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Abstract

Objective

Pneumocystis jirovecii pneumonia (PJP) was reported among immunosuppressed patients
with deficits in cell-mediated immunity and in patients treated with immunomodulatory
drugs. The aim of this study was to identify risk-factors for PJP in noninfected HIV patients.

Methods

This retrospective, test negative, case-control study was conducted in six hospitals in Israel,
2006—2016. Cases were hospitalized HIV-negative patients with pneumonia diagnosed as
PJP by bronchoalveolar lavage. Controls were similar patients negative for PJP.

Results

Seventy-six cases and 159 controls were identified. Median age was 63.7 years, 65%
males, 34% had hematological malignancies, 11% inflammatory diseases, 47% used ste-
roids and 9% received antilymphocyte monoclonal antibodies. PJP was independently
associated with antilymphocyte monoclonal antibodies (OR 11.47, Cl 1.50-87.74), high-
dose steroid treatment (OR 4.39, Cl 1.52—12.63), lymphopenia (OR 8.13, Cl 2.48-26.60),
low albumin (OR 0.15, Cl 0.40-0.54) and low BMI (OR 0.80, Cl 0.68—-0.93).

Conclusion

In conclusion, rituximab, which is prescribed for a wide variety of malignant and inflamma-
tory disorders, was found to be significant risk-factor for PJP. Increased awareness of possi-
ble PJP infection in this patient population is warranted.
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Introduction

Pneumocystis jirovecii pneumonia (PJP) is an opportunistic fungal infection that mostly afflicts
immunosuppressed patients with deficits in cell-mediated immunity [1]. PJP was first
described in malnourished infants in Europe following World War II [2]. In the 1960s and
1970s, it was diagnosed primarily among patients with hematologic malignancies [3]. From
the 1980s until the present, PJP is most often found in patients with advanced AIDS. Other
known risk-factors include corticosteroid treatment for various indications [4], solid tumors
[1, 5], inflammatory diseases [6], and immunosuppressive drug use following bone marrow
and solid organ transplantation [7]. The introduction of active antiretroviral therapy and the
use of cotrimoxazole prophylaxis resulted in a dramatic drop in the incidence of PJP among
patients with HIV infection. Several studies have reported increased rates of PJP among
patients treated with new immunomodulatory drugs (monoclonal antibodies, anti-TNF ther-
apy, tyrosine kinase inhibitors and proteosome inhibitors) [8-12]. Patients in most of these
studies were treated with combinations of immunosuppressive drugs; thus, it was impossible
to separate the role of each one.

The prognosis of PJP among patients without HIV is typically worse than in those with
HIV, with high rates of in-hospital mortality (50% to 86%, according to some reports [4, 13]),
respiratory failure and ICU admission [14]. Due to a tendency for rapid and severe progres-
sion, early diagnosis and treatment of PJP is vital. Furthermore, since the diagnosis of PJP is
usually established by bronchoalveolar lavage (BAL), a high level of suspicion is needed for
early detection and initiation of appropriate treatment.

The aim of this study was to assess risk-factors for PJP among non-HIV patients.

Methods

Study design: This retrospective, test-negative, case-control study was performed at 6 tertiary-
level medical centers in Israel. All participating hospitals had a dedicated haemato-oncology
department, 5 had stem cell transplantation units, and 5 had solid organ transplantation ser-
vices. The 6 general hospitals had a total of 5,516 beds, among 15,871 in the entire country
(35%). The study was conducted from January 2006 through December 2016.

Case definition: A case was defined as a hospitalized patient with clinical and radiological
evidence of pneumonia and a positive direct microscopic examination for PJP (May-Grun-
wald-Giemsa stain, Gomori-Grocott staining or immunofluorescence) from BAL fluid. All
PJP diagnosed by pathology were available, and electronic medical records were reviewed for
evidence of pneumonia and HIV status. All cases diagnosed during the study period were fol-
lowed until discharge.

