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While it is well-known that adjunctive corticosteroid use improves the outcome of moderate-to-severe
Pneumocystis jirovecii pneumonia (PcP) in patients with human immunodeficiency virus (HIV), there are
limited data on its efficacy in non-HIV-infected patients with PcP. Patients undergoing fiber-optic bronchos-
copy with bronchoalveolar lavage for suspected PcP from January 2007 through December 2010 were reviewed
retrospectively. We compared demographics, clinical characteristics, and outcomes in 88 non-HIV-infected
patients with moderate-to-severe PcP with (n � 59) and without (n � 29) adjunctive corticosteroid use.
Outcomes of PcP were assessed by respiratory failure and 30-day and 90-day all-cause mortality. Survival
curves were analyzed by the Kaplan-Meier method and estimated by the log rank test. All-cause mortality of
moderate-to-severe PcP at 90 days was lower in the solid-organ transplant recipients than in all other patients
(6/26 [23%] versus 34/62 [55%], respectively; P � 0.006), and mortality at 30 days was lower in patients with
hematologic malignancies than in all other patients (4/26 [15%] versus 24/62 [39%], respectively; P � 0.03).
The outcomes of PcP were not significantly different in moderate-to-severe PcP patients with and without
adjunctive corticosteroid use, regardless of recent corticosteroid use. Survival analysis of PcP patients with and
without corticosteroid use by the Kaplan-Meier method also did not reveal any difference (log rank test; P �
0.81). There again was no difference within the subgroup of PcP patients with solid-organ transplants.
Adjunctive corticosteroid use may not improve the outcome of moderate-to-severe PcP in non-HIV-infected
patients.

Pneumocystis jirovecii pneumonia (PcP) remains an impor-
tant opportunistic infection in the context of human immuno-
deficiency virus (HIV) infection as well as in other immuno-
compromised conditions (4, 14). Several important advances
have greatly influenced the treatment of PcP in HIV-infected
patients, notably the introduction of adjunctive corticosteroids
(4, 14). In HIV-infected patients with PcP, further deteriora-
tion of oxygenation is often observed during the first 3 to 5 days
of specific PcP therapy. Why therapy provokes a decline in
pulmonary function is unclear, but one hypothesis is that the
drug-induced death of microorganisms exacerbates pulmonary
inflammation (1). Accordingly, early in the HIV epidemic,
randomized trials evaluated the efficacy of adjunctive cortico-
steroid therapy in reducing morbidity and mortality in HIV-
infected patients with moderate-to-severe PcP (3, 7, 11, 12).
These trials demonstrated a survival benefit of corticosteroid
administration. Because of this, corticosteroid should be given
within 72 h of initiating antimicrobial therapy in an HIV-
infected patient with PcP if the partial pressure of arterial
oxygen (PaO2) is �70 mmHg or the alveolar-arterial oxygen
difference (AaDO2) is �35 (9).

The clinical characteristics and outcomes of PcP differ in
HIV-infected and non-HIV-infected patients (6, 10). However,
there are very limited data on the efficacy of adjunctive corti-
costeroid in non-HIV-infected patients with PcP (5, 13), and
no randomized studies have been conducted. In contrast to the
data for HIV-infected patients, the data for non-HIV-infected
PcP patients suggest that adjunctive corticosteroid might not
improve outcomes (5, 13). The problems encountered in ana-
lyzing and interpreting these data are that the non-HIV-im-
munocompromised hosts were a nonhomogeneous group of
patients and that most of them had been on corticosteroids at
the time they developed PcP. Therefore, we evaluated the
effects of adjunctive corticosteroid treatment on the outcomes
of non-HIV-infected patients with moderate-to-severe PcP,
using adjustments for recent use of corticosteroid and under-
lying disease.

MATERIALS AND METHODS

Study population. This study was performed at the Asan Medical Center, a
2,700-bed tertiary care teaching hospital in Seoul, Republic of Korea. Patients
undergoing fiber-optic bronchoscopy with bronchoalveolar lavage for suspected
PcP from January 2007 through December 2010 were identified by examining
bronchoscopy logs and laboratory databases. Only the first bronchoscopy in
patients undergoing multiple bronchoscopies during a single clinical episode was
analyzed. Patients under 16 years of age and HIV-infected patients were ex-
cluded from the analysis.

