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Crimean—Congo haemorrhagic fever (CCHF) is an acute febrile illness, often accompanied
by haemorrhagic manifestations, with a high case fatality rate (CFR). The causative agent
is CCHF virus (CCHFV), and is transmitted to humans mainly through tick bites or exposure
to blood or tissues of viraemic patients or livestock. Human-to-human transmission usually
occurs in hospital settings, and healthcare workers (HCWs) are mainly affected. A review
on nosocomial CCHFV infections was performed to elucidate the routes and circumstances
of CCHFV transmission in hospital settings.

From 1953 to 2016, 158 published cases of CCHFV nosocomial infection in 20 countries in
Africa, Asia and Europe were found. Almost all cases were symptomatic (92.4%), with an
overall CFR of 32.4%. The majority of cases occurred in hospital clinics (92.0%) and 10
cases (8.0%) occurred in laboratories. Most cases occurred among HCWs (86.1%), followed
by visitors (12.7%) and hospitalized patients (1.3%). Nursing staff (44.9%) and doctors
(32.3%) were the most affected HCWs, followed by laboratory staff (6.3%). The primary
transmission route was percutaneous contact (34.3%). Cutaneous contact accounted for
22.2% of cases, followed by exposure to aerosols (proximity) (18.2%), indirect contact
(17.2%) and exposure to patient environment (8.1%).

CCHFYV can cause nosocomial infections with a high CFR. During the care and treatment
of patients with CCHF, standard contact precautions, barrier precautions and airborne
preventive measures should be applied. In order to improve patient safety and reduce
healthcare-associated CCHFV exposure, there is a need for guidelines and education for
HCWs to ensure that CCHF is appropriately included in differential diagnoses; this will
enable early diagnosis and implementation of infection prevention measures.

© 2019 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

* Corresponding author. Address:
National Reference Centre for Arboviruses and Hemorrhagic Fever
Viruses, School of Medicine, Aristotle University of Thessaloniki,

51124, Thessaloniki, Greece.

E-mail address: ktsergouli@gmail.com (K. Tsergouli).

https://doi.org/10.1016/j.jhin.2019.12.001

Introduction

Department of Microbiology,

Crimean—Congo haemorrhagic fever (CCHF) is a severe,
acute, febrile illness, often accompanied by haemorrhagic
manifestations. The reported case fatality rate (CFR) ranges
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from 5% to 30% [1]. The causative agent is Crimean—Congo
haemorrhagic fever virus (CCHFV) (Orthonairovirus genus,
Nairoviridae family) which is spread in Africa, Asia, the Middle
East and southeastern Europe, following the geographic dis-
tribution of the virus vector, Hyalomma spp. ticks [1—4]. More
than 1000 CCHF cases are reported each year and both the
incidence and geographic distribution have increased over the
last decade [5]. The disease is considered as emerging, with
Spain being the most recent country reporting emergence of
CCHFV infections in humans [6—8].

The virus is transmitted to humans mainly through bites of
infected ticks, but also through percutaneous or permucosal
exposure to blood or tissues of viraemic patients or livestock.
Human-to-human transmission of CCHFV usually occurs in
hospital settings. Healthcare workers (HCWs), including doc-
tors, nurses, laboratory staff, research scientists, emergency
service staff and cleaning personnel, are at risk of occupational
infection following accidental exposure to blood or body fluids
contaminated with the virus. There are several reports of
hospitalized patients acting as index cases resulting in noso-
comial infections and outbreaks [9—11]. Thus, implementation
of infection control measures, careful management of CCHF
patients and prompt administration of prophylactic treatment
to exposed persons is essential [12]. Ribavirin is recommended
by the World Health Organization (WHO) as postexposure pro-
phylaxis [13].

The aim of the present analysis is to review nosocomial
CCHFV infections and outbreaks worldwide.

Methods

Information sources and search strategy

The online medical databases used to identify case reports
and case series of nosocomial CCHFV infection were PubMed
(MEDLINE), Web of Science and Cochrane Library. To ensure
literature saturation, a hand search of the reference lists of
relevant reviews and studies identified through the search was
conducted. To increase the sensitivity and specificity of the
search, ‘free-text’ terms and Medical Subject Heading (MeSH)
terms were used, respectively. While using free-text terms,
alternative spellings, synonyms and changes in terminology
over time were taken into account. There was no language or
publication date restriction. The final search was performed in
October 2018.

The formed search query for MEDLINE was: ‘crimean congo’
[All Fields] OR ‘cchf’ [All Fields] OR ‘crimean haemorrhagic’
[All Fields] OR ‘crimean kongo’ [All Fields] OR ‘hemorrhagic
fever virus, Crimean—congo’ [MeSH Terms] OR ‘hemorrhagic
fever, crimean’ [MeSH Terms], and 1422 records were
retrieved. The search query was adapted to the syntax and
subject headings of the other two databases. For Web of Sci-
ence, it was: TOPIC: (crimean congo) OR TITLE: (crimean
congo) OR CONFERENCE: (Crimean congo) OR TOPIC: (CCHF) OR
TITLE: (CCHF) OR CONFERENCE: (CCHF) and 1368 records were
retrieved. The search query for Cochrane Library was: ‘cri-
mean congo’ (word variations have been searched) OR MeSH
descriptor: [Hemorrhagic Fever, Crimean] explode all trees,
and 13 results were retrieved.

Managing search results and study selection

All retrieved records were imported into EndNote Version X7
[Clarivate Analytics (formerly Thomson Reuters), Philadelphia,
PA, USA], where duplicate records were removed. The relevant
studies were selected by screening titles and abstracts. Full-
text documents were obtained from all relevant articles and
from articles in which it was not possible to decide about their
relevance based on their title and/or abstract.

Data extraction

The data extraction form was in Excel (Microsoft Corp.,
Redmond, WA, USA) format. Data extracted from the selected
articles were: information on country of origin of the nosoco-
mial cases, year of publication and occurrence, first author of
publication, patient demographic data (including age, sex and
occupation), mode of CCHFV transmission, clinical pre-
sentation and course of infection (including presence of hae-
morrhagic ~ manifestations), postexposure  treatment,
diagnostic methods used (i.e. serology, molecular or clinical)
and outcome of the disease.

To identify duplicate or overlapping cases, the criteria used
were author names, location and setting, year and date of
incidence, and specific details of patients’ demographic data
[14]. In the event of duplicate or overlapping cases, informa-
tion from the related reports were combined. The data were
extracted by two independent researchers.

Data analysis

Data were summarized using descriptive statistics. For
qualitative variables, the summary measure used was fre-
quency distribution, expressed as percentage of the total fre-
quency (relative frequency, %). Statistical analysis of the
qualitative variables was performed using Pearson’s Chi-
squared test, as no expected frequencies were <1, and no
more than 20% of the expected frequencies were <5. All tests
were two sided and the significance level was set at P<0.05.
The analysis was undertaken using SPSS Statistics 22.0 (IBM
Corp., Armonk, NY, USA).

Eligibility criteria

The study included case reports and case series of HCWs,
patients and visitors who acquired CCHFV infection in health-
care facilities through a defined transmission route. HCWs
included people working in hospitals, laboratories, research,
emergency services or cleaning personnel. There was no
restriction on sex, race, hospital setting or country. Seropre-
valence studies and screening reports for tracing contacts were
excluded.

Definitions and outcome of interest

The ‘index case’ was defined as the patient who was first
noticed by the health authorities, and who made them aware
of the infection. ‘Secondary cases’ were defined as cases with
infection acquired after exposure to the index case, and
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‘tertiary cases’ were defined as cases who acquired the
infection from a secondary case.

All secondary and tertiary cases were categorized into three
risk groups according to the reason for being present in the hos-
pital. Group 1 included HCWs, Group 2 included hospitalized
patients, and Group 3 included visitors. Cases of Group 1 (HCWs)
were further divided into four subgroups: 1a, doctors; 1b, nursing
staff; 1c, laboratory workers (virologists and technicians); and
1d, other hospital workers (i.e. office and cleaning personnel).

