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Introduction
Pneumocystis jirovecii  pneumonia (PCP) is a potentially 

life-threatening fungal infection that is seen in immunocom-
promised individuals1,2. Prior to 1980s, PCP was recognized as 
a rare but fatal infection primarily among patients with acute 
leukemia and other hematological malignancies. In 1980s, the 
worldwide epidemic of human immunodeficiency virus (HIV) 
dramatically increased the prevalence of PCP as one of its 
most common complications. Although PCP once increased 
explosively among HIV-infected patients, progress in anti-
retroviral therapies and the use of routine prophylaxis against 
PCP led to reduced rates of PCP in the HIV-infected popula-
tion in most industrialized countries. However, the national 
database of the United Kingdom demonstrated an increase 
in the number of admissions due to PCP in patients without 
HIV infection3. This could be associated with the recent in-
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troduction of biologics and other immunomodulating agents 
for the treatment of rheumatic diseases, inflammatory bowel 
diseases, and malignancies4. 

PCP develops in patients with immunosuppression or im-
munomodulation due to the underlying disease or its treat-
ment. The underlying diseases or conditions of PCP in non-
HIV patients include hematological malignancies, solid tumor, 
organ or hematopoietic stem cell transplantation, and con-
nective tissue diseases under immunosuppressive treatment5. 
Risk assessments for PCP in these population are somewhat 
complex and cannot be clearly determined by CD4+ lym-
phocyte counts as in patients with HIV infection6. The most 
common treatment-related risk factors include the use of 
corticosteroids and other agents that modulate host immune 
reactions (Table 1). Whereas the diagnosis and management 
strategy of PCP in HIV-infected patients has been established, 
there are many issues to be solved concerning the diagnosis, 
treatment, and prophylaxis of PCP in non-HIV patients. This 
article will review the current understanding of the clinical 
features, diagnosis, treatment, and prophylaxis as well as in-

fection control of PCP.

Clinical Features of Pneumocystis 
Pneumonia

Clinical features of PCP are quite different between HIV-
infected patients and those without HIV infection5,7. PCP in 
non-HIV patients is characterized by an abrupt onset of respi-
ratory insufficiency. In non-HIV patients, it takes about a week 
from the onset of fever and dry cough until the development 
of respiratory failure, whereas PCP in HIV-infected patients 
has a more gradual disease course that lasts for 2 weeks to 2 
months. Respiratory insufficiency is usually more severe in 
non-HIV patients than in HIV-infected population. Pneumo-
cystis is more difficult to detect in non-HIV patients because of 
the smaller numbers of organisms in the lungs. The outcomes 
of PCP are more favorable in HIV-infected patients than in 
those without HIV infection. The mortality rates of PCP range 
from 30% to 60% among non-HIV patients, while it is 10% to 
20% among HIV-infected population7.

These differences in the clinical features of PCP are thought 
to be owing to the differences in the immune response of 
the host8,9. Limper et al.8 reported that HIV-infected patients 
with PCP had significantly greater numbers of organisms 
and fewer neutrophils in bronchoalveolar lavage (BAL) fluid 
and less severe oxygenation impairment compared to other 
immunocompromised patients with PCP, which suggested 
that the severity of PCP could be determined by the inflam-
matory response rather than by the load of the organisms8. It 
was also reported that, the levels of inflammatory mediators 
in BAL fluid were higher in PCP patients without HIV infec-
tion than in those with HIV infection and inversely correlated 
with the oxygenation index9. Clinical features of PCP in non-
HIV population are associated with severe or dysregulated 
inflammatory response evoked by a relatively small number 
of Pneumocystis organisms.

Diagnosis
1. Clinical presentation

PCP classically presents with fever, cough, and dyspnea, 
which are not specific to PCP. Compared with PCP in HIV-
infected patients, PCP in non-HIV population usually de-
velops more rapidly and causes more severe oxygenation 
impairment. Physical examination is nonspecific, and the 
pulmonary auscultation is often normal, even in the presence 
of significant hypoxemia10. 

Table 1. Immunosuppressive agents associated with the 
development of Pneumocystis pneumonia

Immunosuppressive agent

Corticosteroids mTOR inhibitors

Alkylating agents Everolimus 

   Cyclophosphamide Sirolimus

   Temozolomide Temsirolimus

Antibiotics/Immunosuppressants TNF-α inhibitors

   Bleomycin Adalimumab

Antimetabolites Certolizumab pegol

   Cytarabine Etanercept

   Fluorouracil Golimumab

   Methotrexate Infliximab

Calcineurin inhibitors IL-6 inhibitors

   Cyclosporine Sarilumab

   Tacrolimus Tocilizumab

Purine analogs Monoclonal antibodies

   Azathioprine Alemtuzumab

   Cladribine Rituximab

   Fludarabine JAK inhibitor

   Mycophenolate mofetil Tofacitinib

CTLA4-Ig*

Belatacept

*CTLA4-Ig: fusion protein composed of the extracellular domain of 
cytotoxic T-lymphocyte antigen 4 (CTLA-4).
mTOR: mammalian target of rapamycin; TNF-α: tumor necrosis 
factor α; IL-6: interleukin 6.
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2. Microbiological diagnosis 

Because Pneumocystis  cannot readily be cultured in the 
laboratory, the microscopic demonstration of the organisms 
in respiratory specimens has been the golden standard for 
the diagnosis of PCP2,10. Cysts can be stained with Grocott-
Gomori methenamine-silver, which has good specificity, but 
its sensitivity is not satisfactory. Because the trophic forms 
predominate over the cyst forms, Giemsa and Diff-Quik stain-
ing of the trophic forms is supposed to have high sensitivity, 
but it is not steady depending upon the skill and experience of 
the observer. 

