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Introduction

Pneumocystis jirovecii pneumonia (PJP) is an
opportunistic fungal infection primarily affecting
immunocompromised hosts. Epidemiologic and
clinical descriptions of PJP were first presented
in the 1960s.! However, the disease gained wide-
spread relevance following the initial report as
an opportunistic infection causing mortality in
patients with advanced acquired immunodefi-
ciency syndrome (AIDS).2 With the advent of
antiretroviral therapy in the 1990s and the avail-
ability of PJP prophylaxis, PJP-associated mor-
tality among persons with human
immunodeficiency virus (HIV) (PWH) has
declined substantially. In contrast, the growing
non-HIV immunosuppressed population places
them at risk of PJP.3 The primary risk factor for
PJP continues to be cell-mediated immunity
defects, such as those present in malignancy,
hematopoietic stem cell or solid organ transplan-
tation, and those receiving corticosteroids or
other immunosuppressive therapies to treat
autoimmune diseases.*

Current mortality assessment in HIV-positive
patients with PJP is estimated between 1% and
15%, compared to an estimated 30-40% mortal-
ity in HIV-negative patients.> Clinical factors
associated with increased mortality among HIV-
negative patients with PJP are older age, female
gender, delayed presentation, respiratory failure,
concurrent malignancy, Aspergillus sp. co-infec-
tion, and elevated lactate dehydrogenase (LDH)
levels at presentation.>-°

Systemic corticosteroid therapy treats several
medical conditions, including rejection in solid
organ transplant recipients, malignancy, and auto-
immune or inflammatory diseases. Corticosteroid
exposure is a well-known risk factor for develop-
ing PJP.%7 Still, it remains unclear how prior cor-
ticosteroid exposure influences the presentation,
severity, and mortality of infection. The preceding
corticosteroid exposure — mediating an increase in
immunosuppression — may facilitate an increase in
fungal burden during infection, blunt patient
symptoms contributing to delays in diagnosis and
later presentation and serve as a potentially modi-
fiable risk factor for implementing preventive
measures. We aim to characterize the role of prior
corticosteroid exposure in PJP-mediated mortality
among HIV-negative patients.

Materials and methods

Global federated research network

study design and population

We used TriNetX, a global federated research
network that captures anonymous data from elec-
tronic medical records (EMRs) of 66 healthcare
organizations. This report described a compara-
tive outcomes analysis generated by the TriNetX
platform on July 26, 2022. This analysis com-
pared the outcomes of two cohorts: HIV-negative
patients with PJP with prior corticosteroid use
(N =4732) to those without previous corticoster-
oid use (N=3289). We also ran a comparative
analysis among patients with PJP who died at 1
year (N=1905) wversus survivors (N=6116). A
case of PJP was defined by either a positive speci-
men for P jirovecii [antigen or polymerase chain
reaction (PCR) test] or by the ICD-10 code B59.
Corticosteroid use was defined as having received
orally or intravenously any of the following within
the preceding year: glucocorticoids, predniso-
lone, dexamethasone, prednisone, and methyl-
prednisolone based on RxNorm codes
(Supplementary Table S5). Through TrinetX,
the exact duration and doses were not available.
The query criteria for each cohort were based on
ICD-10-CM codes and laboratory results
(Supplementary Table S3). The earliest encoun-
ter for PJP was identified as the index encounter
in patients with multiple encounters. Available
data, including demographic characteristics,
diagnoses, procedures, medications, and meas-
urements (e.g. laboratory test results; see
Supplementary Data), were captured 3 months
before the PJP diagnosis.

Global federated research network

outcome measures

The primary outcome was the mortality odds fol-
lowing the diagnosis of PJP among HIV-negative
patients at 30 days, 10 weeks, and 1 year. The
secondary outcomes included the proportion of
patients in each group who required hospitaliza-
tion, intensive care unit (ICU) admission, or
mechanical ventilation (MV).

