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Typing of Pneumocystis jirovecii by multilocus sequencing:
evidence of outbreak?
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Abstract Different reports of Pneumocystis jirovecii
pneumonia (PcP) outbreaks on oncology and transplant
units suggest the possibility of a person-to-person trans-
mission. Based on these reports, we searched retrospec-
tively for possible PcP clusters in UZ Leuven in 2013. A
movement and transmission map was established for all
patients (n= 21) with a positive PcP PCR on BAL fluid.
BAL fluid samples from all patients with a positive PCR
on the mitochondrial large subunit mRNA of P. jirovecii
and possible cross exposure were typed with multilocus
sequence typing (MLST). Five patients with a positive
PcP PCR could have contact with another PcP patient.
Another five patients with a weak positive PcP PCR on
BAL fluid during the same period were also included.
Based on the MLST typing of the BAL samples of these
ten patients, there was no evidence of a PcP outbreak in
UZ Leuven in 2013. MLST has proven to be a useful tool
in genotyping and outbreak detection. From this case se-
ries, it could be concluded that current infection control
precautions for P. jirovecii are appropriate in UZ Leuven.
However, there is need for an international Pneumocystis
database and more clarity in the geographic distribution of
different P. jirovecii genotypes.

Introduction

Pneumocystis jirovecii (P. jirovecii) is an opportunistic fun-
gal pathogen and an important causative agent of pulmo-
nary infections in immunocompromised hosts character-
ized by fever, cough, dyspnea and ground-glass opacity
on CT-scan. Since the introduction of highly active anti-
retroviral therapy (HAART) the incidence of PcP is sig-
nificantly decreased in the HIV population. Unfortunately,
the incidence of PcP is increasing in non-HIV immuno-
compromised patients [1].

Formerly it was thought that Pneumocystis infection
was caused by reactivation of latent infection. This theory
is supported by the high prevalence of anti-pneumocystis
antibodies in the population. Different studies report a
prevalence of antibodies ranging from 70 to 100 % in
healthy children [1]. In healthy adults, colonization can
range from 0 to 20 % [2].

In the last decade, human and animal studies revealed
the possibility of interhuman transmission of P. jirovecii.
The isolation of trimethoprim-sulfamethoxazole (TMP-
SMX) resistant P. jirovecii strains caused by mutations
in the dihydropteroate synthase locus from patients who
have never been exposed to TMP-SMX, PcP outbreak
reports and the appearance of genotype variation in
recurrent infections are all arguments supporting this
theory [1].

Choukri et al. were the first to demonstrate the pres-
ence of P. jirovecii in air samples from rooms of infected
patients. In 15 of 19 patients with Pneumocystis pneumo-
nia, P. jirovecii was also detected in 79 % of air samples
collected at 1 m of the patient’s head. Moreover, the fun-
gal burden in the air decreased with distance from the
patients. In four rooms, no P. jirovecii was detected, prob-
ably because of a low fungal burden in these patients’
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lungs. One year later, Choukri et al. examined the air
shedding of Pneumocystis in a rat model. Interestingly P.
jirovecii was detected in the air starting from 1 week after
infection, indicating the presence of a short latency period
between infection and fungal shedding. An increase of
fungal load in the air was determined until day 28 before
stabilizing [3, 4].

The first report of interhuman transmission dates from
World War II and was observed in malnourished children.
Many other cluster reports (small epidemics) followed, espe-
cially on oncology and transplant units [5–11]. Although, it
wasn't until the early 1990s that molecular typing methods
were introduced [12, 13].

A variety of typing methods have been examined in
previous years. Multilocus sequence typing (MLST) is
considered the gold standard typing method because it
offers the advantage of reproducibility and has a
Simpson index of diversity between 0.987 and 0.996
[14]. Maitté et al. used a MLST method relying on eight
loci: large subunit mitochondrial rRNA gene (mt26S),
large subunit of the rRNA gene (26S), internal transcribed
spacer 1 (ITS1), beta-tubulin (β-TUB), superoxide dis-
mutase (SOD), cytochrome b (CYB), dihydropholate re-
ductase (DHFR) and dihydropteroate synthase (DHPS).
They applied this approach for genotyping respiratory
samples of 33 patients. Locus ITS and 26S were the least
efficient. In a more clinical setting, they proposed a sim-
plified scheme with SOD, mt26S and CYB (Simpson-in-
dex 0.987) or ITS1, 26S, mt26S and β-Tub as MLST
method. Remarkably, in 10 of 33 patients infections with
several genotypes were observed [14].