In non-HIV patients, bronchoscopic procedures for the 
diagnosis of PCP are often difficult due to rapidly progressive 
respiratory insufficiency4,11. In addition, PCP patients without 
HIV infection have a lower burden of Pneumocystis  than 
those with acquired immune deficiency syndrome (AIDS), 
which leads to difficulty in detecting the organisms by micro-
scopic observation4. Polymerase chain reaction (PCR) has 
94%–100% sensitivity and 79%–96% specificity for the diagno-
sis of microscopically positive PCP12-16. Due to its high sensitiv-
ity, PCR is increasingly used for the microbiological diagnosis 
of PCP. Although BAL fluid is the optimal specimen for PCR 
analysis, induced sputum has been shown acceptable. More-
over, it has been shown that Pneumocystis  DNA can be de-
tected by PCR in oropharyngeal washes and nasopharyngeal 
aspirates4,11. 

Loop-mediated isothermal amplification (LAMP) is an 
established nucleic acid amplification method offering rapid, 
accurate, and cost-effective diagnosis of infectious diseases. 
Nakashima et al.17 retrospectively evaluated 78 consecutive 
HIV-uninfected patients who underwent LAMP method for 
diagnosing PCP. LAMP showed higher sensitivity (95.4%) and 
positive predictive value (91.3%) than PCR, indicating that 
Pneumocystis  LAMP method is a sensitive and costeffective 
method and is easy to administer in general hospitals.

3. Serological diagnosis

Because BAL is often difficult for patients with respiratory 
failure, serological diagnoses of PCP have been investigated. 
(1→3)-β-D-glucan (β-D-glucan) is derived from the cell wall 
of several fungi including Pneumocystis 18. The β-D-glucan as-
say was originally developed in Japan for diagnosis of deep-
seated mycosis and has been best studied for Candida and 
Aspergillus spp.18. Although it is not specific for Pneumocystis, 
measurement of serum β-D-glucan level has been used for 
the diagnosis of PCP19-22. There remain, however, a couple of 
issues to be solved19. First, several different methods of mea-
surement are commercially available, and they are not always 
compatible with each other. Second, false-positive results due 
to a number of factors, such as the administration of immuno-
globulin, bacteremia, hemodialysis, surgical gauze exposure, 

and certain antibiotics, are known. Third, the cut-off value for 
the diagnosis of PCP still remains to be determined. In a ret-
rospective case-control study of 295 patients with suspected 
PCP who had microscopy of BAL fluid for PCP and serum 
β-D-glucan assay with β-D-glucan Test Wako, Tasaka et al.20 
found a cut-off value of 31.1 pg/mL with a sensitivity of 92% 
and a specificity of 86% for detecting PCP. On the other hand, 
Watanabe et al.21 evaluated the diagnostic value of the assay 
in 111 patients with AIDS and described a cut-off value of 23.2 
pg/mL with a sensitivity of 96.4% and a specificity of 87.8%. de 
Boer et al.22 assessed the diagnostic accuracy in 31 non-HIV 
patients immunocompromised patients who were suspected 
of having PCP based on the clinical presentation and chest 
imaging. They showed that β-D-glucan measured by Fungitell 
was a reliable indicator for PCP with a sensitivity of 0.90 and 
specificity of 0.89 at the 60 pg/mL cut-off level22. Based upon 
these results, the β-D-glucan assay could be useful for the 
screening of the disease. In addition, serum β-D-glucan levels 
in patients with PCP were significantly greater than those in 
patients with colonization who had positive PCR results but 
improved without anti-PCP treatment, suggesting that the 
β-D-glucan assay may be helpful when considering treatment 
indication23. It remains controversial whether or how serum 
β-D-glucan assay is utilized for the assessment of treatment 
response or the prediction of the outcome of PCP24,25. 

Although elevated levels of serum lactate dehydrogenase 
and KL-6 and lower levels of plasma S-adenosylmethionine 
were noted in patients with PCP, the diagnostic significance 
of these markers has been shown to be inferior to that of β-D-
glucan20,22,26. Because this field has been intensely investigated, 
a standard for the serological diagnosis of PCP will be estab-
lished in future.

