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Abstract

Objectives. Pneumocystis jirovecii pneumonia (PJP) is associated with significant morbidity and mortality in adult
myositis patients; however, there are few studies examining PJP in juvenile myositis [juvenile idiopathic inflamma-
tory myopathy (JIIM)]. The purpose of this study was to determine the risk factors and clinical phenotypes associ-
ated with PJP in JIIM.

Methods. An research electronic data capture (REDCap) questionnaire regarding myositis features, disease
course, medications and PJP infection characteristics was completed by treating physicians for 13 JIIM patients
who developed PJP (PJP+) from the USA and Canada. Myositis features and medications were compared with
147 JIIM patients without PJP (PJP-) from similar geographic regions who enrolled in National Institutes of Health
natural history studies.

Results. PJP+ patients were more often of Asian ancestry than PJP- patients [odds ratio (OR) 8.7; 95% CI 1.3,
57.9]. Anti- melanoma differentiation associated protein 5 (MDAS5) autoantibodies (OR 12.5; 95% CI 3.0, 52.4),
digital infarcts (OR 43.8; 95% CI 4.2, 460.2), skin ulcerations (OR 12.0; 95% CI 3.5, 41.2) and interstitial lung dis-
ease (OR 10.6; 95% CI 2.1, 53.9) were more frequent in PJP+ patients. Before PJP diagnosis, patients more fre-
quently received pulse steroids, rituximab and more immunosuppressive therapy compared with PJP- patients.
Seven PJP+ patients were admitted to the intensive care unit and four patients died due to PJP or its
complications.

Conclusions. PJP is a severe infection in JIIM that can be associated with mortality. Having PJP was associated
with more immunosuppressive therapy, anti-MDA5 autoantibodies, Asian race and certain clinical features, including
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digital infarcts, cutaneous ulcerations and interstitial lung disease. Prophylaxis for PJP should be considered in ju-

venile myositis patients with these features.

Key words: myositis, juvenile idiopathic inflammatory myopathies, Pneumocystis jirovecii pneumonia, oppor-
tunistic infections, anti-MDAS autoantibodies, interstitial lung disease

Rheumatology key messages

patients soon after diagnosis.

idiopathic inflammatory myopathy.

patients with these features.

e Pneumocystis jirovecii pneumonia is a severe infection that affects juvenile idiopathic inflammatory myopathy

o Immunosuppressive therapy, anti-melanoma differentiation associated protein 5 autoantibodies, interstitial lung
disease and cutaneous ulcerations/infarcts are risk factors for Pneumocystis jirovecii pneumonia in juvenile

e Pneumocystis jirovecii pneumonia prophylaxis should be considered in juvenile idiopathic inflammatory myopathy

Introduction

Adult and juvenile idiopathic inflammatory myopathies
(IIM, JIIM) are heterogeneous groups of systemic auto-
immune diseases characterized by muscle inflammation
and characteristic rashes [1]. Numerous extramuscular
manifestations occur in [IM/JIIM, which can include the
gastrointestinal tract, joints and lungs [1].

Pneumocystis jirovecii pneumonia (PJP) is a rare op-
portunistic infection that disproportionally affects adult
IIM patients compared with other CTDs [2] with a high
mortality rate, ranging from 33 to 60% [3, 4]. Risk fac-
tors associated with PJP in IIM include lymphopenia,
immunosuppressive therapy, and the dose and duration
of CS treatment [5, 6]. In some juvenile CTD, such as
JIA, PJP is rare [7]. However, in JIIM, the prevalence
and associated risk factors with PJP are less known,
and there are no standard recommendations for prophy-
laxis. Understanding the risk factors associated with
PJP can help in determining which JIIM patients may
benefit from prophylaxis. In this study, we report 13 JIIM
patients who developed PJP and describe their demo-
graphic, clinical and treatment-related factors relative to
a large North American JIIM cohort without PJP
infection.

Methods
Patients

An electronic research electronic data capture (REDCap)
questionnaire of 215 questions regarding JIIM disease
course, medication usage and PJP infection was distrib-
uted to members of the Pediatric Rheumatology Bulletin
Board (an electronic list-serve) and members of the
Childhood Arthritis and Rheumatology Research Alliance
to obtain case record information about JIIM patients
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from the USA and Canada diagnosed between 2003
and 2019, who developed PJP (PJP+) during their dis-
ease course [8]. Deidentified data were entered following
retrospective medical record review. Institutional review
board exemption was granted by the University of
California, San Francisco.

Demographics, laboratory and clinical features at
myositis diagnosis, and medications received by PJP+
patients were compared with 147 JIIM patients previ-
ously enrolled in National Institutes of Health myositis
natural history studies between 2003 and 2019 from the
USA and Canada with no documented PJP infection
(PJP-). A standardized physician questionnaire captured
illness features of PJP- patients [9]. All PJP+ and PJP-
patients met probable or definite JIIM by Bohan and
Peter criteria [10], with a classification of JDM or juvenile
polymyositis. Interstitial lung disease (ILD) was diag-
nosed by CT and/or chest radiograph with pulmonary
function testing. Autoantibody testing was performed at
various commercial labs in PJP+ patients (Table 1) and
at Oklahoma Medical Research Facility in PJP- patients.