Based on the route of virus transmission, all secondary and
tertiary cases were divided into five transmission groups. Group
A consisted of cases with percutaneous exposure, including all
persons who had accidental needlestick injuries, or those with
skin lesions who came into direct contact with infected blood or
tissues; Group B included cases with cutaneous exposure of
intact skin to body fluids, such as blood, sweat, saliva, vomit and
excreta; Group C included cases with indirect contact involving
body fluids or physical contact with the patient using gloves;
Group D consisted of cases who were in close proximity with the
patient without physical contact (e.g. participation in aerosol-
producing procedures or contact with contaminated material);
and Group E included cases with exposure to the patient envi-
ronment, including those who did not come into contact with a
patient but entered a room in which a patient was hospitalized
and came into contact with potentially contaminated surfaces,
such as the bed, desk or medical equipment.

The primary outcomes of interest were CCHFV infection
(asymptomatic or symptomatic) and mortality rate. The sec-
ondary outcome of interest was postexposure treatment with
ribavirin, plasma, erythrocytes and/or platelet administration.

Results

Publication characteristics

In total, 1749 unique records were initially retrieved and
screened for relevance by title, abstract or full-text avail-
ability. One hundred and forty articles were identified as
potentially relevant and reviewed for eligibility. In total, 62
full-text articles reporting nosocomial sporadic infections or
outbreaks caused by CCHFV were published. Four articles were
excluded as they did not provide adequate information
regarding patient occupations, exposure histories, clinical
courses and outcomes. The excluded cases were from Afgha-
nistan (one case in 2008) [15], Bulgaria (20 cases in 1953—1974)
[16], Pakistan (10 cases in 1976 and one case in 2010) [17,18]
and Russia (one case in 1961, two cases in 1966 and five cases in
1999) [19]. Finally, the study included 58 articles, reporting 158
cases of CCHFV nosocomial infection (Figure 1 and Table I).

The 158 reported cases occurred from 1964 to 2016 in 20
countries in Africa, Asia and Europe, and were either single
cases or part of nosocomial outbreaks. The majority of cases
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Figure 1. Flow diagram of study retrieval and selection.



46 K. Tsergouli et al. / Journal of Hospital Infection 105 (2020) 43—52
Table |
Nosocomial cases of Crimean—Congo haemorrhagic fever included in the analysis by country and year of occurrence
Country Year of Index case, Number of nosocomial cases Reference
(total number of cases) occurrence outcome Secondary cases Tertiary cases Total
(fatal) (fatal) (fatal)
Albania (1) 2001 1, ND 1(0) 1(0) [20,21]
Bulgaria (2) 1999 Laboratory 1(0) 1(0) [22]
2008 1, fatal 1(0) 1(0) [23,24]
Egypt (1) 1981 Laboratory 1(1) 1(1) [22]
Germany? (2) 2009 1, fatal 2 (0) 2 (0) [25]
India (12) 2011 1, fatal 3(2) 4 (1) 7 (3) [26—29]
2012 1, fatal 1(1) 1(1) [31]
2015 1, fatal 4(2) 4(2) [30]
Iran (15) 1999 1, ND 1(1) 1(1) [34]
1999 Laboratory 1(1) 1(1) [34]
1999 1, fatal 1(0) 1(1) 2(1) [33,34]
2001 1, fatal 1(0) 1(0) [33]
2008 6, 1 fatal 1(0) 1(0) [35]
2009 1, fatal 1(1) 4 (0) 5(1) [10]
2011 1, fatal 1(1) 1(1) [32]
2012 1, fatal 3(1) 3(1) [36,37]
Iraq (2) 1979 ND 2 (2) 2(2) [38]
Kazakhstan (8) 1964 1, ND 2 (0) 2 (0) [40]
2009 1, fatal 4(2) 4(2) [39,41]
2009 1, fatal 1(1) 1(1) [39,41]
2010 1, fatal 1 (ND) 1 (ND) [41]
Kosovo (7) 2001 1, ND 4 (ND) 3 (ND) 7 (ND) [42]
Mauritania (15) 2003 1, fatal 15 (6) 15 (6) [11]
Pakistan (13) 1994 1, fatal 3(0) 3(0) [43,46]
2000 1, ND 1(1) 1(1) [49]
2000 1, ND 1(0) 1(0) [49]
2000 Laboratory 1(1) 1(1) [48]
2000 1, fatal 1(1) 1(1) [48]
2002 1, fatal 2(1) 2(1) [44,45]
2011 1, ND 2(1) 2(1) [47]
2016 1, fatal 2 (1) 2(1) [50]
Russia (11) 1968 Laboratory 1(0) 1(0) [51]
1970 Laboratory 1(1) 1(1) [51]
2005 1, fatal 1(0) 1(0) [41]
2011 1, fatal 8 (0) 8 (0) [19,52]
Senegal (3) 1993 Laboratory 2 (0) 2 (0) [22]
1998 Laboratory 1(0) 1(0) [22]
Serbia (1) 2001 1, fatal 1(0) 1(0) [53]
South Africa (9) 1984 1, fatal 6 (1) 1(0) 7(1) [54—58]
1985 1, recovery 1(1) 1(1) [55,56]
2006 Laboratory 1(1) 1(1) [22]
Spain (1) 2016 1, fatal 1(0) 1(0) [6—8]
Sudan (6) 2008 1, fatal 4 (4) 1(1) 5 (5) [59]
2010 1, recovery 1(0) 1(0) [59,60]
Tajikistan (14) 1993 1, fatal 4 (0) 4 (0) [61]
2001 1, fatal 3(1) 1 (0) 4(1) [61]
2009 1, ND 6 (1) 6 (1) [61]
Turkey (30) 2003 1, ND 1(1) 1(1) [64]
2005 1, recovery 1(0) 1(0) [62]
2005 1, fatal 3(0) 3(0) [62]
2006 1, recovery 1(0) 1(0) [9]
2006 1, fatal 1(1) 1(1) [62]
2007 1, recovery 1(0) 1(0) [62]
2008 1, fatal 3(0) 3(0) [62]
2008 1, recovery 1(0) 1(0) [62]



K. Tsergouli et al. / Journal of Hospital Infection 105 (2020) 43—52 47

Table | (continued)

Country Year of Index case, Number of nosocomial cases Reference
(total number of cases) occurrence outcome Secondary cases Tertiary cases Total
(fatal) (fatal) (fatal)
2008 1, recovery 1(0) 1(0) [62]
2002—2008 1, ND 2 (0) 2 (0) [68]
2011 1, fatal 1(0) 1(0) [65]
2008—2012 1, recovery 1(0) 1(0) [63]
2014 1, fatal 7 (0) 1(1) 8 (1) [66]
2015 1, fatal 4 (0) 4 (0) [69]
2016 1, fatal 1(1) 1(1) [67]
United Arab 1979 1, fatal 5(2) 5(2) [70]
Emirates (5)
Total (158) 1953—2016 142 (43) 16 (4) 158 (47)
ND, not defined.
2 The index case was imported from Afghanistan.
were from Asia (99/158, 62.7%), followed by Africa (34/158, Table Il
21.5%) and Europe (25/198, 15.8%). The reported nosocomial Number of nosocomial cases per risk group
infections took place in Albania [20,21], Bulgaria [22—24], Risk sub No of Fatal
Egypt [22], Germany [25], India [26—31], Iran [10,32—37], Iraq 15k group ubgroup 0o ata
[38], Kazakhstan [19,39—41], Kosovo [42], Mauritania [11], cases (%) cases (%)
Pakistan [43—50], Russia [19,41,51,52], Senegal [22], Serbia 1. Healthcare  1a. Doctors 51 (32.3) 16 (34.0)
[53], South Africa [22,54—58], Spain [68], Sudan [59,60], Taji- workers 1b. Nursing staff 71 (44.9) 22 (33.3)
kistan [61], Turkey [9,62—69] and United Arab Emirates [70] 1c. Laboratory 10 (6.3) 5 (50.0)
(Table I). workers
1d. Other hospital 4 (2.5) 0 (0)
Patient characteristics workers
Subtotal 136 (86.1) 43 (31.6)
The median age of the 158 patients with nosocomial CCHFV 2. Hospitalized 2(1.3) 1(50.0)
infection was 29.0 years (range 15—55 years) and 52.6% were patients
male. The majority of the reported cases (148, 92.0%) occurred 3. Visitors 20 (12.7) 3 (17.6)
in hospital clinics [hospital-acquired (HA)] and 10 cases (8.0%) Total 158 (100) 47 (32.4)

occurred in laboratory settings [laboratory-acquired (LA)].
Among the 158 CCHF cases, 142 (89.9%) were secondary cases
and 16 (10.1%) were tertiary cases.

