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Pneumocystis jirovecii pneumonia (PJP) is an opportunistic, 
fungal infection that primarily affects immunosuppressed 

patients, such as those with advanced acquired immunodefi-
ciency syndrome (AIDS) [1,2]. It also affects patients with 
other medical conditions and leads to deficits in cell-mediated 
immunity [3-7]. These immunodeficiencies include corticoste-
roid treatment for various indications [4], hematologic malig-
nancies, solid tumors, inflammatory diseases, following solid 
organ transplant [3-5], and the use of chemotherapy and other 
immunosuppressive drugs [6-8].

The prognosis of PJP among non-HIV infected patients is 
typically worse than in those with human immunodeficiency 
virus (HIV), with high rates of in-hospital mortality (50–86% 
according to some reports) [1,3], respiratory failure, and inten-
sive care unit (ICU) admission [5,9,10]. As progression tends to 
be rapid and severe, early diagnosis and treatment of PJP is vital 
and a high level of suspicion is required. 

Until recent years, infection with PJP had been attributed to 
pre-existing colonization, with active replication during periods 
of immunesuppression [11,12]. Over the last decade, sever-
al nosocomial PJP clusters were described among kidney and 
heart transplant recipients, suggesting human-to-human trans-
mission in the healthcare setting [12-16]. Based on these ob-
servations, PJP pneumonia may be attributed to either reactiva-
tion or to denovo acquisition [17]. Choukri and co-authors [18] 
collected air samples from the environment of 19 PJP patients 
and found that 79% of the specimens were positive for PJP at 
1 meter and 33%, at 8 meters from the patient’s head. Damiani 
and colleagues [19] showed that a complete match of P. jirovecii 
genotypes was found in 57.1% of pairs from pulmonary and 
room air samples taken 1 meter from the patient’s head; thus, 
supporting airborne-transmission. Data regarding the magnitude 
of nosocomial transmission of PJP infection among inpatients 
are limited [20]. Current guidelines do not include an isolation 
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ABSTRACT  Background: Pneumocystis jirovecii pneumonia (PJP) is an 

opportunistic infection in immunocompromised patients. Clus-

ters of PJP, especially among organ transplant recipients in 

clinic settings were described. Data regarding nosocomial PJP 

infection among inpatients are limited.

  Objectives: To assess the magnitude and characteristics of 

inpatient healthcare-associated PJP infection (HCA-PJP) in 

HIV-negative patients. 

  Methods: A retrospective chart review of hospitalized PJP 

patients was performed to identify HCA-PJP. The study was 

performed at six medical centers in Israel from 2006 to 2016. 

HCA-PJP was defined as cases of hospital-onset or those with 

documented contact with a PJP patient. We reviewed and cross-

matched temporal and spatial co-locations of patients. Clinical 

laboratory characteristics and outcomes were compared.

  Results: Seventy-six cases of PJP were identified. Median age 

was 63.7 years; 64% men; 44% hematological malignancies; 

18% inflammatory diseases; and 61% steroid usage. Thirty-two 

patients (42%) were defined as HCA-PJP: 18/32 (23.6%) were 

hospitalized at onset and 14/32 (18.4%) had a previous en-

counter with a PJP patient. Time from onset of symptoms to 

diagnosis was shorter in HCA-PJP vs. community-PJP (3.25 

vs. 11.23 days, P = 0.009). In multivariate analysis, dyspnea 

at presentation (odds ratio [OR] 16.79, 95% confidence inter-

val [95%CI] 1.78–157.95) and a tendency toward higher rate 

of ventilator support (72% vs. 52%, P = 0.07, OR 5.18, 95%CI 

0.7–30.3) were independently associated with HCA-PJP, imply-

ing abrupt disease progression in HCA-PJP. 

  Conclusion: HCA-PJP was common. A high level of suspicion for 

PJP among selected patients with nosocomial respiratory infec-

tion is warranted. Isolation of PJP patients should be considered.
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requirement for patients hospitalized with PJP and each institu-
tion has its own recommendations. We determined the clinical 
characteristics and the magnitude of HCA-PJP infection among 
hospitalized patients. 

PATIENTS AND METHODS

STUDY DESIGN

The institutional review board of each participating hospital 
approved this study. Informed consent was not required in this 
retrospective study.

An historical cohort study was conducted at six medical cen-
ters in Israel from January 2006 to December 2016. All par-
ticipating hospitals had a dedicated hemato-oncology depart-
ment, five had stem-cell transplantation units, and five had a 
solid organ transplantation service. All adult, HIV-negative pa-
tients hospitalized and diagnosed with PJP infection during the 
study period were included, and their medical records from the 
6-month period before the current PJP diagnosis were reviewed.