Multicenter follow-up cohort - data collection
We performed a mortality analysis follow-up in a
multicenter cohort from UCHealth, a hospital
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network that provides care throughout Colorado.
We collected data on all patients who underwent
testing of respiratory samples for PJP by direct
fluorescent antibody (DFA) staining or poly-
merase chain reaction (PCR) through ARUP
laboratories at the UCHealth microbiology labo-
ratory between January 2000 and September
2021. We divided the patients into cases (PJP)
and controls (without PJP). We partially matched
cases to controls by age and gender. Each case
and control had a manual chart review to verify
the presence or absence of PJP. We analyzed
HIV-negative patients only. A comprehensive
review of the medical records was conducted to
collect clinical and laboratory data. Detailed var-
iables and definitions were previously pub-
lished.® We followed the mycoses study group
consensus that defines corticosteroid exposure
based on the receipt of at least two weeks within
the 60 days before PJP diagnosis.® We calculated
the daily prednisone equivalent dose over the 6
months before PJP diagnosis, excluding any
burst doses (Supplementary Table S7). We
recorded mortality at 30 days, 10 weeks, and 1
year. The Colorado Death Registry was auto-
matically interrogated for the date and cause of
death using software supported by the Health
Data Compass Data Warehouse project (health-
datacompass.org).

Statistical analysis

Statistical analyses of data obtained from the
global federated research network were com-
pleted on the TriNetX platform. Descriptive sta-
tistics were presented as means and standard
deviations for continuous variables and as fre-
quencies and proportions for categorical varia-
bles. Continuous data were compared using
independent t-tests, whereas categorical data
were compared using y? or Fisher’s exact test, as
appropriate. Outcome analysis was reported after
propensity score matching. Propensity score
matching was performed to control for differ-
ences between groups based on age, gender, eth-
nicity, comorbidities [systemic connective tissue
disorder, neoplasms, transplant organ status, type
2 diabetes mellitus (DM2), systemic lupus ery-
thematosus, and chronic kidney disease (CKD)],
additional immunosuppressants, and PJP proph-
ylaxis using a 1:1 greedy nearest-neighbor algo-
rithm.!® These variables were selected because

they are established risk factors for PJP or associ-
ated with increased PJP-related mortality. We
calculated odds ratios (ORs) with 95% confi-
dence intervals (CIs) for the receipt of dexameth-
asone, and prednisone, with p <.05 as the cut-off
for statistical significance.

Statistical analyses for the follow-up cohort
(UCHealth) were performed using Stata soft-
ware, version 16.0 (StataCorp, College Station,
TX, USA). We had crude mortality as our pri-
mary outcome at 30-days, 10 weeks, and 1 year.
Kaplan—Meier survival curves were constructed
to show cumulative mortality over the study
period for HIV-negative PJP patients by prior
corticosteroid administration status. Multivariable
Cox regression was used to estimate the mortality
rate ratio among HIV-negative PJP patients with
or without previous corticosteroid use. Selected
variables associated with increased mortality
added to the model included age, gender, race,
comorbidities (liver disease, lung disease, cancer,
inflammatory disease, solid organ transplant,
immunosuppressive medications, smoking, and
hematologic malignancy), PJP prophylaxis, and
case-control status. A receiver operating charac-
teristic curve (ROC) was constructed for pred-
nisone equivalent daily dose in UCHealth patients
to classify patients who died at ten weeks, and
areas under the ROC curves were calculated.

Results

Global research network clinical characteristics

of PJP HIV-negative patients on previous
corticosteroids

We identified a total of 8021 HIV-negative
patients with PJP: 4732 with prior corticosteroid
exposure within the preceding year and 3289
without corticosteroid exposure (Table 1).
Patients with preceding corticosteroid exposure
were slightly younger, with a higher proportion of
white individuals and Hispanic persons. All
comorbidities were more frequent in the group
receiving corticosteroids — primarily malignancy,
transplant organ recipient status, DM2, CKD,
connective tissue disorders, and chronic respira-
tory diseases. HIV-negative patients with PJP and
prior corticosteroid exposure showed lower leu-
kocytes, lymphocytes (Figure 1(a)), platelet
counts, and hemoglobin.
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Conversely, lung tissue injury markers such as
LDH and ferritin levels were higher in those pre-
viously on corticosteroids (Figure 1(c)).
(1->3)-p-D-glucan was also higher in patients
with prior corticosteroid exposure (Figure 1(d)).
Differences in hemoglobin Alc concentrations
were not statistically significant between both
groups. Patients on previous corticosteroids were
also more likely to be receiving additional immu-
nosuppressant medications, including tacrolimus
and rituximab, to be on PJP chemoprophylaxis,
and to have lower oxygen saturation (Table 1
and Figure 1(b))

