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Nocardia veterana is a recently characterized species within the genus Nocardia, and only three human
clinical isolates have been reported for this species. We describe a case of ascitic fluid infection in an
immunocompromised patient due to N. veterana. To our knowledge, this is the first report of a Nocardia sp.
strain from ascitic fluid and the fourth report of N. veterana isolated from human samples. Chemotaxonomic
methods showed the strain to belong to the genus Nocardia, and identification to the species level was done by
16S ribosomal DNA gene sequencing. The antibiotic susceptibility profile of N. veterana is reported here for the
second time. The strain was deposited in the Collection of the Pasteur Institute and in the Culture Collection
of the University of Goteborg (CIP 107497 and CCUG 46576). The corresponding 16S ribosomal DNA gene
sequence is available from the GenBank database under accession number AY149599. A phylogenetic analysis
was conducted and showed that N. veferana was most closely related to the recently characterized species
Nocardia africana rather than to Nocardia vaccinii, as previously reported.

Nocardiosis is a localized or disseminated infection caused
by soilborne aerobic actinomycetes. Infection is commonly in-
troduced through the respiratory tract, and pulmonary disease
is the most common presentation. Hematogenous dissemina-
tion can occur, mainly involving the nervous system and skel-
etal soft-tissue structures (10, 20). However, some unusual
locations of nocardial infection have been reported (5, 16, 17).
Nocardiosis is chiefly an opportunistic infection, particularly in
patients with underlying malignancies, chronic lung disease, or
disorders of cell-mediated immunity, including human immu-
nodeficiency virus (HIV) infection, or those who have received
long-term immunosuppressive therapy. Although Nocardia as-
teroides complex and Nocardia brasiliensis are the species most
frequently involved in human infections, numerous new spe-
cies recently characterized within the genus Nocardia have
been reported in human clinical samples. Among these, No-
cardia veterana was characterized in 2001, and only three clin-
ical isolates have been reported in the literature (11, 14, 28).

We describe here a case of ascitic fluid infection in an im-
munocompromised patient due to N. veterana. To our knowl-
edge, this is the first report of a Nocardia species isolated from
ascitic fluid and the fourth report of N. veterana isolated from
human samples.

Case report. A 40-year-old man with AIDS was hospitalized
in April 2001 in the palliative-care department of the Mont-
pellier University Hospital for a terminal state of lymphoma of
serosa discovered 6 months before after a pleural effusion
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infected by Salmonella sp. His past medical history included
HIV infection since 1990 treated by quadritherapy (lamivu-
dine, stavudine, didanosine, and efavirenz) and chronic hepa-
titis B infection. The initial cytotoxic chemotherapy of the
lymphoma, including vinorelbine and prednisone, was not ef-
fective, and a new treatment with a combination of cyclophos-
phamide, oncovin, prednisone, and doxorubicin was instituted.
This new treatment did not improve the clinical and biological
states of the patient. In April 2001, following an important
degradation of the health status of the patient and a repetition
of the hemorrhagic ascitic effusions with bacteriology and my-
cology cultures always negative, the patient was admitted to
the palliative-care department. After 3 weeks of hospitaliza-
tion, the patient presented an episode of fever and a new
ascitic effusion. The ascitic fluid was obtained by puncture and
sent to the bacteriology laboratory, where the microbiological
diagnosis of Nocardia infection was made, but the patient died
from acute multivisceral failure before antibiotic treatment
was started.

Laboratory identification and antibiotic susceptibility test-
ing. (i) Conventional laboratory identification. The microbio-
logical diagnosis was made by isolation of a strain of Nocardia
after puncture of ascitic fluid. The examination of this sample
by direct microscopy showed a large number of leukocytes with
a majority of lymphomatous cells and the presence of some
polymorphonuclear leukocytes. Direct examination of the fluid
did not reveal any bacteria. The specimen was cultured on
Trypticase soy agar, Trypticase soy broth, Schaedler broth with
vitamin K; and 0.2% agar (bioMérieux, Marcy I’Etoile,
France) and blood-chocolate agar incubated at 37°C in an
atmosphere of 5% (vol/vol) CO,. In contrast with previous
ascitic fluid samples, which were repeatedly negative, all four
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TABLE 1. Characteristics of N. veterana isolates compared with the recently characterized nocardial species N. abscessus, N. africana,
N. cyriacigeorgici, and N. paucivorans and the phylogenetically related N. vaccinii