Controls were defined as hospitalized patients with clinical and radiological evidence of
pneumonia, for which PJP was excluded by BAL. Controls were matched 2:1 by age and sex to
PJP cases. Exclusion criteria were younger than 18 years-of-age and HIV-positive status. HIV
negativity was determined based on documentation in the medical records. To minimize false
positive results representing PJP colonization, we did not include patients with PJP detected
by PCR alone [15, 16].

Data extracted from the electronic medical records of cases and controls included demo-
graphics, past medical history, presence of an immunosuppressive condition considered a
risk-factor for PJP (including hematological malignancies, solid tumors, solid organ trans-
plant, bone marrow transplant and inflammatory disorders), use of immunosuppressant drugs
(including corticosteroids with a dosage equivalent to >20 mg prednisone for >2 weeks, cyto-
toxic chemotherapy and immunomodulatory drugs) and use of trimethoprim/sulfamethoxa-
zole as prophylactic agents. Laboratory results and clinical outcomes were collected, as well.
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Due to the large variety of risk-factors in the medical history and the large number of immuno-
suppressive drugs in use, we grouped drugs and diseases by mechanisms. The complete list is
presented in S1 and S2 Tables.

Meir MC review board approved the study approval number 268-16. Tel-Aviv MC review
board approved the study, Sheba MC review board approved the study, Hadassah MC review
board approved the study, Assaf Harofeh MC review board approved the study, Rabin MC
review board approved the study.

No consent was required, data were analyzed anonymously.

Statistical analyses

Nominal parameters are presented as numbers and percentages. For nominal variables, the
study and control groups were compared using Chi-square or Fisher’s exact test, as appropri-
ate. For continuous 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 values.
Multivariate logistic regression analysis was conducted including variables significantly associ-
ated with PJP on univariate analysis (p<0.1), selecting risk variables among correlated data.
All data were analyzed using SPSS-25 software.

Results

Seventy-six patients met the case definition for non-HIV related PJP and were compared to
159 matched control patients. The average age of both groups was 63 years. Most patients were
men, 64% and 67% in the case and control groups, respectively. Demographic, clinical, labora-
tory and hospitalization outcome data for both groups are presented in Table 1.

Univariate analysis (Table 1), demonstrated that, compared to controls, patients with PJP
had a higher incidence of hematologic malignancies (44.7% vs. 28.9%, p = 0.017), and inflam-
matory diseases (18.4% vs. 6.9%, p = 0.007), and a lower frequency of organ transplantation
(9.2% vs. 20.8%, p = 0.028). They were treated more frequently with corticosteroids, (61.8% vs.
22.6%, p < 0.001) chemotherapy (36.8% vs. 19.5%, p = 0.006) and antilymphocyte monoclonal
antibodies, mainly rituximab (15.8% vs. 5%, p = 0.008). Fewer were treated with sulfamethoxa-
zole and trimethoprim prophylaxis (6.6% vs. 16.4%, p = 0.038). Patients with PJP had lower
body mass index (21 vs. 25, p < 0.001), lower albumin levels (2.7 g/dL vs. 3.2 g/dL, p < 0.001),
and greater incidence of lymphopenia (<1000/mcl) (80.3% vs. 46.5%, p < 0.001).

The in-hospital mortality rate (47.2% vs. 37%, respectively, p = 0.15) was similar in both
groups. However, the rate of invasive ventilator support was higher among the PJP cohort
(61.3% vs. 44.3%, p = 0.015).

In multivariate logistic regression analysis for risk factors (Table 2), PJP was independently
associated with Rituximab use (OR 11.47 (95%CI 1.5-87.7), p = 0.019), high-dose steroid treat-
ment (OR 4.39 (95%CI 1.52-12.66), p = 0.006), lymphopenia (OR 8.13 (95%CI 2.48-26.61),

p = 0.001), low albumin (OR 0.15 (95%CI 0.04-0.54), p = 0.004) and low BMI (OR 0.80 (95%
CI0.68-0.93), p = 0.018).

