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Possible
Nosocomial
Transmission of
Pneumocystis
jirovecii
To the Editor: Diversity of
genotypes
among
Pneumocystis
jirovecii (human-specific Pneumocystis species) isolates mainly involves
internal transcribed spacer (ITS)
loci (1). Type Eg, one of the most
frequently detected ITS genotypes, has
been found worldwide (2). The locus
of dihydropteroate synthase (DHPS)
is also of interest because DHPS is the
target of sulfonamides, the main drugs
used to treat Pneumocystis pneumonia
(PCP). Studies of the DHPS locus
have found mutations at positions
165 and 171, which confer potentially
lower sensitivity to sulfonamides to
mutant P. jirovecii organisms (3).
Airborne
transmission
of
Pneumocystis
ssp.
has
been
demonstrated among animals and
probably occurs among humans (4).
Reports of clusters of PCP cases in
hospitals (4,5) provide a rationale
for considering the possibility of
nosocomial P. jirovecii infections.

Moreover, we recently quantified P.
jirovecii in the air surrounding patients
with PCP (6). Our findings suggested
that the fungus is exhaled from
infected patients and then spreads into
their surrounding air.
Because matches of P. jirovecii
genotypes between pulmonary and
air samples would strengthen these
findings, we conducted DHPS and
ITS typing of P. jirovecii isolates from
PCP patients and from the air in their
close environment. We assayed P.
jirovecii DNA that we had previously
detected in pulmonary samples
(bronchoalveolar lavage and induced
sputum) from 15 PCP patients and in
15 air samples collected 1 meter from
each patient’s head (6).
ITS genotyping was based on
sequence analysis of ITS 1 and 2
regions after amplification with a
nested PCR, cloning, and sequencing,
as described (7). ITS alleles were
identified by using the typing system
by Lee et al. (2). DHPS genotyping
was based on a PCR restriction
fragment-length polymorphism assay
that enables detection of mutations at
positions 165 and 171, as described (8).
Among the 15 pulmonary samples,
ITS genotyping was successful for all
15; among these, 8 ITS genotypes

were identified (Table). Type Eg was
most frequently identified. Mixed
infections, which correspond to
detection of >1 genotype in a given
sample, were detected in 5 samples.
DHPS genotyping was successful for
all 15 pulmonary samples. A wild
genotype was identified in 9 samples, a
165 mutant genotype in 1 sample, and
a 171 mutant genotype in 2 samples.
Mixed infections were identified in the
3 remaining samples.
Among the 15 room air samples,
ITS genotyping was successful for 7;
among these, 4 ITS genotypes were
identified (Table). Type Eg was again
most frequently identified. A mixed
infection was detected in 1 of the 7
samples. These results enabled us to
compare ITS genotypes for 7 pairs
of pulmonary and air samples. A full
match was found for 4 (57.1%) pairs of
samples, and a partial match, defined
as at least 1 common genotype for
pulmonary and air samples in mixed
infections, was found for 2 (28.6%)
pairs. No matches were found for the
remaining pair of samples. DHPS
genotyping was successful for 6 of
the 15 air samples. A wild genotype
was identified in 4 samples, a 165
mutant genotype was identified in 1
sample, and a 171 mutant genotype