Microbiological methods. Bronchoalveolar lavage was performed through a
fiber-optic bronchoscope using standard techniques (2). Diagnosis of PcP was
based on a positive result in the direct immunofluorescence assay for P. jirovecii
(Light Diagnostics Pneumocystis carinii DFA kit; Millipore, Billerica, MA). Ad-
ditional microbiological investigations performed on bronchoalveolar lavage
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specimens included culture for conventional bacteria, mycobacteria, fungi, and
viruses. Quantitative culture of bronchoalveolar lavage specimens was used to
assay conventional bacteria, and the threshold value was �104 CFU/ml (8).
Cytomegalovirus (CMV) was cultured by standard techniques; samples were
inoculated into shell vial cultures of human fetal lung fibroblasts (Diagnostic

Hybrids, Athens, OH), and growth was examined on days 1 and 7 by direct
immunofluorescence staining. Viruses other than CMV, including respiratory
syncytial virus, influenza virus, parainfluenza virus, and adenovirus, were de-
tected by means of a direct immunofluorescence assay employing a respiratory
virus screening and identification kit (Diagnostic Hybrids).

TABLE 1. Outcomes of moderate-to-severe P. jirovecii pneumonia according to underlying diseasea

Underlying disease Respiratory
failure

30-day all-cause
mortality

90-day all-cause
mortality

Solid-organ transplant recipient (n � 26) 15 (57.7) 5 (19.2) 6 (23.1)b

Hematologic malignancy (n � 26) 17 (65.4) 4 (15.4)b 10 (38.5)
Non-hematologic malignancy (n � 12) 6 (50.0) 5 (41.7) 8 (66.7)
Interstitial lung disease (n � 9) 6 (66.7) 5 (55.6) 7 (77.8)
Connective tissue disease (n � 7) 6 (85.7) 4 (57.1) 4 (57.1)
Others (n � 8) 4 (50.0) 5 (62.5) 5 (62.5)

Total (n � 88) 54 (61.4) 28 (31.8) 40 (45.5)

a Data are numbers (%) of patients.
b P values of �0.05 between patients with a given underlying disease and all other underlying diseases.

TABLE 2. Demographics, clinical characteristics, and outcomes of moderate-to-severe P. jirovecii pneumonia with and without adjunctive
steroid therapy in non-HIV-infected patientsa

Characteristic Adjunctive steroid
therapy (n � 59)

No adjunctive steroid
therapy (n � 29) P value

Demographics
Age, median years (IQR)b 59 (45–69) 54 (39–60) 0.01
Male gender 38 (64.4) 18 (62.1) 0.83

Underlying disease
Solid-organ transplant recipient 12 (20.3) 14 (48.3) 0.007
Hematologic malignancy 21 (35.6) 5 (17.2) 0.08

Hematopoietic stem cell transplant recipient 4 (6.8) 1 (3.4) 0.99
Nonhematologic malignancy 9 (15.3) 3 (10.3) 0.74
Interstitial lung disease 6 (10.2) 3 (10.3) 0.99
Connective tissue disease 6 (10.2) 1 (3.4) 0.42
Others 5 (8.5) 3 (10.3) 0.99

Immunosuppressive agents use, previous month
Steroid 23 (39.0) 11 (37.9) 0.92
T-cell immunosuppressant 16 (27.1) 15 (51.7) 0.02
Anticancer agent 27 (45.8) 10 (34.5) 0.31

Time to BAL after admission, median days (IQR)c 2 (1–5) 6 (1–16) 0.13

Pulmonary coinfection
Bacteria 0 (0) 1 (3.4) 0.33
Cytomegalovirus 14 (23.7) 9 (31.0) 0.46
Virus other than cytomegalovirus 0 (0) 1 (3.4) 0.33