4. Radiological presentation 

On chest radiograph, PCP typically presents with bilateral 
or diffuse ground-glass opacity (GGO). Chest radiograph is 
sometimes normal. High-resolution computed tomography 
(HRCT) typically shows diffuse GGO with patchy distribution. 
In some patients with PCP, GGO is distributed in the subpleu-
ral lung parenchyma, whereas peripheral sparing of GGO oc-
curs in others27,28.

Differences in the radiological characteristics of PCP in pa-
tients with various underlying disorders had not been intense-
ly investigated until Tokuda et al.29 reported the radiological 
features of PCP in patients with rheumatoid arthritis (RA) 
and PCP in HIV-infected patients. In a half of the RA patients 
with PCP, HRCT revealed diffuse GGO distributed in a pan-
lobular manner, that is, GGO was sharply demarcated from 
the adjacent normal lung by interlobular septa (Figure 1A). 
The other half of the RA patients with PCP presented diffuse 
GGO without sharp demarcation, which is characteristic of 
PCP in HIV-infected patients (Figure 1B)29. In contrast, diffuse 
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GGO distributed in a panlobular manner was rarely observed 
in PCP patients who received a biological agent for RA30. This 
difference in the HRCT patterns may result from difference in 
the host immune response. 

PCP in patients with hematological malignancies is char-
acterized by GGO with patchy consolidation along the bron-
chovascular bundle on HRCT (Figure 1C)31. Although cystic 
lesions were observed in similar percentages for both patients 
with HIV infection and those with malignancies (Figure 
1D)31, other investigators described that cyst formation is a 
characteristic computed tomography finding of PCP in AIDS 
patients32. This discrepancy might be due to the fact that only 
limited data is available for the CT findings of PCP in patients 
with malignancies. 

Treatment
Because of the high efficacy and the availability of oral and 

parenteral forms, trimethoprim (TMP)-sulfamethoxazole 
(SMX) is the first-line agent for the treatment of mild to severe 
PCP in both HIV-infected and non-HIV patients2,10,11,33. This 
therapy, however, is often complicated with adverse events, 
which include hepatotoxicity, nephrotoxicity, bone marrow 
depression, and skin rash, which sometimes becomes an ob-
stacle to the completion of the treatment. The recommended 

daily dose is trimethoprim 15–20 mg/kg plus sulfamethoxa-
zole 75–100 mg/kg33. Since this dose recommendation is not 
based on a randomized controlled trial, the optimal dose of 
TMP-SMX remains unclear. A retrospective investigation by 
Thomas et al.34 revealed a good outcome with trimethoprim 
10 mg/kg/day plus sulfamethoxazole 50 mg/kg/day for PCP 
in HIV-infected patients. Kameda et al.30 reported that 67% of 
the rheumatic patients treated with TMP-SMX experienced 
adverse events, such as gastrointestinal and hematological 
disorders, and 38% could not complete the treatment. In their 
case series, the clinical outcome was favorable with only 4% of 
mortality, suggesting that a reduced dose of TMP-SMX may 
be sufficient for PCP in RA patients who were treated with a 
biological agent. In addition, Nakashima et al.35 retrospectively 
evaluated 24 consecutive patients without HIV infection who 
were diagnosed with PCP and treated with low-dose TMP-
SMX (TMP 4–10 mg/kg/day; SMX 20–50 mg/kg/day). The 
low-dose group showed relatively high 30- and 180-day sur-
vival rates of 95.8% and 91.0%, respectively, with a high com-
pletion rate with the initial regimen (75.0%), indicating that 
low-dose TMP-SMX may be a treatment option for patients 
with non-HIV PCP.

Second-line agents include primaquine (30 mg/day) plus 
clindamycin (600 mg three times per day) or atovaquone 
alone (750 mg twice daily). Atovaquone is less effective but 
better tolerated than TMP-SMX36. Alternatively, intravenous 

A B

C D

Figure 1. High-resolution computed tomography findings of Pneumocystis jirovecii pneumonia (PCP). (A) PCP in a patient with rheumatoid 
arthritis receiving methotrexate therapy. Diffuse ground-glass opacity (GGO) is distributed in a panlobular manner, in which GGO is sharply 
demarcated from the adjacent lung by interlobular septa. (B) PCP in a patient with human immunodeficiency virus infection. Diffuse GGO 
is distributed in an inhomogeneous manner without sharp demarcation. Subpleural sparing is also indicated. (C) PCP in a patient with ma-
lignant lymphoma. Among GGO, patchy consolidation is located along the bronchovascular bundle. (D) PCP in a cancer patient who was 
receiving chemotherapy and high-dose corticosteroid. Cysts are observed within the affected area, suggesting that they were formed by PCP.
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pentamidine (4 mg/kg/day) can be given. Although pentami-
dine is about as effective as TMP-SMX, the incidence of ad-
verse events, such as nephrotoxicity and dysglycemia, during 
treatment with pentamidine is even higher compared to TMP-
SMX11,37. 