Exclusion criteria were age younger than 18 years and HIV 
sero-positive status. To minimize cases of PJP colonization 
without active infection, we excluded patients with PJP detected 
by polymerase chain reaction [21].

PJP infection was defined as a hospitalized patient with clin-
ical and radiological evidence of pneumonia and a positive ex-
amination for PJP (May-Grunwald-Giemsa stain, Gomori-Gro-
cott staining or immunofluorescence) on direct microscopy of 
bronchoalveolar lavage fluid or induced sputum. Healthcare-as-
sociated PJP (HCA-PJP) was defined as either: hospital-onset 

-
talization from an unrelated cause with no documented signs or 
symptoms compatible with PJP at admission [20,22] or patients 
who developed PJP infection after close contact with an index 
patient with active PJP in the 6 months prior to their infection, 
meaning that they were hospitalized on the same dates in the 
same ward, (in some cases the same room) or visited the same 
clinic on the same day as the index patient. The 6-month period 
was chosen based on latency period observed between transmis-
sion and infection development of genetically identical strains 
of PJP patients [13].

PJP patients who did not meet either definition of HCA-PJP 
were defined as community-acquired PJP.

The primary investigator manually reviewed data extract-
ed from the electronic medical records of each medical center. 
The data included past medical history, presence of an immu-
nosuppressive condition considered to be a risk-factor for PJP 
(hematological malignancies, solid tumors, solid organ or bone 
marrow transplantation, and inflammatory disorders), use of im-
munosuppressant drugs (including corticosteroids with a dosage 

and new immunomodulatory drugs), and use of trimethoprim/
sulfamethoxazole as prophylactic agents. Clinical symptoms 

included vital signs, diagnosis at admission, laboratory results, 
and imaging results (ground-glass opacification and lobar in-
filtrates). Information regarding duration of symptoms, date of 
diagnosis, duration of hospitalization, and outcomes (mechani-
cal ventilation, ICU admission, and in-hospital mortality) was 
also collected. 

Due to the large variety of risk factors from the medical his-
tory and the large number of immunosuppressive drugs used, 
we grouped diseases and drugs by mechanism of action and 
clinical implication (a complete list is provided in Table 1, Table 
2, Table 3). To identify patients with HCA-PJP, dates of clin-
ic visits and hospital admissions, including location inside the 
ward, in the 6 months prior to diagnosis were analyzed. The data 
were cross-matched with data from other PJP-infected patients, 
including HIV-positive patients. Temporal and spatial co-lo-
cations of patients were documented and considered possible 
sources of nosocomial human-to-human transmission.

Time to symptom onset was calculated either from an en-
counter with a known PJP patient or from hospitalization among 
patients with hospital-onset PJP.

Patients with HCA-PJP and community-PJP were compared.

STATISTICAL ANALYSES 

Nominal parameters are presented as numbers and percentag-
es. For nominal variables, the groups were compared using 
Chi-square or Fisher’s exact test, as appropriate. For continu-
ous variables, differences between the groups were determined 
using Student's t-test or the Mann-Whitney non-parametric 
test, according to the distribution of the parameters. Binary 
univariate and multivariate logistic regression analyses were 
performed to identify risk factors for HCA-PJP. Variables with 
a significant difference between groups in univariate analysis 
(P < 0.1) were analyzed using multivariate logistic regression, 
to identify independent risk factors. Statistical analyses were 
performed using IBM Statistical Package for the Social Sci-
ences statistics software, version 25 (SPSS, IBM Corp, Ar-
monk, NY, USA).

RESULTS

A total of 76 patients met the definition for non-HIV related PJP. 
Their average age was 63.7 years, 49 were men (64%), 34 had 
hematological malignancies (44%), and 14 inflammatory dis-
eases (18%), and 47 (61%) were treated with high-dose cortico-
steroids. PJP infection was determined to be healthcare associ-
ated in 32 patients (42%) and their parameters were compared to 
community-PJP. All patients had similar medical backgrounds, 
including immunosuppressive illnesses or drugs. 