All index case patients had severe disease with haemor-
rhagic manifestations, suggesting that the risk of virus trans-
mission was high. Disease outcome was reported for 42 index
cases, and 34 (80.9%) were fatal, suggesting that they had a
high viral load.

Risk groups

Among the three risk groups (HCWs, hospitalized patients
and visitors), the vast majority of nosocomial cases occurred
among HCWs (Group 1) (136/158, 86.1%); 20 cases (12.7%) were
reported in visitors (Group 3) and two cases (1.3%) occurred
among hospitalized patients (Group 2) (Table Il). The most
affected subgroups among HCWs were nursing staff (71/158,
44.9%) and doctors (51/158, 32.3%), with fewer cases among
laboratory workers (10/158, 6.3%) and other hospital workers
(4/158, 2.5%).

Intensive care units (ICUs), emergency wards and infectious
diseases departments were the wards with the highest repor-
ted percentages of CCHFV nosocomial infections (24.8%, 23.9%
and 14.2%, respectively), followed by laboratories (8.8%) and
gynaecology-maternity departments (8.8%). Other affected
hospital settings were surgery, neonatal clinics, general wards,
contagious isolation wards and morgues.

Transmission route groups

Detailed information regarding CCHFV transmission route
was available for 99 cases. Percutaneous contact was the pri-
mary route of transmission (34.3%). The activities that resulted
in percutaneous exposure were mouth-to-mouth resuscitation,
needlestick injury, and contact of mucosal membranes or skin
lesions with infected blood and bodily fluids. Among other
routes of transmission, cutaneous contact accounted for 22.2%
of cases, followed by exposure to aerosols (proximity) (18.2%),
indirect contact (17.2%) and exposure to patient environment
(8.1%) (Figure 2). The last group included eight cases in which
the patients were infected when they entered the room of the
index case and came into contact with contaminated envi-
ronment, such as the bed, sink, desk or medical equipment.

All LA infections occurred among technicians, except one
virologist. CCHFV transmission occurred during handling of
infected specimens, such as blood samples, infected mice or
viral cultures through percutaneous contact (needlestick
injury, abrasions on hands without using gloves, and mouth-
pipetting) or through aerosols (centrifuging of viral culture
and preparation of sucrose acetone antigen). The main char-
acteristics of LA cases are summarized in Table Ill. All these
cases were symptomatic, and 60% presented haemorrhagic
manifestations.
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Figure 2. Pie chart of the transmission groups of nosocomial cases
of Crimean—Congo haemorrhagic fever.

Diagnostic methods

The methods used for laboratory diagnosis of CCHF
nosocomial cases were reported for 148 cases. For 57
(38.5%) cases, the diagnosis was based on serological
methods (enzyme-linked immunosorbent assay). Reverse
transcriptase polymerase chain reaction was used for 35
(22.2%) cases, the virus was isolated in five (3.4%) cases, and
more than one diagnostic method was used for 40 (27.0%)
cases. In 11 (7.4%) cases, the diagnosis was based solely on
exposure history combined with clinical diagnosis or nec-
ropsy findings.
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Clinical course and outcome of nosocomial cases

The majority of nosocomial CCHF cases were symptomatic
(146/158, 92.4%). Haemorrhagic manifestations were present
in 76.5% of symptomatic cases.

Disease outcome was reported in 148 of 158 cases and 48
cases were fatal. The overall CFR of nosocomial CCHF cases
was 32.4%, and there was no difference in CFR between sec-
ondary and tertiary cases (32.6% and 30.8%, respectively,
P>0.05), nor between HA and LA cases (31.2% and 50%,
respectively, P>0.05).

Treatment

The treatment followed was described for 76 cases, no
information was available for 78 cases, and no treatment was
followed for four cases. Treatments included transfusion of
blood and/or blood products (e.g. platelets, fresh frozen
plasma), general supportive measures (including antibiotics,
corticosteroids, paracetamol, non-steroidal anti-inflammatory
drugs, insulin, diuretics), immunoglobulins, ribavirin and
interferon. Alone or in combination, treatments were admin-
istered as follows: ribavirin in 53 (69.7%) cases, transfusion of
blood and/or blood products in 45 (59.2%) cases, general sup-
portive measures in 30 (39.5%) cases, immunoglobulin in 16
(21.1%) cases, and interferon in six (7.9%) cases. In the vast
majority of cases, there was a lack of information regarding the
time of administration (days after exposure and/or symptom
onset), as well as the duration of treatment and dosages used.
Thus, conclusions on the efficacy of the treatment options used
may not be reached without the danger of systematic error.

Two of the four untreated cases survived. One non-fatal case
was a technician who had a needlestick injury during a CCHFV
passage procedure and was vaccinated immediately with the
Bulgarian CCHFV vaccine; she presented benign febrile illness
[22]. The second non-fatal case was a doctor who was infected
with the virus during phlebotomy, and although she became

Table IlI
Characteristics of laboratory-acquired nosocomial cases of Crimean—Congo haemorrhagic fever (CCHF)
Country Year Occupation Transmission route Fatal Reference
Russia 1968 Technician Centrifuging and preparation of plasma for infecting mice No [51]
Russia 1970 Technician A flask with highly active virus-containing material was broken Yes [51]
in a centrifuge rotor. Probable transmission through aerosols
Egypt 1981 Virologist Mouth-pipetting a culture of a CCHFV isolate brought from Iraq Yes [22]
Senegal 1993 Technician Exposed to aerosols while preparing sucrose acetone antigen No [22]
from infected suckling mouse brain since not all equipment was
located in a laminar flow cabinet or in BSL-3 laboratory
Senegal 1993 Technician Handle of cages with infected mice on an open bench without No [22]
wearing mask
Senegal 1998 Technician Needlestick injury No [22]
Bulgaria 1999 Technician Abrasion on the hand with a needle during CCHFV passage No [22]
procedure in the brain of a baby mouse
Iran 1999 Technician Direct contact with blood-contaminated specimen Yes [34]
Pakistan 2000 Technician ND Yes [48]
South Africa 2006 Technician Sorting and repacking various specimens into a refrigerator Yes [22,55]

in which CCHF patient samples were stored. No record of

any specific exposure

CCHFV, Crimean—Congo haemorrhagic fever virus; ND, not defined.



K. Tsergouli et al. / Journal of Hospital Infection 105 (2020) 43—52 49

symptomatic, she refused therapy and hospitalization [68]. One
of the fatal untreated cases was a pregnant woman who was
infected during hospitalization in a room and bed previously
occupied by a patient with CCHF. She was misdiagnosed with
HELLP (haemolysis, elevated liver enzyme levels and low pla-
telet levels) syndrome, and therefore not treated for CCHV
[10]. The second fatal case was a nurse who gave mouth-to-
mouth resuscitation to a patient with CCHF. Six days later, he
presented to the hospital with fever, rigors and diarrhoea; he
was treated empirically with antimalarials, and died 2 days
later due to extensive haemorrhagic manifestations [70].