Putative TMP-SMX drug resistance is an emerging concern. 
Since this drug is widely used not only for treatment but also 
for prophylaxis, the emergence of drug resistance is antici-
pated. The inability to culture Pneumocystis in a standardized 
culture system prevents routine susceptibility testing and de-
tection of drug resistance. In other microorganisms, sulfa drug 
resistance has resulted from specific point mutations in the 
dihydropteroate synthase (DHPS ) gene. Similar mutations 
have been observed in P. jirovecii , and its association with 
prior sulfa prophylaxis failure has been reported38. Prevalence 
of these mutations has been increasing to as high as 81%39, al-
though there has been no data showing significant association 
between the DHPS gene mutations and treatment failure2,11. 

The recommended duration of treatment is 21 days in HIV-
infected patients and 14 days in non-HIV immunocompro-
mised hosts. Recommendation for longer treatment in HIV-
infected patients is based on the higher organism burden and 
slower clinical response, which may result in a higher risk of 
relapse after only 14 days of treatment. In non-HIV patients, 

extended treatment should be considered in case of severe 
immunosuppression, high organism burden, or prolonged 
clinical improvement4,8.

In the guidelines, the addition of corticosteroids is recom-
mended for HIV-infected patients with PCP33. Adjunctive cor-
ticosteroid therapy is advocated for PCP patients with arterial 
oxygen pressure less than 70 mm Hg because it could attenu-
ate lung injury by blunting the inflammatory response initiat-
ed by the degradation and clearance of the organisms33. A sys-
tematic review showed a significant mortality-risk reduction 
with adjunctive corticosteroids in HIV-infected patients with 
PCP when substantial hypoxemia exists40. In non-HIV popula-
tion, however, only a few retrospective studies have examined 
this matter41-43. Pareja et al.41 found that non-HIV patients with 
severe PCP who received 60 mg or more of prednisone daily 
demonstrated favorable outcomes compared to those main-
tained on a low-dose corticosteroid regimen. They concluded 
that high-dose adjunctive corticosteroids might accelerate 
recovery in cases of severe PCP in adult non-HIV patients41. 
In another retrospective study, Korean investigators evaluated 
the outcomes of 88 non-HIV patients with moderate-to-severe 
PCP, comparing 59 patients with adjunctive corticosteroid use 
and 29 without42. As the survival analysis did not reveal any 
difference between the two groups, they concluded that ad-

Table 2. Proposed indications for chemoprophylaxis against Pneumocystis  pneumonia

Indication

General patients Prednisone of at least 20 mg for >4 weeks if patient has underlying immunosuppressive disorder or COPD

Cancer Receiving corticosteroids
Alemtuzumab during and for at least 2 months after treatment and CD4 >200 cells/mL
Temozolomide and radiation therapy and until CD4 is >200 cells/mL
Fludarabine and T-cell–depleting agent (e.g., cladribine) until CD4 >200 cells/mL
ALL patients while receiving anti-leukemic therapy

Connective tissue 
diseases

Granulomatosis with polyangiitis treated with cyclophosphamide especially if also receiving corticosteroids
Primary systemic vasculitis treated with corticosteroids and steroid-sparing agent (e.g., methotrexate)
ANCA associated vasculitis treated with cyclophosphamide and corticosteroids
Rheumatoid arthritis treated with TNF-α inhibitors especially if on corticosteroids or other intensive 

immunosuppression
Connective tissue diseases treated with prednisolone >20 mg per day or equivalent doses of corticosteroid for 

more than 2 weeks

Hematopoietic stem 
cell transplantation

Allogeneic stem cell recipients for at least 180 days
Autologous peripheral blood stem cell transplant recipients for 3–6 months after transplant
All recipients for 6 months
Recipients receiving immunosuppressive therapy or with chronic GVHD for >6 months or the duration of 

immunosuppression

Solid organ 
transplantation

Solid organ transplant recipients for at least 6–12 months after transplant
Renal transplant recipients for a minimum of 4 months after transplantation
Renal transplant recipients for 3–6 months after transplantation and at least 6 weeks during and after treatment for 

acute rejection

Inflammatory bowel 
disease

Patients receiving TNF-α inhibitors especially if on corticosteroids or other intensive immunosuppression

COPD: chronic obstructive pulmonary disease; ALL: acute lymphoid leukemia; ANCA: antineutrophil cytoplasmic antibody; GVHD: graft-
versus-host disease; TNF-α: tumor necrosis factor-α.
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junctive corticosteroid use might not improve the outcomes of 
moderate-to-severe PCP in non-HIV patients42. These diverse 
results may result from the heterogeneous background of the 
non-HIV subjects examined. Adjunctive corticosteroid use for 
PCP in a non-HIV patient should be considered after taking 
account of the background of the patient. 

Prophylaxis
Despite intensive treatment, the mortality of PCP remains 

high, which is the rationale for chemoprophylaxis. There have 
been guidelines for the prophylaxis against PCP for patients 
with hematological diseases and solid tumors and recipients 
of hematopoietic stem cell transplantation and solid organ 
transplantation (Table 2)44-47. For immunocompromised 
patients with other underlying diseases, the indication and 
dosage for prophylaxis should be considered carefully, taking 
account of hepatotoxicity, bone marrow depress. 