Following the identification of rituximab as a major risk factor for PJP, we present the
demographic and clinical data of this cohort of patients, including the time frame from last
rituximab treatment to PJP onset (Table 3).

Discussion

In this multicenter study of risk factors for PJP in non-HIV patients, antilymphocyte antibod-
ies, mainly rituximab, were found to be the leading risk factor for PJP, with an OR >11. Rituxi-
mab, an anti-CD20 antibody was approved in 1997 for B-cell hematological malignancies and
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Table 1. Demographics, medical history, drug, clinical, laboratory, imaging and hospitalization outcomes for case and control groups.

Variable PJP Cases (N = 76) Non-PJP Controls (N = 159) P-value
Male sex, n (%) 49 (64.5) 109 (67.3) 0.661
Median (IQR) age (years) 66 (57-73) 64 (58-72) 0.713
Body mass index, kg/m? median (IQR) 21 (19-23) (n =47) 25(22-27) (n=114) <0.001
Medical history, n (%) Hematologic malignancies 34 (44.7) 46 (28.9) 0.017
Inflammatory disease 14 (18.4) 11 (6.9) 0.007
Solid tumor 14 (18.4) 18 (11.3) 0.138
Organ transplant 7(9.2) 33(20.8) 0.028
Drugs, n (%) Corticosteroids® 47 (61.8) 36 (22.6) <0.001
Chemotherapy 28 (36.8 31(19.5) 0.006
Rituximab 12 (15.8) 8(5.0) 0.008
Antimetabolites 8(10.5) 6(3.8) 0.072
Immunomodulatory 2(2.6) 5(3.1) 0.594
Immunosuppressive 10 (13.2) 33(20.8) 0.207
Kinase inhibitors 2(2.6) 6(3.8) 0.727
Preventive therapy for PJP, n (%) Sulfamethoxazole and trimethoprim 5(6.6) 26 (16.4) 0.038
Symptoms, n (%) 38 (50) 108 (67.9) 0.008
56 (72.4) 115 (73.0) 0.925
58 (76.3) 110 (67.7) 0.257
Laboratory results White blood cells, 10°/L 10.8 +20.7 15.8 +24.3 0.02
Hemoglobin, g/L 10.7 £ 1.74 11 £1.96 0.187
Lymphopenia, <1000/mcl, n (%) 61 (80.3) 74 (46.5) <0.001
Albumin, g/dL 2.7+ 0.56 32+0.53 <0.001
C-reactive protein, mg/dL 13.9 8.9 15.4 £10.1 0.339
Lactate dehydrogenase, U/L 912 + 907 713 £ 1682 0.383
Creatinine, mg/dL 1.19+0.75 1.3 +0.86 0.315
Imaging, n (%) Ground glass opacities 38 (50) 31(19.6) <0.001
Lobar infiltration 2(2.6) 58 (36.7) <0.001
Outcomes, n (%) Ventilation 46 (63.1) 70 (44.3) 0.015
Intensive care unit 30 (39.5) 43 (27) 0.054
Mortality 34 (47.2) 59 (37) 0.146
IQR- Interquartile range
“Corticosteroids- >20 mg prednisone per day for 2 weeks or more
https://doi.org/10.1371/journal.pone.0239042.t001
Table 2. Risk factors for PJP based on multivariate logistic regression analysis®.
Risk factor OR CI (95%) P-value
Rituximab 11.47 1.5-87.7 0.019
High dose steroids® 4.39 1.52-12.66 0.006
Lymphopenia (<1000/mcl) 8.13 2.48-26.61 0.001
Albumin (per 1-gram increase) 0.15 0.04-0.54 0.004
BMI 0.80 0.68-0.93 0.018

*Variables included: age, sex, BMI, medical history, drugs (steroids, chemotherapy, rituximab, antimetabolites),

preventive therapy, lymphopenia, albumin);

PEquivalent to >20 mg of prednisone

https://doi.org/10.1371/journal.pone.0239042.t1002
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Table 3. Demographic and clinical data of PJP patients treated with rituximab.