Discussion

CCHF is a re-emerging tick-borne viral haemorrhagic fever
with potential for person-to-person transmission. Therefore,
nosocomial transmission is not unusual, and cases have been
reported in healthcare settings of endemic and epidemic
countries [62,66,71]. A few nosocomial cases have also been
reported in non-endemic countries [8,25,72—75]. The most
recent example was in 2016 in Spain, when a secondary noso-
comial infection was observed in the nurse who was taking care
of a fatal index case while he was hospitalized in an ICU [8].
Nosocomial CCHF cases in non-endemic countries may also
occur following imported cases, as happened during the hos-
pitalization of a US soldier in Germany; the patient acquired
CCHFV while working in field operations in Afghanistan [25]. In
areas where CCHF has not been detected previously, the
management of CCHF cases presents infection control chal-
lenges, as the risk of CCHFV nosocomial transmission is prom-
inent due to lack of experience or inadequate protective
measures implemented when caring for a patient [19]. The
diagnosis of the disease is also usually delayed due to lack of
awareness.

This review shows that approximately 200 cases of nosoco-
mial CCHFV infection were reported in more than 20 endemic
and non-endemic countries in Africa, central and western Asia,
the Middle East and Europe. The number is estimated to be
higher as only a few cases, and those of special interest, are
published. Furthermore, mild or subclinical infections may be
unnoticed, undiagnosed and thus unreported [76].

It was shown that CCHFV nosocomial infections occur mainly
in clinics during hospitalization of index patients (HA infections
92%), and are less frequent in diagnostic and research labo-
ratories (LA infections, 8%) where the accidents occur because
of biosafety breeches during handling of the virus or patient
samples.

All index cases were reported as having a severe form of the
disease with clinically apparent haemorrhagic manifestations,
and the vast majority of them (80.9%) had a fatal outcome
suggesting that they had a high viral load. Person-to-person and
nosocomial transmission tend to occur during the early stages
of the disease, before CCHF is recognized; during that phase,
the patient is highly viraemic. Therefore, awareness and
prompt diagnosis of the disease is of utmost importance for
both the patient and for public health [70,77,78]. It is also
important to recognize that there is long-lasting high viraemia
in some cases; nosocomial cases may then occur during later
stages of the disease and after diagnosis [22,79].

The majority (86.1%) of CCHFV nosocomial transmissions
were reported among HCWs who were taking care of index

patients, and there were far fewer cases among persons who
visited patients. Among HCWs, the most affected groups were
nurses and doctors caring for CCHF patients with abundant
haemorrhagic manifestations. The most dangerous procedures
for acquiring CCHFV are interventions for gastrointestinal
bleeding and emergency operations [80]. In general, HCWs are
the second most exposed occupational group to CCHFV, after
farmers in endemic areas who are at high risk of tick bites [1].
Seroprevalence studies in endemic regions showed that the
percentage of HCWs with antibodies against CCHFV ranges from
0 to 3.87% [81—85].

Patient-to-patient nosocomial transmission of CCHFV was
rarely reported, with only two published case reports [9,10]. In
one case, the patient was co-hospitalized in the same room as
the index case. The two patients shared the same toilet, sug-
gesting that the virus might be transmitted from one patient to
another via blood and/or other body fluids (although airborne
transmission was not ruled out) [9]. The second case of patient-
to-patient nosocomial CCHFV transmission was a pregnant
woman who occupied a room that had previously been occu-
pied by an index case without prior disinfection [10].

Dissemination of CCHFV in nosocomial settings is generally
postulated to result from percutaneous or direct mucosal or skin
contact with body fluids or droplets of severely ill patients. There
is no direct evidence of aerosol CCHFV transmission [22]. Per-
cutaneous exposure poses the highest risk of transmission, and
the mortality rates of nosocomial infections are higher in such
instances of CCHF and other viral haemorrhagic fevers [2,86].
HCWs should be trained and educated on safety measures,
including the use of personal protective equipment (PPE), when
handling sharp items and performing invasive procedures [87].

The second most frequently documented route of trans-
mission was cutaneous exposure through contact of intact skin
with infected blood and other body fluids. The risk of cuta-
neous transmission through unnoticed skin abrasions neces-
sitates cautious handling of blood and blood products. In many
cases, authors noted improper use, or even lack of use, of PPE
before implementation of barrier precautions when patients
were isolated [20,32,42,49,59,62,63,68]. In resource-poor
countries, the emphasis on cost containment by reducing the
use of items such as gloves, masks, gowns and even hand soaps
and disinfectants favours nosocomial spread of the virus and
the emergence of nosocomial cases among HCWs [88]. More-
over, poor compliance with, or ignorance of, the required
precautions contributes further to nosocomial transmission
[83,89,90].

Nosocomial CCHFV infections have been reported in indi-
viduals who were in proximity with the index case without
having direct or even indirect contact [19,62], suggesting that
airborne spread may occur. Despite the lack of direct evidence
for airborne spread, HCWs performing aerosol-generating
medical procedures should take appropriate precautions,
being particularly careful with patients likely to be highly vir-
aemic [10,19,25,35,62,63].

All LA nosocomial CCHF cases resulted from breaches of
biosafety practice, such as mouth-pipetting, handling samples
without gloves or biosafety cabinets, and exposure to droplets
during centrifugation.

The number of tertiary cases was considerably lower than
the number of secondary cases (16 tertiary vs 142 secondary).
In many nosocomial outbreaks, there were no tertiary cases
[17,46,53,57,70]. The virulence of the virus seems to be
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diminished after passage, so infections from secondary cases
are not usual [70].

The overall CFR of nosocomial CCHF cases was 32.4%, with
no significant difference between secondary and tertiary cases
(32.6% and 30.8%, respectively). The highest rates (up to 66%)
have been reported during epidemics [71,82,91]. The CFR was
higher in LA cases (50% vs 31.2% for HA cases). This may be
because LA infections are associated with higher viral loads; a
threshold of 108 viral genomes per mL of blood has been related
to cases with a fatal outcome [79,92,93].

Ribavirin has been shown to have in-vitro activity against
CCHFV and to reduce the mean time-to-death rates in infected
suckling mice [94,95]. Ribavirin was first used for CCHF treat-
ment and prophylaxis during a nosocomial outbreak in 1985 in
the Republic of South Africa [58]. Use of ribavirin in CCHFV
infections remains controversial as there are no placebo-
controlled trials evaluating oral or intravenous use; it would
be ethically difficult to perform such trials. However, several
case reports and retrospective studies suggest that ribavirin is
effective for CCHFV infections if administered promptly after
symptom onset [12,96—98].

In conclusion, this review is constrained by the fact that
many nosocomial cases of CCHF are not published. Another
limitation is that the mode of transmission was not clearly
established in some published cases; publications also often
lacked information on treatment and outcomes of cases.
However, this study does highlight the risk of spread of CCHFV
in the nosocomial setting, especially to HCWs, but also to other
hospitalized patients and visitors. Barrier precautions and air-
borne preventive measures should be employed in addition to
standard precautions, especially for patients with severe dis-
ease (who are likely to have higher viral loads). Guidelines for,
and education of, HCWs are required to ensure inclusion of
CCHF in differential diagnoses, so that rapid testing is
implemented.

Conflict of interest statement
None declared.

Funding sources
None

Acknowledgements

The study was supported by the EU Horizon 2020 research
and innovation programme COMPARE (Grant Agreement No.
643476).

References

[1] Ergonul O. Crimean—Congo haemorrhagic fever. Lancet Infect Dis
2006;6:203—14.

[2] Whitehouse CA. Crimean—Congo hemorrhagic fever. Antiviral Res
2004;64:145—60.