TMP-SMX is the first-choice prophylaxis in HIV-infected 
and in non-HIV immunocompromised hosts. The dosage 
usually recommended is one tablet (80 mg of TMP and 400 
mg of SMX) daily or two tablets 3 times per week. Although 
the 3-times-weekly regimen was as effective in the prevention 
of PCP as the daily regimen, compliance may be enhanced 
by the daily regimen36,48. In addition, Utsunomiya et al.49 re-
cently reported a randomized controlled trial that evaluated 
the effectiveness and safety of a half-strength regimen (40 
mg of TMP and 200 mg of SMX daily) in adult patients with 
systemic rheumatic diseases. No patients developed PCP by 
week 24, and the discontinuation rate was significantly lower 
in the half-strength regimen compared to the single-strength 
regimen (p=0.007), suggesting that the daily half-strength regi-
men might be optimal for prophylaxis of PCP in patients with 
systemic rheumatic diseases49. Alternative prophylaxis regi-
mens include atovaquone (750 mg twice daily) or aerosolized 
pentamidine (300 mg once per month)36. 

Two case-controlled studies showed that no PCP cases 
were identified in RA patients receiving salazosulfapyridine 
(SASP)50,51. Although SASP has no antimicrobial effect, it may 
enhance Pneumocystis  clearance by accelerating CD4+ T 
cell-dependent alveolar macrophage phagocytosis and by 
promoting TH-2 polarized cytokine environment leading to 
alternative macrophage activation52. The prophylactic effect of 
SASP remains to be confirmed by prospective studies.

Chemoprophylaxis is usually continued throughout the 
period of immunosuppression or as long as the risk lasts. Du-
ration of the prophylaxis should be decided in a patient-based 
manner. In patients with RA or renal transplant recipients, a 
shorter period of prophylaxis may be sufficient48,53.

Infection Control
P. jirovecii  is a contagious airborne pathogen that can be 

transmitted among humans. Its DNA can be detected in the 
air surrounding PCP patients and asymptomatic carriers, sug-
gesting P. jirovecii  exhalation from them54. PCP outbreaks have 
been described, most of which have been observed among 
kidney or other solid organ transplant recipients55. Potential 
individual risk factors for PCP outbreak in renal transplant 
recipients were reported to be (1) frequent inpatient contact, 
(2) lack of adherence to isolation precautions, (3) the first year 
post-transplantation without chemoprophylaxis, (4) cytomeg-
alovirus infection, and (5) age56. Therefore, preventing contact 
between such susceptible hosts and possible sources should 
be considered, especially in case of no chemical prophylaxis 
conducted. According to Centers for Disease Control and 
Prevention guidelines, a single-person wardroom for a PCP 
patient is preferred as well as the patient performing cough 
etiquette and wearing a mask when leaving the wardroom. 

Prognosis
Mortality in non-HIV patients with PCP is 30% to 60%, 

whereas mortality rate ranges from 10% to 20% during the ini-
tial episode of PCP in HIV-infected patients10,25. In non-HIV pa-
tients, the mortality depends on the population at risk, with a 
greater risk of death among patients with cancer than among 
patients undergoing transplantation or those with connective 
tissue disease7,25,57. In addition, multivariate analyses revealed 
that low serum albumin levels and mechanical ventilation 
were independent predictors of mortality, which indicates 
that poorer general and respiratory conditions at diagnosis 
are associated with poor outcome of the patient31.

Conclusion
There still remain a lot of clinical issues regarding PCP in 

non-HIV population. For example, it is controversial how to 
utilize PCR for the diagnosis, how to use serum β-D-glucan 
testing as a diagnostic aid, and how and when to use adjunc-
tive corticosteroids. The optimal dose of TMP-SMX and the 
indication and duration of chemoprophylaxis also remain to 
be investigated. Further efforts by investigators are warranted 
for better management of the disease. 

Conflicts of Interest
No potential conflict of interest relevant to this article was 

reported.



S Tasaka

138 Tuberc Respir Dis 2020;83:132-140 www.e-trd.org

Funding
No funding to declare.

References
1.	 Kovacs JA, Masur H. Evolving health effects of Pneumocystis : 

one hundred years of progress in diagnosis and treatment. 
JAMA 2009;301:2578-85.

2.	 Catherinot E, Lanternier F, Bougnoux ME, Lecuit M, Couderc 
LJ, Lortholary O. Pneumocystis jirovecii Pneumonia. Infect 
Dis Clin North Am 2010;24:107-38.

3.	 Maini R, Henderson KL, Sheridan EA, Lamagni T, Nichols G, 
Delpech V, et al. Increasing Pneumocystis pneumonia, Eng-
land, UK, 2000-2010. Emerg Infect Dis 2013;19:386-92.

4.	 Reid AB, Chen SC, Worth LJ. Pneumocystis jirovecii pneumo-
nia in non-HIV-infected patients: new risks and diagnostic 
tools. Curr Opin Infect Dis 2011;24:534-44.