Sex Age
71
70
69
42
68
83
60
56
74
52
68
68

TIFIRIRITIRIZIRIRIR|IR|T™

Diagnosis
DLBCL

DLBCL

DLBCL

DLBCL

DLBCL

CLL

CLL

CLL

AML, ITP

ALL

ANCA vasculitis
CNS lymphoma

Treatment Prevention Death Days since treatment
CHOP No No 90
CHOP No No 36
CHOP No Yes 20
CHOP Yes No

CHOP No No

Steroids No No 27
Steroids Yes Yes 13
Bendamustine No Yes 50
Steroids No No 4
Cyclophosphamide No No 20
Steroids No Yes 30
Steroids No No 14

DLBCL-Diffuse large B-cell lymphoma; CHOP-Cyclophosphamide, Doxorubicin, Vincristine, Prednisone; CLL-Chronic lymphocytic leukemia; AML-Acute myelocytic

leukemia; ITP-Immune thrombocytopenic purpura; ALL-Acute lymphocytic leukemia; ANCA-Antineutrophil cytoplasmic antibodies; CNS-Central nervous system

https://doi.org/10.1371/journal.pone.0239042.t003

autoimmune disorders. In 2007, a black box warning regarding excessive risk for progressive
multifocal leukoencephalopathy was issued. Several publications implied a role of rituximab in
causing CD4 lymphopenia, although most patients treated with rituximab did not have serial
CD4 measurements [17]. Another study on the immunity required for PJP clearance identified
a critical role for B cells. In addition to production of PJP-specific antibodies, B-cells are
required to prime CD-4 cells for normal expansion and memory generation [18]. The link
between rituximab and PJP was reported previously [19]; although, most patients received it as
part of combination therapy. Martin-Garrido et al. followed patients treated with rituximab:
30 subsequently developed PJP, but only 3 had been treated with rituximab alone, while the
others had received it in combination with either steroids or chemotherapy [19]. In a group of
7,554 rituximab-treated patients in Taiwan, the prevalence of PJP was found to be 2.95%, as
compared to 1.3% in controls [20].

In our cohort of 12 PJP patients treated with rituximab, all developed the disease within 90
days of last treatment. This is in accordance with a short report by Alexandre et al. of 11 similar
patients who developed PJP within 11 weeks [21]. Although the numbers are small, this might
suggest that long term preventive therapy might not be required.

Steroid use (OR 4.98) is a well-known risk-actor for PJP and an indication for preventive
therapy [4]. Of note, the odds for developing PJP were twice as high in patients treated with
antilymphocyte antibodies than in those treated with steroids. Low BMI and low albumin are
proxies for inadequate nutrition, and thus, are expected risk-factors [2].

Mansharamani et al. showed that CD4 <300 denoted a higher risk for PJP infection among
immunocompromised patients and recommended they receive prophylaxis [22]. We identi-
fied lymphopenia (<1000/mcl) as a risk-factor (OR 7.96), but we did not have CD4 lympho-
cyte counts for our non-HIV patients.

This study had several limitations. It included patients whose PJP was diagnosed by micros-
copy only. Although this diagnostic method decreased the number of false positive results and
instances of colonization in the case group, it might have increased the incidence of false nega-
tive results in the control group. Due to the retrospective nature of the study, data on BMI
were incomplete, and HIV status was not ascertained in the HIV-negative individuals.
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However, information regarding drug therapy, the primary focus of the study, was retrieved
from pharmacy records and thus, was complete.

In conclusion, rituximab, which is prescribed for a wide variety of malignant and inflam-
matory disorders, was found to be significant risk-factor for PJP. Increased awareness of possi-
ble PJP infection in this patient population is warranted.

Supporting information

S1 Table. Diseases in cases and controls grouped by mechanism.
(DOCX)

$2 Table. Drugs used in the case group, grouped by mechanism.
(DOCX)

Acknowledgments
Faye Schreiber, MS edited the manuscript. She is an employee of Meir Medical Center.

