unknown 2 (6.3)

White race, no (%) 28 (87.5)

Diagnosis of HIV infection before 1 January 1997, no (%) 21 (65.6)

HAART at the date of SNCD diagnosis, no (%) 21 (66)

CD4 lymphocyte count at index date, median (IQR),cells/lL 263 (88–414)

CD4 lymphocyte count at date of SNCD diagnosis, cells/lL 255 (109–365)

Viral load below detection level at date of SNCD diagnosis, no (%) 15/21 (71)

Late presenters, no (%) 3 (9.4)

Neuro-AIDS other than SNCD, no (%) 0 (0)

AIDS, no (%) 11 (34.4)

Chronic HCV infection, no (%) 2 (6.3)

NOTE. HAART: highly active antiretroviral therapy; IDU: injection drug use; IQR: interquartile range.
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receiving effective HAART may still suffer from chronic neuron

inflammation [14,25–27], leading to increased risk of SNCD [5,

9, 10, 28]. In contrast to these hypotheses, we did not observe an

increased risk of SNCD, but we found a decreased risk over time,

which may be related to better efficacy and safety of anti-

retrovirals and better access of care for HIV-infected patients.

In accordance with previous findings, we observed an increased

risk of SNCD among patients with low CD4 lymphocyte counts [4,

7, 29]. Of importance, the risk seemed to be increased in patients

with a CD4 lymphocyte count ,350 cells/lL, irrespective of

HAART. In addition, the optimal protective level of the CD4

lymphocyte count seemed to be 500 cells/lL (Table 3), which

contrasts with classical AIDS dementia, for which a CD4 cell count

cutoff of �100 cells/lL has been established to be protective [4].

According to the concept of a neuron sanctuary for HIV in-

fection [30] and the assumption of increased risk of chronic

neuron inflammation in long-term survivors [14,25–27], some

authors have claimed the emergence of a new subgroup of AIDS

dementia complex characterized by the development of SNCDs

in virologically well-controlled patients with a noncompromised

immune system [28, 29]. The emergence of this new pre-

sentation of AIDS dementia could be attributable to an

Table 3. Incidence Rates of Severe Neurocognitive Disorders (SNCD) in HIV-Infected Patients and Population Controls

Variables

Diagnosis

of SNCD PYR

Incidence rate, cases

per 1000 PYR

HIV-infected patients 32 32 394 1.0 (0.7–1.4)

Population controls 120 515 466 0.23 (0.19–0.28)

HIV-infected patients

Sex

Female 5 8382 0.60 (0.25–1.43)

Male 27 24 012 1.12 (0.77–1.64)

CD4 count, cell/lL

,200 13 10 911 1.19 (0.69–2.05)

200–500 15 14 113 1.06 (0.64–1.76)

.500 4 7370 0.54 (0.20–1.45)

AIDS history before SNCD

No 21 24 483 0.86 (0.56–1.32)

Yes 11 7911 1.39 (0.77–2.51)

HCV

Chronic infection 2 3047 0.66 (0.16–2.62)

Negative or cleared 30 29 347 1.02 (0.71–1.46)

IDU

Yes 6 3390 1.81 (0.81–4.02)

No 26 28 984 0.90 (0.61–1.32)

Alcohol abuse

Yes 3 956 3.14 (1.01–9.72)

No 29 31 438 0.92 (0.64–1.33)

Alcohol abuse or IDU

Yes 9 3921 2.29 (1.19–4.41)

No 23 28 473 0.81 (0.54–1.22)

HIV-infected patients who received a diagnosis of HIV infection from 1 January 1997

Overall

HIV-infected patients 11 12 968 0.85 (0.47–1.53)

Population controls 42 19 9336 0.21 (0.16–29)

NOTE. HCV: hepatitis C virus ; PYR: person-years at risk.

Figure 1. Incidence rates (IR) (per 1,000 PYR, 95% confidence intervals
[CI]) for severe neurocognitive disorders in HIV-infected patients (filled
circles) and population controls (squares), by period: 1997–2000, 2001–
2004, and 2005–2008.
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increased risk of Alzheimer dementia in HIV-infected patients

[16], the occurrence of a new kind of discordant HIV enceph-

alitis in virologically well-controlled patients [31], or an im-

munological burn-out for which the trigger factor remains

poorly documented [28, 32]. In our study, the 9 well-controlled

HIV-infected patients without any other explanation for

the SNCD may have had this form of dementia. Of interest, only

3 patients who received a diagnosis of SNCD were late

presenters.

IDU and alcohol abuse are clearly linked to SNCDs [33]. In

accordance, we observed an increased risk of SNCD in patients

reporting IDU as route of HIV infection and a high fraction of

HIV-infected and HIV-uninfected demented patients received

a diagnosis of alcohol abuse. The link between IDU and AIDS

dementia, which was prominent before the introduction of

HAART, has become less clear in recent years [7, 34, 35] because

of aggressive HIV therapies, changes in behavior of injection

drug users, better-tolerated medicine, and optimized access to

care for this population. HCV infection is strongly linked to

IDU, but we did not observe any difference in risk of SNCD

according to HCV infection status.

None of the HIV-infected patients with SNCD had a history

of other neuro-AIDS diseases (cerebral toxoplasmosis, crypto-

coccosis, tuberculosis, lymphoma, PML, or CMV encephalitis)

prior to the SNCD diagnosis. We presume that case patients

who have received these neuro-AIDS diagnoses, become cog-

nitively impaired and are not registered with AIDS dementia or

non-AIDS SNCDs, but are categorized as having complications

of the primary neuro-AIDS disease.

SNCDs and Mortality
Several studies have reported a high mortality rate among HIV-

infected patients with SNCD [36–38]. In a study by Dore et al

[39], the median survival time in patients with SNCD increased

from 1 to 4 years after the introduction of HAART; we observed

a median survival time of 4.3 years in the HIV-infected patients

after SNCD diagnosis. In addition, our findings indicate that the

mortality rate of SNCD among HIV-infected patients is clearly

higher than in population controls (median survival time, 4.3

years vs 9.7 years). We presume that decreased compliance in

Table 4. Incidence Rate Ratios (IRRs) for Severe Neurocognitive Disorders (SNCDs) in HIV-Infected Patients, Compared to Population
Controls

Period

Diagnosis

of SNCD PYR Unadjusted IRR Adjusted IRRa

All HIV-infected patients

>350 CD4, before HAART 4 5379 3.6 (1.3–9.8) 3.6 (1.3–9.6)

,350 CD4, before HAART 7 3132 10.5 (4.9–22.7) 10.1 (4.7–21.7)

,350 CD4, receiving HAART 8 5912 6.3 (3.1–13.0) 5.8 (2.8–11.9)

>350 CD4, receiving HAART 13 17 970 2.9 (1.7–5.2) 2.8 (1.6–4.9)

HIV-infected patients without IDU

>350 CD4, non-HAART 3 4546 3.1 (1–9.7) 3.2 (1.0–10.0)

,350 CD4, non-HAART 6 2410 11.3 (4.9–25.8) 11.2 (4.9–25.5)

,350 CD4, receiving HAART 6 5166 5.2 (2.3–11.8) 4.8 (2.1–11.1)

>350 CD4, receiving HAART 10 16 598 2.3 (1.2–4.4) 2.2 (1.2–4.2)

NOTE. HAART: highly active antiretroviral therapy; IDU: injection drug use ; IRR: incident rate ratio; PYR: person-years at risk.
aAdjusted for modified Charlson comorbidity index.

Figure 2. Kaplan–Meier survival curves for HIV-infected patients
(dotted line) and population controls (solid line) who received a diagnosis
of severe neurocognitive disorders (SNCDs). Median survival time in HIV-
infected patients who received a diagnosis of SNCD was 4.3 years (95%
confidence interval [CI], 0.13–8.5), compared with 9.7 years (95% CI,
5.1–14.6) for population controls. Log rank test: P 5 .2.
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patients with SNCD may have increased the risk of HIV-related

disease and thereby increased mortality in this group of patients.

We conclude that, even in the HAART era, HIV-infected

patients have an increased risk of SNCD, compared with the

background population. However, the risk has decreased over

time and is now comparable to that in the background

population. The mortality, however, remains high among HIV-

infected patients who receive a diagnosis of SNCD.
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E D I T O R I A L C O M M E N T A R Y

Impact of Antiretroviral Therapy on HIV-Related Brain Injury

Richard W. Price

San Francisco General Hospital (SFGH), San Francisco, California

(See the article by Lescure et al, on pages 235–243.)

The report of Lescure et al [1] in this

issue clearly documents the decrease in

severe neurological disease associated

with human immunodeficiency virus

(HIV) infection in the era of combina-

tion antiretroviral therapy (cART). The

authors matched each HIV-infected pa-

tient in Denmark by age and sex to 14

HIV-uninfected controls with use of the

Danish population registry and com-

pared the incidence of severe neuro-

cognitive disorders (SNCDs) over three

4-year epochs. By the third of these

epochs (2005–2008), the incidence of

SNCDs among HIV-infected patients

had decreased to a level similar to that of

the control subjects. This confirms the

impression of everyday clinical experi-

ence, extends previous reports of the

salutary effects of cART on the incidence

of the AIDS dementia complex (ADC)

[2, 3], and places the magnitude of this

therapeutic effect in a population-based

perspective. The authors thus show that

a nationwide program of treatment us-

ing international guidelines–based cART

regimens had a profound impact on

neurological morbidity.

Can we now conclude that beyond

treating all HIV-infected individuals early

enough in their course to prevent pro-

gression of immunosuppression, there is

little more that needs to be done to as-

sure protection of the brain from HIV-

related injury? Perhaps. However, before

we become complacent, we should ad-

dress a number of additional questions

raised by what we know of antiviral drug

pharmacokinetics and by several clinical

observations. Indeed, these questions

have fostered a growing concern in the

Neuro-AIDS community that insufficient

attention is being directed to the effects

of antiretroviral treatment on central

nervous system (CNS) HIV infection and

its consequences [4].

It is clear that many antiretroviral

drugs do not reach inhibitory concen-

trations in the CNS, or at least in the

cerebrospinal fluid (CSF) that provides

a convenient surrogate for brain in-

tracellular fluid in pharmacokinetic

studies, although not without certain

caveats [5]. Many of the currently favored

drugs fail to achieve CSF concentrations

shown to be effective in suppressing HIV

replication in cell culture, and even those

drugs that do penetrate the CNS barriers

to drug entry characteristically achieve

CSF concentrations considerably lower

than those in blood [6]. This limited drug

access has led to recommendations that

more attention be paid to

pharmacological CNS drug penetration,

not only in treating symptomatic neuro-

logical disease, but more broadly in pre-

venting CNS injury and, thus, perhaps in

all patients [4]. To help clinicians address

this problem, Letendre et al [6] developed

a simplified system, the CNS penetration-

effectiveness rank score. This provides

a useful initial guide for clinicians but is

also relatively crude, because it is based

largely on the pharmacological properties

rather than the demonstrated efficacy of

the drugs in suppressing CNS infection

and its consequences. In fact, it has

proven to be difficult to evaluate in-

dividual CNS drug efficacy for a number

of reasons, including the need to treat

with multiple drugs making it difficult to

single out the role of individual compo-

nents, the reluctance of industry to in-

corporate CSF analysis in the early phases

of drug testing when single agents might

be used for a brief time, and uncertainty

regarding the choice and interpretation

of different study end points (eg, CSF

HIV concentration, other CSF bio-

markers, or neuropsychological test per-

formance). Reports on the effects of the

CNS penetration-effectiveness scores on

CNS outcomes have been mixed [7–10].

Incorporating this into guidelines for

therapy would also entail conflicts with

drug toxicity and convenience and, thus,

adherence.

In their study, Lescure et al [1] did

not analyze the effect of different treat-

ment regimens on the incidence of
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SNCDs, and this likely would have been

difficult with such a small group of af-

flicted patients (n 5 32) and the pre-

sumed similarity of treatments in this

nationally organized setting. The pa-

tients grouped under the definition of

SNCDs were also likely heterogeneous.

Indeed, one can ask whether it was

useful to group together all SNCDs, as

was done in this study. However, I agree

with the authors’ approach. This desig-

nation, which identified patients with

major neurological deficits regardless

of cause (although excluding CNS op-

portunistic diseases), avoided the diffi-

culties of diagnosing ADC from patient

records. It also importantly allowed

comparison of the HIV-infected and

HIV-uninfected groups with respect to

more severe neurological morbidity.

Only 12 (37.5%) of the 32 received a

diagnosis of AIDS dementia, and two-

thirds were receiving treatment at the

time of diagnosis, with 15 (71%) of these

having undetectable plasma HIV RNA.

They also differed from the HIV-

uninfected group, because they were

younger and had lower non-HIV co-

morbidities and alcohol abuse. Thus,

they may have been afflicted with a

mixture of HIV-related and unrelated

disorders. It might have been interesting

to have more detail on the clinical di-

agnoses and presentations for the HIV-

infected patients with SNCDs. The

advantage of a population study such as

this one is that it provides a broad and

statistically sound overview of disease

incidence and major risks. A disadvan-

tage is that it does not provide a more

detailed view of the individual patients

and the reasons that they fell through the

treatment safety net.

The ineffectiveness of CNS treatment

has also been raised by reports of pa-

tients with discordant CSF treatment

responses, compared with blood—also

called CSF escape—in which CSF HIV

RNA levels are elevated when plasma

viral RNA concentrations are at or near

the detection limit of contemporary

assays [11, 12]. These patients, who

comprised 10% of immunosuppressed

patients in a recent study [12] may or

may not have neurological symptoms

and signs of CSF pleocytosis. If asymp-

tomatic, it is not clear whether to assure

that the CSF virus is treated to sup-

pressive levels by substituting or adding

drugs that reach the CNS or to continue

a regimen that has preserved blood

CD41 cell counts. If symptomatic, it

seems prudent to readjust treatment on

the basis of virus susceptibility with in-

clusion of >2 drugs that reach sup-

pressive concentrations in the CSF,

although there is little direct study to

support this recommendation.

Another possible sign of incomplete

CNS treatment effect is the persistence

of mild elevations of the biomarker ne-

opterin in the CSF in some patients

[10,13–15]. This pteridine biomarker of

macrophage activation is produced in

the CNS, elevated in the CSF during

HIV infection with highest concen-

trations in ADC, and decreases with

treatment. However, in immunosup-

pressed patients, CSF neopterin fre-

quently remains above levels found in

HIV-seronegative persons, although still

below those of untreated infection. The

reason for this is not clear. It may be

a sign of persistent low-level CNS HIV

infection despite inability to detect HIV

RNA in CSF or a component of con-

tinued systemic immunoactivation that

is common in treated patients [16]. Be-

cause macrophage activation is an im-

portant intermediary in brain injury

in ADC and HIV encephalitis [17], an

elevated CSF neopterin level might

also indicate continued low-level brain

injury.

Finally, an important source of con-

cern that current therapy is not adequate

for the CNS is the reported high preva-

lence of neurocognitive impairment in

well-treated patients [9, 18]. Although

cART has markedly reduced the in-

cidence of more severe CNS disease, the

prevalence of milder abnormalities

detected by neuropsychological testing

has been reported to remain high. For

such cases, a revised nomenclature for

HIV-related CNS impairment in-

troduced 2 new terms to encompass this

milder impairment: asymptomatic neu-

rocognitive impairment and minor

neurocognitive disorder, both with

similar criteria for impairment on neu-

ropsychological test, compared with

norms, but differing in the absence or

presence of symptoms and mild in-

terference with daily function [19]. To-

gether with more severe HIV-associated

dementia that is largely parallel to the

original ADC designation, these milder

afflictions are grouped in the broad

definition of HIV-associated neuro-

cognitive disorders.

The study by Lescure et al [1] does

not address the issue of milder disease

but does suggest that such treated in-

dividuals infrequently experience more

severe neurological impairment, at least

at the age of the persons included and

in the period spanned by the study.

Although a population-based study of

milder impairment structured like the

one reported here would be invaluable

in resolving this issue, it also would

present formidable logistical and re-

source challenges. Therefore, alternative

approaches are needed to prospectively

study the effects of early treatment on

these longer-term milder neurological

outcomes. It would be particularly useful

if the incidence or prevalence of these

milder afflictions could be placed in

a population-based context. This would

require neuropsychological assessment

of HIV-infected patients and matched

HIV-uninfected control subjects, because

these entities are otherwise difficult to

recognize clinically. Unlike ADC, which

as originally described had a core clinical

phenotype and a consistent underlying

neuropathology in HIV encephalitis [20,

21], asymptomatic neurocognitive im-

pairment and minor neurocognitive dis-

order do not have clearly defined clinical

presentations or consistent
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neuropathology [22]. Moreover, there are

no clear laboratory biomarkers of active

brain disease in these individuals, and the

underlying causes and patterns of CNS

injury may be heterogeneous. Even in

patients without alternative explanations,

in whom HIV infection is the likely to

be implicated, it is often unclear whe-

ther they experienced HIV-related brain

injury in the past before therapy was

begun or whether they continue to sus-

tain active, although indolent, neuro-

degeneration despite immunosuppressive

therapy. For this reason, defining disease

activity in this context is one of the major

requirements for rational therapeutic

targeting.

One intriguing feature of the HIV-

infected patients with SNCDs was their

younger age, compared with the HIV-

uninfected control subjects. This may

relate to the inclusion of HIV-associated

diseases, which afflict individuals earlier

than most neurodegenerative conditions

in the control population. Also, as the

authors discuss, it may also relate to an

interaction of HIV-related injury and

the aging of the nervous system. Al-

though there is little to support en-

hanced incidence of Alzheimer’s disease

in the context of HIV infection [23],

other additive or synergistic interactions

between HIV and the aging brain may

play a role. For example, subclinical

HIV-related brain injury before treat-

ment is initiated might predispose to

earlier and more severe presentations of

various CNS diseases that would only

manifest later in the control population.

Conditions now recognized to be more

common with HIV infection but that are

not traditionally AIDS related [24], in-

cluding cerebrovascular diseases, may

also be more common or progress more

rapidly in these patients [25, 26].

In conclusion, the article by Lescure

et al [1] is an important contribution

to defining the impact of cART on

neurological morbidity of HIV in-

fection. It fits well with previous re-

ports but adds a critical population

context. Indeed, I urge the authors to

extend their study over the coming

decades to monitor whether the re-

duction in severe neurological disease

by treatment is sustained. A pop-

ulation-based study such as the one by

Lescure and colleagues should prove to

be invaluable in clearly defining the

impact of treated HIV infection on the

aging nervous system as cART prolongs

survival.
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H I V / A I D S M A J O R A R T I C L E

Humoral Response to the Influenza A H1N1/09
Monovalent AS03-Adjuvanted Vaccine in
Immunocompromised Patients

Oriol Manuel,1,2 Manuel Pascual,1 Katja Hoschler,4 Stefano Giulieri,2 Deolinda Alves,2 Kim Ellefsen,3 Pierre-
Alexandre Bart,3 Jean-Pierre Venetz,1 Thierry Calandra,2 and Matthias Cavassini2

1Transplantation Center, 2Infectious Diseases Service, and 3Division of Immunology and Allergy, University Hospital of Lausanne (CHUV) and University
of Lausanne, Switzerland; and 4Health Protection Agency, London, United Kingdom

Background. Few data are available regarding the immunogenicity and safety of the pandemic influenza vaccine

in immunocompromised patients. We evaluated the humoral response to the influenza A H1N1/09 vaccine in solid-

organ transplant (SOT) recipients, in patients with human immunodeficiency virus (HIV) infection, and in healthy

individuals.