Treatment duration, median days (IQR) 18 (14–24) 16 (13–23) 0.59

Initial treatment regimen
Trimethoprim-sulfamethoxazole 59 (100) 28 (96.6) 0.33

Change to second-line regimen 24 (40.7) 7 (24.1) 0.13
Due to treatment failure 19 (32.2) 6 (20.7) 0.26
Due to adverse reaction 5 (8.5) 1 (3.4) 0.66

Respiratory failure 37 (62.7) 17 (58.6) 0.71

30-day all-cause mortality 18 (30.5) 10 (34.5) 0.71

90-day all-cause mortality 28 (47.5) 12 (41.4) 0.59

a Data are numbers (%) of patients, unless otherwise indicated.
b IQR, interquartile range.
c BAL, bronchoalveolar lavage.
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Clinical data. All medical records were reviewed retrospectively. Based on the
PaO2 while breathing room air, or the AaDO2, prior to the first bronchoscopy,
patients were classified into those with mild (PaO2 � 70 mmHg or AaDO2 �
35), moderate (PaO2 � 70 mmHg or AaDO2 � 35), or severe (PaO2 � 60
mmHg or AaDO2 � 45) PcP (14). We compared demographics, clinical char-
acteristics, and outcomes in the moderate-to-severe PcP patients with and with-
out the use of adjunctive corticosteroid. Use of adjunctive corticosteroid was
defined as use started within 72 h of initiating specific PcP therapy and consisting
of at least 40 mg prednisone twice daily for 5 days, regardless of the subsequent
tapering schedule, and of use of corticosteroid prior to the onset of PcP (17). The
outcome of PcP was assessed by respiratory failure and 30-day and 90-day
all-cause mortality. Respiratory failure was defined as use of mechanical venti-
lation for more than 48 h. The reason for the choice of 48 h was to avoid
analyzing instances of temporary use of mechanical ventilation for bronchoscopic
examination.

To adjust for recent use of corticosteroid, we performed the same comparisons
between moderate-to-severe PcP patients with and without the use of adjunctive
corticosteroid after subdivision into those with and without recent corticosteroid
use. Recent corticosteroid use was defined as use of more than 0.3 mg/kg body
weight/day for over 3 weeks in the month preceding the onset of PcP. To adjust
for underlying disease, the outcomes of the PcP patients with and without
adjunctive corticosteroid use were compared within groups with a given under-
lying disease. Clinical decisions concerning treatment regimens for PcP were
made by the physicians. Failure of initial treatment regimen was defined as
clinical deterioration during the first 5 days of treatment or lack of improvement
after 7 or more days of treatment (16).

Statistical analysis. All statistics were calculated using SPSS version 12.0
(SPSS, Chicago, IL). Categorical variables were compared using the chi-square
test or Fisher’s exact test. Continuous variables were analyzed by the Mann-
Whitney U test. Time-to-event analysis was performed using Kaplan-Meier es-
timates and the log rank test. All tests were two tailed, and differences were
considered significant at P values of �0.05.

RESULTS

During the study period, 135 patients with PcP were identi-
fied. Among these, the following 24 patients were excluded:
pediatric patients (n � 7) and HIV-infected patients (n � 17).
Of the remaining 111 patients, 23 (20.7%) had mild PcP, 8
(7.2%) had moderate PcP, and 80 (72.1%) had severe PcP.
Therefore, a total of 88 patients with moderate-to-severe PcP
were included in the study. Of these, 26 (29.5%) were solid-
organ transplant recipients (14 kidneys, 8 livers, 2 hearts, 2
pancreases), 26 (29.5%) had hematologic malignancies, includ-
ing 5 (5.7%) hematopoietic stem cell transplant recipients, 12
(13.7%) had nonhematologic malignancies (7 had lung cancer,
3 colon cancer, 1 gastric cancer, 1 prostatic cancer), 9 (10.2%)
had interstitial lung disease, and 7 (8.0%) had connective tis-
sue disease. The majority of patients were treated with tri-
methoprim-sulfamethoxazole (98.9%). In the organ transplant
recipients, the median interval from transplantation to the
onset of PcP was 12 months (interquartile range, 9 to 16
months).