Value®
Characteristic N. veterana N. veterana N. abscessus N. africana N. cvriaciceorsici N paucivorans N. vaccinii
Isolate BA30" (0 Yapan — e e DSM 444847 DM 443867 ooy
S5
Biochemical
Esculin hydrolysis + + ND - - + - +
Urea hydrolysis + ND ND + - + + +
Decomposition
Adenine - - ND - - - - -
Casein - - ND - + - - -
Hypoxanthine - - ND - - - - -
Tyrosine - - ND - - - - -
Xanthine - - ND - - - - -
16S rDNA similarity with 99.7 100 96.4 99.2 96.7 96.8 98.0
isolate B430 (%)
Clinical isolate source Ascitic fluid ~ Mycetoma BAL Abcesses Sputum Bronchial Sputum, CSF =
secretions
Reference This study 14 11 31 12 32 30 7

“ 4+, positive for characteristic; —, negative for characteristic; ND, not determined; BAL, bronchoalveolar lavage; CSF, cerebrospinal fluid.

b N. veterana isolate B430 (equivalent to CIP 107497 and CCUG 46576).
¢ Currently not reported from human clinical isolate.

of the media were positive after 3 or 4 days of incubation. The
puncture fluid yielded the growth of a gram-positive rod-
shaped organism in pure culture. It was coryneform and strictly
aerobic. Catalase production and urease activity were noted.
On the basis of the colony aspect and the Gram morphology,
an API CORYNE kit (bioMérieux) was used as recommended
by the manufacturer. Esculin was metabolized, and phospha-
tase alkaline and a-glucosidase activities were noted. However,
the profile was incompatible with any species of the genus
Corynebacterium. Moreover, the macroscopic and microscopic
pictures we observed after subculturing the strain were typical
of the genus Nocardia. Cultures on blood agar plates or blood-
chocolate agar plates showed a beige substrate mycelium and a
white aerial mycelium. By Gram staining, many irregular,
gram-positive, branching filamentous rods were noted. Identi-
fication of the isolate, named B430, to the genus level was
achieved by using standard manual methods. The isolate was
affiliated with the genus Nocardia on the basis of nitrate re-
ductase and B-p-galactosidase (o-nitrophenyl-B-p-galactopyr-
anoside) reactions, which were both positive. Biochemical tests
revealed that adenine, casein, tyrosine, xanthine, and hypoxan-
thine were not degraded (Table 1), as previously described for
several other nocardial species, such as N. asteroides, Nocardia
farcinica, and Nocardia nova (Table 2) (3). The strain was able
to grow at 45°C. Enzymatic tests were performed with the API
ZYM system (bioMérieux) as recommended by the manufac-
turer after homogenization of the bacterial suspension by shak-
ing it with glass beads. The following enzymatic activities were
detected: alkaline phosphatase, caprylate esterase, leucine
arylamidase, acid phosphatase, phosphohydrolase, a-glucosi-
dase, and B-glucosidase. This profile was not specific for any of
the previously described nocardial species. However, some of
the species most frequently involved in human infections, like
N. asteroides and N. nova, which possess valine arylamidase,
and N. brasiliensis, which usually displays N-acetyl-B-glu-
cosaminidase and a-mannosidase activities, could be excluded.
Finally, all the tests and characteristics performed did not

allow us to identify the Nocardia isolate to the species level,
since (i) the same biochemical profile is shared by several
species within the genus Nocardia and (ii) the enzymatic-activ-
ity profile obtained for strain B430 was not specific for a par-
ticular Nocardia species. Growth on various carbon sources
was not performed. Molecular identification of the isolate
B430 was decided on, and it was performed at the Centre
d’Identification Moléculaire des Bactéries of the Pasteur Insti-
tute in Paris, France, by 16S ribosomal DNA (rDNA) sequenc-
ing and phylogenetic analysis.