Methods. Patients scheduled to receive the pandemic influenza vaccine were invited to participate. All

participants received the influenza A H1N1/09 AS03-adjuvanted vaccine containing 3.75 lg of hemagglutinin. SOT

recipients and HIV-infected patients received 2 doses at 3-week intervals, whereas control subjects received 1 dose.

Blood samples were taken at day 0, day 21, and day 49 after vaccination. Antibody responses were measured with the

hemagglutination inhibition assay (HIA) and a microneutralization assay.

Results. Twenty-nine SOT recipients, 30 HIV-infected patients, and 30 healthy individuals were included in the

study. Seroconversion measured by HIA was observed in 15 (52%) of 29 SOT recipients both at day 21 and day 49;

in 23 (77%) of 30 at day 21 and 26 (87%) of 30 at day 49 in HIV-infected patients, and in 20 (67%) of 30 at day 21

and in 23 (77%) of 30 at day 49 in control subjects (P 5 .12 at day 21 and P 5 .009 at day 49, between groups).

Geometric means of antibody titers were not significantly different between groups at day 21 or at day 49.

Conclusions. Influenza A H1N1/09 vaccine elicited a similar antibody response in HIV-infected individuals and

in control subjects, whereas SOT recipients had an overall lower response. A second dose of the vaccine only

moderately improved vaccine immunogenicity in HIV-infected patients.

BACKGROUND

In March 2009, clustered cases of respiratory infection in

Mexico led to the discovery of a new subtype of in-

fluenza virus A H1N1 [1–3]. The virus spread rapidly

worldwide, and it was estimated that�59 million people

in the United States had been infected with the virus as

of February 2010. Although overall mortality associated

with influenza A H1N1/09 infection was considered to

be low [3], several groups of patients at risk for com-

plications were identified: pregnant women [4], young

people with chronic diseases [5] and immunocompro-

mised patients [6, 7].

Vaccination against influenza A H1N1/09 was

strongly recommended to patients at risk for compli-

cations. In particular, guidelines endorsed by the World

Health Organization [8] recommended vaccination

against influenza virus in human immunodeficiency

virus (HIV)–infected individuals and in solid-organ

transplant (SOT) recipients because of the potential risk

of complications in these patients.

Several different preparations of the influenza A

H1N1/09 vaccine were available for large-scale vacci-

nation. In the United States, 2 doses of nonadjuvanted

vaccine containing 15 lg of hemagglutinin were rec-

ommended for immunocompromised patients, whereas

in Europe a vaccine adjuvanted with a squalen oil-in-
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water emulsion (either MF59 or AS03) and a lower dose of

antigen was preferably used. Although some studies have com-

pared the immunogenicity of these different vaccines in healthy

children and adults [9–14], few data have been published re-

garding their use in immunocompromised patients [15]. In

particular, there was no previous data on the use of the AS03

adjuvant in HIV-infected individuals and SOT recipients, and

therefore the safety and efficacy of the vaccine with use of this

adjuvant was unknown. Also, there was uncertainty regarding

the need for a second dose of the vaccine in patients with im-

paired immunity.

On November 2009, the Swiss Federal Office of Public Health

(FOPH) provided the influenza A H1N1/09 AS03-adjuvanted

vaccine free of charge to all patients at risk for influenza, in-

cluding HIV-infected individuals, SOT recipients, and health

care workers. We prospectively assessed the safety and immu-

nogenicity of this vaccine in these populations.

METHODS

Patients
Patients observed at the outpatient clinics of the Transplantation

Centre and the Infectious Diseases Service from the University

Hospital of Lausanne (CHUV) (Lausanne, Switzerland) were

approached by nursing and medical staff to recommend the

administration of the influenza A H1N1/09 vaccine. If the pa-

tients expressed interest in receiving the vaccine, then the study

was presented by the investigators to the patients. Control sub-

jects were enrolled from among members the staff of the hospital

who were undergoing regular vaccination by announcing the

study during staff meetings. Inclusion criteria for the SOT re-

cipients group were age >18 years, >3 months after kidney and/

or liver transplantation, creatinine clearance level .30 mL/min,

and no episode of acute rejection over the previous month. In-

clusion criteria for the HIV group were age >18 years and

a CD41 T cell count .200 cells/mL. Inclusion criteria for the

control group were age >18 years and absence of an immuno-

suppressive condition. Exclusion criteria for all groups were

pregnancy, allergy to egg, and previous serious adverse event

related to receipt of influenza vaccine. Patients and control

subjects who received the seasonal influenza vaccine before or

simultaneously with the pandemic influenza vaccine were al-

lowed to participate in the study. All subjects provided written

informed consent. The study was approved by the local in-

stitutional review board.

The study intervention consisted in obtaining blood samples

before vaccination (day 0), at day 21 after vaccination (ie, before

the second dose of vaccine in the HIV-infected and SOT re-

cipients groups), and at day 49 after the first vaccination. Sub-

jects were contacted by telephone to determine whether they had

experienced adverse events related to vaccination 24 h, 48 h, and

7 days after receipt of each vaccination. All adverse events were

graded according to the following classification: mild, defined as

no interference with normal activities; moderate, defined as some

interference with normal activities; and severe, defined

as preventing subjects from engaging in normal daily activities.

After vaccination, patients were observed during a 6-month pe-

riod for the development of influenza infection, and they were

instructed to return to the outpatient clinics in case of symptoms

compatible with influenza infection (respiratory illness, temper-

ature .38�C, or myalgia). A real-time polymerase chain reaction

for influenza A H1N1/09 from a nasopharyngeal swab sample was

performed in all cases of clinical suspicion of influenza.

Vaccine
The vaccine used in this study was the influenza A H1N1/09

AS03-adjuvanted vaccine (Pandemrix; GlaxoSmithKline). The

vaccine was composed from a split inactivated A/California/07/

2009 (H1N1)–derived strain of influenza virus containing 3.75

lg of hemagglutinin antigen. The AS03 adjuvant was composed

of squalene (10.69 mg), DL-a-tocopherol (11.86 mg), and

polysorbate 80 (4.86 mg). The vaccine was provided free of

charge by the FOPH by 16 November 2009. SOT recipients and

HIV-infected patients received 2 doses at a 3-week interval,

whereas control subjects received 1 dose.

Clinical Definitions
We used standard clinical definitions to evaluate the response to

the vaccine. Seroconversion rate was defined as the rate of pa-

tients with >4-fold increase in antibody titers against influenza

A H1N1/09 after vaccination. Seroconversion factor was defined

as the level of increase in antibody titers before and after vacci-

nation. Seroprotection rate was defined as the percentage of pa-

tients with an antibody titer after vaccination of >32 measured

by hemagglutination inhibition assay (HIA) or >40 measured by

microneutralization. The European Medicines Agency (EMEA)

recommendations to evaluate the efficacy of the influenza vaccine

require a seroconversion rate of >40%, a seroconversion factor of

>2.5, and a seroprotection rate of >70%. The vaccination end

points were primarily evaluated using the HIA, because only this

assay has been correlated with vaccine protection.

Laboratory Methods
Antibody responses were detected by means of micro-

neutralization and HIA, according to standard methods [16], at

the Centre for Infections, Health Protection Agency (London,

UK) using egg-grown NIBRG-121 virus, a reverse-genetic virus

containing hemagglutinin and neuraminidase from the in-

fluenza A/California/7/2009 strain (seed virus kindly provided

by National Institute for Biological Standards and Control). Se-

rum samples obtained from subjects were tested with the use of

1:2 serial dilutions. For HIAs, serum samples were treated with

receptor-destroying enzyme (RDEII; Denka Seiken) according
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to the manufacturer’s instructions and tested at an initial di-

lution of 1:8, and those samples that had results that were

negative for the hemagglutinin antibody were assigned a titer of

1:4. Serum specimens were analyzed to determine absolute end

point titers, and the final dilution was 1:32,768. For micro-

neutralization assays, serum samples were tested at an initial

dilution of 1:10, and those samples that had negative results were

assigned a titer of 1:5. The final dilution was 1:320, and samples

for which the end point titers were greater were assigned a value

of 1:640. Specimens were tested in duplicate, and the geometric

mean titers were used in the analyses.

Statistical Analysis
Geometric mean titers of antibodies between groups were

compared using the analysis of variance test. Seroconversion and

seroprotection rates after vaccination were compared using the

v2 test. Seroconversion rates measured by HIA or

microneutralization assays were compared using a j correlation.

A logistic regression model was used to describe the inde-

pendent variables associated with vaccine response measured

by the HIA. Variables of interest for SOT recipients included

age, sex, time from transplantation, creatinine level, type of

organ transplanted, induction therapy, and maintenance

therapy. Statistical analysis was performed by PASW Statistics

18 software (SPSS).

RESULTS

Patient Population
A total of 89 subjects were enrolled in the study between No-

vember and December 2009; 29 SOT recipients (25 kidney

transplant recipients and 4 liver transplant recipients), 30 HIV-

infected individuals, and 30 healthy control subjects. Baseline

Table 1. Baseline Characteristics of Solid-Organ Transplant (SOT) Recipients, Human Immunodeficiency Virus (HIV)–Infected Patients,
and Control Subjects

Variable

SOT recipients

(n 5 29)

HIV-infected

patients (n 5 30)

Control subjects

(n 5 30) P

Age, mean years (6 SD) 47.7 6 12.8 48.0 6 9.8 41.8 6 8.91 .04

Sex, M/F 15/14 23/7 13/17 .02

Previous seasonal influenza vaccine
(2009), no. (%) of subjects

21 (72) 24 (80) 21 (70) .85

Time from transplant, median months (range) 38 (5–231)

Type of transplant, no. (%) of subjects

Kidney 25 (86)

Liver 4 (14)

Induction therapy, no. (%) of subjects

Thymoglobulin 12 (41)

Basiliximab 15 (52)

None 3 (10)

Maintenance immunosuppression, no. (%) of subjects

Prednisone 16 (55)

Tacrolimus 22 (76)

Cyclosporin 5 (17)

Mycophenolate 21 (72)

Azathioprine 4 (14)

mTOR inhibitor 2 (7)

Time from HIV infection diagnosis, years; median (range) 13 (1–29)

Nadir CD41 T cell count, median cells/mL (range) 181 (2–464)

Current CD41 T cell count, median cells/mL (range) 587 (312–1368)

Current undetectable viral load, no. (%) of patients 29 (97)

Patients receiving antiretroviral therapy, no. (%) of subjects

Type of antiretroviral therapy 30 (100)

NRTI 1 NNRTI 13 (43)

NRTI 1 PI 9 (30)

NRTI 1 NNRTI 1 PI 3 (10)

Other 5 (17)

NOTE. mTOR, mammal target of rapamycine; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI: nucleoside reverse-transcriptase inhibitor; PI:

protease inhibitor.
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characteristics of the patients are shown in Table 1. Control

subjects were younger than the other groups, and there were

more male subjects included in the HIV-infected group.

Overall, 66 (74%) of 89 subjects had previously received the

seasonal influenza vaccine (72% in the SOT group, 80% in

the HIV-infected group, and 70% in the control group) and 7

(7.9%) of 89 received both vaccines (seasonal and pandemic

influenza) simultaneously.

Ninety percent of SOT recipients had received induction

therapy at the time of transplantation with either thymoglobulin

or basiliximab, and most of the patients received a maintenance

combination therapy with tacrolimus and mycophenolate, with

or without steroids. All HIV-infected individuals were receiving

antiretroviral therapy at the time of vaccination, and 97% of

them had undetectable viral load.

Safety of the Influenza A H1N1/09 Vaccine
A majority of patients who received the vaccine experienced an

adverse event (90% in the control group, 93% in the HIV-

infected group, and 97% in the SOT group), although most of

the reactions were considered to be mild and resolved without

sequellae (Table 2). Patients who simultaneously received both

seasonal and pandemic influenza vaccines did not develop more

adverse events than did patients who received only the pandemic

influenza vaccine (data not shown). Only 4 patients experienced

an adverse event that was considered to be severe: 1 patient in

the HIV-infected group experienced severe fatigue after each

dose of vaccine, 2 patients in the control group also experienced

severe fatigue, and 1 patient in the control group experienced an

induration at the site of injection. Interestingly, 1 of the control

subjects who experienced fatigue also had fever, and antibody

levels before vaccination were elevated (1:512) in this patient;

therefore, it is possible that this patient may have been infected

coincidently by influenza.

Immunogenicity of the Influenza A H1N1/09 Vaccine
The results regarding the immunogenicity of the vaccine are

summarized in Table 3. A higher percentage of SOT recipients

had detectable antibody levels at baseline (24% of SOT recipi-

ents, compared with 13% of HIV-infected individuals and 3% of

control subjects, as measured by HIA; P 5 .06). Figure 1 shows

the date of enrollment in the study according to patient group

and the presence of antibody before vaccination.

Overall, HIV-infected patients and control subjects had

a higher rate of seroconversion after vaccination than did SOT

recipients. The administration of a second dose of the vaccine

did not improve the rate of seroconversion among SOT recip-

ients as measured by HIA. Most patients reached a seroprotected

status after 1 dose of the vaccine, ranging from 72% to 96% in

SOT recipients and from 80% to 100% in HIV-infected in-

dividuals (measured by HIA and by the microneutralization

assay, respectively). Geometric means of antibody titers were

comparable between groups, although there was a trend towards

higher titers in HIV-infected patients (especially as measured by

microneutralization assay). There were no significant differences

in geometric means antibody titers between day 21 and day

49 for any group. Reverse cumulative distribution of antibody

titers according to patient group and the assay used is shown in

Figure 2.

We compared the seroconversion rate at day 49 for all sub-

jects according to the test used. Twelve patients seroconverted by

HIA but not by microneutralization assay, and 4 patients sero-

converted by microneutralization assay but not by HIA. The

overall agreement between tests was 82%, with a j-value of .51

(P , .001), indicating a moderate agreement.

Variables associated with Vaccine Response
Because only 4 patients in the HIV-infected group and 7 patients

in the control group did not respond to the vaccine, we analyzed

Table 2. Adverse Events within the Week after Administration of Influenza Vaccine

SOT recipients

(n 5 29)

HIV-infected patients

(n 5 30)

Control subjects

(n 5 30) P

Variable After first
dose

After second
dose

After first
dose

After second
dose

After first
dose

Total adverse events, no. (%) of subjects 28 (97%) 20 (69%) 28 (93%) 22 (73%) 27 (90%) 0.38

Local adverse events, no. (%) of subjects 25 (86%) 17 (59%) 25 (93%) 18 (60%) 27 (90%) 0.16

Redness, total no. of subjects (mild/moderate/severe) 2 (0/2/0) 1 (1/0/0) 5 (5/0/0) 4 (3/1/0) 3 (2/1/0)

Induration, total no. of subjects (mild/moderate/severe) 6 (5/1/0) 5 (4/1/0) 12 (10/2/0) 9 (9/0/0) 16 (10/5/1)

Tenderness, total no. of subjects (mild/moderate/severe) 25 (18/7/0) 17 (13/4/0) 25 (16/9/0) 16 (12/4/0) 27 (16/11/0)

Systemic adverse events, no. (%) of subjects 19 (65%) 10 (34%) 16 (53%) 11 (37%) 16 (53%) 0.31

Fever, no. of subjects 2 2 2 0 3

Nausea, total no. of subjects (mild/moderate/severe) 4 (2/2/0) 3 (3/0/0) 2 (2/0/0) 2 (2/0/0) 3 (3/0/0)

Fatigue, total no. of subjects (mild/moderate/severe) 18 (10/8/0) 10 (8/2/0) 15 (6/8/1) 8 (6/1/1) 16 (7/7/2)

Other, total no. of subjects (Mild/Moderate/Severe) 3 (3/0/0) 5 (5/0/0) 7 (7/0/0) 5 (4/1/0) 9 (9/0/0)

NOTE. A patient may present .1 adverse event. SOT, solid-organ transplant.
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Table 3. Geometric Mean Titers Measured by Hemagglutinin Inhibition Assay and by Microneutralization Assay before and after Influenza Vaccination

Hemagglutinin inhibition assay Microneutralization assay

Variable
SOT recipient

(n 5 29)

HIV-infected
patients
(n 5 30)

Control
subjects
(n 5 30) P

SOT
recipients
(n 5 29)

HIV-infected
patients
(n 5 30)

Control
subjects
(n 5 30) P

Seroconversion rate, %
of subjects

Day 21 52 77 67 .12 52 83 97 ,.001

Day 49 52 87 77 .009 65 90 87 .03

Geometric mean titer (95%
confidence interval)

Day 0 8.6 (5.1–14.6) 5.9 (4.2–8.1) 5.9 (3.9–8.9) .35 64.8 (41.8–100.5) 28.6 (19.6–41.9) 11.8 (7.0–19.8) ,.001

Day 21 54.8 (27.3–110.0) 97.0 (46.3–203.2) 75.2 (32.5–173.7) .64 274.6 (182.9–412.3) 360.8 (255.6–509.2) 366.1 (228.2–587.3) .31

Day 49 56.8 (28.6–112.9) 116.7 (68.2–199.7) 79.7 (39.1–162.5) .61 322.6 (232.2–448.0) 500.7 (409.3–612.4) 323.7 (197.8–529.6) .06

Seroconversion factor (95%
confidence interval)

Day 21 6.4 (3.1–13.1) 16.5 (8.0–33.9) 16.2 (7.3–35.8) .12 4.2 (2.3–7.9) 13.0 (8.3–20.6) 31.1 (18.6–51.9) ,.001

Day 49 6.6 (3.2–13.7) 19.9 (11.3–34.9) 15.3 (7.7–30.2) .09 5.0 (2.7–9.3) 18.1 (11.6–28.2) 27.5 (16.0–47.1) ,.001

Seroprotection rate, % of
subjects

Day 0 24 13 3 .06 72 40 17 ,.001

Day 21 72 80 70 .65 96 100 93 .36

Day 49 72 93 80 .10 100 100 93 .13

NOTE. SOT, solid-organ transplant.
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the variables associated with vaccine response only in SOT re-

cipients. In the univariate analysis, vaccine responders were

younger, had a longer follow-up period after transplantation,

and were not receiving a triple-drug regimen (Table 4). In the

multivariate analysis, only age remained a significant factor for

vaccine response (odds ratio [OR], 0.90; 95% confidence in-

terval [CI], 0.83–0.98 for each increase of 1 year; P 5 .021).

Outcomes at 6 Months
No patient developed clinically or microbiologically docu-

mented influenza A H1N1/09 infection during the follow-up

period. A kidney transplant recipient received a diagnosis of

breast cancer after receiving the second dose of the vaccine, and

a liver transplant recipient developed a transitory ischemic at-

tack between receiving the first and the second dose of the

vaccine. No episode of acute rejection was diagnosed in SOT

recipients during the 6-month follow-up period after vaccina-

tion. No HIV-infected individual developed an opportunistic

infection after vaccination.

DISCUSSION

In this prospective study, we assessed the immunogenicity and

safety of the influenza A H1N1/09 A03-adjuvanted vaccine in

immunocompromised patients, and we compared the results to

those for a control group of healthy volunteers. We observed

a similar response in antibody levels in HIV-infected individuals,

compared with the response in control subjects, whereas the

response in SOT recipients was lower, overall, than was the

response in the other 2 groups. Of note, all groups reached the

recommended target for vaccine approval according to the

EMEA after receipt of the first dose of vaccine. Improvement in

the vaccine response was only moderate after administration of

the second dose of the vaccine in the HIV group.