Outcome of moderate-to-severe PcP according to underlying
disease. Table 1 shows the outcomes of moderate-to-severe
PcP according to the underlying disease. All-cause mortality at
90 days was lower in the solid-organ transplant recipients than
in all others (6/26 [23.1%] versus 34/62 [54.8%], respectively;
P � 0.006), and mortality at 30 days was lower in patients with
hematologic malignancies than in all others (4/26 [15.4%] ver-
sus 24/62 [38.7%], respectively; P � 0.03). However, there was
no significant difference in the incidence of respiratory failure
according to the underlying disease.

Comparison of moderate-to-severe PcP patients with and
without adjunctive corticosteroid use. Table 2 presents the
demographics, clinical characteristics, and outcomes in the pa-

tients with and without adjunctive corticosteroid use. Of the 88
patients, 59 (67%) received adjunctive corticosteroid therapy,
and 29 (33%) did not. The PcP patients with adjunctive corti-
costeroid use were older than those without (59 versus 29 years
old; P � 0.01). Those with adjunctive corticosteroid use also
included fewer solid-organ transplant recipients (20.3% versus
48.3%, respectively; P � 0.007) and patients who received
T-cell immunosuppressants (27.1% versus 51.7%, respectively;
P � 0.02) compared to those without adjunctive corticosteroid.
There were no significant differences in rates of pulmonary
coinfection with bacteria, cytomegalovirus, and other viruses
or in the rate of respiratory failure and 30-day and 90-day
all-cause mortality between the two groups. Survival analysis
by the Kaplan-Meier method also did not reveal a significant
difference between the groups (log rank test, P � 0.81) (Fig. 1).

Using the median age (56 years old) of all the moderate-to-
severe PcP patients as a reference point, we divided the pa-
tients into younger and older groups and compared the
outcomes between patients with and without adjunctive corti-
costeroid according to age. Again there was no significant
difference of outcomes (see Table S1 in the supplemental ma-
terial), and the same was true when we first divided the pa-
tients into those receiving T-cell immunosuppressants and
those not receiving them (see Table S2 in the supplemental
material).

Again, when we first divided the patients into those with and
without recent corticosteroid use and compared the outcomes
between patients with and without adjunctive corticosteroid
(Table 3), the outcomes in terms of respiratory failure rate and
30-day and 90-day mortality did not differ significantly, and this
proved also to be the case when we adjusted for underlying
disease by comparing the outcomes in moderate-to-severe PcP

FIG. 1. Kaplan-Meier survival curves in patients with moderate-to-
severe Pneumocystis jirovecii pneumonia (PcP) with or without adjunc-
tive steroid therapy.
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patients receiving solid-organ transplantation with (n � 12)
and without (n � 14) adjunctive corticosteroid use (Table 4).
Patients with other underlying diseases were not analyzed be-
cause of the small sample sizes.

DISCUSSION

There have been many advances in the treatment of PcP in
HIV-infected patients (4, 14). One is the use of adjunctive corti-
costeroid. Many studies have shown that adjunctive corticosteroid
use prevents early deterioration after PcP treatment (3, 11) and
decreases the rates of respiratory failure and mortality of HIV-
infected moderate-to-severe PcP patients (1, 3, 7, 12, 17). Based
on these results, adjunctive corticosteroid use within 72 h of ini-
tiating antimicrobial therapy is recommended in HIV-infected
patients with PcP, if PaO2 is �70 mmHg or AaDO2 is �35 (9).

Many clinicians have used adjunctive corticosteroid in this
way in HIV-infected patients with PcP. However, there have
been very few studies of the efficacy of adjunctive corticoste-
roid use in non-HIV-infected patients with PcP, but a number
of retrospective studies have failed to show significant differ-
ences in morbidity and mortality in non-HIV-infected PcP

TABLE 3. Demographics, clinical characteristics, and outcomes of moderate-to-severe P. jirovecii pneumonia with and without adjunctive
steroid therapy in non-HIV-infected patients with or without recent steroid usea

Characteristic

Recent steroid use No recent steroid use

Adjunctive steroid
therapy (n � 23)

No adjunctive
steroid
therapy

(n � 11)

P value Adjunctive steroid
therapy (n � 36)