[3] Ergoniil O, Whitehouse C. Crimean—Congo hemorrhagic fever, a
global perspective, vol. 10. Springer; 2007. p. 3—11. Chapter 1m.

[4] Flick R, Whitehouse CA. Crimean—Congo hemorrhagic fever virus.
Curr Mol Med 2005;5:753—60.

[5] Mertens M, Schmidt K, Ozkul A, Groschup MH. The impact of
Crimean—Congo hemorrhagic fever virus on public health. Anti-
viral Res 2013;98:248—60.

[6] Garcia Rada A. First outbreak of Crimean—Congo haemorrhagic
fever in western Europe kills one man in Spain. BMJ
2016;354:14891.

[7] Mora-Rillo M, Diaz-Menendez M, Crespillo-Andujar C, Arribas JR.
Autochthonous Crimean—Congo haemorrhagic fever in Spain: so
much to learn. Enferm Infecc Microbiol Clin 2018;36:202.

[8] Negredo A, de la Calle-Prieto F, Palencia-Herrejon E, Mora-
Rillo M, Astray-Mochales J, Sanchez-Seco MP, et al. Autoch-
thonous Crimean—Congo hemorrhagic fever in Spain. N Engl J Med
2017;377:154—61.

[9] Gurbuz Y, Sencan |, Ozturk B, Tutuncu E. A case of nosocomial
transmission of Crimean—Congo hemorrhagic fever from patient
to patient. Int J Infect Dis 2009;13:e105—7.

[10] Naderi HR, Sarvghad MR, Bojdy A, Hadizadeh MR, Sadeghi R,
Sheybani F. Nosocomial outbreak of Crimean—Congo haemor-
rhagic fever. Epidemiol Infect 2011;139:862—6.

[11] Nabeth P, Cheikh DO, Lo B, Faye O, Vall 10, Niang M, et al. Cri-
mean—Congo hemorrhagic fever, Mauritania. Emerg Infect Dis
2004;10:2143—-9.

[12] Tarantola A, Ergonul O, Tattevin P. Estimates and prevention of
Crimean—Congo hemorrhagic fever risks for health-care workers.
Crimean—Congo hemorrhagic fever. New York: Springer; 2007.
p. 281—94. Chapter 21.

[13] World Health Organization. Crimean—Congo haemorrhagic fever.
Geneva: WHO; 2015. Available at: www.who.int/health-topics/
crimean—Congo-haemorrhagic-fever/#tab=tab_2 [last accessed
October 2018].

[14] Higgins JP, Green S, editors. Handbook for systematic reviews of
interventions version 5.1.0 [updated March 2011]. Oxford: The
Cochrane Collaboration; 2011. Available at: www.handbook.
cochrane.org.

[15] Mofleh J, Ahmad Z. Crimean—Congo haemorrhagic fever outbreak
investigation in the Western Region of Afghanistan in 2008. East
Mediterr Health J 2012;18:522—6.

[16] Papa A, Christova |, Papadimitriou E, Antoniadis A. Cri-
mean—Congo hemorrhagic fever in Bulgaria. Emerg Infect Dis
2004;10:1465—7.

[17] Burney MI, Ghafoor A, Saleen M, Webb PA, Casals J. Nosocomial
outbreak of viral hemorrhagic fever caused by Crimean hemor-
rhagic fever—Congo virus in Pakistan, January 1976. Am J Trop
Med Hyg 1980;29:941—7.

[18] Malik S, Diju IU, Naz F. Crimean Congo hemorrhagic fever in
Hazara division. J Ayub Med Coll Abbottabad 2011;23:90—2.

[19] Pshenichnaya NY, Nenadskaya SA. Probable Crimean—Congo
hemorrhagic fever virus transmission occurred after aerosol-
generating medical procedures in Russia: nosocomial cluster.
Int J Infect Dis 2015;33:120—2.

[20] Harxhi A, Pilaca A, Delia Z, Pano K, Rezza G. Crimean—Congo
hemorrhagic fever: a case of nosocomial transmission. Infection
2005;33:295—6.

[21] Papa A, Bino S, Llagami A, Brahimaj B, Papadimitriou E,
Pavlidou V, et al. Crimean—Congo hemorrhagic fever in Albania,
2001. Eur J Clin Microbiol Infect Dis 2002;21:603—6.

[22] Weidmann M, Avsic-Zupanc T, Bino S, Bouloy M, Burt F, Chinikar S,
et al. Biosafety standards for working with Crimean—Congo hem-
orrhagic fever virus. J Gen Virol 2016;97:2799—808.

[23] Christova |, Di Caro A, Papa A, Castilletti C, Andonova L,
Kalvatchev N, et al. Crimean—Congo hemorrhagic fever, south-
western Bulgaria. Emerg Infect Dis 2009;15:983—5.

[24] Kunchev A, Kojouharova M. Probable cases of Crimean—Congo-
haemorrhagic fever in Bulgaria: a preliminary report. Euro Sur-
veill 2008;13:1854—61.

[25] Conger NG, Paolino KM, Osborn EC, Rusnak JM, Gunther S, Pool J,
et al. Health care response to CCHF in US soldier and nosocomial
transmission to health care providers, Germany, 2009. Emerg
Infect Dis 2015;21:23—31.

[26] Gandhi S, Dave P, Patel GC, Khatri HJ, Shah N, Mishra U. An
epidemiological investigation of a multisource outbreak of


http://refhub.elsevier.com/S0195-6701(19)30496-7/sref1
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref1
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref1
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref1
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref2
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref2
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref2
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref2
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref3
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref3
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref3
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref3
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref4
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref4
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref4
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref4
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref5
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref5
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref5
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref5
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref5
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref6
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref6
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref6
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref6
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref7
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref7
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref7
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref7
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref8
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref8
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref8
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref8
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref8
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref8
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref9
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref9
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref9
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref9
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref9
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref10
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref10
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref10
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref10
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref10
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref11
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref11
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref11
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref11
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref11
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref12
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref12
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref12
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref12
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref12
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref12
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref12
http://www.who.int/health-topics/crimean%5FCongo-haemorrhagic-fever/#tab%3dtab_2
http://www.who.int/health-topics/crimean%5FCongo-haemorrhagic-fever/#tab%3dtab_2
http://www.who.int/health-topics/crimean%5FCongo-haemorrhagic-fever/#tab%3dtab_2
http://www.who.int/health-topics/crimean%5FCongo-haemorrhagic-fever/#tab%3dtab_2
http://www.handbook.cochrane.org
http://www.handbook.cochrane.org
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref15
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref15
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref15
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref15
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref15
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref16
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref16
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref16
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref16
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref16
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref17
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref17
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref17
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref17
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref17
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref17
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref18
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref18
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref18
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref19
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref19
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref19
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref19
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref19
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref19
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref20
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref20
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref20
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref20
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref20
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref21
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref21
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref21
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref21
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref21
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref22
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref22
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref22
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref22
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref22
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref23
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref23
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref23
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref23
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref23
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref24
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref24
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref24
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref24
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref24
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref25
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref25
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref25
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref25
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref25
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref26
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref26

K. Tsergouli et al. / Journal of Hospital Infection 105 (2020) 43—52 51

Crimean—Congo hemorrhagic fever in Gujarat. J Commun Dis
2011;43:161—7.

[27] Mishra AC, Mehta M, Mourya DT, Gandhi S. Crimean—Congo hae-
morrhagic fever in India. Lancet 2011;378:372.

[28] Mourya DT, Yadav PD, Shete AM, Gurav YK, Raut CG, Jadi RS,
et al. Detection, isolation and confirmation of Crimean—Congo
hemorrhagic fever virus in human, ticks and animals in Ahmada-
bad, India, 2010—2011. PLoS Negl Trop Dis 2012;6:e1653.