UZ Leuven is a large (1900 bed) tertiary care hospital
conducting both solid and hematopoietic stem cell trans-
plantation and also an AIDS Reference Center. As such
there is a considerable patient population at risk for PCP.
With this retrospective study we aimed to investigate the
presence of a P. jirovecii outbreak in UZ Leuven from
January 2013 until January 2014 and in case of confirma-
tion, the possible implications on our current isolation
policy. At present, infected patients are placed in contact
isolation on wards where immunocompromised patients
are hospitalized (e.g. hematology-oncology). Isolation is
continued until discharge and patients wear a mask when
leaving their room.

Based on a thorough database search using the
Laboratory and Medical Information system, a transmis-
sion map was made of patients positive for P. jirovecii on
BAL samples, who have had a possible cross-exposure to
P. jirovecii. The BAL samples of the selected patients
were subjected to MLST typing. These results were com-
pared to MLST patterns of control samples and reference
sequences to make a final conclusion whether there was
evidence for an outbreak in 2013.

Materials and methods

Patient inclusion criteria

In UZ Leuven, an in-house, semi quantitative ‘real time’ PCR
was used with mitochondrial rRNA as target. Based on clini-
cal validation, a Ct value ≤28; >28 and ≤35; >35 and <45 is
compatible with a positive, weak positive and very weak pos-
itive result, respectively. During the specified time period,
1023 BAL samples were analyzed for P. jirovecii. A total of
898 samples were negative, 23 samples (from 21 patients)
were positive, 44 weak positive, 52 very weak positive and
for six samples inhibition of the PCR reaction occurred. All 21
patients of the positive group were included. Based on the
patients’ medical files a movement and transmission map
was established focusing on possible contacts between these
21 patients. As mentioned above the incubation period of P.
jirovecii ranges from 3 to 12 weeks with a latency period of
7 days post infection. Therefore, a period of maximum
11 weeks prior to onset of symptoms is taken into account in
our search for possible cross-exposure. Further exclusion will
be done based on the results of the transmission map. As a
control group ten patients with a positive P. jirovecii result,
hospitalized in 2014, were taken. Four of them were hospital-
ized in UZ Leuven, six in other Flemish hospitals but whose
BAL samples were analyzed in UZ Leuven. Four had a weak
positive result, the other six had a positive result. From these
latter ten control patients, no patient characterization and no
transmission map was established because we did not have
access to their medical history. In case of the four patients
hospitalized in UZ Leuven, there was evidence of a non-
nosocomial infection. In case of identical genotypes, the re-
sults were interpreted according to the patients’ postal code of
residence.

MLST typing

DNA extraction was performed on the Nuclisens EasyMAG
(Biomerieux) platform. A 220-μL sample in lysis buffer was
subjected to DNA extraction. PCR was carried out in 25-μL
reactions containing 5 μL of DNA extract, 0.3 μM of each
primer, 0.2 μL Platinum Taq (Life Technologies), 0.2 mM
dNTP and 2.0 mM MgCl2. Primers were adopted from
Maitté et al. [14].

A single round PCR on an Applied GeneAmp 9700
(Applied Biosystems) was conducted under the following
conditions: 7 min at 94° followed by 40 cycles including
1 min at 94°, 1 min at 60° and a final elongation step of
1 min at 72°.