Global research network outcomes measures
There were 1822 patients in each group after the
completion of propensity matching. HIV-negative
PJP patients on previous corticosteroids experi-
enced adjusted worse outcomes, including death,
need for MV, ICU admission, and hospitalization
at three time points (Table 2). Mortality almost
doubled at 30 days, 10 weeks, and 1 year among
patients on previous corticosteroids (Figure 2).
White race, sarcoidosis, pulmonary fibrosis, use
of rituximab or tacrolimus, lymphopenia, hypoxia,
and elevated (1,3)-p-D-glucan remained inde-
pendently associated with HIV-negative PJP
patients on previous corticosteroids after propen-
sity score balance.

Global research network clinical features
associated with 1-year mortality

We identified 1905 HIV-negative patients with
PJP who died within 1 year of diagnosis and 6116
HIV-negative patients with PJP who survived 1
year. Patients who died were older (68 wversus 63
years of age, p<<0.001) and more likely to be
white. Patients who died were more likely to have
a diagnosis of systemic connective tissue disor-
ders (10% versus 6%, p<<0.001), neoplasms (63%
versus 32%, p<<0.001), DM2 (29% wversus 17%,
$<<0.001), CKD (29% wversus 16%, p<<0.001), or
pulmonary fibrosis (10% wversus 5%, p<<0.001).
Patients who died were more likely to have
received dexamethasone [35% wversus 16%,
$»<0.001; OR: 2.2 (2.0-2.5, p<0.0001)] or
prednisone [49% versus 29%, p<<0.001; OR: 1.7
(1.5-1.8, p<<0.0001)] within 3 months before
diagnosing PJP. LDH (643.6*=878.5 wversus
388.3 £1595.5 U/l, p<0.001) and ferritin levels

(1976.4 £3446.2 versus 951.1 =1783.0 mcg/l,
$»<0.001) were higher in those who died. After
matching by age, gender, ethnicity, comorbidities
[systemic connective tissue disorders, neoplasms,
transplanted organ status, DM2, systemic lupus
erythematosus (SLE), CKD], and other immu-
nosuppressant medications; pulmonary fibrosis,
ferritin levels, and corticosteroids use remained
higher in the nonsurvivors group.

Multicenter UCHealth HIV-negative PJP case-
control clinical characteristics

Next, we followed-up on the mortality findings in
our UCHealth-based replication cohort. We used
the partially matched case-control cohort of HIV-
negative patients with PJP (n=105) or without it
(n=71) (Supplementary Table S1). PJP cases
were older and less likely to have a tobacco or lung
disease history or receive PJP chemoprophylaxis.
Still, they were more likely to have end-stage renal
disease, metastatic disease, inflammatory disease,
or to be on immunosuppressive medications or
prior corticosteroids. Steroids may have been used
as part of the rejection prevention regimen in trans-
plant recipients. HIV-negative PJP patients had a
median prednisone equivalent dose higher in
patients who died at seven weeks (33.7 versus 21.5
mg/d) and one year (33.7 versus 20 mg/d), although
not statistically significant. PJP cases were also
more likely to die during hospitalization. Similarly,
patients with steroid exposure in the previous six
months were more likely to have a history of malig-
nancy (26.5% wersus 11.9%, p=0.026), solid
organ transplant (14.8% wversus 3.4%, p=0.023),
inflammatory disease (27.6% versus 8.5%,
p»=0.003), or use of other immunosuppressive
drugs (83.8% versus 13.6%, p<<0.001).