[29] Patel AK, Patel KK, Mehta M, Parikh TM, Toshniwal H, Patel K.
First Crimean—Congo hemorrhagic fever outbreak in India.
J Assoc Physicians India 2011;59:585—9.

[30] Yadav PD, Patil DY, Shete AM, Kokate P, Goyal P, Jadhav S, et al.
Nosocomial infection of CCHF among health care workers in
Rajasthan, India. BMC Infect Dis 2016;16:624.

[31] Yadav PD, Raut CG, Mourya DT. Re-occurrence of Crimean—Congo
haemorrhagic fever in Ahmedabad, Gujarat, India (2012): a fatal
case report. Indian J Med Res 2013;138:1027—8.

[32] Chinikar S, Shayesteh M, Khakifirouz S, Jalali T, Rasi Varaie FS,
Rafigh M, et al. Nosocomial infection of Crimean—Congo hae-
morrhagic fever in eastern Iran: case report. Travel Med Infect
Dis 2013;11:252—5.

[33] Mardani M, Keshtkar-Jahromi M, Ataie B, Adibi P. Crimean—Congo
hemorrhagic fever virus as a nosocomial pathogen in Iran. Am J
Trop Med Hyg 2009;81:675—8.

[34] Mehrabi-Tavana A, Chinikar S, Mazaheri V. The seroepidemio-
logical aspects of Crimean—Congo hemorrhagic fever in three
health workers: a report from Iran. Arch Iran Med 2002;5:255—8.

[35] Pourahmad M, Raoofi R, Chinikar S, Ghiasi SM,
GhalyanchiLangeroudi  A. Nosocomial  transmission  of
Crimean—Congo hemorrhagic fever in a health care worker, Fars
Province, Iran. Arch Clin Infect Dis 2011;6:47—50.

[36] Naderi HR, Sheybani F, Bojdi A, Khosravi N, Mostafavi I. Fatal
nosocomial spread of Crimean—Congo hemorrhagic fever with
very short incubation period. Am J Trop Med Hyg
2013;88:469—71.

[37] Zohourian P, Amini AS, Davooodi R, Shojaeian M. Analysis of the
root causes of an undesirable incident in a hospital in Mashhad,
2013. Bangladesh J Med Sci 2016;15:637—44.

[38] Altikriti SK, Alani F, Jurji FJ, Tantawi H, Almoslih M, Aljanabi N,
et al. Congo—Crimean hemorrhagic fever in Iraq. Bull World
Health Organ 1981;59:85—90.

[39] Abuova G, Pshenichnaya N, Irsimbetova N, Apsatarov Z. Clinical
and epidemiological aspects of Crimean—Congo hemorrhagic
fever in pregnant women in South Kazakhstan. Int J Infectious
Diseases 2012;16:E66.

[40] Nurmakhanov T, Sansyzbaev Y, Atshabar B, Deryabin P,
Kazakov S, Zholshorinov A, et al. Crimean—Congo haemorrhagic
fever virus in Kazakhstan (1948—2013). Int J Infect Dis
2015;38:19—-23.

[41] Pshenichnaya NY, Leblebicioglu H, Bozkurt I, Sannikova IV,
Abuova GN, Zhuravlev AS, et al. Crimean—Congo hemorrhagic
fever in pregnancy: a systematic review and case series from
Russia, Kazakhstan and Turkey. Int J Infect Dis 2017;58:58—64.

[42] Tegnell A, Dannetun E, Andersson M, Elgh F. [Crimean—Kongo
hemorrhagic fever in Kosovo]. Lakartidningen 2001;98:5670—1.

[43] Altaf A, Luby S, Ahmed AJ, Zaidi N, Khan AJ, Mirza S, et al.
Outbreak of Crimean—Congo haemorrhagic fever in Quetta,
Pakistan: contact tracing and risk assessment. Trop Med Int
Health 1998;3:878—82.

[44] Athar MN, Baqai HZ, Ahmad M, Khalid MA, Bashir N, Ahmad AM,
et al. Short report: Crimean—Congo hemorrhagic fever outbreak
in Rawalpindi, Pakistan, February 2002. Am J Trop Med Hyg
2003;69:284—7.

[45] Athar MN, Khalid MA, Ahmad AM, Bashir N, Bagai HZ, Ahmad M,
et al. Crimean—Congo hemorrhagic fever outbreak in Rawalpindi,
Pakistan, February 2002: contact tracing and risk assessment. Am
J Trop Med Hyg 2005;72:471-3.

[46] Fisher-Hoch SP, Khan JA, Rehman S, Mirza S, Khurshid M,
McCormick JB. Crimean—Congo haemorrhagic fever treated with
oral ribavirin. Lancet 1995;346:472—5.

[47] Hasan Z, Mahmood F, Jamil B, Atkinson B, Mohammed M,
Samreen A, et al. Crimean—Congo hemorrhagic fever nosocomial
infection in a immunosuppressed patient, Pakistan: case report
and virological investigation. J Med Virol 2013;85:501—4.

[48] Jamil B, Hasan RS, Sarwari AR, Burton J, Hewson R, Clegg C.
Crimean—Congo hemorrhagic fever: experience at a tertiary care
hospital in Karachi, Pakistan. Trans R Soc Trop Med Hyg
2005;99:577—84.

[49] Smego Jr RA, Sarwari AR, Siddiqui AR. Crimean—Congo hemor-
rhagic fever: prevention and control limitations in a resource-
poor country. Clin Infect Dis 2004;38:1731-5.

[50] Syed MA, Jhatyal H. An epidemiological investigation of a multi-
source outbreak of Crimean—Congo hemorrhagic fever in Karachi,
from January—15th September 2016. Int J Infect Dis
2016;53:9—10.

[51] Gaidamovich SY, Butenko A, Leschinskaya H. Human laboratory
acquired arbo-, arena-, and hantavirus infections. J Am Biol Saf
Assoc 2000;5:5—11.

[52] Solovyev M, Kovalev E, Nenadskaya S, Fedchenko A, Leonnko N,
OJMpotSoR Goncharova O. Nosocomial focus of Crimean hemor-
rhagic fever in the Central district hospital of the Salsk district in the
Rostov region. Main physician of the South of Russia 2012;1:4—6.

[53] Papa A, Bozovi B, Pavlidou V, Papadimitriou E, Pelemis M,
Antoniadis A. Genetic detection and isolation of Crimean—Congo
hemorrhagic fever virus, Kosovo, Yugoslavia. Emerg Infect Dis
2002;8:852—4.

[54] Centers for Disease Control. Crimean—Congo hemorrhagic fever
— Republic of South Africa. Atlanta, GA: CDC; 1998. Available at:
https://www.cdc.gov/mmwr/preview/mmwrhtml/00000489.
htm [last accessed October 2018].

[55] Richards GA. Nososcomial transmission of viral haemorrhagic
fever in South Africa. S Afr Med J 2015;105:709—12.

[56] Swanepoel R, Shepherd AJ, Leman PA, Shepherd SP,
McGillivray GM, Erasmus MJ, et al. Epidemiologic and clinical
features of Crimean—Congo hemorrhagic fever in southern Africa.
Am J Trop Med Hyg 1987;36:120—32.

[57] van Eeden PJ, Joubert JR, van de Wal BW, King JB, de Kock A,
Groenewald JH. A nosocomial outbreak of Crimean—Congo hae-
morrhagic fever at Tygerberg Hospital. Part I. Clinical features.
S Afr Med J 1985;68:711—7.

[58] van Eeden PJ, van Eeden SF, Joubert JR, King JB, van de Wal BW,
Michell WL. A nosocomial outbreak of Crimean—Congo haemor-
rhagic fever at Tygerberg Hospital. Part Il. Management of
patients. S Afr Med J 1985;68:718—21.