5.	 Tasaka S, Tokuda H. Pneumocystis jirovecii pneumonia in 
non-HIV-infected patients in the era of novel immunosup-
pressive therapies. J Infect Chemother 2012;18:793-806.

6.	 Enomoto T, Azuma A, Kohno A, Kaneko K, Saito H, Kametaka 
M, et al. Differences in the clinical characteristics of Pneumo-
cystis jirovecii pneumonia in immunocompromized patients 
with and without HIV infection. Respirology 2010;15:126-31.

7.	 Kovacs JA, Hiemenz JW, Macher AM, Stover D, Murray HW, 
Shelhamer J, et al. Pneumocystis carinii pneumonia: a com-
parison between patients with the acquired immunodeficien-
cy syndrome and patients with other immunodeficiencies. 
Ann Intern Med 1984;100:663-71.

8.	 Limper AH, Offord KP, Smith TF, Martin WJ 2nd. Pneumocys-
tis carinii pneumonia: differences in lung parasite number 
and inflammation in patients with and without AIDS. Am Rev 
Respir Dis 1989;140:1204-9.

9.	 Tasaka S, Kobayashi S, Kamata H, Kimizuka Y, Fujiwara H, 
Funatsu Y, et al. Cytokine profiles of bronchoalveolar lavage 
fluid in patients with pneumocystis pneumonia. Microbiol 
Immunol 2010;54:425-33.

10.	 Thomas CF Jr, Limper AH. Pneumocystis pneumonia. N Engl 
J Med 2004;350:2487-98.

11.	 Carmona EM, Limper AH. Update on the diagnosis and 
treatment of Pneumocystis pneumonia. Ther Adv Respir Dis 
2011;5:41-59.

12.	 Flori P, Bellete B, Durand F, Raberin H, Cazorla C, Hafid J, et al. 
Comparison between real-time PCR, conventional PCR and 
different staining techniques for diagnosing Pneumocystis 
jiroveci pneumonia from bronchoalveolar lavage specimens. 
J Med Microbiol 2004;53:603-7.

13.	 Caliendo AM, Hewitt PL, Allega JM, Keen A, Ruoff KL, Ferraro 
MJ. Performance of a PCR assay for detection of Pneumo-
cystis carinii from respiratory specimens. J Clin Microbiol 
1998;36:979-82.

14.	 Alvarez-Martinez MJ, Miro JM, Valls ME, Moreno A, Rivas PV, 
Sole M, et al. Sensitivity and specificity of nested and real-
time PCR for the detection of Pneumocystis jiroveci in clini-
cal specimens. Diagn Microbiol Infect Dis 2006;56:153-60.

15.	 Ribes JA, Limper AH, Espy MJ, Smith TF. PCR detection 
of Pneumocystis carinii in bronchoalveolar lavage speci-
mens: analysis of sensitivity and specificity. J Clin Microbiol 
1997;35:830-5.

16.	 Fan LC, Lu HW, Cheng KB, Li HP, Xu JF. Evaluation of PCR in 
bronchoalveolar lavage fluid for diagnosis of Pneumocystis 
jirovecii pneumonia: a bivariate meta-analysis and systematic 
review. PLoS One 2013;8:e73099.

17.	 Nakashima K, Aoshima M, Ohkuni Y, Hoshino E, Hashimoto 
K, Otsuka Y. Loop-mediated isothermal amplification method 
for diagnosing Pneumocystis pneumonia in HIV-uninfected 
immunocompromised patients with pulmonary infiltrates. J 
Infect Chemother 2014;20:757-61.

18.	 Obayashi T, Negishi K, Suzuki T, Funata N. Reappraisal of the 
serum (1-->3)-beta-D-glucan assay for the diagnosis of inva-
sive fungal infections: a study based on autopsy cases from 6 
years. Clin Infect Dis 2008;46:1864-70.

19.	 Onishi A, Sugiyama D, Kogata Y, Saegusa J, Sugimoto T, 
Kawano S, et al. Diagnostic accuracy of serum 1,3-beta-D-
glucan for pneumocystis jiroveci pneumonia, invasive candi-
diasis, and invasive aspergillosis: systematic review and meta-
analysis. J Clin Microbiol 2012;50:7-15.

20.	 Tasaka S, Hasegawa N, Kobayashi S, Yamada W, Nishimura T, 
Takeuchi T, et al. Serum indicators for the diagnosis of pneu-
mocystis pneumonia. Chest 2007;131:1173-80.

21.	 Watanabe T, Yasuoka A, Tanuma J, Yazaki H, Honda H, Tsu-
kada K, et al. Serum (1-->3) beta-D-glucan as a noninvasive 
adjunct marker for the diagnosis of Pneumocystis  pneumo-
nia in patients with AIDS. Clin Infect Dis 2009;49:1128-31.

22.	 de Boer MG, Gelinck LB, van Zelst BD, van de Sande WW, 
Willems LN, van Dissel JT, et al. beta-D-glucan and S-adeno-
sylmethionine serum levels for the diagnosis of Pneumocys-
tis  pneumonia in HIV-negative patients: a prospective study. J 
Infect 2011;62:93-100.