Table. Genotyping of Pneumocystis jirovecii in pairs of pulmonary and air samples from 15 patients with Pneumocystis pneumonia*
ITS genotype (no. sequenced clones)‡
DHPS genotype§
Patient no.†
No. days between pulmonary
Pulmonary sample
Air sample
Pulmonary sample
Air sample
and air sampling
1
6
Gg, Fg (3)¶
ND
Wild
ND
2
1
Ih (3)
Eg (3)
Wild
ND
0
Gg (3)
Gg (3)
Wild
Wild
4
0
Eg (3)
Ec, Eg (3)¶
Wild
Wild
5
0
Eg (3)
Eg (3)
Mutant 171#
Mutant 171
6
1
Eg (3)
ND
Wild
Wild
7
0
Eg (2)
Eg (1)
Wild
ND
8
0
Eg (3)
ND
Mutant 171
ND
10
0
Be, Ec (3¶)
Ec (3)
Mutant 165**
Mutant 165
11
2
Eg (3)
ND
Wild
ND
13
0
Eg, Fg (3)¶
ND
Wild + mutant 171
ND
15
0
Eg (3)
ND
Wild
Wild
16
1
Ie, Ih (2)
ND
Wild
ND
17
1
Bl (3)
Bl (3)
Wild + mutant 165
ND
18
0
Eg, Bl (3¶)
ND
Wild + mutant 165
ND
19
*ITS, internal transcribed spacers; DHPS, dihydropteroate synthase; ND, not determined.
†Patients are numbered as described in (6). Pulmonary samples were bronchoalveloar lavage specimens for patients 2, 4, 6, 7, 8, 10, 11, 18, and 19 and
induced sputum specimens for patients 1, 5, 13, 15, 16, and 17.
‡P. jirovecii ITS genotype identification using sequence analysis with a prior cloning step and applying the score by Lee et al. (2).
§P. jirovecii DHPS genotype identification using a PCR restriction fragment length polymorphism assay (8).
¶Major ITS genotype, as identified in 2 of 3 clones.
#Mutant genotype with the mutation at position 171.
**Mutant genotype with the mutation at position 165.
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was identified in 1 sample. These
results enabled us to compare DHPS
genotypes for 6 pairs of samples. A
full match was found for these 6 pairs.
DHPS and ITS genotype matches
were found for 4 pairs.
Several lines of evidence
suggest that P. jirovecii is exhaled
by infected patients and transmitted
by the airborne route to susceptible
persons (4). In the study reported
here, ITS or DHPS genotype matches
between pairs of pulmonary and
air samples are consistent with the
possibility that P. jirovecii organisms
in the air originated from patients.
DHPS mutants were detected in 6
(40%) of the 15 pulmonary samples;
none of the15 patients had received
sulfonamide treatment at the time of
PCP diagnosis. These results were
not unexpected because frequency of
finding DHPS mutants in PCP patients
in Paris who had no prior sulfonamide
treatment is high (8). The exhalation of
DHPS mutants from infected patients
can spread potentially sulfonamideresistant organisms.
Matches of P. jirovecii genotypes
in pairs of pulmonary and room air
samples argue in favor of P. jirovecii
exhalation by infected patients. The
exhalation of P. jirovecii organisms
emphasizes the risk for their
nosocomial transmission. Our data
provide additional arguments in favor
of the application of measures to
prevent the airborne transmission of P.
jirovecii in hospitals.
This study was supported by the
Agence Française de la Sécurité Sanitaire
de l’Environnement et du Travail (grant
no. EST/2006/1/41).

Céline Damiani, Firas Choukri,
Solène Le Gal, Jean Menotti,
Claudine Sarfati, Gilles Nevez,
Francis Derouin,
and Anne Totet

878

Author affiliations: Centre Hospitalier
Universitaire d’Amiens, Amiens, France (C.
Damiani, A. Totet); Université de PicardieJules Verne, Amiens (C. Damiani, A. Totet);
Hôpital Saint Louis, Paris, France (F.
Choukri, J. Menotti, C. Sarfati, F. Derouin);
Université Paris Diderot, Paris (F. Choukri,
J. Menotti, C. Sarfati, F. Derouin); Centre
Hospitalier Universitaire de Brest, Brest,
France (S. Le Gal, G. Nevez); and Université
de Brest, Brest (S. Le Gal, G. Nevez)
DOI: http://dx.doi.org/10.3201/eid1805.111432

References
1.

2.

3.

4.

5.

6.

7.

8.