No adjunctive
steroid
therapy

(n � 18)

P value

Demographics
Age, median years (IQR)b 57 (40–70) 55 (38–64) 0.38 61 (45–69) 54 (37–59) 0.02
Male gender 15 (65.2) 6 (54.5) 0.71 23 (63.9) 12 (66.7) 0.84

Underlying disease
Solid-organ transplant recipient 2 (8.7) 1 (9.1) 0.99 10 (27.8) 13 (72.2) 0.002
Hematologic malignancy 3 (13.0) 3 (27.3) 0.36 18 (50.0) 2 (11.1) 0.005

Hematopoietic stem cell transplant recipient 1 (4.3) 1 (9.1) 0.99 3 (8.3) 0 (0) 0.54
Nonhematologic malignancy 3 (13.0) 1 (9.1) 0.99 6 (16.7) 2 (11.1) 0.70
Interstitial lung disease 6 (26.1) 3 (27.3) 0.99 0 (0) 0 (0) —
Connective tissue disease 5 (21.7) 1 (9.1) 0.64 1 (2.8) 0 (0) 0.99
Others 4 (17.4) 2 (18.2) 0.99 1 (2.8) 1 (5.6) 0.99

Immunosuppressive agents use, previous month
T-cell immunosuppressant 5 (21.7) 2 (18.2) 0.99 11 (30.6) 13 (72.2) 0.004
Anticancer agent 7 (30.4) 5 (45.5) 0.46 20 (55.6) 5 (27.8) 0.054

Time to BAL after admission, median days (IQR)c 2 (1–6) 6 (1–14) 0.42 2 (1–5) 6 (1–23) 0.24

Pulmonary coinfection
Bacteria 0 (0) 1 (9.1) 0.32 0 (0) 0 (0) —
Cytomegalovirus 9 (39.1) 3 (27.3) 0.70 5 (13.9) 6 (33.3) 0.15
Virus other than cytomegalovirus 0 (0) 1 (9.1) 0.32 0 (0) 0 (0) —

Treatment duration, median days (IQR) 20 (14–23) 14 (9–22) 0.23 17 (13–24) 19 (14–25) 0.67

Initial treatment regimen
Trimethoprim-sulfamethoxazole 23 (100) 10 (90.9) 0.32 36 (100) 18 (100) —

Change to second-line regimen 12 (52.2) 3 (27.3) 0.27 12 (33.3) 4 (22.2) 0.40
Due to treatment failure 9 (39.1) 3 (27.3) 0.71 10 (27.8) 3 (16.7) 0.51
Due to adverse reaction 3 (13.0) 0 (0) 0.54 2 (5.6) 1 (5.6) 0.99

Respiratory failure 15 (65.2) 6 (54.5) 0.71 22 (61.1) 11 (61.1) 0.99

30-day all-cause mortality 11 (47.8) 4 (36.4) 0.72 7 (19.4) 6 (33.3) 0.32

90-day all-cause mortality 12 (52.2) 6 (54.5) 0.90 16 (44.4) 6 (33.3) 0.43

a Data are numbers (%) of patients, unless otherwise indicated.
b IQR, interquartile range.
c BAL, bronchoalveolar lavage.

TABLE 4. Outcomes of moderate-to-severe P. jirovecii pneumonia
with and without adjunctive steroid therapy in

solid-organ transplant recipientsa

Outcome Adjunctive steroid
therapy (n � 12)

No adjunctive
steroid
therapy

(n � 14)

P value

Respiratory failure 6 (50.0) 9 (64.3) 0.46
30-day all-cause mortality 3 (25.0) 2 (14.3) 0.64
90-day all-cause mortality 4 (33.3) 2 (14.3) 0.37