[59] Aradaib IE, Erickson BR, Mustafa ME, Khristova ML, Saeed NS,
Elageb RM, et al. Nosocomial outbreak of Crimean—Congo hem-
orrhagic fever, Sudan. Emerg Infect Dis 2010;16:837—9.

[60] Elata AT, Karsany MS, Elageb RM, Hussain MA, Eltom KH,
Elbashir MI, et al. A nosocomial transmission of Crimean—Congo
hemorrhagic fever to an attending physician in North Kordufan,
Sudan. Virol J 2011;8:303.

[61] Tishkova FH, Belobrova EA, Valikhodzhaeva M, Atkinson B,
Hewson R, Mullojonova M. Crimean—Congo hemorrhagic fever in
Tajikistan. Vector Borne Zoonotic Dis 2012;12:722—6.

[62] Celikbas AK, Dokuzoguz B, Baykam N, Gok SE, Eroglu MN, Midilli K,
et al. Crimean—Congo hemorrhagic fever among health care
workers, Turkey. Emerg Infect Dis 2014;20:477—9.

[63] Guner R, Hasanoglu I, Tasyaran MA, Yapar D, Keske S, Guven T,
et al. Is ribavirin prophylaxis effective for nosocomial trans-
mission of Crimean—Congo hemorrhagic fever? Vector Borne
Zoonotic Dis 2014;14:601-5.

[64] Karti SS, Odabasi Z, Korten V, Yilmaz M, Sonmez M, Caylan R,
et al. Crimean—Congo hemorrhagic fever in Turkey. Emerg Infect
Dis 2004;10:1379—84.


http://refhub.elsevier.com/S0195-6701(19)30496-7/sref26
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref26
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref26
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref26
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref27
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref27
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref27
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref28
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref28
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref28
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref28
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref28
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref28
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref29
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref29
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref29
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref29
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref29
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref30
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref30
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref30
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref31
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref31
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref31
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref31
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref31
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref32
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref32
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref32
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref32
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref32
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref32
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref33
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref33
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref33
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref33
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref33
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref34
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref34
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref34
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref34
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref34
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref35
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref35
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref35
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref35
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref35
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref35
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref36
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref36
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref36
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref36
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref36
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref36
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref37
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref37
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref37
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref37
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref38
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref38
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref38
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref38
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref38
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref39
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref39
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref39
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref39
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref39
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref40
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref40
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref40
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref40
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref40
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref40
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref40
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref41
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref41
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref41
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref41
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref41
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref41
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref42
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref42
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref42
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref42
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref43
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref43
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref43
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref43
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref43
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref43
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref44
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref44
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref44
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref44
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref44
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref44
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref45
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref45
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref45
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref45
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref45
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref45
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref46
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref46
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref46
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref46
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref46
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref47
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref47
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref47
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref47
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref47
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref47
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref48
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref48
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref48
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref48
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref48
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref48
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref49
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref49
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref49
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref49
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref49
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref50
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref50
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref50
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref50
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref50
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref50
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref50
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref51
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref51
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref51
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref51
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref52
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref52
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref52
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref52
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref52
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref53
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref53
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref53
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref53
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref53
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref53
https://www.cdc.gov/mmwr/preview/mmwrhtml/00000489.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00000489.htm
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref55
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref55
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref55
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref56
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref56
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref56
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref56
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref56
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref56
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref57
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref57
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref57
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref57
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref57
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref57
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref58
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref58
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref58
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref58
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref58
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref58
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref59
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref59
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref59
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref59
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref59
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref60
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref60
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref60
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref60
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref60
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref61
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref61
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref61
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref61
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref61
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref62
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref62
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref62
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref62
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref62
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref63
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref63
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref63
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref63
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref63
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref63
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref64
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref64
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref64
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref64
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref64

52 K. Tsergouli et al. / Journal of Hospital Infection 105 (2020) 43—52

[65] Ozsoy S, Gokmen A, Ozdemir M, Akduman B, Korkusuz I,
Javan GT. Medical examiners and Crimean—Congo hemorrhagic
fever contamination risk. J Forensic Leg Med 2015;36:32—6.

[66] Parlak E, Ertiirk A, Kosan Z, Parlak M, Ozkurt Z. A nosocomial
outbreak of Crimean—Congo hemorrhagic fever. J Microbiol
Infect Dis 2015;5:5—9.

[67] Sunbul M, Esen S, Fletcher TE, Dilek A, Guler N, Beeching NJ,
et al. A fatal case of healthcare associated Crimean—Congo
haemorrhagic fever with severe disease and multi-organ failure.
J Infect 2016;72:253—5.

[68] Tutuncu EE, Gurbuz Y, Ozturk B, Kuscu F, Sencan I. Crimean
Congo haemorrhagic fever, precautions and ribavirin prophylaxis:
a case report. Scand J Infect Dis 2009;41:378—80.

[69] Yildirmak T, Tulek N, Bulut C. Crimean—Congo haemorrhagic
fever: transmission to visitors and healthcare workers. Infection
2016;44:687—9.

[70] Suleiman MN, Muscat-Baron JM, Harries JR, Satti AG, Platt GS,
Bowen ET, et al. Congo/Crimean haemorrhagic fever in Dubai. An
outbreak at the Rashid Hospital. Lancet 1980;2:939—41.

[71] Ftika L, Maltezou HC. Viral haemorrhagic fevers in healthcare
settings. J Hosp Infect 2013;83:185—-92.

[72] Estrada-Pena A, Palomar AM, Santibanez P, Sanchez N,
Habela MA, Portillo A, et al. Crimean—Congo hemorrhagic fever
virus in ticks, Southwestern Europe, 2010. Emerg Infect Dis
2012;18:179—-80.

[73] Jameson LJ, Morgan PJ, Medlock JM, Watola G, Vaux AG.
Importation of Hyalomma marginatum, vector of Crimean—Congo
haemorrhagic fever virus, into the United Kingdom by migratory
birds. Ticks Tick Borne Dis 2012;3:95—9.

[74] Bente DA, Forrester NL, Watts DM, McAuley AJ, Whitehouse CA,
Bray M. Crimean—Congo hemorrhagic fever: history, epidemiol-
ogy, pathogenesis, clinical syndrome and genetic diversity.
Antiviral Res 2013;100:159—89.

[75] Estrada-Pena A, Jameson L, Medlock J, Vatansever Z, Tishkova F.
Unraveling the ecological complexities of tick-associated
Crimean—Congo hemorrhagic fever virus transmission: a gap
analysis for the western Palearctic. Vector Borne Zoonotic Dis
2012;12:743-52.

[76] Bodur H, Akinci E, Ascioglu S, Onguru P, Uyar Y. Subclinical
infections with Crimean—Congo hemorrhagic fever virus, Turkey.
Emerg Infect Dis 2012;18:640—2.

[77] Jaureguiberry S, Tattevin P, Tarantola A, Legay F, Tall A,
Nabeth P, et al. Imported Crimean—Congo hemorrhagic fever.
J Clin Microbiol 2005;43:4905—7.

[78] Maltezou HC, Papa A, Ventouri S, Tseki C, Pervanidou D, Pavli A,
et al. A case of Crimean—Congo haemorrhagic fever imported in
Greece: contact tracing and management of exposed healthcare
workers. J Infect Prev 2019;20:171-8.