Multicenter UCHealth clinical factors

associated with an increase in HIV-negative

PJP mortality

The 30-days, 10-weeks, 1-year, and overall mor-
tality among HIV-negative patients with PJP were
37%, 38%, 51%, and 61%, respectively
(Supplementary Table S1). The adjusted Cox
proportional-hazard model found an increased
rate of death at 10 weeks (HR: 3.7, CI: 1.5-9.2,
p=0.004) (Figure 3) and one year (HR: 4.5, CI:
2.0-10.4, p<0.0001) among patients previously
on corticosteroids. Liver disease was also
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Table 1. Characteristics for HIV-negative patients with PJP with or without previous corticosteroid exposure, (Global health network database).

Characteristics* PJP with prior CS exposure  PJP without CS exposure p value
(n=4732) (n=3289)
Demographics
Age 63.915.1 65.1=15.9 0.002
White 3348 (71.0%) 1403 (42.7%) < 0.001
Hispanic 362 (8.0%) 114 (3.0%) < 0.001
Male 2515 (53.1%]) 1322 (40.2%) 0.359
Comorbidities (ICD-10 codes)
Diseases of the MKS system 2981 (63.0%) 1151 (35.0%) < 0.001
Systemic connective tissue disorders 425 (9.0%) 69 (2.1%) < 0.001
Neoplasms 2243 (47.4%) 505 (15.4%) < 0.001
Transplanted organ and tissue 1081 (22.8%) 105 (3.2%) < 0.001
Kidney transplant 521 (11.0%) 132 (4.0%) < 0.001
Liver transplant 142 (3.0%) 33 (1.0%) < 0.001
Lung transplant 146 (3.1%) 30(1.0%) < 0.001
Sarcoidosis 84 (1.8%) 24 (0.7%) 0.009
Type 2 diabetes mellitus 1016 (21.5%) 287 (8.7%) < 0.001
Rheumatoid arthritis 64 (1.4%) 12 (0.4%) 0.001
Systemic lupus erythematosus 110 (2.3%) 19 (0.6%) < 0.001
Chronic kidney disease 1061 (22.4%) 188 (5.7%) < 0.001
Pulmonary fibrosis 305 (6.5%) 89 (2.7%) < 0.001
Bone marrow transplant 190 (4.0%) 21 (0.6%) < 0.0001
Common variable immunodeficiency 25 (< 1%) 10 (0.3%) 0.4932
Hematologic disorders 1201 (25.4%) 221 (6.7%) < 0.0001
Crohn’s disease and UC 384 (0.8%) 70 (2.1%) < 0.0001
Aplastic anemia and bone marrow failure 1666 (35.0%) 310 (9.4%) < 0.0001
Chronic lower respiratory diseases 1466 (31.0%) 526 (16.0%])
Laboratory
Creatinine [mg/dl] 13+1.0 15+6.4 0.095
Leukocytes [103/pl] 20.3+194.9 30.1%279.4 0.265
Hemoglobin [mg/dl] 10.8+2.2 11.7+2.3 < 0.001
[Continued]
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Table 1. (Continued)
Characteristics* PJP with prior CS exposure  PJP without CS exposure p value
(n=4732) (n=3289)

Platelets [103/pl] 213.9+121.3 228.9=117.0 0.002
Albumin [mg/dl] 3.3x0.7 3.5+0.7 < 0.001
C reactive protein [mg/L] 56.7+73.1 56.1=79.2 0.931
BMI 27.4+6.3 27.5+6.3 0.954
CD4 cells [10%/pl] 334.3 = 494.9 97.6+137.0 0.19
Hemoglobin Alc/ hemoglobin (%) 67+1.8 6.6*1.6 0.524