Beard CB, Roux P, Nevez G, Hauser PM,
Kovacs JA, Unnasch TR, et al. Strain typing methods and molecular epidemiology
of Pneumocystis pneumonia. Emerg Infect
Dis. 2004;10:1729–35.
Lee CH, Helweg-Larsen J, Tang X, Jin
S, Li B, Bartlett MS, et al. Update on
Pneumocystis carinii f. sp. hominis typing based on nucleotide sequence variations in internal transcribed spacer regions of rRNA genes. J Clin Microbiol.
1998;36:734–41.
Iliades P, Meshnick SR, Macreadie IG.
Mutations in the Pneumocystis jirovecii
DHPS gene confer cross-resistance to sulfa drugs. Antimicrob Agents Chemother.
2005;49:741–8. http://dx.doi.org/10.1128/
AAC.49.2.741-748.2005
Nevez G, Chabe M, Rabodonirina M,
Virmaux M, Dei-Cas E, Hauser PM, et al.
Nosocomial Pneumocystis jirovecii infections. Parasite. 2008;15:359–65.
de Boer MG, de Fijter JW, Kroon FP.
Outbreaks and clustering of Pneumocystis pneumonia in kidney transplant recipients: a systematic review. Med Mycol.
2011;49:673–80.
Choukri F, Menotti J, Sarfati C, Lucet
JC, Nevez G, Garin YJ, et al. Quantification and spread of Pneumocystis jirovecii in the surrounding air of patients
with Pneumocystis pneumonia. Clin Infect Dis. 2010;51:259–65. http://dx.doi.
org/10.1086/653933
Totet A, Pautard JC, Raccurt C, Roux
P, Nevez G. Genotypes at the internal transcribed spacers of the nuclear
rRNA operon of Pneumocystis jiroveci
in nonimmunosuppressed infants without severe pneumonia. J Clin Microbiol. 2003;41:1173–80. http://dx.doi.
org/10.1128/JCM.41.3.1173-1180.2003
Totet A, Latouche S, Lacube P, Pautard JC,
Jounieaux V, Raccurt C, et al. Pneumocystis jirovecii dihydropteroate synthase genotypes in immunocompetent infants and immunosuppressed adults, Amiens, France.
Emerg Infect Dis. 2004;10:667–73.

Address for correspondence: Anne Totet,
Service de Parasitologie et Mycologie
Médicales CHU, Centre Hospitalier Sud, 1 Ave
René Laennec, 80054 Amiens, France; email:
totet.anne@chu-amiens.fr

Fatal Human
Co-infection with
Leptospira spp.
and Dengue Virus,
Puerto Rico, 2010
To the Editor: Leptospirosis,
caused by Leptospira spp. bacteria,
and dengue, caused by dengue viruses
(DENVs), are potentially fatal acute
febrile illnesses (AFI) endemic
to the tropics (1,2). Because their
clinical manifestations are similar (3),
leptospirosis may be misidentified as
dengue (4). We report a fatal case of
co-infection with Leptospira spp. and
DENV-1 in a man in Puerto Rico.
On May 23, 2010, a 42-year-old
unemployed male carpenter came to
an outpatient clinic in Puerto Rico
reporting a 4-day history of fever,
headache,
generalized
myalgia,
anorexia, nausea, and vomiting. He was
being treated for chronic hypertension
and had been released from jail 2 weeks
before illness onset. On evaluation,
he was febrile, hypertensive, and
tachycardic; laboratory results showed
thrombocytopenia and leukocytosis
with a predominance of neutrophils.
Viral syndrome was diagnosed, and
the patient was given acetaminophen,
solumedrol, and ketoprofen.
The patient returned to the clinic on
May 25 with continued fever, myalgia,
worsening headache, and bilateral calf
pain; he was afebrile and tachycardic
and appeared acutely ill. He had no
rash, jaundice, icteric sclera, cardiac
murmurs, or organomegaly, and his
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