(ii) Antibiotic susceptibility testing. Antibiotic susceptibility
testing was performed by disk diffusion assay on Mueller-Hin-
ton blood agar plates incubated for 48 h at 37°C in an atmo-
sphere enriched with 5% CO, (2). The results were interpreted
according to the recommendations of the Comité Francais de
I’Antibiogramme (25). Isolate B430 was susceptible to amoxi-
cillin, amoxicillin-clavulanic acid, imipenem, trimethoprim-sul-
famethoxasole, amikacin, and erythromycin. It was resistant to
cefotaxime, gentamicin, tobramycin, pefloxacin, ciprofloxacin,
and vancomycin. This antibiotic susceptibility profile was not
characteristic of a particular Nocardia species, and therefore it
could not contribute to the identification of the isolate, as
previously reported for some nocardial species (27, 29). How-
ever, it seemed to indicate that the strain was not affiliated with
N. brasiliensis or Nocardia otitidiscaviarum, on the basis of the
gentamicin resistance observed, or to N. asteroides, considering
its resistance to tobramycin. N. nova identification could also
be excluded because of the results obtained for amoxicillin-
clavulanic acid and tobramycin (3, 12).

(iii) Molecular identification of the organism and phyloge-
netic analysis. Strain B430 was cultured overnight in brain
heart infusion broth. After centrifugation, the cells were sus-
pended in 500 pl of 1X Tris-EDTA with 150 pl of lysozyme
(100 mg/ml) and 15 pl of mutanolysine (5 U/ml). After incu-
bation at 37°C overnight, 150 pl of proteinase K (20 mg/ml)
was added, and the suspension was incubated at 37°C for 3 h;
150 ul of sodium dodecyl sulfate (25% [wt/vol]) was added,
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TABLE 2. Comparison of phenotypic properties of N. veterana isolates and of type strains of more common Nocardia species encountered in
clinical samples”

Result?

N. nova
JCM
60447

Test N. asteroides N. farcinica
ATCC ATCC

19247" 3318"

N. veterana®

N. brasiliensis

N. carnea
DSM
43397T

N. otitidiscaviarum
NCTC 19347

N. tranvalensis N. pseudobrasiliensis

ATCC DSM 43405T  ATCC 515127

19296"

Biochemical
Esculin + + + +
hydrolysis
Nitrate + + + +
reduction
Urea hydrolysis + + + +
Decomposition
(% [wt/vol])
Adenine (0.4) - - - -
Casein (1.0) - - - -
Hypoxanthine - - - -
(0.4)
Tyrosine (0.5) - - - -
Xanthine (0.4) - - - -
Assimilation
(% [wt/vol])
D-Mannitol + + - +
(1.0)
L-Rhamnose
(1.0)
D-Sorbitol (1.0) +
Sodium acetate + + + +
(0.1)
Sodium citrate + + — —
(0.1)

Growth at 45°C + — + —

+ - - - +

+ + - - -

“ Data for type strains of the more common Nocardia species encountered in clinical specimens were derived from Hamid et al. (12) and Yassin et al. (31, 32).
® Data for N. veterana were either from the clinical isolate B430 (equivalent to CIP 107497 and CCUG 46576) (this study) or from the Japanese isolate (14) or the

type strain, DSM 44445T (11).
¢ +, positive for characteristic; —, negative for characteristic.

and the mixture was incubated at 55°C for 60 min. DNA was
extracted and purified with the Wizard Genomic DNA Purifi-
cation kit (Promega, Madison, Wis.). Amplification of the rrs
gene encoding 16S rRNA was performed as follows: the ex-
tracted DNA was amplified by using the universal 16S rRNA
primers A (corresponding to positions 8 to 28 of Escherichia
coli 16S rTRNA) (9) and 1J (corresponding to the complement
of positions 1510 to 1492) (13). The amplification reaction was
carried out in a final volume of 100 pl, with 1 pl of DNA
template; 20 pmol of each primer; 200 uM (each) dATP,
dTTP, dGTP, and dCTP; 50 uM MgCl,; 2.5 U of Taq poly-
merase; and 10 wl of 10X reaction buffer (Amersham Interna-
tional, Amersham, England). Initial denaturation was carried
out for 4 min at 94°C. Thirty-five cycles of amplification were
performed in a DNA Thermal Cycler 9700 (PE Applied Bio-
systems, Foster City, Calif.). Each cycle consisted of three
steps: denaturation at 94°C for 1 min, annealing at 49°C for 1
min, and elongation at 72°C for 2 min. The final extension was
performed at 72°C for 5 min. Amplification products were
detected by electrophoresis on a 0.8% (wt/vol) agarose gel in
TBE buffer (0.089 M Tris, 0.089 M borate, 0.018 M EDTA),
with a 1-kb DNA Ladder (Gibco BRL, Gaithersburg, Md.) as
a molecular size marker. The amplified product was sequenced
by Genome Express (Meylan, France) with three primers, E,
rE, and D, in conserved regions of E. coli 16S rRNA. Primer E
corresponds to positions 787 to 806, rE corresponds to the