Compared to patients with community-PJP, those with HCA-
PJP, respectively, had a shorter time from onset of symptoms to 
diagnosis (mean 3.2 ± 5.6 days vs. 11.2 ± 16.1 days, P = 0.009), 
lower albumin (2.6 g/dl vs. 2.9 g/dl; P = 0.01), and presented 
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more often with dyspnea (100% vs. 59%, P < 0.001), which also 
manifested as increased need for mechanical ventilation (72% 
vs. 52% p=0.04). Outcome measures of ICU admission in 47% 
of HCA-PJP vs. 34% in community onset (P = 0.26), and mortal-
ity rates of 56% vs. 40% (P = 0.17), which appeared to be worse 
with HCA-PJP, but were not statistically different [Table 1]. 
Multivariate analysis identified lower creatinine levels (0.9 ± 
0.51 vs. 1.34 ± 0.81, odds ratio [OR] 0.29, 95% confidence in-

terval [95%CI] 0.09–0.878) and dyspnea at presentation (100% 
vs. 60%, OR 16.79, 95%CI 1.78–157.95) as significantly as-
sociated with HCA-PJP. There was a trend toward higher rates 
of mechanical ventilation (72% vs. 52%, P = 0.07, OR 5.18, 
95%CI 0.7–30.3) among HCA-PJP patients.

Among the 32 patients defined as having HCA-PJP, 18/32 
(23.6%) were attributed to hospital onset infection that devel-
oped during a prolonged hospital stay due to an unrelated cause. 

Table 1. Demographics, clinical, laboratory, imaging, and hospitalization outcomes for healthcare associated vs. community groups 
diagnosed with Pneumocystis jirovecii pneumonia

P value
Community-PJP

(n=44)
HCA-PJP
(n=32)

Variable

0.4330 (68)19 (59)Male gender, N (%)

0.8464 ± 15.7263 ± 13.9Mean age, years ± SD

0.8222 ± 4 (n=27)21.2 ± 4.7 (n=20) Body mass index, kg/m2 ± SD

0.2822 (50)12 (32)Hematologic malignancies

Medical history (%)
0.206 (13)8 (25)Inflammatory disease

0.507 (16)7 (22)Solid tumor

0.126 (14)1 (3)Organ transplant

0.7028 (64)19 (59)Corticosteroids*

Drugs, N (%)

0.2518 (41)9 (28)Chemotherapy

0.369 (20)4 (12)Monoclonal antibodies

0.454 (9)4 (12)Antimetabolites

0.821 (2)1 (3)Immunomodulatory

0.317(15)3(10)Immunosuppressive

0.821 (2)1 (3)Kinase inhibitor

0.324 (9)1 (3)Sulfamethoxazole and trimethoprimPreventive therapy for PJP, N (%)

0.00911.23 ± 16.13. 25 ± 5.6Symptom duration to diagnosis, days

0.1625 (57)13 (41)Cough

Symptoms, N (%) 0.9332 (73)23(72)Fever

<0.00126 (59)32 (100)Dyspnea

0.228.0 ± 6.814.0 ± 31.2WBC*(K/microL) (4.8-10.8)

Laboratory results 

0.4510.6 ± 1.710.9 ± 1.8Hemoglobin, g/L(12-16)

0.3628 (64)17 (53)Lymphopenia1000 </mcl, N (%)

0.012.9 ± 0.542.6 ± 0.55Albumin, gr/dl(3.5-5)

0. 4513.1 ± 7.714.9 ± 10.4C-reactive protein, mg/dl (0-0.5) 

0.91923 ± 1076899 ± 665LDH u/l (140-280)

0.041.34 ± 0.860.98 ± 0.51Creatinine mg/dl (0.5-1.2)

1.0022 (50)16 (50)Ground glass opacitiesImaging, N (%)

0.0423 (52)24 (72)Ventilation

Outcome, N (%) 0.2615 (34)15 (47)Intensive care unit

0.1716 (40)18 (56)Mortality

Bold indicates significance 
*Corticosteroids >20 mg prednisone per day for 2 weeks or more 
PJP = Pneumocystis jirovecii pneumonia, HCA-PJP = healthcare-associated PJP, WBC = white blood cells, LDH lactic dehydrogenase
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Table 2. Data regarding hospital-onset Pneumocystis jirovecii 
pneumonia infection 