A number of studies have evaluated the immunogenicity of

the influenza A H1N1/09 vaccine in different populations,

mostly in immunocompetent adults and children [9–14]. Most

studies have found an appropriate response to the vaccine using

both adjuvanted and nonadjuvanted vaccines, although a higher

response was generally seen with adjuvanted vaccines. For ex-

ample, seroconversion rates after 1 dose of 15 lg of non-

adjuvanted vaccine was 63%–72% in a cohort of 176 adults,

whereas the response to 7.5 lg of MF59-adjuvanted vaccine was

77%–96% [9]. A randomized trial involving 937 children from 6

months to 13 years of age [12] showed a better immunogenicity

associated with receipt of 2 doses of 1.875 lg of the AS03-

adjuvanted vaccine than with receipt of 2 doses of 7.5 lg of the

nonadjuvanted vaccine (98% vs 80% in children ,3 years of age

and in 99% vs 95% in those .3 years of age). In this trial,

systemic reactions were more commonly seen in association

with receipt of the adjuvanted vaccine, although serious adverse

events were rare [12]. In our study, the control group had

a lower response rate to the vaccine than was expected (67%

seroconversion rate at day 21, measured by HIA). It is not clear

why we observed this slightly lower-than-expected response,

although it may be attributable to the relatively modest sample

size of our study.

Experience with the influenza A H1N1/09 vaccine in immu-

nocompromised patients is limited, because the immunoge-

nicity of the vaccine has only been evaluated in HIV-infected

Figure 1. Date of vaccination according to patient group. The red line shows the week when the influenza A H1N1/09 pandemic reached its peak in
Switzerland (Swiss Federal Office of Public Health) Grippe pandémique (H1N1) 2009 en Suisse, semaines 17 (2009) à 8 (2010). Bull OFSP 2010; no 20: 535-
543. Numbers inside the columns denote the number of patients with detectable antibodies before vaccination. SOT, solid-organ transplant.
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individuals [15]. Bickel et al [15] observed a 69% seroconversion

rate among 160 HIV-infected individuals who received 1 dose of

the AS03-adjuvanted influenza vaccine, which was the same

vaccine used in our study. Variables associated with a favorable

vaccine response included younger age and higher CD41 T cell

count. Compared with their findings, we observed an 8% higher

seroconversion rate in our cohort of treated HIV-infected pa-

tients after receipt of 1 dose of the vaccine. Regarding SOT

Table 4. Variables associated with Vaccine Response in the Group of Solid-Organ Transplant (SOT) Recipients

Variable Responders (n 5 15) Nonresponders (n 5 14) P

Age, mean years (6SD) 41.9 6 14.2 54.3 6 7.1 .006

Sex, M/F 8/7 7/7 ..99

Time from transplant, median months 78 19 .07

Creatinine, mean lmol/L (6SD) 122.4 6 37.8 126.4 6 47.5 .39

Type of transplant, no. of patients .037

Kidney 11 14

Liver 4 0

Induction therapy, patients .36

Thymoglobulin 5 7

No thymoglobulin 10 7

Maintenance immunosuppression, patients

Triple therapya 5 10 .04

Dual or monotherapy 10 4

a Calcineurine inhibitor (cyclosporine or tacrolimus) plus prednisone plus antimetabolite (mycophenolate or azathioprine).

Figure 2. Reverse cumulative-distribution curves of antibody titers measured by hemagglutinin inhibition assay in serum samples obtained on day 21
(A) and on day 49 (B) and measured by microneutralization in serum samples obtained on day 21 (C) and on day 49 (D), according to the patient population.
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recipients, no studies have been published, to our knowledge,

that have assessed the immunogenicity of the influenza A H1N1/

09 vaccine.

The AS03-adjuvanted vaccine was, overall, well-tolerated in

the 3 groups. Safety was a potential concern for SOT recipients,

because experience with adjuvanted influenza vaccines is limited

in this population, and some clinicians were reluctant to use

adjuvanted influenza vaccines in this population because of the

possible risk for acute rejection. In addition, recent data suggest

that influenza vaccination can temporarily increase nonspecific

cellular alloreactivity in SOT recipients[17]. This has not been

observed in our study, nor has it been observed in previous

studies that have used MF59-adjuvanted seasonal influenza

vaccine in kidney and heart transplant recipients [18, 19]. Several

recent studies with nonadjuvanted influenza vaccine also pro-

vide evidence against an association between influenza vaccina-

tion and immunologic dysregulation in SOT recipients [20, 21].

A significant proportion of patients in our study had test

results that were positive for antibodies before vaccination. Al-

though, especially in older patients, this can be the result of

a cross-reactivity with nonpandemic influenza H1N1 infection

[22], it may also represent the consequence of previously un-

recognized infection [23], because the vaccination campaign in

Switzerland was performed during the peak of the pandemic

influenza season. The group that included more individuals with

preexisting antibodies was the SOT recipient group, which in-

cluded more individuals who were enrolled slightly later in the

study (although patients who were seropositive for antibodies

before vaccination included individuals who were enrolled

throughout the inclusion period). The baseline seroprotection

rate was high in the SOT group (76%) when the antibody re-

sponse was measured by microneutralization assay. In addition,

seroconversion rates were also higher when measured by mi-

croneutralization assay than when measured by HIA. This may

be explained by the fact that the HIA only measures the pro-

portion of antibodies that are directed to the receptor-binding

site of viral hemagglutinin, whereas the microneutralization

assay detects a broader range of neutralizing antibodies. How-

ever, only the HIA has been correlated with vaccine protection

[24]. A higher rate of seroprotection against influenza A H1N1

when measured by the microneutralization assay was also seen

in a serological survey in England [23].

We evaluated the variables associated with vaccine response in

the group of SOT recipients. In the multivariate analysis,

a younger age was the only variable significantly associated with

vaccine response, which is a consistently recognized factor for

a favorable vaccine response. Regarding the influenza A H1N1/

09 vaccine, a recent study that also used the AS03-adjuvanted

vaccine showed that immunogenicity was better in healthy adults

,60 years of age than it was in older individuals [25]. In addi-

tion, a large trial in China that used the nonadjuvanted vaccine

also showed a lower rate of seroprotection among the elderly

population (79%) than among younger adults (97%) [11].

Our study has several limitations. First, this was not a ran-

domized trial, and therefore we did not control for the vaccine

administration. For example, a significant number of patients

simultaneously received the seasonal vaccine, and this may have

influenced the antibody response to the influenza A H1N1/09

vaccine. However, this was not seen in a randomized trial that

involved 355 patients [26], in which immunogenicity of the

pandemic influenza vaccine was similar irrespective of whether

the patient had simultaneously received the seasonal vaccine.

Second, we enrolled 2 different groups of immunocompromised

patients (likely with different net states of immunosuppression);

therefore, extrapolation of these results to other immunocom-

promised populations should be done with caution. Indeed,

treated HIV-infected individuals can elicit a response similar to

that for healthy control subjects, and we would expect a lower

vaccine response rate among HIV-infected individuals with low

CD41 T cell counts [27]. However, the information derived

from our study is useful, because it encourages the use of the

influenza vaccine in similar patients.

In conclusion, the immunogenicity of the influenza A H1N1/

09 AS03-adjuvanted vaccine was appropriate in all 3 groups,

although higher responses were observed among treated HIV-

infected patients and healthy control subjects. A second dose of

the vaccine only slightly improved the immunogenicity, and

therefore, a single dose would probably be more cost-effective in

large-scale vaccinations. However, additional data from larger

studies would be needed to confirm our results. These data on

influenza A H1N1/09 have practical implications for strategies

surrounding influenza vaccination in specific immunocom-

promised patients during the next influenza season.
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Evaluation of the Performance Characteristics of
6 Rapid HIV Antibody Tests
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Background. Since 2002, the US Food and Drug Administration has approved 6 rapid human immuno-

deficiency virus (HIV) tests for use in the United States. To date, there has been no direct comparison of the

performance of all 6 tests.

Methods. Persons known to be HIV-infected and persons who sought HIV testing at 2 clinical sites in Los

Angeles, California, were recruited for evaluation of 6 rapid HIV tests with whole blood, oral fluid, serum, and

plasma specimens. Sensitivity and specificity of the rapid tests were compared with viral lysate and immunoglobulin

(Ig) M–sensitive peptide HIV enzyme immunoassays (EIAs).

Results. A total of 6282 specimens were tested. Sensitivity was .95% and specificity was .99% for all rapid

tests. Compared with the IgM-sensitive EIA, rapid tests gave false-negative results with an additional 2–5 specimens.

All rapid tests had statistically equivalent performance characteristics, based on overlapping confidence intervals for

sensitivity and specificity, compared with either conventional EIA.

Conclusions. All 6 rapid tests have high sensitivity and specificity, compared with that of conventional EIAs. Because

performance was similar for all tests and specimen types, other characteristics, such as convenience, time to result,

shelf life, and cost will likely be determining factors for selection of a rapid HIV screening test for a specific application.

In 1998, when the Centers for Disease Control and

Prevention (CDC) encouraged the use of rapid human

immunodeficiency virus (HIV) tests to increase the re-

ceipt of results among persons tested for HIV [1], only

the Single Use Diagnostic System for HIV-1 (SUDS) was

commercially available in the United States [2]. Since

2002, the US Food and Drug Administration (FDA) has

approved 6 rapid HIV tests [3] that have become in-

tegral to initiatives designed to promote more wide-

spread HIV testing [4–10].

Rapid HIV antibody tests provide results in ,30

min [3]. FDA-approved rapid HIV tests (Table 1)

employ either immunochromatography (lateral

flow) or immunoconcentration (flow-through) tech-

niques [11] and contain antigens that correspond to

envelope regions of HIV-1 (gp41, gp120, or both).

Some tests also have an HIV type 2 (HIV-2) envelope

(gp36) antigen. However, recent studies have docu-

mented that rapid HIV tests have lower sensitivity,

especially during early infection, than that of some

conventional assays [12–14]. False-negative test re-

sults have also been observed in individuals with ad-

vanced disease [15] and in some persons who are

receiving effective antiretroviral therapy (ART) [16,

17]. Because test manufacturers do not explicitly

identify which reference tests were used to calculate

sensitivity and specificity (Table 1), this study was

undertaken to compare contemporary rapid HIV tests

and conventional enzyme immunoassays (EIAs) when

performed on specimens from the same persons.

METHODS

The two-phase field study was conducted at the Los An-

geles Gay and Lesbian Center (LAGLC), an HIV testing
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clinic primarily for high-risk men who have sex with men (MSM),

and the Altamed Clinic, a primary health care center in Los

Angeles primarily serving Hispanic men and women at high risk

for HIV infection. During both phases, rapid HIV tests were

offered to residents of Los Angeles County >18 years of age.

During phase I (June–September 2003), persons with a previous

diagnosis of HIV infection were recruited to obtain a sufficient

sample size to assess rapid test sensitivity. These HIV-infected

participants were asked about current ART usage. During phase

II (June 2003–August 2005), persons of unknown HIV status

were offered rapid HIV tests. Demographic and risk character-

istics of participants were collected at the time of testing by clinic

staff and entered into the Los Angeles County HIV Information

Resources System.

After enrollment and consent for HIV testing and specimen

storage, all participants provided capillary (fingerstick) whole

blood, anticoagulated (EDTA) venous whole blood, serum, and

oral fluid specimens. After testing, remnant serum and plasma

specimens were stored at 270�C at the Los Angeles County

Health Department Laboratory during the study and, after

identifiers were removed, transferred to the CDC at the end of

the study.

The OraQuick Advance HIV 1/2 Antibody test (OraSure

Technologies) was performed on oral fluid, capillary and anti-

coagulated whole blood, and plasma specimens. The Uni-Gold

Recombigen HIV test (Trinity Biotech) was performed on whole

blood and either serum or plasma samples. The Reveal Rapid

HIV-1 Antibody Test (MedMira) and Multispot HIV-1/HIV-2

Rapid Test (Bio-Rad Laboratories) were performed on serum

and plasma. Two tests manufactured by Chembio Diagnostics,

the HIV Stat-Pak and Surecheck HIV, were performed on whole

blood and plasma specimens. (The Stat-Pak and SureCheck tests

are now distributed as the Clearview HIV 1/2 STAT-PAK and

Clearview COMPLETE HIV 1/2 rapid tests, respectively). The 2

Clearview tests have different configurations but identical test

strips and antigens.

When possible, all rapid tests were performed on fresh

specimens by trained staff. However, not all tests were available

throughout the study; Multispot and Uni-Gold tests were per-

formed on some stored specimens at the CDC HIV serology

laboratory from August 2007 through August 2008. Rapid tests

that produced false-positive or false-negative results were also

repeated on stored specimens at the CDC to establish whether

the discordant rapid test result was reproducible.

Reference tests were performed in the Los Angeles County

Public Health Laboratory on a simultaneously collected serum

specimen. Specimens were screened with the Vironostika HIV-1

Microelisa System (bioMérieux), a whole viral lysate EIA.

Specimens with repeatedly reactive Vironostika results were

tested with the GS HIV-1 Western blot (Bio-Rad Laboratories).

Table 1. Selected Characteristics of 6 Rapid Human Immunodeficiency Virus (HIV) Tests recently Approved by the US Food and Drug
Administration for Use in the United States

Rapid test, Test type

Specimen

volume required

HIV type 1

antigen peptides Specimen

Sensitivitya ,

% (95% CI)

Specificitya ,

% (95% CI)

Clearview COMPLETE HIV-1/2

Lateral flow 3 lL Sgp41 Sgp120 Whole blood 99.7 (98.9–100) 99.9 (99.6–100)

Serum/plasma 99.7 (98.9–100) 99.9 (99.6–100)

Clearview STAT-PAK HIV-1/2

Lateral flow 5 lL Sgp41 Sgp120 Whole blood 99.7 (98.9–100) 99.9 (99.6–100)

Serum/plasma 99.7 (98.9–100) 99.9 (99.6–100)

OraQuick Advance HIV-1/2

Lateral flow 5 lL Sgp41 Oral fluid 99.3 (98.4–99.7) 99.8 (99.6–99.9)

Whole blood 99.6 (98.5–99.9) 100 (99.7–100)

Plasma 99.6 (98.9–99.8) 99.9 (99.6–100)

Multispot HIV-1/2

Flow through 50 lL Sgp41 Rgp41 Serum 100 (99.94–100) 99.93 (99.79–100)

Plasma 100 (99.94–100) 99.91 (99.77–100)

Reveal G3 HIV-1

Flow through 50 lL Sgp41 Sgp120 Serum 99.8 (99.2–100) 99.1 (98.8–99.4)

Plasma 99.8 (99.0–100) 98.6 (98.4–98.8)

Uni-Gold Recombigen HIV-1

Lateral flow 50 lL Rgp41 Rgp120 Whole blood 100 (99.5–100) 99.7 (99.0–100)

Serum/plasma 100 (99.5–100) 99.8 (99.3–100)

NOTE. CI, confidence interval; R, peptide of recombinant DNA origin; S, synthetic peptide.
a As reported in the respective US Food and Drug Administration–approved package inserts for the tests. Package inserts are available from http://www.cdc.gov/

hiv/topics/testing/rapid/index.htm#lab. Accessed: 12 November 2010.
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At the time of the study, the Vironostika was the screening EIA

most widely used by public health laboratories [18], but it was

withdrawn from the market in the summer of 2008. To compare

rapid HIV test performance with contemporary EIAs that detect

both immunoglobulin (Ig) G and IgM antibodies, stored plas-

ma specimens were tested with the Bio-Rad GS HIV 1/2 PLUS

O EIA (Bio-Rad Laboratories) at the CDC HIV serology

laboratory.

Sensitivity and specificity of the rapid tests with exact 95%

confidence intervals (CIs) [19] were first calculated on the basis

of the results of the Vironostika and Western blot assays. For

phase I, sensitivity was calculated separately for persons who

were and were not receiving ART. For phase II, the sensitivity

and specificity of the rapid HIV tests and Vironostika were also

calculated, compared with the Bio-Rad test. This IgM-sensitive

assay has been shown to detect HIV antibody up to 15 days

earlier than the Vironostika and Western blot and at least 5 days

before some rapid HIV tests [13]. Specimens with negative Vi-

ronostika results but repeatedly reactive Bio-Rad results were

tested with Western blot, and specimens with repeatedly reactive

Vironostika or Bio-Rad results and negative or indeterminate

Western blots were excluded from calculations of rapid test

sensitivity and specificity but were later tested with the APTIMA

HIV-1 Qualitative RNA assay (Gen-Probe).

This study protocol was approved by the CDC and study site

institutional review boards. Participants only received results of

FDA-approved tests.

RESULTS

A total of 6282 study participants had results for at least 1 rapid

test. Median age of participants was 32 years; 84% were male,

43% were non-Hispanic white, and 35% were Hispanic. Male-

male sex was reported as the main risk factor for HIV infection

by 69% of participants. Eighty-five percent of participants re-

ported a previous HIV test, and 16% reported a previous rapid

HIV test.

During phase I, 493 persons with known HIV infection were

enrolled. Sensitivity for each of the 6 rapid tests ranged from

97.67% to 100.0% (Table 2). A total of 13 specimens from

persons receiving ART had a false-negative result on at least 1

rapid test. For 3 tests (COMPLETE, OraQuick, and STAT-

PAK), sensitivity was slightly lower for persons receiving ART

than for those who were not, but the differences were not

statistically significant (Table 2).

During phase II, 5789 participants were enrolled. Of these,

280 (4.8%) tested positive and 5505 tested negative by the Vi-

ronostika/Western blot algorithm. Four specimens with re-

peatedly reactive Vironostika results and indeterminate Western

blot results were excluded from analysis. Sensitivity of the rapid

tests performed on either fresh or stored specimens ranged from

96.76% to 100.0% (Table 3). Although the point estimate of

sensitivity was lower than the manufacturer’s claim for several

rapid tests, the only test for which the upper limit of the con-

fidence interval for sensitivity (Table 3) was less than the lower

limit of the confidence interval reported in the package insert

(Table 1) was Uni-Gold, with whole blood and plasma speci-

mens. Sufficient plasma was available to retest 6 of the 8 speci-

mens with false-negative Uni-Gold results, and 5 of these were

reactive on repeat testing, increasing Uni-Gold’s sensitivity to

99.59% (95% CI, 97.75%–99.99%). Of 19 phase II specimens

with any false-negative rapid test results, 15 (79%) were false-

negative on only 1 test, and 4 (21%) were false-negative on at

least 2 different rapid tests: 1 on STAT-PAK, Uni-Gold, and

Reveal, 1 on OraQuick and Uni-Gold, and 1 on STAT-PAK and

Uni-Gold. The fourth specimen had false-negative results on all

rapid tests performed on-site (OraQuick, Uni-Gold, Reveal, and

both Clearview tests). Specimens from this participant tested

positive by Vironostika and Western blot at the Los Angeles

County Public Health Laboratory, and stored plasma tested

positive with Uni-Gold, Multispot, Bio-Rad GS HIV 1/2 PLUS

O EIA, and Western blot at the CDC.

Of the 5505 phase II participant specimens with negative

Vironostika results, the number of fresh specimens tested on-site

ranged from 3590 (Uni-Gold with whole blood) to 5475 (Reveal

with plasma). Specificity of the rapid tests performed on either

fresh or stored specimens ranged from 99.32% to 99.98%

(Table 3). Of the 47 specimens with false-positive test results on

at least 1 rapid test, 43 (91%) had false-positive results on a single

rapid test, and 4 (9%) had false-positive results on 2 different

tests: 1 each of Multispot and Reveal, Multispot and Uni-Gold,

and Multispot and STAT-PAK, and 1 on OraQuick (oral fluid

and blood) and STAT-PAK (blood). Thirty-three specimens had

false-positive test results with Multispot (Table 3), including 2

fresh specimens that were tested on-site and 31 stored specimens

that were tested at the CDC. When the 33 specimens were re-

tested, only 11 had repeatable false-positive results, increasing

the specificity of Multispot to 99.77% (95% CI, 99.59%–

99.89%).