The median time from myositis diagnosis to PJP in-
fection was 2.3 months. Therefore, CS, including pred-
nisone and i.v. methylprednisolone (IVMP), received
by PJP+ patients the month prior to infection were
compared with those received by PJP- patients
1.3-2.3 months after myositis diagnosis. Other medica-
tions, including IVIG, MTX, HCQ, MMF, ciclosporin, CYC
and rituximab, were received by PJP+ patients
0-6 months prior to PJP infection and compared with
those received by PJP- patients 0-6 months after myo-
sitis diagnosis.

Statistical analysis

Analyses were performed using Stata/MP V.14.2
(College Station, TX, USA). Dichotomous variables were
expressed as absolute frequencies and percentages
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and continuous variables as medians and interquartile
range (IQR). Dichotomous comparisons for categorical
variables were examined using y? or Fisher's exact
tests. Continuous variables were compared using
Wilcoxon rank-sum. Odds ratios (ORs) and 95% Cls
were calculated by logistic regression for significant dif-
ferences. A two-sided P-value of <0.05 based on xz,
Fisher’s exact or Wilcoxon rank-sum was considered
significant. Adjustment for multiple comparisons was not
performed in this exploratory analysis.

Results
Myositis features

We received 13 cases of PJP+ JIIM patients. Twelve
patients had JDM and one had juvenile polymyositis,
seven were female, and the median age of JIIM diagno-
sis was 5.5years (IQR 2.5-9.5) (Tables 1 and 2). PJP+
patients had less delay to myositis diagnosis compared
with PJP- patients (2.2 vs 5.5months; OR 0.9; 95% CI
0.8, 1.0) (Table 2). A higher percentage of PJP+ patients
were Asian compared with PJP- patients (15 vs 2%; OR
8.7; 95% CI 1.3, 57.9). There were no differences in
gender, clinical subgroup (JDM vs juvenile polymyositis)
or age at myositis diagnosis (Table 2).

Of the 13 PJP+ patients, 5 had anti-melanoma differ-
entiation associated protein 5 (MDA5) and 1 had anti-
p155/140 (TIF1) autoantibodies; 3 were myositis-specific
autoantibody negative and testing was incomplete in 4
patients. Anti-MDA5 autoantibodies were found more
often in PJP+ compared with PJP- patients (56 vs 9%;
OR 12.5; 95% CI 3.0, 52.4) (Table 2). At myositis diag-
nosis PJP+ patients also more often had digital infarcts
(23 vs 1%; OR 43.8, 95% CI 4.2, 460.2), skin ulcera-
tions, (54 vs 9%; OR 12.0, 95% CI 3.5, 41.2) and ILD
(23 vs 3%; OR 10.6, 95% CI 2.1, 53.9), and less fre-
quently had heliotrope rash (54 vs 82%; OR 0.3, 95% CI
0.1, 0.8) (Table 2). Most PJP+ patients presented with
moderate or severe functional limitations (11/13) with
moderate muscle weakness (7/13). There were no other
significant differences in clinical features at myositis
diagnosis between the groups (Table 2).

Within the month prior to PJP diagnosis, 8/13 patients
received between one and more then four infusions of
high-dose IVMP and PJP+ patients more often received
IVMP than PJP- patients (62 vs 30%; OR 3.8; 95% CI
1.2, 12.4) (Tables 1 and 2). Within that time, all 13 PJP+
patients also received oral CS, 12 of whom received
>20mg and/or >1mg/kg daily. Within 6 months prior to
PJP diagnosis, 8/13 patients received IVIG, 8/13
received MTX, 2/13 received ciclosporin, 2/13 received
CYC and 4/13 received rituximab (Table 1). Compared
with PJP- patients, PJP+ patients more often received
rituximab (31 vs 1%; OR 52.0; 95% CI 5.2, 515.4), and
received a higher total number of immunosuppressive
therapies (median 3.0 vs 2.0; OR 2.4; 95% CI 1.3, 4.5)
(Table 2).