Author Contributions

Conceptualization: Anat Zalmanovich, Pnina Shitrit, Michal Katzir, Michal Chowers.
Data curation: Anat Zalmanovich.

Formal analysis: Michal Chowers.

Investigation: Anat Zalmanovich, Ronen Ben-Ami, Galia Rahav, Danny Alon, Allon Moses,
Karen Olshtain-Pops, Miriam Weinberger, Pnina Shitrit, Michal Katzir.

Methodology: Bat-Sheva Gottesman.
Project administration: Anat Zalmanovich.
Writing - original draft: Anat Zalmanovich.

Writing - review & editing: Ronen Ben-Ami, Galia Rahav, Danny Alon, Allon Moses, Karen
Olshtain-Pops, Miriam Weinberger, Pnina Shitrit, Michal Katzir, Bat-Sheva Gottesman,
Michal Chowers.

References

1. Sepkowitz KA. Opportunistic infections in patients with and patients without Acquired Immunodeficiency
Syndrome. Clin Infect Dis. 2002; 34(8):1098—-107. Epub 2002/03/27. https://doi.org/10.1086/339548
PMID: 11914999.

2. VanekJ, Jirovec O. [Parasitic pneumonia. Interstitial plasma cell pneumonia of premature, caused by
pneumocystis Carinii]. Zentralbl Bakteriol Orig. 1952; 158(1-2):120-7. Epub 1952/05/12. PMID:
14959297.

3. Walzer PD, Perl DP, Krogstad DJ, Rawson PG, Schultz MG. Pneumocystis carinii pneumonia in the
United States. Epidemiologic, diagnostic, and clinical features. Ann Intern Med. 1974; 80(1):83-93.
Epub 1974/01/01. PMID: 4589515.

4. Yale SH, Limper AH. Pneumocystis carinii pneumonia in patients without acquired immunodeficiency
syndrome: associated illness and prior corticosteroid therapy. Mayo Clin Proc. 1996; 71(1):5—-13. Epub
1996/01/01. PMID: 8538233.

5. Bollee G, Sarfati C, Thiery G, Bergeron A, de Miranda S, Menotti J, et al. Clinical picture of Pneumocys-
tis jiroveci pneumonia in cancer patients. Chest. 2007; 132(4):1305—-10. Epub 2007/10/16. https://doi.
org/10.1378/chest.07-0223 PMID: 17934116.

6. ParkJW, Curtis JR, Moon J, Song YW, Kim S, Lee EB. Prophylactic effect of trimethoprim-sulfamethox-
azole for pneumocystis pneumonia in patients with rheumatic diseases exposed to prolonged high-

PLOS ONE | https://doi.org/10.1371/journal.pone.0239042 September 11, 2020 6/7


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239042.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239042.s002
https://doi.org/10.1086/339548
http://www.ncbi.nlm.nih.gov/pubmed/11914999
http://www.ncbi.nlm.nih.gov/pubmed/14959297
http://www.ncbi.nlm.nih.gov/pubmed/4589515
http://www.ncbi.nlm.nih.gov/pubmed/8538233
https://doi.org/10.1378/chest.07-0223
https://doi.org/10.1378/chest.07-0223
http://www.ncbi.nlm.nih.gov/pubmed/17934116
https://doi.org/10.1371/journal.pone.0239042

PLOS ONE

PJP in HIV-negative adults

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

dose glucocorticoids. Ann Rheum Dis. 2018; 77(5):644—9. Epub 2017/11/03. https://doi.org/10.1136/
annrheumdis-2017-211796 PMID: 29092853

Rodriguez M, Fishman JA. Prevention of infection due to Pneumocystis spp. in human immunodefi-
ciency virus-negative immunocompromised patients. Clin Microbiol Rev. 2004; 17(4):770-82, table of
contents. Epub 2004/10/19. https://doi.org/10.1128/CMR.17.4.770-782.2004 PMID: 15489347

Estrada S, Garcia-Campos F, Calderon R, Delgado E, Bengoa R, Enciso C. Pneumocystis jiroveci (cari-
nii) pneumonia following a second infusion of infliximab in a patient with ulcerative colitis. Inflamm
Bowel Dis. 2009; 15(2):315-6. Epub 2008/12/06. https://doi.org/10.1002/ibd.20536 PMID: 19058233.