Of the 5789 phase II specimens, 5405 had sufficient plasma

to be tested with the Bio-Rad GS HIV 1/2 PLUS O EIA at the

CDC. All 259 specimens that had results positive by Viro-

nostika and Western blot gave positive Bio-Rad results, but 18

of 5142 specimens with negative Vironostika results were

repeatedly reactive according to the Bio-Rad test. At the CDC,

4 of these 18 specimens had positive results, 5 had in-

determinate results, and 9 had negative results by Western

blot. Lastly, among the 4 specimens with a repeatedly reactive

Vironostika result and an indeterminate Western blot when

tested in Los Angeles, 3 had positive Bio-Rad GS HIV 1/2

PLUS O EIA and Western blot results and 1 had negative Bio-

Rad GS HIV 1/2 PLUS O EIA results. Thus, the rapid test
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results could be compared with 266 specimens that were

positive and 5125 specimens that were negative according to

the Bio-Rad/Western blot algorithm.

Based on the Bio-Rad EIA/Western blot algorithm, point

estimates for rapid test sensitivity ranged from 95.38% to

99.44% and from 99.35% to 99.98% for specificity (Table 3).

Confidence intervals for these measures overlapped for all rapid

tests. Additionally, confidence intervals for sensitivity and

specificity using the Bio-Rad EIA/Western blot standard over-

lapped those calculated using the Vironostika/Western blot

standard for each of the rapid tests.

The APTIMA test was performed on the 14 Bio-Rad EIA–

reactive specimens that had negative results on all rapid tests and

had negative or indeterminate Western blot results. Two of 5

specimens with indeterminate results and 2 of 9 specimens with

negative results had detectable RNA.

DISCUSSION

This study provides the first head-to-head comparison of all 6

rapid HIV tests recently approved by the FDA using specimens

from the same persons. The sensitivity and specificity of all tests

were high with overlapping 95% CIs for both different tests and

different specimen types. Sensitivity of some rapid tests was

slightly lower for specimens from participants receiving ART,

but the differences did not reach statistical significance, and one

would not expect rapid HIV tests to be used to test HIV-positive

persons taking ART. We also compared the sensitivity of the

rapid tests to a contemporary IgM-sensitive EIA, which detected

2 Western blot–positive specimens that had negative results on

all rapid tests. The decrease in sensitivity of the rapid tests rel-

ative to the IgM-sensitive assay was not statistically significant in

this sample despite both high prevalence and high incidence of

HIV infection, but observations in samples from other high-risk

populations suggest that it may be clinically relevant [14, 20].

Persons with a recent potential exposure and those with ongoing

high risk for HIV infection who have negative rapid test results

should be counseled to be retested [21].

Two of the tests initially showed performance that was less

than that claimed by the manufacturer’s package inserts. Uni-

Gold’s sensitivity with whole blood and plasma specimens was

outside the 95% CI specified in the package insert, but our

sample size of prospectively identified HIV-positive specimens

used for sensitivity calculation was small, and the 95% CIs for

Uni-Gold’s sensitivity overlapped those of nearly all of the other

tests. Multispot’s specificity was also below the lower bound of

the 95% CI specified in the package insert and, in our sample,

statistically significantly lower than that of the other tests.

However, 31 of 33 of these false-positive results occurred with

test kits from 1 lot used to test previously frozen specimens

retrospectively at the CDC. When the Multispot test was re-

peated on these 33 stored specimens with a new lot of test kits,

only 11 had false-positive results. Thus, the false-positive rate

that we observed might be partially related both to the test kits

Table 2. Sensitivity of 6 Rapid HIV Tests with Specimens from Persons with a Previous Diagnosis of Human Immunodeficiency Virus
(HIV) Infection, by Self-Reported Treatment Status

Known HIV-infected persons taking

antiretroviral medication

Known HIV-infected persons not taking

antiretroviral medication

Rapid test, specimen type

Reference

positive

(n5387)

False

negative

Sensitivity, %

(95% CI)

Reference

positive

(n5106)

False

negative

Sensitivity, %

(95% CI)

Clearview COMPLETE

Whole blood 384 5 98.70 (96.99–99.58) 103 0 100.0 (97.13–100.0)

Plasma 383 4 98.96 (97.35–99.71) 103 0 100.0 (97.13–100.0)

Clearview STAT-PAK

Plasma 383 6 98.43 (96.62–99.42) 106 0 100.0 (97.21–100.0)

OraQuick Advance HIV-1/2

Whole blood 386 3 99.22 (97.75–99.84) 106 0 100.0 (97.21–100.0)

Oral fluid 386 9 97.67 (95.62–98.93) 106 0 100.0 (97.21–100.0)

Plasma 258 0 100.0 (98.85–100.0) 69 0 100.0 (95.75–100.0)

Multispot

Plasma 376 0 100.0 (99.21–100.0) 103 0 100.0 (97.13–100.0)

Reveal G3

Serum 383 0 100.0 (99.22–100.0) 103 0 100.0 (97.13–100.0)

Uni-Gold Recombigen

Plasma 384 0 100.0 (99.22–100.0) 106 0 100.0 (97.21–100.0)

NOTE. CI, confidence interval.
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Table 3. Performance of 6 Rapid Human Immunodeficiency Virus (HIV) Tests Compared with the 2 Reference Standards: bioMérieux Vironostika HIV-1 Microelisa with GS HIV-1
Western blot and Bio-Rad GS HIV 1/2 PLUS O EIA with GS HIV-1 Western blot

Test

Specimen

type

bioMérieux Vironostika HIV-1 Microelisa with

GS HIV-1 Western Blot

Bio-Rad GS HIV 1/2 PLUS O EIAa,b with

GS HIV-1 Western Blot

Reference

positive

False

negative

Reference

negative

False

positive

Sensitivity, %

(95% CI)

Specificity, %

(95% CI)

Reference

positive

False

negative

Reference

negative

False

positive

Sensitivity, %

(95% CI)

Specificity, %

(95% CI)

Clearview COMPLETE

Whole
blood

213 0 4200 2 100.0 (98.60–100.0) 99.95 (99.83–99.99) 199 4 3847 2 97.99 (94.93–99.45) 99.95 (99.81–99.99)

Plasma 213 0 4201 2 100.0 (98.60–100.0) 99.95 (99.83–99.99) 199 4 3852 2 97.99 (94.93–99.45) 99.95 (99.81–99.99)

Clearview STAT-PAK

Whole
blood

246 2 4768 1 99.19 (97.09–99.90) 99.98 (99.88–100.0) 237 6 4501 1 97.47 (94.57–99.07) 99.98 (99.88–100.0)

Plasma 246 4 4760 2 98.37 (95.89–99.56) 99.96 (99.85–99.99) 238 8 4509 2 96.64 (93.48–98.54) 99.96 (99.84–99.99)

OraQuick Advance HIV-1/2

Whole
blood

277 1 5463 1 99.64 (98.01–99.99) 99.98 (99.90–100.0) 263 6 5084 1 97.72 (95.10–99.16) 99.98 (99.89–100.0)

Oral fluid 280 5 5470 2 98.21 (95.88–99.42) 99.96 (99.87–100.0) 266 10 5105 2 96.24 (93.20–98.18) 99.96 (99.86–100.0)

Plasma 194 1 331 1 99.48 (97.16–99.99) 99.70 (98.33–99.99) 178 1 320 1 99.44 (96.91–99.99) 99.69 (98.27–99.99)

Multispot HIV-1/2

Plasma 252 1 4834 33 99.60 (97.81–99.99) 99.32 (99.04–99.53) 253 2 4799 31 99.21 (97.17–99.90) 99.35 (99.08–99.56)

Reveal G3

Plasma 278 3 5475 6 98.92 (96.88–99.78) 99.89 (99.76–99.96) 264 7 5117 5 97.35 (94.61–98.93) 99.90 (99.77–99.97)

Uni-Gold Recombigen

Whole
blood

178 5 3590 2 97.19 (93.57–99.08) 99.94 (99.80–99.99) 166 7 3354 2 95.78 (91.50–98.29) 99.94 (99.78–99.99)

Plasma 247 8 4746 2 96.76 (93.72–98.59) 99.96 (99.85–99.99) 238 11 4506 1 95.38 (91.88–97.67) 99.98 (99.88–100.0)

Vironostika HIV-1 Microelisa

Serum – – – – – – 266 4 5125 26c 98.50 (96.19–99.59) 99.49 (99.26–99.67)

a Based on testing stored specimens at the Centers for Disease Control and Prevention HIV Serology laboratory. Includes 7 specimens re-classified as reference positive on the basis of repeatedly reactive Bio-Rad GS

HIV 1/2 PLUS O EIA and positive GS HIV-1 Western blot results. One specimen that had repeat reactive results using Vironostika and an indeterminate Western blot result was reclassified as reference negative on the

basis of negative Bio-Rad GS HIV 1/2 PLUS O EIA results.
b Excludes 5 specimens that were repeatedly reactive on the Bio-Rad GS HIV 1/2 PLUS O EIA but had indeterminate GS HIV-1 Western blot results and 9 specimens that were repeatedly reactive on the Bio-Rad GS

HIV 1/2 PLUS O EIA but had negative GS HIV-1 Western blot results.
c Specimens with initially reactive bioMérieux Vironostika HIV-1 Microelisa results. Twenty-one of 26 specimens were nonreactive when tests were repeated, 4 were repeatedly reactive but GS HIV-1 Western blot

negative, and 1 was repeatedly reactive but GS HIV-1 Western blot indeterminate. All 26 specimens had negative Bio-Rad GS HIV 1/2 PLUS O EIA results.
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that were used and the specimens that were tested. Other

clusters of false-positive rapid HIV test results have been

reported [22–26], but this is the first report of such a cluster with

Multispot.

The high sensitivity and specificity of these rapid tests appear

to be adequate to justify their use for screening. The high

specificity of initial reactive rapid test results (higher than that of

a single reactive Vironostika result) also supports providing

patients with results from a single reactive rapid test. None-

theless, the preliminary nature of a single reactive rapid test and

the need for additional testing should be emphasized [1]. The

identification of 2 specimens with reactive rapid test and positive

Western blot results but negative Vironostika results corrobo-

rates earlier observations and supports the CDC’s recommen-

dation for appropriate supplemental tests to confirm reactive

rapid tests even if a subsequent screening EIA has negative re-

sults [27]. Additionally, 3 specimens with reactive rapid test,

Vironostika, and Bio-Rad EIA results with indeterminate

Western blot results from the Los Angeles laboratory were in-

terpreted as having positive Western blot results when analyzed

subsequently at the CDC. This underscores the subjective nature

of the Western blot and the importance of follow-up testing for

all reactive rapid test results that have discordant confirmatory

test results [27, 28].

Four specimens had negative results on all rapid tests,

a repeatedly reactive Bio-Rad EIA result, and a negative or

indeterminate Western blot but detectable RNA. These results

highlight the pitfalls inherent with use of the Western blot as

the gold standard for confirmation, as well as the pitfalls of

relying on sensitivity claims without knowing which assay was

used for comparison. Strategies that detect RNA before anti-

bodies develop have been evaluated [14, 20, 29–31], and tests

that detect both p24 antigen and antibodies to HIV are now

available [14, 20, 32–35]. As initial HIV screening tests

continue to evolve and become more sensitive for early HIV

infection, alternative testing algorithms [36, 37] that include

RNA are needed to accurately establish or rule out a diagnosis

of HIV infection.

This study is subject to several limitations. First, all tests were

performed by trained staff with strict attention to recommended

procedures and quality assurance. Personnel with less experience

or training might not achieve comparable results. Second, most

rapid tests are designed for use with fresh specimens. Because not

all tests were consistently available throughout the study, some of

our results include specimens that had been frozen, stored, and

tested later. This allowed us to maximize comparisons of dif-

ferent tests conducted on specimens from the same participants,

but it may not accurately represent the performance of these

rapid tests as they are intended to be used. However, the only

observed difference in test performance comparing stored and

fresh specimens occurred with the Multispot test, which was not

reproducible when the stored specimens were retested. Third,

some of our point estimates for performance are based on dif-

ferent denominators. Percentages calculated using small de-

nominators might appear to exaggerate differences in

performance that are not statistically significant. For example,

the sensitivity of the OraQuick test performed on oral fluid

specimens from phase I patients receiving ART (97.67%) ap-

pears to be worse than the sensitivity claimed by the package

insert, despite the fact that the 95% CI of this estimate is wide.

Finally, appraising the performance of HIV screening tests is

complicated by the need to use a composite reference standard

[38]. Sensitivity is compared with a single assay, but specificity is

compared with an algorithm of a repeatedly reactive initial test

and a positive supplemental test result. Of note, using this

composite reference standard, the specificities of almost all of the

rapid tests that we evaluated exceeded that of the Vironostika

assay, which was, until recently, the test most commonly used for

initial screening.

Compared with rapid tests used to detect other diseases, which

often have sensitivities or specificities ,90% [39], performance

expectations for HIV tests are extremely high. All 6 rapid HIV

tests demonstrated excellent performance with different types of

specimens. Other characteristics that we did not evaluate, such as

convenience, time to result, shelf-life, and cost [40], will likely

prove to be more important than differences in test performance

when selecting a rapid HIV test for a specific application.
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Background. Quantitative human immunodeficiency virus (HIV) RNA load testing surpasses CD4 cell count

and clinical monitoring in detecting antiretroviral therapy (ART) failure; however, its cost can be prohibitive.

Recently, the use of pooling strategies with a clinically appropriate viral load threshold was shown to be accurate and

efficient for monitoring when the prevalence of virologic failure is low.

Methods. We used laboratory request form information to identify specimens with a low pretest probability of

virologic failure. Patients aged >15 years who were receiving first-line ART had individual viral load results available

were eligible. Blood plasma, dried blood spots, and dried plasma spots were evaluated. Two pooling strategies were

compared: minipools of 5 samples and a 10 310 matrix platform (liquid plasma specimens only). A deconvolution

algorithm was used to identify specimens(s) with detectable viral loads.

Results. The virologic failure rate in the study sample was ,10%. Specimens included were liquid plasma

specimens tested in minipools(n 5 400), of which 300 were available for testing by matrix, and specimens tested

with minipools only: dried blood spots (n 5 100) and dried plasma spots (n 5 185). Pooling methods resulted in

30.5%–60% fewer HIV RNA tests required to screen the study sample. For plasma pooling, the matrix strategy had

the better efficiency, but minipools of 5 dried blood spotshad the best efficiency overall and were accurate at a .95%

negative predictive value with minimal technical requirements.

Conclusions. In resource-constrained settings, a combination of preselection of patients with low pretest

probability of virologic failure and pooled testing can reduce the cost of virologic monitoring without

compromising accuracy.

More than 5.5 million people in South Africa are in-

fected with human immunodeficiency virus (HIV), and

the prevalence is almost 17% among adults 15–49 years

of age[1]. Approximately one million of these in-

dividuals are currently receiving antiretroviral therapy

(ART), a number expected to increase as HIV disease

progression continues and as recommendations change

to start ART at higher CD4 cell counts[2]. ART has

dramatically reduced the burden of disease in the

Western Cape Province of South Africa[3]. For example,

access to ART has reduced the 6-month mortality

among HIV-infected individuals at 1 health center from

12.7% to 6.6%[3], and early diagnosis and treatment

reduced deaths in children by 76% at 2 centers[4]. Al-

though access to ART saves many lives, in South Africa

and elsewhere, it means massive expenditure for medi-

cation, clinical services, and laboratory monitoring.

Even though HIV load (VL) testing in the South African

public sector costs only US$40 per test (including labor

reagents and instrumentation costs), it remains rela-

tively expensive. However, VL testing has been shown to

be superior to CD4 cell count and clinical monitoring

for detecting ART failure[5–9]. In the absence of VL

monitoring, patients who have virological response to

ART may be unnecessarily switched to second-line
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therapy, and other patients retained on a failing first-line ART

regimen, which is composed of a nonnucleoside reverse-

transcriptase inhibitor (NNRTI) and 2 nucleoside reverse-tran-

scriptase inhibitors (NRTIs), in many resource-limited settings,

resulting in clinical deterioration and the accumulation of re-

sistance mutations. Indeed, when CD4 cell count and/or clinical

monitoring is used to identify ART failure, a greater percentage

of patients harbor both thymidine analogue mutations and

mutations such as K65R[10] than when VL monitoring is

used[11–14]. Thus, unrecognized failure could compromise

second-line ART, which in South Africa currently is composed of

ritonavir-boosted lopinavir plus 2 NRTIs, lamivudine, and either

tenofovir or zidovudine[15]. Although VL testing is extremely

valuable for monitoring patients receiving ART, it is unafford-

able in many countries that rely on inadequate patient moni-

toring with CD4 cell count and clinical criteria alone.

Strategies that reduce the cost of VL monitoring could

therefore increase access to VL monitoring. One such strategy is

the pooled testing of samples.

Pooled HIV RNA testing is the performance of HIV RNA

testing of pools made from multiple patient specimens, which is

efficient in screening blood donors[16] and for diagnosing acute

HIV infection[17–19]. Recently, pooled testing using a clinically

appropriate VL threshold has been shown to be an accurate and

efficient method for detecting virological failure in patients re-

ceiving ART[20]. The efficiency of a pooling strategy is, how-

ever, largely dependent on the pretest probability of ART

failure[21]. If failure in a population is .25%, the saving ach-

ieved through pooling decreases to ,30%[21]. Therefore, in this

study we first evaluated how basic demographic information

recorded on standard laboratory request forms can be used to

select patients receiving ART who have a low probability of

virologic failure (,10%) and then compared minipool and

matrix strategies to reduce costs of virologic monitoring. To

maximize the usefulness of procedures in resource-limited set-

tings, we also evaluated minipools using dried blood spots

(DBS) and dried plasma spots (DPS).

MATERIALS AND METHODS

Study Population and Screening Criteria
The study was approved by the Stellenbosch University Com-

mittee for Human Research. To determine selection criteria for

identifying a study population with low (,10%) probability of

having virologic failure and thus eligible for pooled VL testing, we

performed a retrospective, descriptive analysis with use of in-

formation entered on routine laboratory request forms by health

care providers. Four representative weeks (ie, excluding holiday

seasons) from August 2008 through August 2009 were randomly

selected. All VL tests performed during these weeks by the routine

virology laboratory at the National Health Laboratory Service in

Tygerberg, South Africa, were included, and information

entered on the routine laboratory request forms was collected.

The VL threshold for defining ART failure throughout this

investigation was defined a priori as VL .1000 HIV RNA

copies/mL, which is the current threshold for virologic failure

in South Africa[15]. The simplest combination of variables was

selected that would predict a low pretest probability of having

virologic failure. The criteria, thus identified, were applied to

prospectively select patient specimens for all subsequent

pooled VL testing, excluding only specimens with insufficient

specimen volumes remaining after individual VL testing had

been performed.

Pooled Testing of Liquid Blood Plasma Specimens
The effectiveness and accuracy of routinely performed in-

dividual VL testing were compared with those of pooled VL

testing using blood plasma specimens. Specimens stored at

280�C were selected according to the previously established

criteria. Two different pooling strategies were used: minipools of

5 samples and 10310 matrix pools. At a VL threshold of 1000

HIV RNA copies/mL for defining ART failure for an individual

specimen, the VL threshold applicable to pools is 200 HIV RNA

copies/mL for the minipool platform and 100 HIV RNA copies/

mL for the matrices. Times required to constitute the pools were

recorded. Resolution of pools to identify which samples were

above the virologic threshold was done using a previously

published search-and-test algorithm, implemented in the Mea-

surement Enhanced Pooling Assay Calculator of the University

of California, San Diego, available at http://mepac.ucsd.edu/

[20]. Briefly, for matrix pools this algorithm uses results of

horizontal and vertical pools to resolve some individual speci-

mens and directs one to test the remaining individual specimens

in the most efficient order, thereby reducing the number of tests

needed. For minipools, this algorithm subtracts the contribution

of sequentially tested individual samples from the pooled VL

until the pool is resolved below the defined level of virologic

failure, at which stage no further testing of individual specimens

is needed. For each of these strategies, we calculated the negative

predictive value and number of assays performed relative to

testing each sample individually (ie, efficiency and the potential

cost differential between individual and pooled VL testing

strategies).