23.	 Tasaka S, Kobayashi S, Yagi K, Asami T, Namkoong H, Yama-
sawa W, et al. Serum (1 --> 3) beta-D-glucan assay for dis-
crimination between Pneumocystis jirovecii pneumonia and 
colonization. J Infect Chemother 2014;20:678-81.

24.	 Koga M, Koibuchi T, Kikuchi T, Nakamura H, Miura T, Iwamo-
to A, et al. Kinetics of serum beta-D-glucan after Pneumocys-
tis  pneumonia treatment in patients with AIDS. Intern Med 
2011;50:1397-401.

25.	 Roblot F, Godet C, Le Moal G, Garo B, Faouzi Souala M, Dary 
M, et al. Analysis of underlying diseases and prognosis factors 
associated with Pneumocystis carinii pneumonia in immu-
nocompromised HIV-negative patients. Eur J Clin Microbiol 
Infect Dis 2002;21:523-31.

26.	 Quist J, Hill AR. Serum lactate dehydrogenase (LDH) in 
Pneumocystis carinii pneumonia, tuberculosis, and bacterial 



Management of PCP

https://doi.org/10.4046/trd.2020.0015 139www.e-trd.org

pneumonia. Chest 1995;108:415-8.
27.	 Kuhlman JE, Kavuru M, Fishman EK, Siegelman SS. Pneumo-

cystis  carinii pneumonia: spectrum of parenchymal CT find-
ings. Radiology 1990;175:711-4.

28.	 Fujii T, Nakamura T, Iwamoto A. Pneumocystis  pneumonia 
in patients with HIV infection: clinical manifestations, labora-
tory findings, and radiological features. J Infect Chemother 
2007;13:1-7.

29.	 Tokuda H, Sakai F, Yamada H, Johkoh T, Imamura A, Dohi M, 
et al. Clinical and radiological features of Pneumocystis  pneu-
monia in patients with rheumatoid arthritis, in comparison 
with methotrexate pneumonitis and Pneumocystis  pneumo-
nia in acquired immunodeficiency syndrome: a multicenter 
study. Intern Med 2008;47:915-23.

30.	 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;50:305-13.

31.	 Tasaka S, Tokuda H, Sakai F, Fujii T, Tateda K, Johkoh T, et al. 
Comparison of clinical and radiological features of pneumo-
cystis pneumonia between malignancy cases and acquired 
immunodeficiency syndrome cases: a multicenter study. In-
tern Med 2010;49:273-81.

32.	 Hardak E, Brook O, Yigla M. Radiological features of Pneumo-
cystis jirovecii pneumonia in immunocompromised patients 
with and without AIDS. Lung 2010;188:159-63.

33.	 Kaplan JE, Benson C, Holmes KK, Brooks JT, Pau A, Masur 
H, et al. Guidelines for prevention and treatment of opportu-
nistic infections in HIV-infected adults and adolescents: rec-
ommendations from CDC, the National Institutes of Health, 
and the HIV Medicine Association of the Infectious Diseases 
Society of America. MMWR Recomm Rep 2009;58:1-207.

34.	 Thomas M, Rupali P, Woodhouse A, Ellis-Pegler R. Good 
outcome with trimethoprim 10 mg/kg/day-sulfamethoxazole 
50 mg/kg/day for Pneumocystis jirovecii pneumonia in HIV 
infected patients. Scand J Infect Dis 2009;41:862-8.

35.	 Nakashima K, Aoshima M, Nakashita T, Hara M, Otsuki A, 
Noma S, et al. Low-dose trimethoprim-sulfamethoxazole 
treatment for pneumocystis pneumonia in non-human 
immunodeficiency virus-infected immunocompromised 
patients: a single-center retrospective observational cohort 
study. J Microbiol Immunol Infect 2018;51:810-20.

36.	 Limper AH, Knox KS, Sarosi GA, Ampel NM, Bennett JE, Cat-
anzaro A, et al. An official American Thoracic Society state-
ment: treatment of fungal infections in adult pulmonary and 
critical care patients. Am J Respir Crit Care Med 2011;183:96-
128.

37.	 Helweg-Larsen J, Benfield T, Atzori C, Miller RF. Clinical ef-
ficacy of first- and second-line treatments for HIV-associated 
Pneumocystis jirovecii pneumonia: a tri-centre cohort study. 
J Antimicrob Chemother 2009;64:1282-90.

38.	 Nahimana A, Rabodonirina M, Bille J, Francioli P, Hauser PM. 
Mutations of Pneumocystis jirovecii dihydrofolate reductase 
associated with failure of prophylaxis. Antimicrob Agents 
Chemother 2004;48:4301-5.

39.	 Huang L, Cattamanchi A, Davis JL, den Boon S, Kovacs J, 
Meshnick S, et al. HIV-associated Pneumocystis pneumonia. 
Proc Am Thorac Soc 2011;8:294-300.