a Data are numbers (%) of patients.
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patients with and without adjunctive corticosteroid use (5, 13,
15). In a previous study of non-HIV-infected PcP patients with
a variety of underlying diseases, mortality of PcP patients with
low-dose steroid use was not significantly different from that of
PcP patients with high-dose steroid use (5/14 [36%] versus 7/16
[44%], respectively; P � 0.65) (13). Another study showed that
the need for mechanical ventilation (10/23 [43%] versus 4/8
[50%]; P � 0.75) and the mortality rate (9/23 [39%] versus 4/8
[50%]; P � 0.59) were similar in the two groups (5). In a third
study, of PcP patients with hematologic malignancies, there
was even a trend toward increased mortality in the PcP patients
with adjunctive corticosteroid compared to those without
(15/35 [42.9%] versus 5/25 [20%], respectively; P � 0.06) (15).
To the best of our knowledge, ours is the largest retrospective
study aimed at determining the efficacy of adjunctive cortico-
steroid therapy in non-HIV-infected PcP patients. Our results
support the previous smaller-sized reports indicating that ad-
junctive corticosteroid use may not improve the outcome of
PcP in non-HIV-infected patients.

During the study period from January 2007 to December
2010, 135 PcP patients were identified. Among these, 7 pedi-
atric patients were excluded. Of the remaining 128 patients,
111 (86%) patients were non-HIV-infected patients, and 17
(14%) were HIV-infected patients. It should be pointed out
that the incidence of PcP in non-HIV-infected versus HIV-
infected patients may not reflect the general population in
Republic of Korea. During the study period, 2,353 cases of
solid-organ transplantations (22% of nationwide cases) and
806 cases of hematologic stem cell transplantations were
treated at the Asan Medical Center. On the other hand, only
291 HIV-infected patients were treated in our hospital.

It is well-known that the clinical characteristics and out-
comes of PcP in HIV-infected patients are different from those
in non-HIV-infected patients (6, 10). In addition, non-HIV-
infected patients with PcP suffer from different underlying dis-
eases, and these may affect the clinical outcomes of PcP. That
is one of the reasons why there have been limited studies of the
efficacy of adjunctive corticosteroid use in non-HIV-infected
patients with PcP. To adjust for underlying diseases, we com-
pared the outcomes of moderate-to-severe PcP in patients with
and without adjunctive corticosteroid use according to under-
lying disease and found no significant difference between PcP
patients receiving solid-organ transplantation with and without
adjunctive corticosteroid use (Table 4). Unfortunately, we
could not analyze PcP patients with other underlying diseases,
such as hematologic malignancies, nonhematologic malignan-
cies, interstitial lung disease, and connective tissues disease,
due to the small sample sizes.

Another reason why it is difficult to analyze and interpret the
efficacy of adjunctive corticosteroid use in non-HIV-infected
PcP patients is that a considerable proportion of the patients
have received corticosteroids previously for various reasons. In
our study, 39% of the patients had received corticosteroid at a
dose of more than 0.3 mg/kg/day for more than 3 weeks in the
month prior to the onset of PcP. For this reason, we divided
patients into two groups according to recent steroid use and
found no significant difference of outcome (Table 3).

The current study showed a 6% difference (P � 0.59) in
90-day all-cause mortality between the group receiving adjunc-
tive steroid therapy and the group not receiving adjunctive

steroid therapy. It had 80% power to detect a 30% difference
in 90-day all-cause mortality at a 5% significance level. It is
possible that our sample size was too small to achieve statistical
significance. Due to the limitation of statistical power, sub-
group analysis by age, underlying disease analysis, and recent
medication history have been conducted. The consistent re-
sults from the subgroup analysis support our result. We divided
the patients into younger and older groups and compared the
outcomes between patients with and without adjunctive corti-
costeroid separately for the ages, and there again was no sig-
nificant difference of outcomes between those with and without
adjunctive corticosteroid (see Table S1 in the supplemental
material). There was also no significant difference of outcomes
between PcP patients with and without adjunctive corticoste-
roid, regardless of the use/nonuse of T-cell immunosuppres-
sants (see Table S2 in the supplemental material).

In conclusion, adjunctive corticosteroid use may not improve
the outcome of moderate-to-severe PcP in non-HIV-infected
patients, regardless of recent corticosteroid use. The current
practice of using adjunctive corticosteroid in non-HIV-infected
PcP patients as is done with HIV-infected PcP patients should
be reconsidered. Well-designed prospective studies should be
undertaken to reach a more reliable conclusion.
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