Medications
Immunosuppressants** 1135 (24.1%) 43 (1.3%) < 0.001
Infliximab 43 (0.9%) 10 (0.3%) 0.02
Rituximab 252 (5.3%) 10 (0.3%]) < 0.001
Dexamethasone 1408 (29.8%) 0 < 0.001
Prednisone 2298 (48.6%) 0 < 0.001
Etanercept 10 (0.20%) 10 (0.3%) 0.13
Tacrolimus 726 (15.3%) 14 (0.4%) < 0.001
Cyclosporine 121 (2.6%) 10 (0.3%) < 0.001
Everolimus 37 (0.8%) 10 (0.3%) 0.065
Sirolimus 81 (1.7%) 10 (0.3%) < 0.001
Imatinib 10 (0.2%) 0 0.023
Alemtuzumab 16 (0.3%) 0 0.004
Sulfamethoxazole 1126 (24%) 63 (1.9%) < 0.0001
Trimethoprim 1080 (23%) 53 (1.6%) < 0.0001
Dapsone 115 (2%) 10 (0.3%) < 0.0001
Pentamidine 220 (4.6%) 11 (0.3%) < 0.0001
Atovaquone 266 (6.0%) 12 (0.4%) < 0.0001

BMI, body mass index; CS, corticosteroids; HIV, human immunodeficiency virus; MKS, musculoskeletal; PJP, Pneumocystis jirovecii pneumonia; UC,
ulcerative colitis.

*Data was captured within the previous 3 months from reaching PJP diagnosis.

“Includes tacrolimus, mycophenolate mofetil, mycophenolic acid, cyclosporine, azathioprine, sirolimus, infliximab, basiliximab, belatacept,
omalizumab, siltuximab, belumosudil, and ustekinumab.

associated with an increase in 10-week mortality sensitivity of 67.4% and a specificity of 57.1% to
(Table 3). A prior empirical prednisone equiva- correctly classify a mortality case at 10 weeks
lent dose cut-off point of =25 mg/day generatesa among HIV-negative patients. The prednisone
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Figure 1. Levels of different biomarkers between HIV-negative patients with PJP with or without previous
steroids prior to diagnosis (Global health network database). (a) Absolute lymphocyte count. (b] Oxygen
saturation. (c) Levels of ferritin and lactate dehydrogenase. (d) Levels of (1,3)-B-D-glucan (BDG).

The upper bar represents the upper 95% confidence interval.
Ns, nonsignificant p value.

*p value <0.05.

**p value <0.01.

***p value <0.001.

equivalent dose had low diagnostic accuracy
(AOC=0.6) in predicting 10-week mortality
(Supplement Figure S1).

Discussion

We found a 2-fold increase in mortality risk
among HIV-negative patients with PJP who pre-
viously received corticosteroids when adjusted for
other key risk factors. The mortality risk increased
by 6%, 7%, and 9% at 30 days, 10 weeks, and
1 year respectively, in the TriNetX data. Our
local network cohort corroborated these findings
with a 4- and a 5-fold increase in death rates at 10
weeks and 1 year among HIV-negative patients
with preceding corticosteroid therapy. Higher
mortality rates within our local network may be
attributable to a referral bias with sicker patients
cared for in a tertiary care network and a lower
number overall of patients studied. In addition,
most of the patients identified in our cohort were
diagnosed with PJP in a hospital setting, portend-
ing higher acuity. In contrast, the TriNetX

database does not exclude testing done in ambu-
latory settings and could capture subclinical dis-
ease or colonization cases.

We also found a meager rate of PJP prophylaxis
among patients at risk. Less than a quarter of
patients on previous corticosteroids were on PJP
prophylaxis, and less so in our health system.
Patients on previous corticosteroids can have an
increased risk of severe PJP based on (1) impaired
cell-mediated immunity and (2) an increased fun-
gal burden at presentation. Chronic administra-
tion of corticosteroids decreases lymphocyte
counts, which correlates with HIV-negative PJP-
related mortality,!>12 as seen in our study.
Antibiotic prophylaxis has proven effective in pre-
venting PJP.13-15 The precise dose and duration
of corticosteroid use that increases the risk for
PJP have been long debated and are variable
between studies.”1® In our cohort of patients
tested for PJP, cases were more likely to have
received equivalent prednisone doses=25 mg/
day in the previous 6 months. More patients that
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Table 2. Propensity score matching outcomes differences among HIV-negative patients with PJP and prior corticosteroid exposure
compared to those HIV-negative with PJP and no corticosteroid exposure (Global health network database).