Pooled Testing with DBS and DPS
Pooling of specimens was also evaluated in the minipool

platform using DBS (n 5 100) and DPS (n 5 185). DBS and

DPS were prepared from specimens meeting the aforemen-

tioned criteria and that had individual VL test results from

liquid plasma specimens. Spots were dried overnight, and

cards were kept in plastic bags with desiccants at room tem-

perature until tested within 3 days after preparation. Only

minipools of 5 were constituted, as previously described for
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liquid plasma[20–21]. The following experiments were con-

ducted: one DBS per patient was eluted in 3 mL lysis buffer,

and the pool VL results were examined at thresholds of 133,

200, 400, and 1000 HIV RNA copies/mL to define a positive

pool; 2 DBS per patient eluted in 10 mL lysis buffer were

examined at thresholds of 200 and 300 copies/mL; and one

DPS per patient eluted in 3 mL lysis buffer was examined at

thresholds of 133 and 200 copies/mL. The threshold of 200

was chosen on the basis of this corresponding to an individual

VL of 1000 HIV RNA copies/mL when 5 patient specimens are

pooled, and 133 was chosen on the basis of correcting for the

amount of eluant absorbed by the DBS (�1mL of the original

3mL was absorbed). The other thresholds were multiples

of 200.

Figure 1. Retrospective evaluation of laboratory form information to identify patient specimens suitable for pooled viral load testing. The
strategy used to select demographic information on routine laboratory request forms that can be used as criteria to identify specimens with a low pretest
probability of having HIV RNA loads .1,000 copies/mL (ie, virologic failure as defined in this study). Specimens were excluded from pooled testing on the
basis of the form containing no antiretroviral therapy information, the inclusion of a protease inhibitor (PI) in the regimen, or the patient being ,15 years
of age. Specimens that were eligible for pooled viral load testing were from patients at least 15 years of age who were receiving a nonnucleoside
reverse-transcriptase inhibitor regimen.
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VL Testing and Pooling Algorithm
All individual and pooled VL testing was done using the

NucliSENS easyQ, version 2 system (bioMerieux) with a lower

level of HIV RNA detection of 25 HIV RNA copies/mL for input

volumes of 1 mL of plasma.

RESULTS

Establishing Screening Criteria for Patients with Low
Probability of Virologic Failure
The process of identifying suitable selection criteria for patients

with a low probability of failure is shown in Figure 1. The

2 criteria needed to identify a target population with virologic

failure prevalence ,10% on individual testing were age >15

years and treatment with a first-line (NNRTI-based) regimen.

The evaluated retrospective sample had a failure rate of 14.2%

before and 8.7% after applying these criteria (see Figure 1). The

characteristics of the patient specimens included in the pro-

spective study of pooled testing are shown in Table 1.

Pooled Testing Using Blood Plasma
A total of 400 stored specimens were available to be tested with

the minipool—and 300 of these with the 10 310 matrix strategy.

Specimens were tested in 80 minipools, and the mean time re-

quired to constitute 20 minipools (100 individual specimens)

was 35.5 min. VL test results of 3 minipools were invalid; thus,

all those 15 individual specimens required individual testing. In

total, only 69.5% of the 400 tests that would have been needed

for individual testing were used in the minipool strategy. This

30.5% reduction of tests used would have resulted in a reagent

cost savings of US$1220 per 100 specimens, based on the cost

for one VL test of US$40 (ZAR 300).

For the 10 3 10 matrix strategy, 300 patients were tested in 3

matrices. The mean time to constitute one matrix consisting of

100 individual samples was 45 min, �10 min more than pre-

paring minipools for the same number of specimens. Using the

Measurement Enhanced Pooling Assay Calculator for decon-

volution, only 59% of the tests needed for individual testing

would have to be performed, resulting in a reagent savings of

US$1640 per 100 specimens. The negative predictive value for

both methods was .95% (Table 2).

Pooled Viral Load Testing Using DBS and DPS
When one DBS was eluted into 3 mL of lysis buffer, pooling

efficiencies as compared with individual testing ranged from

210% to 20% depending on the VL threshold used to define

a positive pool (133, 200, 400, and 1000 HIV RNA copies/mL).

When 2 DBS were eluted in 10 mL of lysis buffer, pooling effi-

ciencies were 5% and 25% for pool VL thresholds of 200 and 400

HIV RNA copies/mL, respectively (Table 3). The slight increase

in efficiency was, however, offset by a decrease in negative pre-

dictive value when using the larger eluant volume (Table 3). The

efficiency of DPS pooling, however, remained similar (57% vs

60%) for pool thresholds of 133 and 200 HIV RNA copies/mL.

The associated increase in positive predictive value from 92% to

100% was attributable to a single pool with a VL of 190 copies/

mL testing false-positive at the 133 HIV RNA copies threshold

but not at 200. Only one DPS pool tested false-negative, and this

pool had 1 specimen with a low VL of 1200 copies/mL (Table 3).

DISCUSSION

The long-term clinical success of ART depends on regular VL

monitoring inpatients, and the long-term sustainability of ART

programs in resource-constrained countries will require the

availability of VL testing. Although novel approaches, from

point-of-care VL assays [22] to alternatives to the commercially

available laboratory-based VL assays, are urgently needed [23],

pooled testing could be implemented rapidly to substantially

reduce the reagent costs of VL testing and thereby make VL

testing more affordable. Currently available commercial assays

require specialized equipment, well-equipped laboratories, and

skilled staff; therefore, these assays are only viable in a few

centralized laboratories, which could, nevertheless, improve

their use of expensive resources through innovative but accurate

testing strategies.

In our study, the 10310 matrix pool strategy had a higher

efficiency than the 5-specimen minipool strategy (41% re-

duction in VL tests needed, compared with 30.5%), most likely

because of 3 minipools pools with invalid VL tests. However, the

minipool strategy was easier in practice, in both time and ex-

pertise required to constitute and deconvolute the pools.

Table 1. Characteristics of Specimens Included in Different Pooling Strategies

Pooling Strategy

(individual

specimens tested)

Plasma Minipool

(n 5 400)

Plasma

Matrix Pool

(n 5 300)

Dried Blood

Spot Minipool

(n 5 100)

Dried Plasma

Spot Minipool

(n 5 200)

Mean log10Viral Load (VL) 2.88 2.88 2.94 2.39

VL range (copies/mL) 55–470,000 55–470,000 53–94,000 51–260,000

VL . 1000 9.50% 11.00% 9.00% 7.57%

50 , VL , 1000 14.25% 16.67% 11.00% 8.65%

VL . 50 23.75% 27.67% 20.00% 16.21%
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Moreover, the 10310 matrix requires 100 samples to be avail-

able before any can be tested, whereas minipools require mul-

tiples of 5 specimens only, which could be preferable in terms of

turnaround time enabling rapid clinical decision making. Fur-

thermore, due to the difficulty of correctly constituting the

10310 matrix, it may require experienced laboratory personnel,

which could greatly limit its use in resource-constrained settings.

We also explored the use of DBS and DPS for pooled VL

testing. Other studies [24–29], one of them using the same

platform for VL testing [27], found similar results with DBS

having a mean VL lower than in liquid plasma; however, this will

most likely depend on the proportion of patients who have

virological failure, where cell-associated HIV RNA may con-

tribute more or less to the measured VL in a DBS, compared

with that in liquid plasma. This could be especially relevant

when DBS are pooled, as a larger volume of blood, containing

more cells, is tested compared with individual DBS VL testing.

Furthermore, the use of DBS is complicated by the variable

plasma fraction due to differences in hematocrit between pa-

tients. The combination of these factors and the high variability

could result in a falsely high VL when compared with individual

plasma testing and could explain the observed poorer specificity

and efficiency of pooled DBS testing. In contrast, pooled testing

of DPS yielded less variability and excellent efficiency and ac-

curacy at both pool thresholds of 133 copies and 200 HIV RNA

copies/mL. The only measured difference between these 2

thresholds was due to one negative pool that had a VL result of

190 HIV RNA copies/mL and was thus false-positive at 133

copies and true-negative at the 200 HIV RNA copies/mL

threshold. The one pool that tested false-negative had a speci-

men with a relatively low VL of 1,200 HIV RNA copies/milliliter.

The study sample evaluated with DPS did have a lower preva-

lence of virologic failure than the DBS sample (7.6% vs 9%).

However, it is unlikely that this alone would account for the

difference in observed efficiency between the methods, which

most likely should be ascribed to the absence of cellular HIV

RNA and less variability in the plasma, compared with whole

blood input. In addition, the observed efficiency difference

could be due to effects of inhibitory substances such as hemo-

globin in DBS but not in DPS. The excellent efficiency of DPS

pooling of about 60% could have resulted in cost savings of

about US$2400 per 100 specimens screened for virologic failure.

Table 2. Comparison of Minipools and Matrix Pools

Method

Prevalence of Failure

(.1,000 RNA copies/mL)

Negative Predictive

Value

Relative Efficiency

(reduction in

tests needed)

Cost Savings per

100 Specimens

(US$40 per viral load test)

3 matrices (n 5 300 specimens) 11% 98% 41% US$1,640

80 minipools (n 5 400 specimens) 9.50% 100% 30.5% US$1,220

Table 3. Efficiency and Accuracy of Minipool Viral Load Testing of Dried Blood Spots (DBS) and Dried Plasma Spots (DPS)

Summary Results At Pool Threshold (HIV RNA copies/mL)

DBS

1 DBS in 3ml (20 minipools of 5) 133 200 400 1000

Efficiency –10.00% –5.00% 5.00% 20.00%

Sensitivity 100.00% 100.00% 87.50% 75.00%

Specificity 20.00% 30.00% 40.00% 60.00%

Positive Predictive Value 50.00% 53.33% 53.85% 60.00%

Negative Predictive Value 100.00% 100.00% 80.00% 75.00%

2 DBS in 10mL(20 minipools of 5) – 200 400 –

Efficiency – 5.00% 25.00% –

Sensitivity – 100.00% 88.89% –

Specificity – 45.45% 72.73% –

Positive Predictive Value – 60.00% 72.73% –

Negative Predictive Value – 100.00% 88.89% –

DPS

1 DPS in 3 mL(37 minipools of 5) 133 200 –

Efficiency 57.30% 60.00% –

Sensitivity 92.31% 92.31% –

Specificity 95.83% 100.00% –

Positive Predictive Value 92.31% 100.00% –

Negative Predictive Value 95.83% 96.00% –
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The efficiencies for the liquid plasma minipool and matrix

pooling experiments were lower than previously reported [20],

where efficiencies for both strategies were above 50%. This could

be due to the higher mean VL in our sample (log10VL of 2.88 vs.

2.33 copies/mL) or in the case of the minipools, the 3 pools that

had invalid VL test results. For DPS pooling, however, the ef-

ficiency was 60% and therefore comparable to this previous

study. It is unlikely that the low prevalence of virologic failure

(7.6%) of the sample of specimens included in the DPS exper-

iment alone accounts for the better efficiency of DPS pooling

than liquid plasma pooling. The improvement observed with

DPS pooling probably results from the lower plasma volume

input in the DPS and therefore higher detection limit, which

could contribute to the observed lower false-positive rate

(0%–2.7% for DPS minipools vs. 16.25% for liquid plasma

minipools). This increased the overall efficiency, as fewer false-

positive pools needed deconvolution compared with liquid

plasma pooling using minipools.

One limitation of this study was that it was retrospective, in

the sense that we compared the results of pooled VL testing of

stored specimens to results of previously conducted routine in-

dividual VL testing: Specimens were thus exposed to one cycle of

freezing and thawing between individual testing and pooled

testing. Another limitation was that we did not compare the

DBS- or DPS-pooled VL to DBS or DPS specimens tested in-

dividually but, rather, to known (previously tested) liquid plasma

VL. These will need to be evaluated in a future prospective study.

Furthermore the cost-efficiency of pooling is dependent on the

variable costs of labor, reagents, and equipment and the possible

different health impacts of VL monitoring in various settings,

depending on the ART regimens that are available.

In this study, simple laboratory request form information was

found to be valuable in identifying patients who have a low

probability of virological failure. This could be crucial for

identifying which specimens are suited for pooled or in-

dividualized testing. We have also shown that in a resource-

constrained setting, a combination of preselecting patients with

low pretest probability of virologic ART failure followed by

pooled VL testing can reduce costs without compromising ac-

curacy, and that DPS minipooling was the most efficient

method. Taken together, this could be very valuable when

considering a centralized laboratory equipped with automated

liquid-handling systems for preparing pools and software to

assist with the deconvolution of positive pools. This would allow

an increase in the number of patients tested without needing

more VL tests, testing equipment, or staff.
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P H O T O Q U I Z A N S W E R
Philip A. Mackowiak, Section Editor

A 20-Year-Old Man with Fever, Headache and
Neck Stiffness
(See page 218 for the Photo Quiz.)

Diagnosis: Neuroborreliosis with tick-borne relapsing fever

(TBRF) caused by Borrelia hermsii.

Wright stain of the patient’s peripheral blood smear dem-

onstrated numerous spirochetes (Figure 1). The results of

screening tests performed on the patient’s serum sample for

Lyme disease antibody, human immunodeficiency virus anti-

body, and Leptospira antibody and a rapid plasma reagin test

were negative. Serum samples were also tested for B. hermsii with

an immunoglobulin (Ig) G and IgM immunofluorescence assay

(Focus Diagnostics), which revealed borderline high IgG (acute

phase, 1:64; convalescent phase, , 1:64; normal value, ,1:64)

and IgM titer (acute phase, ,1:16; convalescent phase, 1:32;

normal value, ,1:16). Species identification of spirochetes was

aided by in-house broad-range bacterial 16S ribosomal RNA

polymerase chain reaction and sequencing performed on blood

specimens, which established a diagnosis with a 100% sequence

match with the B. hermsii 16S ribosomal RNA gene (Genbank

reference sequence DQ855530.1). Our patient was treated with

intravenous ceftriaxone and oral doxycycline for 14 days and

returned to his usual state of health at end of therapy.

Although as many as 15 Borrelia species are associated with

TBRF worldwide, B. hermsii is the principal species causing

TBRF in the United States[1]. It is primarily distributed in the

Western United States, with the greatest number of cases being

reported from the North Rim of Grand Canyon National Park in

Arizona [2, 3]; San Diego, Los Angeles, Fresno, Mono, Nevada,

and San Bernardino counties in California [4]; and Larimer

County (specifically, Estes Park) in Colorado [3]. Soft ticks be-

longing to the genus Ornithodoros are the chief arthropod vectors

for transmission of Borrelia species to its usual hosts, such as rats,

squirrels, and chipmunks. Human disease is a consequence of

tick bite, which most commonly occurs during the night, when

the host is sleeping in a tick-infested area [5]. Because ticks bite

at night, feed, and then move on, patient’s often do not recall tick

bites and do not find ticks attached to the body.

The syndrome of TBRF is characterized by acute onset of an

initial febrile illness with an incubation period of �7 days and

a duration of�3 days, and it is associated with nonspecific ‘‘flu-

like’’ symptoms of arthralgia, myalgia, and headache. At the end

of the initial febrile episode, an asymptomatic clinical phase of

�7 days manifests, with subsequent ‘‘relapses’’ of multiple

febrile episodes interspersed with asymptomatic phases. Less

commonly, iridocyclitis, hepatitis, myocarditis, and acute re-

spiratory distress syndrome have been associated with TBRF [3].

Petechial or maculopapular rash has been reported in 18%–28%

of cases [3, 6]. Neurological involvement with TBRF is described

in 10%–30% of cases [6], with the most common manifestations

being meningismus and facial palsy [7]. Furthermore, the fre-

quency of neurological involvement is Borrelia species de-

pendent, such that the highest rate of neurological involvement

(9%–80%) is seen among patients with disease due to Borrelia

duttonii, whereas ,5% of patients with disease due to B. hermsii

develop such a complication.

Diagnosis of TBRF should be strongly considered on dem-

onstration of spirochetes in Giemsa- or Wright-stained pe-

ripheral blood smears from a patient with compatible

epidemiological exposure. Although relapse of fever is associated

with high levels of spirochetemia, false-negative peripheral

blood smear findings may result from failure to obtain the blood

sample during the febrile episode. In addition, a considerable

degree of serological cross reactivity between spirochetes limits

use of serological tests for diagnosis. Furthermore, few reference

laboratories have the capacity to detect specific antibody against

the surface protein, glycerophosphodiester phosphodiesterase

Figure 1. Wright stain of patient's peripheral blood smear, which was
obtained at the time of presentation, showing spirochetes (arrows).
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[8], which has shown the ability to differentiate TBRF-related

Borrelia species from Borrelia burgdorferi and Treponema species.

Because a high organism burden load in blood is seen in the

acute febrile phase of infection, direct polymerase chain reaction

performed on blood samples with subsequent sequencing of the

16S recombinant DNA gene could help in confirming diagnosis

[9]. Patients with TBRF with neuroborreliosis are effectively

treated with a 14-day course of ceftriaxone plus doxycycline.
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Correspondence

Severe Hyperferritinemia in
Mycobacteria tuberculosis
Infection

To the Editor—Ferritin plays an es-

sential role in iron homeostasis by

binding and sequestering intracellular

iron [1]. It acts as an acute-phase re-

actant, and elevated levels are typically

associated with both acute and chronic

inflammatory conditions [1]. Markedly

elevated levels of ferritin have been as-

sociated with various noninfectious

causes, including malignancies, severe

iron overload, and dialysis-dependent

chronic renal failure [2]. Infections—-

most notably, disseminated histoplas-

mosis (DH)—have also been cited as an

important cause of elevated ferritin lev-

els [3], as well as of hyperferritinemia

[4, 5], although this has been refuted by

some authors [6].

Patients infected with human im-

munodeficiency virus (HIV) have been

shown to constitute as many as 36% of

patients with ferritin levels .1000 ng/

mL in previous studies [7, 8], and such

patients account for 55% of our patient

population. Baseline serum ferritin

levels seem to be higher in HIV-

positive patients [9], and levels reflect

the degree of immune activation [10].

Levels .10,000 ng/mL have been ad-

vocated by some authors as being

a highly specific marker for DH [11].

Subsequent reports have suggested that

ferritin levels .10,000 ng/mL should

actually be interpreted as a nonspecific

indicator of superimposed infection

and should not be associated with

a specific disease entity [6].

All patients for whom serum ferritin

measurement was performed from

January 2009 through July 2010 at the

Steve Biko Academic Hospital (Pretoria,

South Africa) were evaluated. A total of

19 patients had ferritin levels .10,000

ng/mL (Table 1). Histoplasmosis was

not diagnosed in any of the patients, and

disseminated infection due to Mycobac-

terium tuberculosis seemed to be the

most common infectious cause of ele-

vated ferritin levels, accounting for 42%

of all cases. Hyperferritinemia has been

strongly associated with the presence of

hemophagocytic syndrome [5, 12], al-

though this phenomenon was not di-

rectly demonstrated in any of our

clinical cases [5, 12]. We therefore con-

cluded that, in our clinical setting, dis-

seminated tuberculosis was the most

important cause of severe hyper-

ferritinemia, especially among HIV-

positive patients.