[79] Papa A, Drosten C, Bino S, Papadimitriou E, Panning M, Velo E,
et al. Viral load and Crimean—Congo hemorrhagic fever. Emerg
Infect Dis 2007;13:805—6.

[80] Shepherd AJ, Swanepoel R, Shepherd SP, Leman PA,
Blackburn NK, Hallett AF. A nosocomial outbreak of
Crimean—Congo haemorrhagic fever at Tygerberg Hospital. Part
V. Virological and serological observations. S Afr Med J
1985;68:733—6.

[81] Fisher-Hoch SP, McCormick JB, Swanepoel R, Van Middlekoop A,
Harvey S, Kustner HG. Risk of human infections with
Crimean—Congo hemorrhagic fever virus in a South African rural
community. Am J Trop Med Hyg 1992;47:337—45.

[82] Mardani M, Rahnavardi M, Rajaeinejad M, Naini KH, Chinikar S,
Pourmalek F, et al. Crimean—Congo hemorrhagic fever among
health care workers in Iran: a seroprevalence study in two
endemic regions. Am J Trop Med Hyg 2007;76:443—5.

[83] Rahnavardi M, Rajaeinejad M, Pourmalek F, Mardani M,
Holakouie-Naieni K, Dowlatshahi S. Knowledge and attitude
toward Crimean—Congo haemorrhagic fever in occupationally
at-risk Iranian healthcare workers. J Hosp Infect
2008;69:77—85.

[84] Maltezou HC, Maltezos E, Papa A. Contact tracing and
serosurvey among healthcare  workers exposed to
Crimean—Congo haemorrhagic fever in Greece. Scand J Infect
Dis 2009;41:877—80.

[85] Temocin F, Kése H, Sar1 T, Duygu F, Sahin RO. Seroprevalence of
Crimean—Congo hemorrhagic fever among health care workers in
a hospital in an endemic region of Turkey. J Infect Dev Ctries
2018;12:587—-91.

[86] Baron RC, McCormick JB, Zubeir OA. Ebola virus disease in
southern Sudan: hospital dissemination and intrafamilial spread.
Bull World Health Organ 1983;61:997—1003.

[87] Leblebicioglu H, Sunbul M, Guner R, Bodur H, Bulut C, Duygu F,
et al. Healthcare-associated Crimean—Congo haemorrhagic fever
in Turkey, 2002-2014: a multicentre retrospective cross-sectional
study. Clin Microbiol Infect 2016;22:387e1—4.

[88] Sagoe-Moses C, Pearson RD, Perry J, Jagger J. Risks to health care
workers in developing countries. N Engl J Med 2001;345:538—41.

[89] Gozel MG, Dokmetas |, Oztop AY, Engin A, Elaldi N, Bakir M.
Recommended precaution procedures protect healthcare work-
ers from Crimean—Congo hemorrhagic fever virus. Int J Infect Dis
2013;17:e1046—50.

[90] Fletcher TE, Gulzhan A, Ahmeti S, Al-Abri SS, Asik Z, Atilla A,
et al. Infection prevention and control practice for
Crimean—Congo hemorrhagic fever — a multi-center cross-sec-
tional survey in Eurasia. PLoS One 2017;12:e0182315.

[91] Ergonul O. Crimean—Congo hemorrhagic fever virus: new out-
breaks, new discoveries. Curr Opin Virol 2012;2:215—-20.

[92] Duh D, Saksida A, Petrovec M, Ahmeti S, Dedushaj |, Panning M,
et al. Viral load as predictor of Crimean—Congo hemorrhagic
fever outcome. Emerg Infect Dis 2007;13:1769—72.

[93] Cevik MA, Erbay A, Bodur H, Eren SS, Akinci E, Sener K, et al. Viral
load as a predictor of outcome in Crimean—Congo hemorrhagic
fever. Clin Infect Dis 2007;45:e96—100.

[94] Tignor GH, Hanham CA. Ribavirin efficacy in an in vivo model of
Crimean—Congo hemorrhagic fever virus (CCHF) infection. Anti-
viral Res 1993;22:309—-25.

[95] Watts DM, Ussery MA, Nash D, Peters CJ. Inhibition of
Crimean—Congo hemorrhagic fever viral infectivity yields in vitro
by ribavirin. Am J Trop Med Hyg 1989;41:581—5.

[96] Ergonul O. Treatment of Crimean—Congo hemorrhagic fever.
Antiviral Res 2008;78:125—31.

[97] Dokuzoguz B, Celikbas AK, Gok SE, Baykam N, Eroglu MN,
Ergonul O. Severity scoring index for Crimean—Congo hemor-
rhagic fever and the impact of ribavirin and corticosteroids on
fatality. Clin Infect Dis 2013;57:1270—4.

[98] Rusnak JM, Byrne WR, Chung KN, Gibbs PH, Kim TT, Boudreau EF,
et al. Experience with intravenous ribavirin in the treatment of
hemorrhagic fever with renal syndrome in Korea. Antiviral Res
2009;81:68—76.


http://refhub.elsevier.com/S0195-6701(19)30496-7/sref65
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref65
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref65
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref65
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref65
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref66
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref66
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref66
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref66
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref66
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref66
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref67
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref67
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref67
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref67
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref67
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref67
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref68
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref68
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref68
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref68
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref69
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref69
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref69
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref69
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref69
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref70
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref70
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref70
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref70
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref71
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref71
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref71
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref72
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref72
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref72
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref72
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref72
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref72
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref73
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref73
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref73
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref73
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref73
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref73
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref74
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref74
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref74
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref74
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref74
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref74
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref75
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref75
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref75
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref75
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref75
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref75
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref75
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref76
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref76
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref76
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref76
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref76
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref77
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref77
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref77
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref77
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref77
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref78
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref78
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref78
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref78
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref78
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref78
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref79
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref79
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref79
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref79
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref79
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref80
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref80
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref80
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref80
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref80
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref80
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref80
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref81
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref81
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref81
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref81
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref81
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref81
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref82
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref82
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref82
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref82
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref82
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref82
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref83
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref83
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref83
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref83
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref83
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref83
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref83
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref84
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref84
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref84
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref84
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref84
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref84
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref85
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref85
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref85
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref85
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref85
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref85
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref85
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref85
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref86
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref86
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref86
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref86
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref87
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref87
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref87
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref87
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref87
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref87
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref88
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref88
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref88
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref89
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref89
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref89
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref89
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref89
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref89
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref90
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref90
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref90
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref90
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref90
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref90
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref91
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref91
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref91
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref91
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref92
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref92
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref92
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref92
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref92
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref93
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref93
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref93
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref93
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref93
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref94
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref94
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref94
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref94
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref94
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref95
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref95
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref95
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref95
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref95
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref96
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref96
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref96
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref96
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref97
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref97
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref97
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref97
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref97
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref97
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref98
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref98
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref98
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref98
http://refhub.elsevier.com/S0195-6701(19)30496-7/sref98

	Nosocomial infections caused by Crimean–Congo haemorrhagic fever virus
	Introduction
	Methods
	Information sources and search strategy
	Managing search results and study selection
	Data extraction
	Data analysis
	Eligibility criteria
	Definitions and outcome of interest

	Results
	Publication characteristics
	Patient characteristics
	Risk groups
	Transmission route groups
	Diagnostic methods
	Clinical course and outcome of nosocomial cases
	Treatment

	Discussion
	Conflict of interest statement
	Funding sources
	Acknowledgements
	References