complement of the E primer, and D corresponds to positions
519 to 536 (numbering according to Brosius et al. [4]). The
modules EditSeq and SeqMan were used to assemble ~1,300
bp of the rrs gene, and BLAST (Basic Local Alignment Search
Tool) program analysis (http://www.ncbi.nlm.nih.gov:80/
BLAST/) of the sequence gave the maximum identity (100%)
with the 16S rDNA sequence of the N. veterana type strain,
M157222" (equivalent to DSM44445T and NRRL B-24136").
A second strain of N. veterana has been isolated in Japan; its
16S rDNA sequence is not available in the data banks, but a
partial sequence of 942 bp was provided by R. Kano (14).
Alignment by LALIGN revealed 99.7% homology between the
sequences obtained from the Japanese strain and isolate B430.
The third isolate of N. veterana was not included in this study,
but a 16S rRNA gene identity of 99.1% was observed by the
authors with the sequence of the type strain (28). High 16S
rDNA sequence similarity values were observed with other
species belonging to the genus Nocardia, particularly with No-
cardia africana isolates (99.2 and 98.9% for strains with the
accession numbers AF277198 and AF302232 and accession
numbers AF302230 and AF302231, respectively) and with the
Nocardia vaccinii type strain, DSM 43285™ (accession number
736927; 98%).

In two previous studies (11, 14), N. veterana was shown to be
phylogenetically most closely related to N. vaccinii. When N.
africana was characterized (12), it was also described as the
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N. africana DSM 444917 (AF277198)
N. africana DSM 44501 (AF302231)
N.veterana clinical isolate from Japan (14)

N. veterana DSM 44445 (AF278572)
Strain B430 (AY149599)

‘ I-—N. vaccinii DSM 43285 (236927)
N. vaccinii ATCC 11092" (X80597)

N. paucivorans DSM 44386 (AF179865)

[ V. asteroides ATCC 19247" (X84850)
N. cyriacigeorgici DSM 44484" (AF282889)

M N. abscessus DSM 44432! (AF218292)

N . farcinica ATCC 3318' (Z36936)

I N. transvalensis ATCC 6865 (X80598)
R. equi ATCC 6939' (X80603)

Scale: ¢ i
0.01

N. otitidiscaviarum ATCC 14629" (X80599)

N. nova ATCC 33726" (X80593)
N. brasiliensis ATCC 19296" (X80591)

FIG. 1. Phylogenetic tree based on 16S rDNA gene sequences indicating the relationships between clinical isolate B430, N. veterana strains,
related species N. africana and N. vaccinii, and other type species of the genus Nocardia. The sequence of Rhodococcus equi was used as an
outgroup. The scale bar indicates 0.01 substitution per nucleotide position. Accession numbers are given in parentheses.