Patient 
number

Background 
illness

Diagnosis at admission
Days from 
admission to 
PJP symptoms

1 Liver transplant Liver transplant 50

2 DLBCL Elective for intrathecal 
treatment 25

3 Carcinoma of 
unknown origin

Workup for mediastinal 
mass and beginning of 
treatment

30

4 Non-Hodgkin's 
lymphoma

Elective for workup and 
treatment 50

5 None Pancreatitis, TPN 100

6 CNS lymphoma Elective for brain 
radiation and rituximab 30

7
Acute 
lymphocytic 
leukemia

Elective for consolidation 
treatment 30

8 DLBCL Elective for intrathecal 
treatment 6

9 SCLC Elective for treatment 6

10 None GI bleeding 9

11 Sarcoidosis Urinary complaints 5

12 Giant cell 
myocarditis Congestive heart failure 9

13 Dermatomyositis For workup and 
treatment 30

14
Acute 
lymphocytic 
leukemia

Elective for treatment 27

15
Henoch-
Schoenlein 
purpura

GI bleeding 30

16
Chronic 
lymphocytic 
leukemia

Arthritis 30

17 Glioblastoma 
multiforme

Legionella pneumonia 
(BAL negative for PJP. 
Symptoms resolved 
before symptomatic PJP)

10

18 ITP Treatment for ITP 25

BAL = bronchoalveolar lavage, DLBCL = diffuse large B cell lymphoma, 
ITP = idiopathic thrombocytopenic purpura, SCLC = small cell lung 
carcinoma, TPN = total parenteral nutrition

(95%SEM ± 18.3).Details of background illnesses, symptoms at 
admission, and time from admission to symptom development 
for cases defined as hospital-onset PJP are listed in Table 2. De-
tails of background illnesses, previous encounters with PJP pa-
tients, and time from presumed exposure for cases in the known 
index group are listed in Table 3. Encounters or exposures from 
five HIV patients with PJP are also described.

DISCUSSION

HAC-PJP was found in 42% of the cases in the current study, 
which is a significant proportion of hospitalized cases of PJP not 
related to HIV. Most patients with PJP were immunodeficient, 
as a result of background illness, immunosuppressive drugs, or 
both. HCA-PJP was diagnosed earlier in the disease course, with 
shorter intervals from the beginning of symptoms to diagnosis. 
This may be because disease onset occurred while they were 
under medical supervision; thus, facilitating earlier diagnosis. 
However, in multivariate analysis, HCA-PJP was independently 
associated with more dyspnea and increased need for mechani-
cal ventilation, which might suggest severe disease with abrupt 
onset and faster progression in the HCA-PJP group. PJP is found 
in room air after occupancy by a patient with an active PJP in-
fection [18,19]. Hence, one explanation for the abrupt onset of 
HCA-PJP could be a higher load of the pathogen in the envi-
ronment or longer exposure to the infected environment when 
a patient remains in bed, in the same infected room throughout 
the hospital stay. We also noted a high rate of ICU admissions 
and in-hospital mortality amongst all PJP cases. While clinical 
outcomes for patients with HCA-PJP were worse in every mea-
sure, none of these differences reached statistical significance, 
possibly due to the small sample size.

Several studies have suggested that de novo infection and 
nosocomial transmission can cause PJP infection, rather than 
re-activation of a latent infection. In our study, 18% of the 
patients were exposed to an index patient with an active PJP 
infection prior to developing symptoms. Our epidemiological 
findings that suggest human-to-human are supported by several 
studies that used molecular genotyping to identify clusters of 
PJP infection with horizontal transmission of PJP of the same 
genotype [12-16]. Most clusters were described among solid 
organ transplant recipients visiting the same clinics, and most 
involved kidney transplant recipients [12,14]. Transmission 
among heart transplant recipients has also been described [13]. 
The largest reported cluster included 97 solid organ transplant 
recipients from 23 transplant clinics in Australia, who contract-
ed the same genotype of PJP, in 2010–2012 [16]. There is evi-
dence that transmission is via the airborne route. Airborne trans-
mission is demonstrated in animal models [15,17] and was also 
seen when matching pairs of PJP DNA samples were detected 
both in patients and in air samples taken up to 8 meters from 
the infected patient's head. Of interest, air samples were not 

The remaining 14/32 (18.4%) were exposed to an identified in-
dex patient in the 6 months prior to developing PJP infection. 
The median time from hospitalization to symptom onset in the 
hospital-onset group was 25 days (range 5–100), average of 
27(95%SEM ± 10.4). Among patients with prior exposure to 
a PJP patient, the median time from the encounter to symptom 
onset was 30 days (range 7–130),with an average of 41days 
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Table 3. Data on patients with possible nosocomial transmission of Pneumocystis jirovecii pneumonia infection after contact with an 
index patient