After PCR amplification, a PCR purification was per-
formed using the QIAquick PCR purification kit (Qiagen).
The purified PCR products together with the forward primers
were sent to Macrogen (Amsterdam, The Netherlands) for
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sequencing of six fragments. Sequencing products were ana-
lyzed on an ABI 3730 XL (Applied biosystems). No sequenc-
ing analysis was performed on fragment DHPS because the
wild type is most prevalent, leading to lack in differentiation.
Based on a pilot study fragment 26S was not included because
no good amplification product was visible on electrophoresis,
probably because of a too high annealing temperature for this
target. Afterwards the sequences were compared to reference
sequences with accession number U07220 (ITS1), AF320344
(CYB), M58605 (mt26S), AF146753 (SOD), AF170964 (B-
TUB) and AF090368 (DHFR). The following criteria were
used for agreement classification: when the sequenced targets
are the same for all six, the certainty of agreement is 100 %.
When one or more targets are different, the strains are differ-
ent. When not all targets are successfully sequenced, we as-
sumed there was probable agreement when one target was not
determined and the other targets were identical. When more
than 1 target was not sequenced, no assumption was made.

Results

Movement and transmission map

A database search of the 21 patients with positive PCR result
led to the exclusion of five patients, based on respiratory fail-
ure on admission and no former visits to our hospital or be-
cause of transfer from another hospital. By systematically
looking into the dates of hospital visits of the remaining 16
patients, five patients could have had contact with other pos-
itive P. jirovecii patients. All of them were diagnosed in June,
July and August 2013. Another five patients with a weak
positive P. jirovecii result, diagnosed in the same period, were
also included.

Patients 1 to 5 had a positive result for P. jirovecii, and
patients 6 to 10 a weak positive result (Fig. 1). Six patients
were diagnosed with hematological malignancies, one patient
had received a heart transplantation, two patients underwent
liver transplantation, one patient was hospitalized with status
epilepticus and pulmonary embolism, but no immunosuppres-
sive factor could be withheld. None of the patients with a
weak positive result received therapy for Pneumocystis. For
patients 6, 7 and 8 no exact moment of aggravating respiratory
symptoms could be traced in their medical history, because
they all suffered from other pulmonary infections. There was
no evidence of geographic clustering according to postal code.

Figure 1 shows the transmission map of the ten patients
with a positive or weak positive PCR result for P. jirovecii.
Whenmore than one sample of the same patient was analyzed,
only the date of the first result was included in the transmis-
sion map. It could not be traced whether the patients were in
the waiting room of the radiology department at the same time

or just behind each other in the examination room. The map
revealed different possibilities of transmission.

Considering that excretion of P. jirovecii is only occurring
from 7 days post infection onwards and that the incubation
period is at least 3 weeks, patient 5 could have received P.
jirovecii from patient 4 because they had a consultation on the
cardiology department on the same day. Patient 1 could have
been the index patient for patient 6, because of a contact mo-
ment on the radiology department. Furthermore, patient 6
could be the index patient for patients 4, 5 and 8. There were
other patient contacts but transmission was impossible be-
cause the symptoms started too early after contact.

Genotyping

Table 1 shows the results for each target based on sequencing
results using only the forward primer. The loci we used were
taken from Esteves et al., also used by Maitté et al. [14].
Unfortunately, not every target could be successfully se-
quenced, especially the ITS target, which failed for all 20
samples. Patient 2, 4, 11, 14 and 19 have multiple strains
according to the mt26S target. Samples 1 and 20 have the
same DHFR 312 loci and show probable agreement.
However, this is between a patient of the study group and
the control group, so agreement is of no significance.
Samples 2, 5 and 9 also show probable agreement between
strains. Samples 3 and 12 show agreement between an includ-
ed patient and a control patient. Unfortunately for sample 7,
three targets could not be sequenced, prohibiting a conclusion
about strain agreement/concordance, and this was likewise,
for samples 4 and 8, where two targets could not be sequenced
successfully. For sample 6 and sample 13 the typing for CYB
could not be defined with certainty because locus 279 at the
beginning of the sequencing product was not clearly se-
quenced as only the forward primer was used. For the same
reason, only locus 282 was sequenced for B-TUB. No con-
cordance was found in the control group, suggesting a consid-
erable geographical variability.

Discussion

MLST allows us to discriminate different genotypes.
However, there is need to establish an international database
of Pneumocystis genotypes independently of the used typing
technique.