40.	 Briel M, Boscacci R, Furrer H, Bucher HC. Adjunctive corti-
costeroids for Pneumocystis jiroveci pneumonia in patients 
with HIV infection: a meta-analysis of randomised controlled 
trials. BMC Infect Dis 2005;5:101.

41.	 Pareja JG, Garland R, Koziel H. Use of adjunctive corticoste-
roids in severe adult non-HIV Pneumocystis carinii pneumo-
nia. Chest 1998;113:1215-24.

42.	 Moon SM, Kim T, Sung H, Kim MN, Kim SH, Choi SH, et al. 
Outcomes of moderate-to-severe Pneumocystis pneumonia 
treated with adjunctive steroid in non-HIV-infected patients. 
Antimicrob Agents Chemother 2011;55:4613-8.

43.	 Delclaux C, Zahar JR, Amraoui G, Leleu G, Lebargy F, Bro-
chard L, et al. Corticosteroids as adjunctive therapy for severe 
Pneumocystis carinii pneumonia in non-human immuno-
deficiency virus-infected patients: retrospective study of 31 
patients. Clin Infect Dis 1999;29:670-2.

44.	 Segal BH, Freifeld AG, Baden LR, Brown AE, Casper C, Dub-
berke E, et al. Prevention and treatment of cancer-related 
infections. J Natl Compr Canc Netw 2008;6:122-74.

45.	 Centers for Disease Control and Prevention; Infectious Dis-
ease Society of America; American Society of Blood and Mar-
row Transplantation. Guidelines for preventing opportunistic 
infections among hematopoietic stem cell transplant recipi-
ents. MMWR Recomm Rep 2000;49:1-125.

46.	 Kasiske BL, Zeier MG, Chapman JR, Craig JC, Ekberg H, 
Garvey CA, et al. KDIGO clinical practice guideline for the 
care of kidney transplant recipients: a summary. Kidney Int 
2010;77:299-311.

47.	 Martin SI, Fishman JA; AST Infectious Diseases Community 
of Practice. Pneumocystis pneumonia in solid organ trans-
plant recipients. Am J Transplant 2009;9 Suppl 4:S227-33.

48.	 Hughes WT, Rivera GK, Schell MJ, Thornton D, Lott L. Suc-
cessful intermittent chemoprophylaxis for Pneumocystis 
carinii pneumonitis. N Engl J Med 1987;316:1627-32.

49.	 Utsunomiya M, Dobashi H, Odani T, Saito K, Yokogawa N, 
Nagasaka K, et al. Optimal regimens of sulfamethoxazole-
trimethoprim for chemoprophylaxis of Pneumocystis  pneu-
monia in patients with systemic rheumatic diseases: results 
from a non-blinded, randomized controlled trial. Arthritis Res 
Ther 2017;19:7.

50.	 Mizushina K, Hirata A, Hayashi N, Takenaka S, Ito H, Ogura T, 
et al. Possible preventive effect of salazosulfapyridine against 
development of Pneumocystis  pneumonia in methotrexate-
receiving patients with rheumatoid arthritis. Mod Rheumatol 
2016;26:976-8.

51.	 Nunokawa T, Yokogawa N, Shimada K, Sugii S, Nishino J, 



S Tasaka

140 Tuberc Respir Dis 2020;83:132-140 www.e-trd.org

Gosho M, et al. Prophylactic effect of sulfasalazine against 
Pneumocystis  pneumonia in patients with rheumatoid ar-
thritis: a nested case-control study. Semin Arthritis Rheum 
2019;48:573-8.

52.	 Wang J, Gigliotti F, Bhagwat SP, George TC, Wright TW. Im-
mune modulation with sulfasalazine attenuates immuno-
pathogenesis but enhances macrophage-mediated fungal 
clearance during Pneumocystis pneumonia. PLoS Pathog 
2010;6:e1001058.

53.	 Anand S, Samaniego M, Kaul DR. Pneumocystis jirovecii 
pneumonia is rare in renal transplant recipients receiv-
ing only one month of prophylaxis. Transpl Infect Dis 
2011;13:570-4.

54.	 Le Gal S, Pougnet L, Damiani C, Frealle E, Gueguen P, Vir-
maux M, et al. Pneumocystis jirovecii in the air surrounding 

patients with Pneumocystis  pulmonary colonization. Diagn 
Microbiol Infect Dis 2015;82:137-42.

55.	 Yazaki H, Goto N, Uchida K, Kobayashi T, Gatanaga H, Oka S. 
Outbreak of Pneumocystis jiroveci pneumonia in renal trans-
plant recipients: P. jiroveci is contagious to the susceptible 
host. Transplantation 2009;88:380-5.

56.	 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.

57.	 Matsumura Y, Shindo Y, Iinuma Y, Yamamoto M, Shirano 
M, Matsushima A, et al. Clinical characteristics of Pneumo-
cystis  pneumonia in non-HIV patients and prognostic fac-
tors including microbiological genotypes. BMC Infect Dis 
2011;11:76.