species most closely related to N. vaccinii. However, the phy-
logenetic relationship between N. veterana and N. africana
could not be established, since the two species were both char-
acterized in 2001. Therefore, we conducted a phylogenetic
analysis as follows. Modules of the Lasergene software (DNAs-
tar, London, United Kingdom) were used in all computations
on a Macintosh G4 (Apple Computer, Cupertino, Calif.). Se-
quences related to that of strain B430 were searched in Gen-
Bank using the BLAST program. The closest sequences were
imported from the Ribosomal Database Project II database
(http: //rdp.cme.msu.edu/htlm/) and aligned with that of strain
B430 (22). Pairwise evolutionary distances were computed us-
ing the Jukes- Cantor equation, and a neighbor-joining tree
(24) was drawn (Fig. 1). The topology of the phylogenetic tree
confirmed that (i) isolate B430 and the two other strains of N.
veterana grouped together, (ii) V. africana was the species most
closely related to N. veterana, and (iii) N. vaccinii was more
deeply branched than N. africana in the phylogenetic tree.
Finally, 16S rDNA sequence analysis and phylogenetic in-
vestigations indicated that we had isolated the fourth repre-
sentative strain of the species N. veterana. Moreover, biochem-
ical characteristics observed for isolate B430 were consistent
with those of the Japanese isolate, although they are not spe-
cific for the species (Table 1). Comparison with the N. veterana
type strain, DSM44445T, could not be performed, since it was
not tested for the decomposition of the substrates we had
analyzed. Phenotypic properties that distinguish validly de-
scribed Nocardia species have been largely reported before
(for a recent review, see reference 12). Therefore, we chose to
summarize in Table 1 the characteristics of the N. veterana
isolates for which they are available, compared to the recently
described species Nocardia abscessus, N. africana, Nocardia
cyriacigeorgici, and Nocardia paucivorans and to the phyloge-
netically related species N. vaccinii. A comparison of the phe-
notypic properties that distinguish N. veterana from the Nocar-

dia species most commonly encountered in clinical samples is
given in Table 2.

Discussion. Systemic Nocardia infections occur frequently in
immunocompromised patients, particularly in patients with
lymphoreticular neoplasms (leukemia and lymphoma). Ther-
apy with cytotoxic agents, alone or in combination with ste-
roids, is also an important risk factor. In spite of deep immu-
nodepression, nocardiosis is an uncommon complication in
patients with AIDS. This could result from the therapeutic
efficiency against Nocardia spp. of trimethoprim-sulfamethox-
azole, used in primary prophylaxis of toxoplasmosis in patients
with HIV infection. On the other hand, the frequency of no-
cardiosis is probably underestimated due to the difficulties of
clinical and biological diagnosis of nocardiosis and the fact that
the infection is not considered a sickness indicative of AIDS.
With regard to the medical history, the patient presented an
important risk for developing nocardiosis. The ascites fluid
infection could be due to the hematogenous spread of Nocar-
dia sp. from the lungs. Indeed, according to the literature,
because lung lesions may be small or obscured by underlying
pulmonary abnormalities, infections with no known primary
site may be of pulmonary origin (1). Moreover, the pleural
effusion infected by Salmonella sp., supported by the report of
some coinfections of the lung by Salmonella sp. and Nocardia
sp., favors the pulmonary portal of entry for the infection (6).
Although many unusual nocardial infections have been re-
ported in the literature (5, 16, 17), including two cases of
peritonitis (21, 23), no case of ascites fluid infection caused by
Nocardia sp. has been reported. We describe here the first case
of ascitic fluid infection caused by Nocardia sp., subsequently
identified as N. veterana. The N. veterana strain displayed rel-
ative susceptibility to antibiotics, particularly to trimethoprim-
sulfamethoxazole, which is the drug of choice for the treatment
of nocardiosis (15). However, the patient died rapidly before
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any treatment was started. The nocardial infection was prob-
ably not the direct cause of death but may have accelerated it.

Identification of the nocardial isolate was complicated in this
case by the initial coryneform aspect of the strain, probably due
to fragmentation of the mycelium into rod-shaped elements.
This microscopic aspect is in contrast to those observed for at
least two of the previously published isolates of N. veterana.
Indeed, the type strain was described as having a quite stable
mycelium that did not fragment, and the Japanese isolate was
described as being rod shaped to coccoid (11, 14). The mac-
roscopic aspects of the N. veterana isolates could not be com-
pared, since the strains were cultured on different media and
therefore displayed various characteristics: beige substrate my-
celium, scant dirty-white aerial mycelium, and a yellowish re-
verse side of the culture for the type strain on glucose-yeast
extract-malt extract agar medium (DSMZ no. 65); orange,
wrinkled colonies for the Japanese isolate on Sabouraud me-
dium; and beige substrate mycelium and white aerial mycelium
for isolate B430 on blood agar or blood-chocolate agar plates
(11, 14). The biochemical characteristics of the isolate were not
discriminating enough to allow identification to the species
level, whereas the enzymatic activity profile, together with the
antibiotic susceptibility profile, was not consistent with validly
described species within the genus Nocardia. Moreover, most
of these data have not been reported for the previously de-
scribed N. veterana isolates, precluding comparison between
strains. Antimicrobial susceptibility data for N. veterana were
reported only once before; these data were consistent with
those obtained for strain B430, with the exception of amoxi-
cillin-clavulanate and gentamicin, reported to have intermedi-
ate and susceptible MICs, respectively, for the isolate of N.
veterana reported by Wellinghausen et al. (28).