In total six targets were sequenced, which was success-
ful for mt26S and CYB in most of the cases. ITS 1 am-
plification failed for all samples. This high failure rate
was previously reported in other studies, questioning the
use of this target for genotyping. One of the possible
explanations could be the presence of homologous re-
gions in yeast, present in the respiratory tract [14].
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Furthermore, it is possible that the amplification of this
target needs further optimization.

Interpreting both the transmission map and the se-
quencing results of this study, it is clear that there is no
evidence for an outbreak. There were identical genotypes
in the study population, but only in two patient pairs ((2-
5;2–9)). The transmission map did reveal that there was

no possible contact between these patients. Therefore an
adjustment of the isolation policy in UZ Leuven does not
seem warranted at this moment.

However, genotyping results are not always straightfor-
ward. Helweg-Larsen et al. analyzed P. jirovecii on BAL
fluid and autopsied lungs of three patients pre as well as
post mortem respectively. Interestingly, not all genotypes

Fig. 1 Transmission map of the
study group

Table 1 Results of genotyping of
P. jirovecii at the six loci Sample Group mt26S ITS1 B-TUB SOD CYB DHFR

1 Study group 4 ND ND ND CYB 1 DHFR 312

2 1 and 4 ND A SOD 1 CYB 1 DHFRWt

3 3 ND G SOD 1 CYB 1 DHFRWt

4 1 and 4 ND A SOD 2 CYB 1 DHFRWt

5 4 ND ND SOD 1 CYB 1 DHFRWt

6 3 ND A SOD 2 CYB 5? ND

7 4 ND A ND CYB 1 ND

8 4 ND A SOD 2 ND DHFRWt

9 1 ND A SOD 1 CYB 1 DHFRWt

10 5 ND ND ND CYB 3 ND

11 Control group 1 and 4 ND ND SOD 2 CYB 1 DHFRWt

12 3 ND G SOD 1 CYB 1 DHFRWt

13 3 ND ND SOD 1 CYB 2? DHFRWt

14 1 and 4 ND G SOD 1 CYB 1 ND

15 3 ND A ND CYB 1 DHFRWt

16 1 ND G SOD 2 CYB 1 DHFRWt

17 4 ND A SOD 2 CYB 2 DHFRWt

18 3 ND G ND CYB 6 DHFRWt

19 1 and 4 ND G SOD 1 CYB 1 DHFRWt

20 ND ND G SOD 1 CYB 1 DHFR 312

Mt26S mitochondrial rRNA gen, ITS1 internal transcribed Spacer 1, B-TUB beta-tubulin, SOD superoxide dis-
mutase, CYB cytochrome B, DHFR dihydrophalate reductase, ND not detected, Wt wild type, A adenosine, G
guanosine
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present in the lungs post mortem were found in BAL fluid
ante mortem. Also the genotype is reported to change
during single and recurrent episodes of PcP. The start of
therapy and subsequent selection of certain genotypes
could be the cause [16, 17]. Another explanation is the
limitation of sampling in only one part of the lung with
bronchoscopy. Hauser et al. examined BAL samples of
212 patients in ten European hospitals. In 75 % of the
cases two or more genotypes were found, illustrating the
diversity of P. jirovecii genotypes and consequently the
limitation of genotyping [18].

The importance of colonized immunocompetent sub-
jects in transmission of P. jirovecii is not well described.
Different studies report the possible role of immunocom-
petent carriers in transmission to immunocompromised
patients [19]. If this is the case, the search for a possible
source is difficult and every healthcare worker colonized
with P. jirovecii could be the source of transmission and
eventually lead to an outbreak. Also, possible contacts
with visitors or patients in cafeteria and other places in
the hospital are difficult to trace and to include in a trans-
mission map.

Conclusion

Both a transmission map andMLSTallowed us to exclude the
presence of a P. jirovecii outbreak in a large tertiary care hos-
pital. This indicates that the current isolation policy for this
pathogen can be maintained. This study shows that MLST is a
useful tool for epidemiologic studies and outbreak detection.
Nevertheless, a better knowledge of the geographic distribu-
tion of different P. jirovecii genotypes and an international
database would be helpful for the interpretation of MLST data
about this pathogen.
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