Table 1. Summary of Clinical Cases Identified with Serum Ferritin Levels exceeding 10,000 mg/mL

Patient Age, years Sex Ferritin level, mg/mL Diagnosis Human immunodeficiency virus status

1 27 F 88 894 Tuberculosis Unknown

2 29 M 41 645 Tuberculosis Positive

3 31 M 40 521 Tuberculosis and cytomegalovirus infection Positive

4 47 F 29 495 Transfusion Unknown

5 47 F 27 743 Tuberculosis Positive

6 40 M 26 973 Chronic transfusion Negative

7 25 F 24 624 Chronic dialysis Positive

8 36 M 19 812 Tuberculosis Positive

9 56 F 15 551 Chronic dialysis Unknown

10 55 M 14 103 Tuberculosis Negative

11 26 M 13 738 Hodgkin lymphoma Unknown

12 26 M 13 159 Unknown Negative

13 29 F 13 114 Cytomegalovirus infection Positive

14 48 F 12 664 Unknown Positive

15 70 M 11 571 Massive transfusion Unknown

16 56 M 11 226 Transfusion Negative

17 41 F 10 764 Tuberculosis Positive

18 67 M 10 087 Acute myeloid leukemia Negative

19 23 M 10 000 Tuberculosis Positive
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Reply to Binnicker et al.

To the Editor—We thank Binnicker

et al for their comments regarding our

article [1] and questioning the terminol-

ogy used to refer to nontreponemal testing

conducted after a reactive anti-treponemal

antibody screening assay for Treponema

pallidum infection. Although the term

‘‘confirmatory’’ can apply to any test that

establishes the accuracy or correctness of

another method, conventional wisdom

would dictate that a confirmatory assay

have a higher specificity than the screening

method. The strategy of clinical diagnostic

algorithms is to conduct a highly sensitive

screening test that can detect all true-

positives and only a few false-positives,

followed by a more specific confirmatory

test that identifies all true-negatives and

resolves false-positive results.

Although we used the word ‘‘confir-

mation’’ to refer to nontreponemal tests

in the new testing algorithms, similar to

recognized experts in the field [2], we

agree with Binnicker et al that this term

is inconsistent with what we know about

the basis of these assays and could fur-

ther contribute to misunderstanding in

clinical practice. For this purpose, we

carefully described the foundation of the

traditional serologic tests by which we

diagnose syphilis in our article [1] to

educate clinicians regarding their limi-

tations and test performance relative to

the newer diagnostic methods. Non-

treponemal tests, including the rapid

plasma reagin, the Venereal Disease Re-

search Laboratory, and the toluene red

unheated serum tests clearly lack spec-

ificity for T. pallidum infection and are

likely to be associated with more false-

positives than the newer treponemal

screening assays. Therefore, in principle,

nontreponemal tests should not be

considered as confirmatory tests in the

diagnosis of syphilis.

However, clinicians should not un-

derestimate the value of the qualitative

nontreponemal test in the decision tree

for determining the management of

a positive treponemal screening result.

Although not confirmatory, a rapid

plasma reagin, Venereal Disease Research

Laboratory, or toluene red unheated se-

rum titer can significantly contribute to

the analytical process by which a clinician

must weigh the patient history along with

serological test results in estimating the

stage of syphilis infection. Despite slight

variation among quantitative rapid

plasma reagin titers between laboratories

[3], these titers are known to correlate

well overall with disease activity [4].

Different therapeutic regimens and

management considerations depend on

the stage of syphilis; thus, nontreponemal

tests are crucial to estimating the stage of

infection along with the clinical history

and the physical examination.

Binnicker et al suggested that the term

‘‘supplementary’’ be applied to non-

treponemal testing in the new syphilis

testing algorithms; however, these serol-

ogies can also be considered as part of a

reflex testing approach, whereby labora-

tories conducting treponemal screening

tests automatically perform qualitative

nontreponemal test titers following

a positive result. Therefore, although the

debate may continue regarding how to

refer to nontreponemal tests in the new

algorithms, the clinician should re-

member that a 2-step testing process is

generally recommended for diagnosis of

T. pallidum infections, regardless of

which type of test is used for screening.
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Tuberculosis Screening in
Patients Starting
Antiretroviral Therapy in
Sub-Saharan Africa:
Stretching Diagnostics to the
Limits

To the Editor—We read with interest

the article by Bassett et al [1] about

intensive screening for pulmonary tuber-

culosis (TB) among human immuno-

deficiency virus (HIV)–infected patients

initiating antiretroviral treatment (ART)

at an outpatient service in Durban, South

Africa. All patients without a pre-existing

TB diagnosis (median CD4 cell count,

100 cells/lL) were screened using sputum

culture, and 19% were confirmed to have

pulmonary TB. Only 52% of patients

with TB reported cough, and the sensi-

tivity of sputum smear microscopy was

only 9%. The authors concluded that,

in settings with high TB prevalence,

screening using sputum culture should be

routine in this patient population. How-

ever, infrastructure to do this is currently

lacking in many countries.

In similar studies involving patients

starting ART in Cape Town, South Af-

rica [2, 3], we also found a very high

prevalence of undiagnosed TB of 25%

(95% confidence interval, 20%–31%). In

view of the low sensitivity of symptom

screening and of sputum smear micros-

copy (14%), compared with liquid cul-

ture [2], we similarly concluded that

routine sputum culture is required.

Intensive screening before ART in our

cohort halved the TB incidence rate

during the initial months of ART, ef-

fectively reducing morbidity and sim-

plifying patient treatment [3].

An important difference between our

studies is that Bassett et al [1] collec-

ted only a single sputum specimen,

compared with our study, in which

2 specimens were obtained at a single

clinic visit. Re-examining our data, the

first sputum sample yielded 45 TB cases

(19% of 235 patients screened), com-

pared with 58 cases (25% of 235) from

both samples. Thus, 22% of the TB di-

agnoses were reliant on a second sample

being obtained. This is similar to the 17%

incremental yield from a second sample

in a study screening for HIV-associated

TB in Southeast Asia [4]. Evaluation of

intensive TB screening strategies should

include analysis of the incremental cost of

culturing .1 sample.

The substantially increased yield of TB

cases from analysis of a second sample

may relate to the fact that the numbers

of bacilli present in sputum samples are

likely to be very low in these immuno-

compromised patients. This is consistent

with our observations that the sensitivity

of smear microscopy was very low [2],

chest radiographs were normal in one-

third of cases, and pulmonary cavitation

was rare [5]. More direct evidence of low

bacillary numbers is provided by the

prolonged time to sputum culture pos-

itivity using automated liquid culture,

with a mean duration of .3 weeks [2].

When bacillary concentrations approach

the limits of detection in liquid culture

(10–100 organisms per mL of sputum),

the yield of TB diagnoses will be strongly

dependent on the number of samples

examined.

Bassett et al [1] did not report on the

time to diagnosis. This is a critical issue

in this patient group with pre-

dominantly sputum smear-negative

disease in view of high rates of mor-

tality and nosocomial transmission

from undiagnosed TB [6–8]. New rapid

diagnostic tests are urgently needed to

expedite diagnosis to reduce these risks.

The Xpert MTB/RIF assay (GeneXpert;

Cepheid) is a novel, fully automated

nucleic acid amplification test and

represents a major advancement, pro-

viding an extremely rapid (,2 h) and

specific TB diagnosis with use of near-

patient technology [9, 10]. However,

when screening for TB among patients

starting ART, the assay is likely to be

stretched to its limits of detection (95%

sensitivity in sputum samples with 131

bacilli per mL [9]). In a recent clinical

field evaluation, sensitivities for smear-

negative TB were strongly dependent on

the number of samples analyzed, de-

tecting 73%, 85%, and 90% of culture-

confirmed cases when analyzing 1, 2, or

3 samples, respectively. It will be im-

portant to assess the sensitivity of this

assay among patients commencing ART

in whom bacillary numbers in sputum

are likely to be even lower. Thus,

multiple samples may be needed to

achieve adequate sensitivity. An addi-

tional, much cheaper approach to rapid

screening and diagnosis in patients with

very advanced immunodeficiency may

be provided by detection of urinary

lipoarabinomannan. Although sensiti-

vity in this patient group is only

moderate [2, 11], a simple lateral flow

version is being evaluated as a point-of-

care test.
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Reply to Lawn et al.

To the Editor—We thank Lawn et al

for their letter [1] and for providing

additional evidence to support both the

enormous burden of pulmonary tuber-

culosis (TB) among patients initiating

antiretroviral therapy (ART) in South

Africa and the limitations of the widely

available diagnostic tests [2, 3]. We agree

that the diagnosis of TB in the context of

human immunodeficiency virus (HIV)

infection is severely hampered by the

often atypical clinical presentation and

paucibacillary disease that contributes to

the very poor performance of smear

microscopy.

The addition of a second sputum

specimen has been shown to increase

the yield of TB screening among people

infected with HIV [4]. Although we

attempted to increase sensitivity by us-

ing both solid agar (7H11) and myco-

bacterial growth indicator tube (MGIT)

liquid media [5], we agree that a second

specimen would have increased the

sensitivity of both smear microscopy

and culture in our study. However,

obtaining a second specimen, which

may entail the patient returning to the

clinic on another day, involves addi-

tional personnel time, logistical bar-

riers, laboratory infrastructure, and

costs. A formal evaluation to examine

the clinical impact and cost-effective-

ness of 1 versus 2 sputum specimens

would be useful in helping to elucidate

and weigh these trade-offs.

The mean time (6 standard de-

viation) to automated liquid culture

positivity in our patient sample was

12 days (6 4.4 days). This is shorter

than that reported by Lawn et al [2], but

similar to the time to culture positivity

using the BACTECT MGIT 960 system

(Becton Dickinson) reported for smear-

negative subjects from Johannesburg,

South Africa [6]. Time to a positive

culture captures only part of the chal-

lenge of TB diagnosis and treatment, as

additional time required to report and

receive results in a timely fashion, as well

as to locate patients who require treat-

ment, can be substantial obstacles in

resource-limited settings.

A rapid, sensitive, and specific

screening test for HIV-infected patients

is critical to stem the tide of these

deadly concurrent epidemics. The

GeneXpert is promising, given its rela-

tive simplicity, safety, and rapid turn-

around time [7]. However, in the

recently reported multicenter evalua-

tion of its performance, 3 specimens

were required to reach 90% sensitivity

among smear-negative individuals [7].

A further evaluation of the performance

of the GeneXpert, outside of the refer-

ence laboratory setting, among patients

initiating ART will be important for

assessing the broad applicability of this

technology.

Noninvasive tests with the potential to

be used at the point of care, such as

a breath test to detect volatile organic

compounds or a simplified urinary test

for cell wall constituents of Mycobacte-

rium tuberculosis, are extremely attractive

possible future technologies [8]. These

would simplify diagnosis particularly for

those for whom current diagnostics are

most limited: HIV-infected individuals

and children. However, in the absence of

such tests, active screening with TB spu-

tum cultures for patients initiating ART

remains an important strategy.
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Gram Stains and
Smartphones

To the Editor—The venerable Gram

stain has been an indispensable tool in

combating infectious diseases for decades.

It can, in almost real time, identify and

characterize a wide variety of micro-

organisms and distinguish types of leu-

kocytes in clinical specimens that may be

critical in making empiric decisions

about optimal antibiotic use. It can also

allow physicians to see the actual enemy

through the lens of a microscope. In re-

cent years, however, the Gram stain has

become less accessible to physicians de-

spite its value and low cost. The advent of

smartphones now offers an opportunity

to bring the laboratory to the bedside,

providing a cost-effective technique to-

meet the increasingly difficult challenge

of choosing appropriate antibiotics.

Laboratories can now obtain digital

images of Gram stains of clinical speci-

mens with standard microscopes and an

inexpensive camera. The images can be

downloaded and then sent out

as attachments to e-mail or text

messages. The attachment can then

be opened to a full-screen view and

even magnified with features such

as the iPhone application that

allows a field to be searched as it would

be with a microscope (Figure 1). Adapt-

ers to the microscope may also allow

smartphones to obtain images directly

from the microscope and then send them

out immediately with a text message and

a code number for the patient.

Testing in our institution has

indicated some problems with

attachments, related to smartphone

configurations and features. The tech-

nology continues to improve, however,

and is increasingly used with radiology

and dermatologic images of skin le-

sions. The requirement for a code to be

provided by the requesting physician

and the availability of encryption

features in most smartphones have

alleviated concerns about confidenti-

ality. The use of cellular phones and

smartphones to communicate, even

with video images, is thankfully

exempt from HIPAA regulations,

although images should not be trans-

mitted with any patient identifiers.

The method has been well received in

our institution, especially by experienced

attending physicians. Younger physicians

and residents may not understand the

value and art of a Gram stain, because it

has not been a part of their training. This

advance in technology and application

may bring improved use of anti-

microbials and better coordination with

the laboratory but may require some

education as to both the art and the

science of medicine in infectious diseases.
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Artesunate is Ineffective in
Controlling Valganciclovir-
Resistant Cytomegalovirus
Infection

To the Editor—Cytomegalovirus

(CMV) disease is a common pathogen

and represents a difficult clinical prob-

lem in transplant recipients. CMV-na-

ive patients receiving a CMV-positive

allograft may experience complications,

such as retinitis, gastritis, colitis, and

pneumonitis, which may force clini-

cians to reduce immunosuppressive

agents, thereby risking rejection.

However oral agents, such as valganci-

clovir, are effective in controlling such

disease.

Unfortunately, CMV resistance to oral

valganciclovir is an emerging problem

and poses particular management diffi-

culties in renal transplant recipients,

because alternative agents, such as fo-

scarnet and cidofovir, are renal toxic [1].

Recently, the antimalarial agent arte-

seunate was reported as an effective

agent against both wild-type and ganci-

clovir-resistant CMV [2]. Unlike ganci-

clovir, cidofovir, and foscarnet,

artesunate is not nephrotoxic and is

believed to inhibit viral replication via

an alternate mechanism of action to

DNA polymerase.

We recently trialled artesunate in

a renal transplant recipient with docu-

mented valganciclovir resistance muta-

tions in CMV (suscepitible to cidofovir

and foscarnet). Our CMV-naı̈ve, 47-

year-old female patient received a CMV-

positive renal allograft 12 years pre-

viously and presented with a relapse of

CMV colitis, with a high CMV load. She

experienced 1 previous episode of CMV

colitis documented with positive histo-

pathology 2 years prior. Her medications

at admission included oral valganciclovir

(450 mg twice daily), diltiazem CD (240

mg twice daily), mycophenolate (1 g

twice daily), prednisolone (10 mg daily),

fenofibrate (48 mg daily), trandolapril (8

mg twice daily), pravastatin (80 mg

daily), sertraline (50 mg twice daily),

and esomeprazole (40 mg daily). Initial

CMV quantitative polymerase chain re-

action at admission was .1.1 3 105

copies/mL, exceeding the laboratory

CMV disease threshold of 5000 copies/

mL. Her estimated glomerular filtration

rate (modification of diet in renal dis-

ease formula) was 27 mL/min, thus

limiting use of standard CMV antiviral

agents.

Initial therapy with CMV immuno-

globulin and intravenous ganciclovir

therapy failed to improve viral load.

Immunosuppression was modulated by

substituting mycophenolate with ever-

olimus (.75 mg twice daily), and prednis-

olone therapy (10 mg daily) was

continued. Intravenous artesunate (180

mg daily) was commenced, and the dosage

was increased to 240 mg daily on day 7. A

total of 20 days of intravenous artesunate

therapy failed to significantly reduce CMV

load on serial quantitative polymerase

chain reaction assay. Subsequent therapy

with foscarnet rapidly suppressed CMV

load to undetectable levels.

We found that artesunate was in-

effective against this valganciclovir-re-

sistant CMV strain. Alternate nonrenal

toxic agents are needed for the treatment

of these cases.
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B O O K R E V I E W S
Gary P. Wormser, Section Editor

Retroviruses:
Molecular Biology,
Genomics and
Pathogenesis
Edited by Reinhard Kurth and
Norbert Bannert

Norfolk, UK: Caister Academic Press, 2010.
454 pp. $310 (hardback).

Since the discovery of human immuno-

deficiency virus (HIV), the world of

retrovirology has gained a degree of

prominence that is the envy of most

other fields of virology. The Retroviridae

family is truly enormous, both in the

scope of host range and in its molecular

and genomic diversity. The editors have

gathered together an extensive array of

experts that present their respective

topics clearly, with a plentiful supportive

data. Each chapter concludes with an

extensive and up-to-date bibliography.

Retrovirology consists of 16 chapters

whose primary aim is to inform experi-

enced readers, but the book also includes

sufficient entry-level information that it

would entice novices to delve more

deeply than they otherwise might. The

book contains an array of acronyms,

requiring continuous reference to the list

of abbreviations at the beginning.

The first 2 chapters cover retro-

transposons and endogeneous retro-

viruses. These chapters are replete with

very detailed information on how these

elements are classified and the biofunctional

consequences of their presence. We learn

that several distinctive and overlapping ge-

nome defense mechanisms have evolved

over time to protect host organisms from

these mobile ‘‘retro’’ elements. The lack of

clarity with regard to the function of these

elements has resulted in an eclectic mixture

of descriptive terms, such as ‘‘junk DNA,’’

‘‘controlling elements,’’ ‘‘genomic para-

sites,’’ and ‘‘evolutionary rubbish.’’ The

section on genome biology of retro-

transposons provides a nice backdrop to

the battlefront of host-mediated defense

against these elements, including cytosine

methylation, small RNAs, and APOBECs.

The authors of this chapter poses the very

interesting thought that retroviruses may

be useful in host defense against other

infectious (retro)viruses.

The next 5 chapters, chapter 2–7, re-

view the life cycle of retroviruses, from

particles, to reverse transcription, to in-

tegration, assembly, and release of the

daughter virions. After reviewing these

chapters and perhaps delving into the

bibliographies, readers will have a thor-

ough understanding of the biology of

retroviral replication and completion of

the life cycle. Chapter 8 finishes this sec-

tion, with a review of transmission and

epidemiology. Reading this chapter, one

learns that interspecies transmission oc-

curs; retroviruses as a family have a pre-

ferred host but many are somewhat

promiscuous with respect to species re-

striction. Transmission is usually restricted

to direct contact, and vaccines have helped

decrease the prevalence of infections with

such viruses as feline leukemia virus.

Chapter 9, ‘‘Pathogenesis and Onco-

viral Infections,’’ is probably the most

interesting chapter in the book, and it will

appeal to a wide variety of audiences.

Pedersen and Sorensen provide a fascinat-

ing merger between the worlds of virology

and oncology. The approach is very sci-

entific, but one can immediately see that

oncovirology helps reveal the inner

workings of oncology, and translational

research opportunities may provide new

avenues for antiviral therapy. The 2 tables

in this chapter nicely summarize examples

of oncogenic retroviruses and oncogenes

captured in transducing retroviruses.

Chapter 10, ‘‘Pathogeneis of Immu-

nodeficiency Virus Infections,’’ provides

an excellent description of the genome

organization of HIV, the function of the

proteins produced from the viral ge-

nome, and how lentiviruses are often

nonpathogenic. The nonpathogenic in-

fection in native hosts reflects a likely

adaption to the virus and may provide

the infected host with protection for

other lentivirus infections. The de-

scription of the innate and adaptive

immune system will give the reader

a good understanding of the immune

processes involved in the response to

HIV and the immunopathogenesis and

neuropathogenesis of HIV and simian

immunodeficiency virus (SIV) in-

fections. The authors also review the

much-debated ‘‘chicken-egg’’ co-

nundrum of whether long-term non-

progressors (also known as elite

controllers) are protected as a result of

a potent CD81 T cell response or be-

cause of infection with a weakened vi-

rus. Poli and Erfle conclude that the

HIV pandemic has taught us that path-

ogenic retroviruses are not easily elimi-

nated by the innate and adaptive

immune systems, that infected cells can

be long lived, and that there is a pressing

need for ongoing research into all po-

tentially pathogenic microbes, even if

they first appear irrelevant. This latter

point links with the translational re-

search potential of retrovirology, cov-

ered in chapter 9.