Hugle B, Solomon M, Harvey E, James A, Wadhwa A, Amin R, et al. Pneumocystis jiroveci pneumonia
following rituximab treatment in Wegener’s granulomatosis. Arthritis Care Res (Hoboken). 2010; 62
(11):1661—4. Epub 2010/06/29. https://doi.org/10.1002/acr.20279 PMID: 20583109.

Kameda H, Tokuda H, Sakai F, Johkoh T, Mori S, Yoshida Y, et al. Clinical and radiological features of
acute-onset diffuse interstitial lung diseases in patients with rheumatoid arthritis receiving treatment
with biological agents: importance of Pneumocystis pneumonia in Japan revealed by a multicenter
study. Intern Med. 2011; 50(4):305—13. Epub 2011/02/18. PMID: 21325762.

Kamel S, O'Connor S, Lee N, Filshie R, Nandurkar H, Tam CS. High incidence of Pneumocystis jirovecii
pneumonia in patients receiving biweekly rituximab and cyclophosphamide, adriamycin, vincristine, and
prednisone. Leuk Lymphoma. 2010; 51(5):797—801. Epub 2010/04/07. https://doi.org/10.3109/
10428191003699860 PMID: 20367135.

Kim SJ, Moon JH, Kim H, Kim JS, Hwang YY, Intragumtornchai T, et al. Non-bacterial infections in
Asian patients treated with alemtuzumab: a retrospective study of the Asian Lymphoma Study Group.
Leuk Lymphoma. 2012; 53(8):1515-24. Epub 2012/01/26. https://doi.org/10.3109/10428194.2012.
659735 PMID: 22273250.

Roux A, Canet E, Valade S, Gangneux-Robert F, Hamane S, Lafabrie A, et al. Pneumocystis jirovecii
pneumonia in patients with or without AIDS, France. Emerg Infect Dis. 2014; 20(9):1490-7. Epub 2014/
08/26. https://doi.org/10.3201/eid2009.131668 PMID: 25148074

KoY, Jeong BH, Park HY, Koh WJ, Suh GY, Chung MP, et al. Outcomes of Pneumocystis pneumonia
with respiratory failure in HIV-negative patients. J Crit Care. 2014; 29(3):356—61. Epub 2014/01/21.
https://doi.org/10.1016/j.jcrc.2013.12.005 PMID: 24440053.

Azoulay E, Bergeron A, Chevret S, Bele N, Schlemmer B, Menotti J. Polymerase chain reaction for
diagnosing pneumocystis pneumonia in non-HIV immunocompromised patients with pulmonary infil-
trates. Chest. 2009; 135(3):655-61. Epub 2009/03/07. https://doi.org/10.1378/chest.08-1309 PMID:
19265086.

Wilson JW, Limper AH, Grys TE, Karre T, Wengenack NL, Binnicker MJ. Pneumaocystis jirovecii testing
by real-time polymerase chain reaction and direct examination among immunocompetent and immuno-
suppressed patient groups and correlation to disease specificity. Diagn Microbiol Infect Dis. 2011; 69
(2):145-52. Epub 2011/01/22. https://doi.org/10.1016/j.diagmicrobio.2010.10.021 PMID: 21251557.

Focosi D, Tuccori M, Maggi F. Progressive multifocal leukoencephalopathy and anti-CD20 monoclonal
antibodies: What do we know after 20 years of rituximab. Rev Med Virol. 2019:e2077. Epub 2019/08/
02. https://doi.org/10.1002/rmv.2077 PMID: 31369199.