Finally, identification of isolate B430 as N. veterana could be
accomplished only after 16S rDNA gene sequencing. The dif-
ficulties in identifying the isolate to the species level can be
explained by the numerous taxonomic changes that occurred
recently in the genus Nocardia. Indeed, five new Nocardia
species recovered from human samples have been character-
ized since 2000: N. abscessus (31), N. africana (12), N. cyriaci-
georgici (32), N. paucivorans (30), and N. veterana (11). Most of
them are implicated in infectious processes: strains belonging
to N. africana, N. cyriacigeorgici, and N. paucivorans were iso-
lated from sputa or bronchial secretions of patients with pul-
monary infections; N. paucivorans was also reported to have
been isolated from the cerebrospinal fluid of a patient with
relapse of cerebral nocardiosis (10) and from the central ner-
vous system biopsy specimen of a patient with brain abscesses
(28), and N. abscessus was isolated from various abscesses (31)
and from a pericardial aspirate (28). Little is known about N.
veterana, since only three isolates have been published. The
first strain was recovered from bronchial lavage fluid and sup-
ported the primary description of the species, but the strain
was thought by the authors to be of no clinical significance
(11). The second isolate was recovered in a subcutaneous bi-
opsy of a mycetoma (14), and the third was cultured from a
respiratory specimen from a patient with pulmonary nocardi-
osis (28). Consequently, the infectious spectrum of N. veterana
has to be considered relatively large.

Most often, traditional identification methods are inade-
quate for the identification of these recently characterized spe-
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cies, for which only a few isolates are reported in the literature
and in the databases. Only biochemical and enzymatic profiles
can be determined in routine practice, and they are not dis-
criminating enough to identify these new species within the
genus Nocardia. Moreover, the conventional identification to
the genus level based on chemotaxonomic characteristics—
biochemical tests and enzymatic activities—is time-consuming
and relatively slow (1 to 2 weeks). In these cases, molecular
methods represent a simple and rapid means to make or to
complete identification to the species level. The available mo-
lecular methods allow identification to the genus or species
level. They are based on 16S rDNA amplification followed by
restriction endonuclease analysis (8, 19), on ribotyping (18), or
on the Hsp65-restriction fragment length polymorphism tech-
nique (26). As previously emphasized by other authors, iden-
tification of clinical isolates of Nocardia to the species level is
important, not only for defining the spectrum of disease pro-
duced by these species, but also for predicting antimicrobial
susceptibility (8). In the present case, identification of the
isolate as N. veterana was achieved only after 16S rDNA gene
sequencing. Therefore, we concluded that 16S rDNA-based
identification is a useful tool for the identification of the re-
cently characterized species within the genus Nocardia for
which the sequences for the 65-kDa heat-shock protein are not
yet available.

In conclusion, we report the first case of ascitic fluid infec-
tion caused by Nocardia sp. and the fourth clinical strain of N.
veterana. Since only three isolates of N. veterana have been
described, the differentiation of N. veterana from the other
Nocardia species was not achievable on the basis of the phe-
notypic traits usually tested for nocardial identification but
could be achieved only by 16S rDNA gene sequencing. The
antibiotic susceptibility profile of N. veterana is reported here
for the second time, but it was not helpful for the identification
of the isolate to the species level.

Nucleotide sequence accession number. A partial 16S rDNA
sequence of 1,272 bp for strain B430 was deposited in the
GenBank database under accession number AY149599. The
strain was deposited in the Collection of the Pasteur Institute
(CIP 107497) and the Culture Collection of the University of
Goteborg (CCUG 46576).

We are very grateful to R. Kano for his help with collecting the data
about the N. veterana strain isolated in Japan and to C. Bizet for her
help with depositing the strains in the CIP and CCUG collections. We
thank E. Jumas-Bilak for critical reading of the manuscript and help
with phylogenetic analysis.
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