‘‘Retroviral Restriction Factors,’’ chap-

ter 11, nicely complements the in-

formation outlined in chapter 10. The

review and discussion of the functional

significance of the apolipoprotein B

mRNA editing enzyme, catalytic poly-

peptide family (APOBEC), linked with the

activities of tripartite motif-containing 5

(TRIM5), etc, are very detailed.
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Chapter 12 focuses on the holy grail of

vaccinology, which has been the de-

velopment of vaccines to retroviruses

such as HIV. Several noted trials have not

yielded the expected immune protection.

Norley and Kurth provide a very good

explanation of why the classic approach

to the development of vaccines is not

optimal for HIV. Preexisting immunity

to many of the viral vectors used to de-

liver the encoding DNA is a considerable

challenge for the development of pan-

isolate anti-HIV vaccines. The single-cycle

or single-round immunodeficiency virus

strategy has shown promise in stimulating

cellular and humoral immunity, but these

have failed to yield protective immunity

to subsequent challenges with pathogenic

SIVmac. The viral quasispecies or het-

erogeneity phenomenon exhibited by vi-

ruses such as HIV is an obvious reason

why many vaccines are at best weakly ef-

ficacious, despite their ability to generate

target specific antibodies. However, the

authors rightly point out that protein

heterogeneity is not solely responsible for

the failure of classic and molecular vac-

cine strategies. They speculate that the

risk benefit of vaccine induced protection

may outweigh the disease-causing po-

tential of replication-competent vectors

as vaccine agents. This caveat may apply

only in those areas of the world where

the endemicity of HIV is high and

access to antiretroviral therapy is limited.

This chapter is essential reading for

anyone interested in understanding the

history of vaccinology and retrovirology.

Chapter 13 covers gene therapy as an

adjunct to vaccines in the control of

retroviral infections.

Chapters 14 and 15 provide a good

amount of detail on nonprimate, primate,

and fish retroviruses. These chapters con-

clude with statements that investigation of

these retroviral elements will add to our

understanding of disease pathogenesis and

that nonhuman retroviral infection rep-

resents a clear and present danger.

Chapter 16 provides an in-depth re-

view of the history of the discovery of

human T lymphotropic virus and HIV,

the work that preceded the discovery of

these viruses, and the impact their dis-

covery had on our understanding of the

natural history of these infections. This

chapter nicely complements the in-

formation in chapters 10 and 11.

Finally, the authors provide a help-

ful perspective on the future of chapter 16

HIV therapies.

Overall, the book is very well written

and provides a detailed reference source

for scientists; students of virology, im-

munology, and oncology; those clinically

trained in infectious disease; and re-

searchers interested in the current scope

of understanding in the field and oppor-

tunities for exploration. Given the press-

ing need for new and evolving therapies

as antiretroviral agents, the chapters on

oncovirology and vaccine development

should be required reading for individuals

involved in guiding research priorities.

Acknowledgments

Financial support. L.J.F. has received

funding from Molecular Medicine Ireland, Sci-

ence Foundation Ireland, Wellcome Trust, In-

fectious Disease Society of Ireland (IDSI).

Potential conflicts of interests. All authors:

no conflicts.

Liam J. Fanning

University College Cork, Cork, Ireland

Correspondence: Liam J. Fanning, PhD, Molecular Virology
Diagnostic & Research Laboratory, Department of Medicine,

Clinical Sciences Building, Cork University Hospital, Cork,
Ireland (l.fanning@ucc.ie).

Clinical Infectious Diseases 2011;52(2):280–281
� The Author 2011. Published by Oxford University Press on

behalf of the Infectious Diseases Society of America. All
rights reserved. For Permissions, please e-mail: journals.

permissions@oup.com.
1058-4838/2011/522-0001$37.00

DOI: 10.1093/cid/ciq121

BOOK REVIEWS d CID 2011:52 (15 January) d 281

http://cid.oxfordjournals.org/


Randomized Clinical
Trials Design, Practice,
and Reporting
Luis Ostrosky-Zeichner

.Clinical research has evolved into a

massive enterprise of intricacies,

regulatory issues, and ethical concerns.

This can be overwhelming to both new

and experienced investigators, because

it is easy to get lost in the complexity of

it all. However, we often forget that, at

the center of it, all clinical trials have

one thing in common: answering

a question.

Randomized Clinical Trials Design,

Practice, and Reporting, edited by David

Machin and Peter M Fayers and pub-

lished by Wiley-Black (paperback) re-

minds us of this basic attribute of

clinical trials and presents a comprehen-

sive panorama of contemporary clinical

research, dwelling in the intricacies of

the clinical trial process, from concep-

tion to reporting.

The book is well organized, starting

with a practical introduction that gives

a view from the top of contemporary

clinical research. Then, it delves into trial

design, very detailed protocol drafting

recommendations, metrics, end points,

data capture, randomization procedures,

trial initiation, conduct of the clinical

trial, basic statistical issues to consider

for analysis and sample size, and re-

porting guidelines. After these basic

sections, the authors expand on alter-

native or advanced trial designs, such as

multiple intervention research, adapta-

tive approaches, Bayesian methods, and

systematic reviews.

Aside from the excellent organization,

an extremely useful feature of the

book is the presentation of examples

throughout the book that provide the

reader with descriptions of practical

application of the concepts being

presented. Each chapter also contains

useful graphs, tables, and key point

summaries that greatly enhance learning.

Although the book is probably in-

tended for entry-level investigators and

research support staff, it also provides

useful and quick references for more-

experienced investigators who are look-

ing for specific information, particularly

with regard to trial design and statistical

modeling.
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In summary, randomized clinical trials

design, practice, and reporting by Machin

and Fayers provides a concise, yet com-

prehensive and practical, overview of is-

sues in contemporary clinical research,

mostly for the entry-level investigator,

with a few pearls for the more seasoned

researcher.
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E R R A T U M

The following errors occurred in the 1 September 2010 issue

of the journal [Cooper RD, Wiebe N, Smith N, Keiser P, Naicker

S, Tonelli M. Systematic review and meta-analysis: Renal safety

of tenofovir disoproxil fumarate in HIV-infected patients. CID

2010;51:496-505]. First, the subtitles in Figure 2 were switched.

‘‘ART naı̈ve’’ should be ‘‘ART experienced’’ and vice versa. The

corrected figure is reproduced below. Secondly, in Table 5, the

row labeled ‘‘Prior use of ART (all or some)’’ should have the

following values:

Lastly, the authors would like to retract the following sentence

from the 2nd paragraph of the Renal Outcomes section: ‘‘We

found no evidence of greater TDF-associated renal function loss

in studies involving ART-experienced participants, compared

with studies involving ART-naive participants (mean decrease in

CG- GFR, -4.04 vs -3.93 mL/min; difference in TDF-associated

renal function loss, 0.15 mL/min; 95% CI, -4.66 to 4.96

mL/min).’’

The authors regret these errors.

Variables

Difference in MD

(95% CI) P-value I2
MD

(95% CI)

Prior use of ART (all or some) 0.15 mL/min
(24.66,4.96)

0.95 – –

−20 −10 0 10 20

Study or sub−category Total MD [95% CI], mL/min MD [95% CI], mL/min

Nephrotoxicity more likelyNephrotoxicity less likely

RCT
ART experienced

BICOMBO 2009
De Jesus 2009

333
300

−0.70 [−2.73,  1.33]
−0.60 [−1.71, 0.51]

ART naive
HEAT 2009
Arribas 2008
Gallant 2004

672
458
600

−3.00 [−9.06, 3.06]
−3.00 [−6.77, 0.77]

−5.00 [−8.80, −1.20]
Subtotal −1.50 [−2.96, −0.005]

Cohort
ART experienced

Kinai 2009
Goicoechea 2008 NNRTI
Goicoechea 2008 RPI
HOPS 2007
Winston 2006

63
62
84
736
948

−17.00 [−31.35, −2.65]
−0.22 [−11.18, 10.74]

−7.88 [−18.66, 2.90]
−4.40 [−6.97, −1.83]
−6.33 [−14.85, 2.19]

ART naive
Fux 2007
Fux 2007 N
Gallant 2005

284
569
658

−4.90 [−8.58, −1.22]
−8.20 [−13.13, −3.27]

−5.80 [−8.70, −2.90]
Subtotal −5.45 [−7.02, −3.89]

Total −3.90 [−5.66, −2.14]
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An error occurred in the 1 November 2010 issue of the

journal (Frey S, Vesikari T, Szymczakiewicz-Multanowska A,

Lattanzi M, Izu A, Groth N, Holmes S. Clinical Efficacy of Cell

Culture-Derived and Egg-Derived Inactivated Subunit In-

fluenza Vaccines in Healthy Adults. Clin Infect Dis 2010;

51:997-1004). The financial support section should read:

‘‘This project has been funded in whole or in part with Federal

funds from the Office of Public Health Emergency Pre-

paredness, Office of Research and Development Coordination,

under Contract Number (HHSO100200600012C). Novartis

Vaccines and Diagnostics were the main sponsor of the study,

and was involved in all stages of the study conduct and

analysis’’.

The authors regret this error.
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B R I E F R E P O R T

Attribution of Congenital
Cytomegalovirus Infection to
Primary Versus Non-Primary
Maternal Infection

Chengbin Wang, Xingyou Zhang, Stephanie Bialek, and Michael J. Cannon

Centers for Disease Control and Prevention, Atlanta, Georgia

Congenital cytomegalovirus (CMV) infection is a leading cause

of developmental disabilities. In the United States during the

period 1988–1994, approximately one-quarter of congenital

CMV infections were attributable to primary maternal

infection (n 5 8772), and three-quarters were attributable to

non-primary maternal infection (n 5 29,918). Effective

prevention strategies need to be developed for both primary

and non-primary maternal infections.

Human cytomegalovirus (CMV) is a common herpesvirus

spreading between persons by close contact with infected body

fluids, usually saliva, urine, blood, or genital secretions [1]. After

primary infection (the first infection in life), CMV establishes

a lifelong relationship with the infected host and undergoes la-

tency and intermittent reactivation [1]. The infected host may

also experience re-infection by another strain of CMV [2]. At

any time during pregnancy, primary or non-primary maternal

infection (ie, reactivation of infection or re-infection) can lead to

CMV crossing the placenta and infecting the fetus, resulting in

congenital CMV infection [3].

Congenital CMV infection is the most common congenital

viral infection and a leading cause of birth defects and de-

velopmental disabilities [4]. More than 30,000 children are born

with congenital CMV infection each year in the United States.

Of these, 4000–6000 children will develop permanent dis-

abilities—most commonly, hearing loss, vision loss, or mental

retardation—and 140 die from complications of the infection

[5, 6]. More children are affected by CMV infection than by

several more familiar congenital disorders, including Down

syndrome, fetal alcohol syndrome, and spina bifida [4].

Primary maternal infection during pregnancy has a much

higher rate of mother-to-fetus transmission than does non-

primary infection (�33% vs �1%) [5] and appears to be more

likely to cause symptoms at birth and long-term disability than

does non-primary maternal infection [2, 7]. Nevertheless,

since the duration of pregnancy is relatively short, only a small

percentage (1%–4%) of seronegative women acquire primary

infection during pregnancy [8]. The majority of pregnancies in

the United States (58%) occur in CMV seropositive women

[8]. Thus, it is possible that more congenital CMV infections

in the United States are attributable to non-primary maternal

infection than to primary maternal infection. However, there

are no published national estimates on the proportion of

congenital CMV infections attributable to primary versus

non-primary maternal infection. Prevention measures, such

as vaccines or behavioral interventions, typically attempt to

prevent primary maternal infections. If a substantial pro-

portion of congenital infections are caused by non-primary

maternal infections, then these may also need to be addressed

by prevention measures.

METHODS

We estimated the proportion of congenital CMV infections at-

tributable to primary versus non-primary maternal infection in

the United States using summary data on mother-to-fetus

transmission rates from a comprehensive literature review [5]

and previously reported nationally representative data on age-

and race-specific CMV seroprevalence [9] and seroincidence [8]

during the period 1988–1994 (Table 1). Table 1 displays how the

estimates were derived, with the source and/or computation

shown for columns A–F. We performed all calculations stratified

by race/ethnicity and age. The annual number of women with

primary infection during pregnancy (column E) was published

previously [8] and was reprinted in Table 1 for comparison.

The 95% confidence intervals (CIs) for numbers of live-born

children with congenital infection from non-primary maternal

infection, numbers of women acquiring primary infection

during pregnancy, and numbers of live-born children with

congenital infection from primary maternal infection were cal-

culated from Bayesian simulation with a normal assumption on

their distributions. We did not include 95% CIs for other

estimates because either their 95% CIs were very small or the

estimates were based on or derived from census data.

Received 2 July 2010; accepted 4 October 2010
Correspondence: Michael J. Cannon, PhD, Centers for Disease Control and Prevention, 1825

Century Center Blvd, Mailstop E-86, Atlanta, GA 30345 (mcannon@cdc.gov).

Clinical Infectious Diseases 2011;52(2):e11–e13
Published by Oxford University Press on behalf of the Infectious Diseases Society of
America 2011.
1058-4838/2011/522-0001$37.00
DOI: 10.1093/cid/ciq085

BRIEF REPORT d CID 2011:52 (15 January) d e11

http://cid.oxfordjournals.org/


Table 1. Estimated Number of Children Born with Congenital Cytomegalovirus (CMV) Infection in the United States from Mothers with Primary or Non-primary CMV Infection during
Pregnancy

Race/ethnicity,

age

CMV seropositive

proportion

Live-birth

pregnancies in the

United States

Live-birth

pregnancies

among CMV

seropositive

women

Live-born children

with congenital

infection from

mothers with

non-primary infection

Previously seronegative

women with

primary infection

during live birth

pregnancies

Live-born

children with

congenital infection from

mothers with

primary infection

Column calculation Aa Ba C5A*B D5C*1.4%b(95% CI, 1.1%–1.7%) Ea F5E*32.3%c(95% CI, 29.8%–34.9%)

Non-Hispanic White

12–19 Years 0.390 232000 90480 1267 (995–1538) 209 (0–5452) 68 (0–1902)

20–29 Years 0.433 1214000 525662 7359 (5782–8936) 9469 (5220–14204) 3058 (1608–4555)

30–39 Years 0.506 912000 461472 6461 (5076–7845) 6202 (3466–9302) 2003 (1058–2969)

40–49 Years 0.611 51000 31161 436 (343–530) 270 (153–408) 89 (46–129)

Subtotal 15523 (12196–18849) 5218 (2712–9555)

Non-Hispanic Black

12–19 Years 0.574 133000 76342 1069 (840–1298) 4150 (2008–6211) 1340 (659–2035)

20–29 Years 0.822 306000 251532 3521 (2767–4276) 1867 (1040–2693) 603 (334–877)

30–39 Years 0.866 135000 116910 1637 (1286–1987) 621 (351–891) 201 (113–290)

40–49 Years 0.947 8000 7576 106 (83–129) 14 (8–21) 5 (2–7)

Subtotal 6333 (4976–7690) 2149 (1108–3209)

Mexican American

12–19 Years 0.699 122000 85278 1194 (938–1450) 805 (0–2135) 264 (0–692)

20–29 Years 0.825 399000 329175 4608 (3621–5596) 2673 (1476–3870) 863 (474–1260)

30–39 Years 0.895 170000 152150 2130 (1674–2587) 680 (374–986) 220 (120–321)

40–49 Years 0.932 10000 9320 130 (103–158) 26 (14–38) 8 (5–12)

Subtotal 8062 (6336–9791) 1355 (599–2285)

Total 29918 (23508–36330) 8722 (4419–16049)

NOTE. Data are presented as number (95% confidence interval), unless otherwise indicated.
a Adapted from Colugnati et al [8].
b Current data are insufficient to accurately estimate the probability of non-primary maternal CMV infection among seropositive mothers or the probability of fetal infection given non-primary maternal infection. Thus,

these 2 probabilities are combined as the probability of CMV transmission to the fetus from a seropositive mother. Transmission percentage is derived from summary data on mother-to-fetus transmission rates from

a comprehensive literature review [5].
c Probability of CMV transmission to the fetus following a primary maternal infection in a previously seronegative mother. Transmission percentage is derived from summary data on mother-to-fetus transmission rates

from a comprehensive literature review [5].
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RESULTS

We estimated that during the period 1988–1994, 38,640 (95%

CI, 27,927–52,379) children per year were born with congenital

CMV infection in the United States to non-Hispanic white, non-

Hispanic black, and Mexican-American mothers (Table 1).

Approximately one-quarter of these infections were attributable

to primary maternal infection (n 5 8772) versus three-quarters

that were attributable to non-primary maternal infection

(n 5 29,918). The proportion of congenital infections attrib-

utable to primary maternal infection was 44% lower in Mexican-

American mothers than in non-Hispanic black or non-Hispanic

white mothers (14%, 25%, and 25%, respectively; P , .001).

Among young mothers (aged 12–19 years), the attributable

fraction from primary maternal infection was much lower

among non-Hispanic white than among non-Hispanic black or

Mexican-American mothers (5%, 56%, and 18%, respectively;

P , .001). In contrast, in older age groups, the attributable

fractions due to primary infection were higher among non-

Hispanic white mothers than they were among non-Hispanic

black and Mexican-American mothers (aged 20–29 years: 29%,

15%, and 16%, respectively; P , .001; aged 30–39 years: 24%,

11%, and 9%, respectively; P , .001).

DISCUSSION

We estimated that more children in the United States acquire

congenital CMV infection from non-primary maternal infection

than from primary maternal infection. This may seem counter-

intuitive, because primary maternal infection is associated with

a much higher rate of vertical transmission than is non-primary

infection [5]. However, many women of reproductive age are

seropositive for CMV [9] (and thus at risk for non-primary rather

than primary infection), and among seronegative women, rates of

primary infection during pregnancy are low [8]. The attributable

fraction of congenital CMV infection due to primary maternal

infection varies substantially by race/ethnicity and age. These

variations are the result of racial/ethnic and age differences in

pregnancy rates, CMV seroprevalence, and risk among seroneg-

ative women of acquiring primary infection during pregnancy.

Although most congenital CMV infections result from non-

primary maternal infections, it is not known to what extent these

are caused by viral reactivation versus re-infection with a dif-

ferent viral strain. Re-infection can be shown to be responsible in

many instances [2], but reactivation is difficult to demonstrate,

because the absence of a detectable re-infection does not rule out

the possibility that one is present, insofar as assays cannot detect

all possible strains. Because maternal re-infections can cause

congenital infections, avoiding exposure to CMV through be-

havioral changes should be beneficial for seropositive as well

as seronegative pregnant women. In addition, although the

occurrence of re-infections demonstrates that the normal im-

mune response is not completely protective, prior seropositivity

has been shown to reduce the risk of congenital infection [10],

suggesting that a vaccine-induced immune response could also

be protective against congenital infection.

For various reasons, much of CMV research has focused on

primary maternal infections and their impact. Our findings

indicate, however, that there is also a need to better understand:

(1) the biology and pathogenesis of non-primary infections;

(2) the frequency with which non-primary infections result in

disability; and (3) the attributable fraction of non-primary in-

fections caused by reactivation versus re-infection. Prevention

measures, such as vaccines or behavioral interventions, might be

evaluated not only for whether they prevent or attenuate pri-

mary infections but also for their potential benefit with regards

to non-primary infections. Nevertheless, because primary in-

fections are more likely than non-primary infections to cause

symptoms at birth and long-term disability [2, 7], especially

severe disability, there remains an urgent need for interventions

that can prevent primary CMV infections among pregnant

women.
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During the summer and fall of 2009, significant thrombotic

events were observed in patients infected with the pandemic

H1N1 influenza A virus. In a retrospective chart review of

119 individuals admitted to the hospital with H1N1 virus

infection, 7 patients (5.9%) were found to have experienced

thrombotic vascular events.