Opata MM, Hollifield ML, Lund FE, Randall TD, Dunn R, Garvy BA, et al. B Lymphocytes Are Required
during the Early Priming of CD4+ T Cells for Clearance of Pneumocystis Infection in Mice. J Immunol.
2015; 195(2):611-20. Epub 2015/06/05. https://doi.org/10.4049/jimmunol. 1500112 PMID: 26041535

Martin-Garrido I, Carmona EM, Specks U, Limper AH. Pneumocystis pneumonia in patients treated
with rituximab. Chest. 2013; 144(1):258-65. Epub 2012/12/22. https://doi.org/10.1378/chest.12-0477
PMID: 23258406

Wei KC, Sy C, Wu SY, Chuang TJ, Huang WC, Lai PC. Pneumocystis jirovecii pneumonia in HIV-unin-
fected, rituximab treated non-Hodgkin lymphoma patients. Sci Rep. 2018; 8(1):8321. Epub 2018/05/31.
https://doi.org/10.1038/s41598-018-26743-4 PMID: 29844519

Alexandre K, Ingen-Housz-Oro S, Versini M, Sailler L, Benhamou Y. Pneumocystis jirovecii pneumonia
in patients treated with rituximab for systemic diseases: Report of 11 cases and review of the literature.
Eur J Intern Med. 2018; 50:e23—e4. Epub 2017/12/05. hitps://doi.org/10.1016/j.€jim.2017.11.014
PMID: 29198498.

Mansharamani NG, Balachandran D, Vernovsky |, Garland R, Koziel H. Peripheral blood CD4 + T-lym-
phocyte counts during Pneumocystis carinii pneumonia in immunocompromised patients without HIV
infection. Chest. 2000; 118(3):712-20. Epub 2000/09/16. PMID: 10988193.

PLOS ONE | https://doi.org/10.1371/journal.pone.0239042 September 11, 2020 7/7


https://doi.org/10.1136/annrheumdis-2017-211796
https://doi.org/10.1136/annrheumdis-2017-211796
http://www.ncbi.nlm.nih.gov/pubmed/29092853
https://doi.org/10.1128/CMR.17.4.770-782.2004
http://www.ncbi.nlm.nih.gov/pubmed/15489347
https://doi.org/10.1002/ibd.20536
http://www.ncbi.nlm.nih.gov/pubmed/19058233
https://doi.org/10.1002/acr.20279
http://www.ncbi.nlm.nih.gov/pubmed/20583109
http://www.ncbi.nlm.nih.gov/pubmed/21325762
https://doi.org/10.3109/10428191003699860
https://doi.org/10.3109/10428191003699860
http://www.ncbi.nlm.nih.gov/pubmed/20367135
https://doi.org/10.3109/10428194.2012.659735
https://doi.org/10.3109/10428194.2012.659735
http://www.ncbi.nlm.nih.gov/pubmed/22273250
https://doi.org/10.3201/eid2009.131668
http://www.ncbi.nlm.nih.gov/pubmed/25148074
https://doi.org/10.1016/j.jcrc.2013.12.005
http://www.ncbi.nlm.nih.gov/pubmed/24440053
https://doi.org/10.1378/chest.08-1309
http://www.ncbi.nlm.nih.gov/pubmed/19265086
https://doi.org/10.1016/j.diagmicrobio.2010.10.021
http://www.ncbi.nlm.nih.gov/pubmed/21251557
https://doi.org/10.1002/rmv.2077
http://www.ncbi.nlm.nih.gov/pubmed/31369199
https://doi.org/10.4049/jimmunol.1500112
http://www.ncbi.nlm.nih.gov/pubmed/26041535
https://doi.org/10.1378/chest.12-0477
http://www.ncbi.nlm.nih.gov/pubmed/23258406
https://doi.org/10.1038/s41598-018-26743-4
http://www.ncbi.nlm.nih.gov/pubmed/29844519
https://doi.org/10.1016/j.ejim.2017.11.014
http://www.ncbi.nlm.nih.gov/pubmed/29198498
http://www.ncbi.nlm.nih.gov/pubmed/10988193
https://doi.org/10.1371/journal.pone.0239042