Days from presumed 
exposure to symptoms

Location of presumed exposureBackground illnessPatient numberCluster

22Hospitalized in the same room as patient 20Chronic lymphocytic leukemia19

A 90Hospitalized in room next to HIV patient 1Myofibroblastic tumor20

HIVHIV patient 1

7Hospitalized in room next to patient 17Non-Hodgkin's lymphoma21
B

Glioblastoma multiforme17

30Hospitalized in the same room as patient 23DLBCL, ITP22

C 50Hospitalized in room next to HIV patient 2Temporal arthritis23

HIVHIV patient 2

40Hospitalized in room next to HIV patient 3Astrocytoma24
D

HIVHIV patient 3

130Hospitalized in room next to patient 18Carcinoma of uterus25
E

ITP18

18Hospitalized in room next to patient 27Carcinoma of lung26

F 45Hospitalized in room next to HIV patient4Carcinoma of lung27

HIVHIV patient 4

30Hospitalized in room next to patient 29Temporal arthritis 28

G
7Hospitalized in room next to index patient not 

included in HCA-PJP groupCOPD29

75
Both isited the hematology clinic on the same day

Chronic lymphocytic leukemia30
H

19Multiple myeloma31

18Hospitalized in room next to HIV patient 5Inflammatory bowel disease32
I

HIVHIV patient 5

COPD = chronic obstructive pulmonary disease, DLBCL = diffuse large B-cell lymphoma, HIV = human immunodeficiency syndrome, 
ITP = idiopathic thrombocytopenic purpura 
HIV patients 1–5 are index patients with HIV

positive for all patients and factors such as treatment duration, 
difference in room ventilation, and use of face or oxygen mask, 
invasive and noninvasive ventilation were not controlled for and 
may have affected the results [18-19]. Our finding of presumed 
latent incubation period between the encounter with the index 
patient to symptom development of 7 to 130 days is consistent 
with findings in other studies with transmission mapping and 
detailed epidemiologic investigations. Yazaki et al. [2] found a 
median time of 52 days with a range of 7 to 188 days from 
encounter with the index patient to developing disease [14] and 
Le Gal et al. found an incubation period of 1 to 4.5 months [23].

Among our study population, 23% had hospital onset infec-
tion that manifested clinically as nosocomial pneumonia, with 
a median of 25 days from admission to symptom development. 
This finding suggest that PJP pneumonia should be considered 
in the differential diagnosis of nosocomial pneumonia in select-
ed patients. 

Only a few studies have described HCA-PJP infection 

among a heterogeneous population of patients hospitalized in 
tertiary care centers. One found that among 95 PJP inpatients 
ata tertiary hospital in South Korea, 16% met the definition for 
nosocomial, hospital-onset infection, with a median of 38 days 
from hospitalization to onset of symptoms. As in our study, the 
authors considered patients who became ill after more than five 
days of hospitalization for an unrelated cause, as hospital-onset 
cases. However, unlike our study, they did not evaluate possible 
encounters with other PJP patients prior to the most recent hos-
pitalization [20]. Taken together, the study findings suggest that 
HCA-PJP and nosocomial transmission in healthcare settings 
may be more common than was previously assumed and should 
be considered part of the differential diagnosis for nosocomial 
pneumonia in selected patients. Furthermore, a stronger case is 
now made for the review of infection-control guidelines to in-
clude isolation of PJP-infected patients and avoiding exposure 
of patients from at-risk groups to potential contagion. It remains 
an open question as to whether high-risk patients who have been 
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exposed to PJP can be effectively identified prior to disease on-
set, and if so, whether prophylactic treatment with anti-pneumo-
cystis antibiotics would be of clinical benefit.

LIMITATIONS

This study has several limitations. As it was retrospective, geno-
typing results were not available; thus, horizontal PJP transmis-
sion cannot be confirmed. It is possible that some cases could 
be attributed to reactivation in colonized patients in both groups 
and especially in the hospital-onset group. Five days may not 
be an appropriate cut-off for differentiating between cases of 
hospital-acquired and community-acquired PJP due to possible 
longer incubation periods [11]. Therefore, we used the terms 
‘hospital-onset’ rather than ‘hospital-acquired’ PJP. Nonethe-
less, only one case defined as hospital-onset PJP, developed the 
infection after only five days; most patients were hospitalized 
for a longer period before symptom onset.

CONCLUSIONS

HCA-PJP appears to be more common in the hospital setting 
than previously thought and progresses faster, with more se-
vere symptoms than do community-acquired disease. HCA-PJP 
should be considered a potential cause of nosocomial pneumo-
nia in immunocompromised patients. Due to the possibility of 
human-to-human transmission, respiratory isolation of inpa-
tients with PJP should be considered. 
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Man is so made that he can only find relaxation from one kind of labor by taking up another. 

Anatole France (1844–1924), French poet, journalist, and novelist; Nobel laureate 