Variable PJP with previous PJP without previous OR (95% Cl) p value
corticosteroids exposure Corticosteroids exposure
(n=1822) (n=1822)
30-days
Hospitalization 728 (40) 368 (20) 2.6 (2.3-3.0) < 0.0001
ICU admission 321(18) 102 (6) 3.6 (2.9-4.6) < 0.0001
MV 266 (15) 146 (8) 2.0 (1.6-2.4) < 0.0001
Deceased 226 (12) 106 (6) 2.2(1.7-2.8) < 0.0001
10-weeks
Hospitalization 756 (42) 393(22) 2.6 (2.2-3.0) < 0.0001
ICU admission 351 (19) 118 (6) 3.4(2.8-4.3) < 0.0001
MV 289 (16) 153 (8] 2.0 (1.7-2.5) < 0.0001
Deceased 283 (16) 157 (9) 2.0(1.6-2.4) < 0.0001
1-year
Hospitalization 825 (45) 449 (25) 2.5(2.2-2.9) < 0.001
ICU admission 396 (22) 159 (9) 2.9 (2.4-3.5) < 0.001
MV 326 (18) 183 (10] 2.0 (1.6-2.4) < 0.001
Deceased 426 (23) 257 (14) 1.9 (1.6-2.2) < 0.001

Cl, confidence interval; ICU, intensive care unit; HIV, human immunodeficiency virus; MV, mechanical ventilation; OR, odds ratio; PJP, Pneumocystis

Jirovecii pneumonia.

Data are presented as n (%) unless otherwise noted.

developed PJP had received steroid tapers,
defined as a gradual decrease in steroids spanning
more than 2 weeks. This highlighted the need to
recognize additional patient groups that will ben-
efit from PJP prophylaxis and may not fall within
consensus recommendations based on historical
data.”17

The effects of corticosteroids on cellular immunity
may be difficult to assess precisely based on quan-
titative assays of immune function, such as total
lymphocyte count or hypogammaglobulinemia,
and if these effects extend beyond the develop-
ment of PJP. Although not statistically significant,
CD4 counts were much lower in patients with
PJP without previous corticosteroids (97.6 cells/
W= 137 versus 334.3 cells/ul* 494.9), also seen in

other reports in HIV-negative patients!® and may
provide additional information about the net
immunosuppression status to guide chemopro-
phylaxis among patients regardless of corticoster-
oid administration.

(1,3) B-D-glucan is a cell wall component of P
Jirovecti and has been found to have a heightened
sensitivity to diagnose PJP and can be used as an
initial screening method.!® Retrospective studies
did not find it a valuable prognostic factor for
diagnosis or respiratory burden.2%-2! However, it
correlated with bronchoalveolar lavage fungal
load in earlier studies.??23 Our findings of higher
(1,3)-B-D-glucan levels among patients with PJP
previously on corticosteroids suggest a higher
fungal burden on those individuals.2*
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Figure 2. Adjusted mortality rates after propensity score matching among HIV-negative patients with PJP by
prior corticosteroid exposure (Global health network database).

10w, 10 weeks; 1y, 1 year; 30d, 30 days.
***p<0.0001.

Adjusted Kaplan-Meier survival curve at 10-weeks by corticosteroid exposure
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Figure 3. Adjusted Cox model 10-week mortality among HIV-negative patients with PJP by corticosteroid

exposure in the follow-up UCHealth case-control study.

LDH and ferritin levels can be markers of lung
injury during infection.?> LDH levels are usually
elevated in PWH and PJP.2%27 Severe PJP causes
surfactant insufficiency leading to alveolar col-
lapse and acute respiratory distress syndrome
(ARDS).28 Intracellular components — such as
LDH and Ferritin — get released into the circula-
tion during pulmonary injury.?%3° These findings
together suggest patients on previous corticoster-
oids can present with a higher fungal burden lead-
ing to a more severe PJP-mediated lung injury
and respiratory failure. We demonstrated worse

hypoxemia at presentation among those patients
previously on corticosteroids.