Critically ill and hospitalized patients are at increased risk of

developing vascular clots, such as venous thromboembolism

(VTE) [1], primarily as a consequence of decreased mobility

resulting in venous stasis. Several factors can contribute to this

risk, including the presence of an acute inflammatory state. It

has also been suggested that infection with seasonal influenza

viruses may promote acute arterial thrombotic events, including

acute coronary syndromes and stroke [2–3], although evidence

is conflicting.

Since the emergence of the pandemic H1N1 influenza virus

(pH1N1) in April 2009 [4], much has been learned about the

risk factors associated with increased morbidity and mortality in

infected individuals. In addition to its apparent predilection for

causing severe disease in certain hosts, pH1N1 has been asso-

ciated with a variety of extra-pulmonary complications, in-

cluding encephalitis [5] and rhabdomyolysis [6].

In our practice, a number of cases of thrombotic vascular

events were observed in patients with pH1N1 infection. These

events were striking in terms of the extent of thrombosis in some

patients, as well as the fact that a number of patients developed

arterial thrombi during the acute phase of illness. The occur-

rence of both venous and arterial thrombosis raised the possi-

bility that the mechanisms of thrombus formation may have

been distinct from those leading to venous thrombosis alone.

A review of other case series and reports of individuals with

pH1N1 infection found that only a few had reported the pres-

ence of thrombotic or other vascular events [7, 8]. Whether these

events were too infrequent to note or were not counted is un-

clear. Thus, little is known regarding the actual incidence of

thrombotic vascular events in patients with pH1N1 infection and

whether this infection confers additional risk for thrombosis.

The present study was designed to determine the prevalence

of vascular complications among patients admitted to the hos-

pital with pH1N1 influenza and to describe the nature of such

vascular events. We first describe a case report of a patient who

developed intravascular thrombosis during acute infection with

pH1N1.

CASE REPORT

A 50-year-old woman with confirmed pH1N1 influenza and

no significant medical history was admitted to the hospital

with a 1-day history of fever and respiratory symptoms.

Therapy with oseltamivir (75 mg administered orally twice per

day), empirical antibiotics, and deep vein thrombosis (DVT)

prophylaxis was initiated. Soon afterwards, the patient was

transferred to the intensive care unit with progressive re-

spiratory failure that required intubation and mechanical

ventilation. Later that day, she was found to have absent lower

extremity pulses bilaterally, along with other signs of acute

arterial insufficiency (eg, cold lower extremities bilaterally).

Abdominal computed tomography with contrast demon-

strated a large occlusive thrombus within the infra-renal aorta.

She had an urgent embolectomy with bilateral femoral artery

stent placement in addition to systemic anticoagulation with

intravenous unfractionated heparin. Five days later, she de-

veloped recurrent ischemia of her left lower extremity that

necessitated a left-sided above-knee amputation. She gradually

recovered from her infection and vascular complications and

was discharged from our hospital to a rehabilitation hospital

32 days after admission to our facility.

METHODS

A retrospective cohort study was performed after the pH1N1

pandemic (April 2009 through December 2009) at 2 University
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of Toronto–affiliated tertiary care academic hospitals in Tor-

onto, Canada, after approval by Institutional Research Ethics

Boards. One hospital, the University Health Network, comprises

2 sites with a total of 727 acute care beds and 40 intensive care

unit beds. An adjacent hospital, Mount Sinai Hospital, has 460

acute care beds and 16 intensive care unit beds. Only patients

admitted to the hospital with a laboratory-confirmed diagnosis

of pH1N1 influenza were included in this case series. Patients

with pH1N1 influenza were defined as those with positive

polymerase chain reaction (PCR) test results on nasopharyngeal

swab, endotracheal aspirate, or bronchoalveolar lavage fluid

samples (Influenza A and B PCR; Astra Diagnostics). Patients

with presumed pH1N1 influenza without laboratory confirma-

tion, as well as those who were not admitted to the hospital, were

excluded from our study. A list of patients with confirmed

pH1N1infection was provided by the microbiology laboratory

that serves both hospitals.

A chart review of identified cases was performed using

a standardized data collection form by 3 trained reviewers (S.H.,

M.N., and K.S.). Patient demographic information was re-

corded, and all vascular events were identified from the chart,

including clinical notes and diagnostic test reports. Vascular

events were defined as thrombotic or embolic events occurring

within the venous or arterial circulation. Only vascular events

that occurred or were diagnosed during hospitalization were

included in the analysis.

Data were analyzed using Microsoft Excel, version 11.0, to

provide descriptive statistics related to the incidence of events

and association of preselected clinical factors with these events.

Statistical analysis was performed using 2-tailed Student’s

t tests, with a significant difference between groups defined as a

P value ,.05.

RESULTS

One hundred and nineteen individuals admitted to the hospital

with pH1N1 infection were identified (Table 1). Of these pa-

tients, 7 had confirmed thrombotic vascular events diagnosed, 4

of which were venous and 3 of which were arterial in origin

(Table 2). All patients with thrombotic events had received DVT

prophylaxis with subcutaneous unfractionated heparin. Two

additional patients with pH1N1 infection had presumed pul-

monary emboli, although neither of these cases were confirmed,

and they were not included in the analysis. None of the patients

with thrombotic events were pregnant.

There was no difference in age or sex between patients with

and those without thrombosis. There was a trend towards in-

creased mortality in patients with thrombotic events; specifi-

cally, mortality was 31% among patients with thromboses and

8% among patients without thromboses (P 5 .07). The mean

duration of hospitalization was significantly longer for patients

with thromboses than it was for patients without thromboses

(36 days vs 9 days; P , .001).

DISCUSSION

In this retrospective cohort study, we identified several cases of

thrombotic vascular events that occurred in individuals hospi-

talized with pH1N1 infection. Although the majority of events

occurred within the venous circulation, 3 individuals de-

veloped arterial thrombi. Notably, several individuals expe-

rienced massive thrombotic events. Two patients in our study

developed extensive clots with no known underlying throm-

bophilia. Overall mortality in our cohort was similar to that

reported previously for individuals hospitalized with pH1N1

infection [9].

Possible mechanisms driving thrombosis during infection

include increased platelet activation, alterations in the balance of

procoagulant and anti-coagulant factors, stasis secondary to

immobility, and vascular endothelial dysfunction or activation.

The pathogenesis of arterial thrombus formation may be dif-

ferent than that of venous thrombosis and usually arises as

a result of endovascular injury or endothelial activation [10].

This process is followed by the elaboration of a variety of

proinflammatory mediators with subsequent platelet and co-

agulation pathway activation [10]. Thus, the presence of sig-

nificant arterial thrombus formation in several of our patients

suggests an additional or alternative mechanism beyond stasis

and hypercoagulability that may result in systemic endothelial

activation in pH1N1 infection.

When compared with previously published reports of VTE

in critically ill patients, our observed rate of vascular throm-

bosis was comparable to what has been previously described.

Various studies, both prospective and retrospective, have found

incidence rates of VTE to range from 5%–10% in such patients

[1], although rates vary depending on the degree of active sur-

veillance. Patients in our study were not screened routinely for

the development of asymptomatic or ‘‘clinically silent’’ vascular

events, making it possible that events went unrecognized. Re-

gardless, it is difficult to infer a relation between novel influenza

A and the development of vascular thrombi on the basis of

incidence rates alone.

There has long been interest in determining whether in-

fections due to seasonal influenza viruses are associated with

vascular events and thrombosis. In terms of VTE, studies have

yielded conflicting results, with some reporting increased rates

of events among those with influenza infection [11] or reduced

rates of events among those with vaccination [12]. Other

studies, in contrast, have not found a significant association

between seasonal influenza infection and VTE [13]. The

evidence for an association of arterial thrombosis (eg, myocar-

dial infarction and ischemic stroke) with seasonal influenza
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infection is also conflicting, although a systematic review of the

topic found a small but significant benefit in those who received

seasonal influenza vaccination, compared with those who did

not (relative risk of cardiovascular death, 0.39; 95% confidence

interval, 0.20–0.77) [14]. Infection with other influenza strains

may carry similar risks of vascular events, which is an associa-

tion that has been noted for infection with the avian H5N1

influenza strain in animal models [15].

To our knowledge, this study is the first to quantify the rates

of vascular complications in individuals hospitalized with

pH1N1 infection. Several limitations of our retrospective ob-

servational study are worth noting. The relatively low study

numbers limited our ability to carry out more-detailed data

analysis of potential mechanisms and risk factors. In addition,

none of the patients who were identified as having vascular

thrombotic events had comprehensive screening for other hy-

percoagulable states, making it plausible that some events were

a result of other predisposing factors.

Future research is needed to assess the relationship between

vascular events and pH1N1 infection and the risk factors

Table 1. Characteristics of Patients Admitted to the Hospital with Pandemic H1N1 Virus Infection

Variable All patients (n 5 119)

Patients with no

thrombosis (n 5 112)

Patients with

thrombosis (n 5 7) P

Age

Mean years (6 SD) 45.2 6 16.2 45.2 6 16.1 45.9 6 20.0 .92

Range 18–84 18–84 18–80

Male sex, % 47.9 46.4 71.4 .20

Mortality, no. (%) of subjects 11 (9.24) 9 (8.0) 2 (30.8) .07

Duration of hospitalization, days

Mean value (6 SD) 11.0 6 18.0 9.5 36 ,.001

Range 0–145 0–145 11–100

Median value 5 5 28

NOTE. Comparisons calculated between patients with and patients without thrombosis. All comparisons were made using 2-tailed Student’s t test. SD,

standard deviation.

Table 2. Details of Patients with Vascular Thrombotic Events

Patient Age, years Sex Event Timing of event Management Outcome

1 49 M ST-elevation myocardial
infarction

Event 13 days after first
symptoms

No therapy Died in ICU after
12-day hospitalization

2 35 M Bilateral massive DVT
(femoral and iliac).
Presumed pulmonary
embolism 11 days later
based on acute right
heart failure.

Venous thrombo-embolic
event 5 days after
symptoms

Systemic anticoagulation Died in ICU after
21-day hospitalization;
developed spontaneous
ICH on day 18 of
hospitalization

3 50 F Arterial thrombus of
infra-renal aorta

Event same day as first
symptoms

Surgical embolectomy
and bilateral aortoiliac
stents; left above-knee
amputation

Discharged home
after 32-day
hospitalization
(required ICU care
and ECMO)

4 18 F Deep venous thrombosis
in left arm

Event 25 days after first
symptoms

Systemic anticoagulation Discharged after
28 days (required
ICU care and
ventilation)

5 46 M Thrombosis of right external
Iliac vein and common
femoral vein

Event 33 days after first
symptoms

No therapy Discharged after
100 days (required
ICU care and
ventilation)

6 84 M Pulmonary embolism Event 3 days after first
symptoms

Systemic anticoagulation Discharged after
46 days (required
ICU care and
ventilation)

7 39 M ST-elevation myocardial
infarction

Event 10 days after first
symptoms

Percutaneous coronary
angioplasty

Developed left
ventricle thrombus;
discharged after
11-day hospitalization

NOTE. DVT, deep vein thrombosis; ECMO, Extracorporeal membrane oxygenation; ICU, intensive care unit.
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associated with thrombotic events. Such studies may be difficult,

because it is unclear whether this particular viral strain will re-

emerge as a dominant strain of influenza virus in the future.

Additional work could also address the possible mechanisms for

these effects, focusing on both vascular endothelial changes and

alterations in coagulation.

In conclusion, infection with the pH1N1 did not appear to be

associated with higher rates of vascular complications than has

previously been reported among critically ill patients. However,

the development of massive venous thrombotic events and

clinically significant arterial thrombosis, as observed in our

study cohort, suggests the possibility of pH1N1-associated hy-

percoagulabilty and endothelial activation and/or dysfunction in

affected individuals.
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157 Implementation of Cocooning against Pertussis in a High-Risk
Population
C. Mary Healy, Marcia A Rench, and Carol J. Baker

Despite logistical barriers, tetanus, diphtheria, acellular pertussis cocooning (vaccination of all
caregivers of infants <1 year of age) was successfully implemente.d in a high-risk, predominantly
Hispanic, medically underserved, uninsured population at a Houston hospital using standing orders
and providing vaccinations on-site

163 Re-Evaluating the Treatment of Nongonococcal Urethritis:
Emphasizing Emerging Pathogens–A Randomized Clinical Trial
JR Schwebke, A Rompalo, S Taylor, AC Seña, DH Martin, LM Lopez, S Lensing, and JY Lee

Nongonococcal urethritis is a common chlamydia-associated syndrome in men, and both
Trichomonas vaginalis and Mycoplasma genitalium are associated with its etiology. We determined
that the addition of tinidazole to the treatment regimen did not result in higher cure rates, compared
with treatment with doxycycline or azithromycin alone.

171 Projected Impact and Cost-Effectiveness of a Rotavirus Vaccination
Program in India, 2008
Douglas H. Esposito, Jacqueline E. Tate, Gagandeep Kang, and Umesh D. Parashar

Recently, the World Health Organization recommended global use of rotavirus vaccines in infants.
In India, a national rotavirus vaccination program would prevent substantial rotavirus morbidity and
mortality and would be highly cost-effective at a range of vaccine prices.

178 Editorial Commentary: Reaching MDG 4 in India: A Role for Rotavirus
Vaccine?
Edmund Anthony S. Nelson and Damian G. Walker

180 Conservative Wait-and-See Therapy Versus Antibiotic Treatment for
Nontuberculous Mycobacterial Cervicofacial Lymphadenitis in
Children
Jerome A Lindeboom

Antibiotic therapy with clarithromycin and rifabutin may not be beneficial in immunocompetent
patients with an advanced stage of nontuberculous mycobacterial cervicofacial lymphadenitis,
because there is no significant difference in healing times, compared with a wait-and-see approach.

On the cover: A Flea from Microscope Observation.
Engraving, 1665, British, by Dr. Robert Hooke (1635–1703).
Private Collection. Bridgeman Art Library International,
Reproduced with permission.

This magnified image of a flea was observed and drawn
by the multi-talented Dr. Robert Hooke, who published this
among other engravings in his 1665 book, Micrographia.

One of the greatest experimental scientists of the
seventeenth century, Hooke had interests ranging from
biology and physics to art and architecture. Among his
many talents was that of an accomplished artist who
could readily draw images of his observations, such as
this closely detailed representation of a flea.

As a curious coincidence, the date of this image coincides
with the year of the 1665–1666 – Great Plague of London.
Thought to have spread from the Netherlands where
an estimated 50,000 perished from the disease only
two years earlier, the epidemic began in the dock
areas outside of London but spread rapidly to the city.
The City Corporation ordered a culling of dogs and cats,
a misguided action, for those animals kept the population
of rats (the real culprits) in check. The flea, however, was
not yet associated with the plague. In the hot summer
of 1665, mounds of garbage lay in the streets of London,
providing a ready environment for rats, carrying the
plague-infected fleas, to breed. The lower classes, living
in rat-infested neighborhoods, succumbed in great
numbers to the epidemic. Another London disaster, the
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many of the crowded dwellings, thus killing a large
proportion of the rats and attenuating the epidemic. (Mary
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Hu Wang, Yujun Cui, Zuyun Wang, Xiaoyi Wang, Zhaobiao Guo,
Yanfeng Yan, Chao Li, Baizhong Cui, Xiao Xiao, Yonghai Yang,
Zhizhen Qi, Guojun Wang, Baiqing Wei, Shouhong YU, Duolong He,
Hongjian Chen, Gang Chen, Yajun Song, and Ruifu Yang

By bacteriological, epidemiological, immunological, and molecular
methods, a primary pneumonic plague outbreak in 2009 in Qinghai
province of China was confirmed to be transmitted from a deceased
dog, indicating public health significance of dogs as sources of
plague.

191 Case-Control Evaluation of the Effectiveness of
the G1P[8] Human Rotavirus Vaccine during an
Outbreak of Rotavirus G2P[4] Infection in
Central Australia
T. L. Snelling, R. M. Andrews, C. D. Kirkwood, S. Culvenor, and J. R.
Carapetis

The human rotavirus vaccine was evaluated during a G2P[4]
outbreak in central Australia. No overall protective effect against
hospitalization was demonstrated raising concerns over the durability
of vaccine protection against heterotypic strains.
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200 Bedbugs and Infectious Diseases
Pascal Delaunay, Véronique Blanc, Pascal Del-Giudice, Anna Levy-
Bencheton, Olivier Chosidow, Pierre Marty, and Philippe Brouqui

Bedbugs (Cimex lectularius or Cimex hemipterus) are cosmopolite
hematophagus insects, and recent outbreaks have been reported in
all major occidental countries. Although they are suspected of
transmitting more than 40 infectious agents, no report has yet
definitively demonstrated that capacity.
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Intravascular Catheter Infections?
Leonard A. Mermel

An extraluminal source of intravascular catheter infection
predominates in catheters placed for a shorter duration of time,
while an intraluminal source predominates with more prolonged
dwell times.
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Theodoros Kelesidis, Romney Humphries, Daniel Z. Uslan, and
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Neurocognitive Disorders in Persons With and
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Cohort Study
Francxois-Xavier Lescure, Lars Haukali Omland, Frederik Neess Engsig,
Casper Roed, Jan Gerstoft, Gilles Pialoux, Gitte Kronborg,
Carsten Schade Larsen, and Niels Obel

The incidence of severe neurocognitive disorder (SNCD)
was found to be higher in Danish human immunodeficiency virus
(HIV)–infected patients than in the background population but, in
recent years, became comparable to that seen in control subjects.
Mortality associated with SNCD was substantially higher in
HIV-infected patients.
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Therapy on HIV-Related Brain Injury
Richard W. Price

248 Humoral Response to the Influenza A H1N1/09
Monovalent AS03-Adjuvanted Vaccine in
Immunocompromised Patients
Oriol Manuel, Manuel Pascual, Katja Hoschler, Stefano Giulieri,
Deolinda Alves, Kim Ellefsen, Pierre-Alexandre Bart,
Jean-Pierre Venetz, Thierry Calandra, and
Matthias Cavassini

In this observational study, overall safety and immunogenicity
after 1 dose of the AS03-adjuvanted influenza H1N1/09 vaccine was
appropriate in HIV-infected patients and solid-organ transplant
recipients. A second dose of the vaccine only moderately improved
the antibody response.

257 Evaluation of the Performance Characteristics
of 6 Rapid HIV Antibody Tests
Kevin P. Delaney, Bernard M. Branson, Apurva Uniyal, Susan Phillips,
Debra Candal, S. Michele Owen, and Peter R. Kerndt

Six rapid HIV tests recently approved by the Food and Drug
Administration have similarly high sensitivity and specificity,
compared with contemporary laboratory-based serological tests.
Convenience, time to result, shelf-life, and cost will be as important
as test performance when selecting a rapid HIV test for specific
applications.
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R. Haubrich, and D. Smith

In resource-constrained settings, pre-selection of patients on
antiretroviral therapy with low pre-test probability of virologic failure
for pooled HIV-1 viral load testing using plasma or dried plasma
spots, and individual testing of other specimens, can reduce costs
without compromising accuracy.
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Infection
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Congenital cytomegalovirus infection is a leading cause of
developmental disabilities. In the U.S. during 1988–1994,
approximately 1/4 of congenital CMV infections were attributable to
primary maternal infection (n=8,772) and 3/4 to non-primary maternal
infection (n=29,918). Effective prevention strategies need to be
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