The benefit of adjuvant corticosteroid therapy
during PJP treatment — although clear for people
with HIV - is less clear among HIV-negative
patients. A meta-analysis performed among HIV-
negative patients, and previous work from our
group suggest corticosteroids may benefit as adju-
vant therapy, especially in hypoxemic respiratory
failure (9, 10). However, the benefit in patients
already receiving corticosteroids is unknown.

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai

THERAPEUTIC ADVANCES in

Infectious Disease

Volume 10

Table 3. Multivariable Cox proportional hazards model for HIV-negative PJP associated 10-week mortality

(follow-up UCHealth case-control dataset).

Characteristic Hazard ratio 95% CI p value
Corticosteroids 3.7 1.5-9.2 0.004
Case/ control 1.2 0.6-2.2 0.655
Age 1 1-1 0.059
Gender 1.2 0.7-2.1 0.545
Race 0.9 0.7-1.2 0.608
Liver disease 2.9 1.4-6.1 0.004
Lung disease 0.7 0.4-1.5 0.402
Neoplasia 1 0.5-2 0.969
Inflammatory disease 0.6 0.3-1.3 0.208
Solid organ transplant 0.9 0.4-2.3 0.862
Smoking 0.6 0.3-1 0.065
Immunosuppressive medication 0.4 0.2-0.9 0.033
Hematologic malignancy 1 0.5-2.1 0.971
PJP prophylaxis 1.3 0:65-3.5 0.579

Cl, confidence interval; HIV, human immunodeficiency virus

; PJP, Pneumocystis jirovecii pneumonia.

Mortality due to PJP among HIV-negative patients
remains exceptionally high. Numbers from our
hospital network cohort are similar to those
reported previously: 30—40% mortality.>31-32 The
overall lower mortality found with the global net-
work implies potentially lower mortality in a more
community-based  setting or capture of
Pneumocystis colonization cases. Although non-
significant, this study of HIV-negative patients
found a higher proportion of ongoing corticoster-
oid therapy (57% wversus 39%, p=0.083) among
patients with severe PJP at presentation. Given
the significant mortality risk with steroids, this
might argue for alternate immunosuppression and
steroid-sparing regimens as potential mechanisms
for reducing an individual patient’s risk. This can
become a critical consideration when managing
severe COVID-19 in critically ill patients, where
high-dose steroids are widely implemented.33

Our study has several limitations. The retrospec-
tive nature of the follow-up cohort can introduce
some selection bias. Isolating the effect of steroids

is complex, and differences may be confounded
by indication. Also, some missing data can impair
the association’s strengths. We captured the
global network data mainly through ICD-10-CM
codes that may be unreliable or not fully meet
diagnostic criteria for PJP. The platform also lim-
ited us from running a subgroup analysis by par-
ticipating centers. Corticosteroid patients may
have additional unaccounted comorbidities that
could confound the mortality findings. However,
this is one of the most extensive PJP studies ever
analyzed, with close to 8000 subjects, specific
adjustment of comorbidities and other mortality
risk factors, and robust validation analysis.

Conclusion

HIV-negative patients on previous corticosteroids
carry a significant risk of developing PJP, with an
observed two-fold increase in PJP mortality com-
pared to those without corticosteroid use. Possible
mechanisms contributing to mortality may include
increased fungal load, lung endothelial injury,

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai

L Vargas Barahona, KC Molina et al.

ARDS, and worsening hypoxemic respiratory fail-
ure. We urgently need widely based implementa-
tion of PJP prophylaxis in these patients. Further
studies can help stratify patients most likely to ben-
efit from PJP prophylaxis based on previous corti-
costeroid doses. We recommend clinicians have a
low threshold to initiate PJP chemoprophylaxis in
HIV-negative patients receiving corticosteroids.
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