832

Features of PJP infection

The median age at PJP diagnosis was 6.1years (IQR
2.6-10.5). PJP occurred shortly after myositis diagnosis
in the majority of patients, with a median time from JIIM
diagnosis to PJP diagnosis of 2.3months (IQR 1.7-7)
(Table 1). At PJP diagnosis, overall JIIM disease severity
was rated as moderate or severe in 10/13 patients. The
majority of patients who developed PJP presented with
new onset dyspnoea (10/13), cough (10/13), fever (9/13),
hypoxia (12/13) and tachypnoea (11/13). Lymphopenia
was reported in four patients at PJP diagnosis (Table 1).
The most common chest radiograph findings were dif-
fuse reticular opacities (7/13); however, lobar and multi-
lobar consolidations (4/13), pleural effusions (3/13) and
pneumothorax with pneumomediastinum (1/13) were
also observed. Although prior imaging was not available
for comparison, chest CT at PJP diagnosis often
revealed ground-glass opacities (6/8), with multi-lobar or
lobar consolidations (3/8), reticular opacities (1/8), pul-
monary nodules (1/8) and pleural effusions (1/8). PJP
was often diagnosed by staining and/or PCR on bron-
choalveolar lavage (11/13). Two patients also had rhino-
virus/enterovirus co-infection. Seven patients were
admitted to the paediatric intensive care unit for man-
agement of PJP for a median of 28days (IQR 4-111),
and five patients required mechanical ventilation, two of
whom required extracorporeal membrane oxygenation.
Four patients died due to PJP or infection related com-
plications: one developed ILD after PJP onset (patient
4), one had pseudomonas/trichosporon coinfection (pa-
tient 12) and three were under the age of 3years
(Table 1). Patients 4 and 9, both of whom died, had long
periods of paediatric intensive care unit admission due
to severe pulmonary disease as sequelae from PJP in-
fection (Table 1). All 13 patients were treated with tri-
methoprim-sulfamethoxazole following PJP diagnosis;
no patients were treated with prophylaxis prior to devel-
oping PJP.

Discussion

We report 13 patients with JIIM who developed PJP in-
fection. Children who developed PJP were more often
Asian and more often had anti-MDAS5 autoantibodies,
digital infarcts, skin ulcerations and ILD compared with
PJP- patients, which highlights the distinct clinical fea-
tures of JIIM patients who may be more susceptible to
PJP. Patients who developed PJP often had moderate
to severe disease and more often received IVMP, rituxi-
mab and a greater number of immunosuppressive thera-
pies, suggesting that JIIM disease severity and/or
immune suppression may be associated with the devel-
opment of PJP. Seven patients were admitted to the
paediatric intensive care unit and four patients died,
indicating that significant morbidity and mortality is
associated with PJP in JIIM.

We found that anti-MDA5 autoantibodies and the
phenotypic features associated with this autoantibody

https://academic.oup.com/rheumatology
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TasLe 2 Comparison of clinical features at diagnosis between juvenile myositis patients who developed PJP and

patients without PJP

PJP+ (N=13), %

(n/N) or median (IQR)

JDM
JPM
Female, %
Age at diagnosis, years
Delay to myositis
diagnosis, months
Race
Caucasian
African American
Hispanic
Asian
Native American
Mixed
Myositis autoantibody status
Anti-p155/140 (TIF1)
Anti-NXP2
Anti-MDA5
Anti-synthetase
Anti-SRP
Anti-Mi2
MSA negative
Clinical features at diagnosis
Alopecia
Malar rash
Shawl sign
Periungual capillary
changes
Heliotrope
Gottron’s papules
Skin ulcerations
Digital infarcts
RP
Calcinosis
Interstitial lung disease
Dysphagia
Dysphonia
Gastrointestinal
ulcerations
Arthritis
Contractures
Constitutional
symptoms®
Worst ACR Functional
Class
Medications received prior
to PJP infection
Oral CS*
Daily prednisone
dose (mg/kg)
IVMP?
MTX®
IVIG®
MMF®
Ciclosporin®
cyce

54 (7/13)
77 (10/13)
54 (7/13)
23 (3/193)
7 @/12)°
7 (2112
2 (3/19)
(5/13)
(6/13)
(0/13)

3
38
46
0
46 (6/13)

33 (4/12)?
92 (12/13)

4 (3-4)

100 (13/13)
1.0 (0.8-1.7)

62 (8/13)
77 (10/13)
62 (8/13)
(1/13)
2/13)
(

8
15
15 (2/13)

PJP- (N = 147), % OR (95% CI)
(n/N) or median (IQR)
94 (138/147) 0.6
6 (9/147) 0.6
65 (95/147) 0.5
7.9 (5.4-12.1) 0.1
5.5 (2.5-11.8) 0.02 0.9(0.8,1.0)
73 (107/147) 0.06
7 (11/147) 0.3
6 (9/147) 0.6
2 (3/147) 0.05 8.7(1.3,57.9)
0(0/147) 0.08
12 (17/147) 1.0
37 (53/143)° 0.2
28 (40/143)° 0.1
9 (13/143)° 0.001 12.5 (3.0, 52.4)
5 (7/147) 1.0
3 (4/143)° 1.0
2 (3/143)° 1.0
14 (21/147) 0.1
12 (17/147) 1.0
77 (112/145)° 0.09
28 (38/136)° 0.5
79 (104/132)° 1.0
82 (117/143)° 0.03 0.3(0.1,0.8)
90 (130/144)° 0.2
9 (13/147) <0.001 12.0 3.5, 41.2)
1 (1/147) 0.002 43.8 (4.2, 460.2)
6 (9/144)° 0.2
3 (5/147) 0.09
3 (4/145)° 0.01 10.6 (2.1, 53.9)
33 (47/144)° 0.8
27 (38/140)° 0.2
0(0/147) 1.0
44 (61/140)° 0.9
51 (69/134)° 0.2
96 (141/147) 0.5
4 (3-4) 0.9
96 (113/118)° 1.0
1.4 (0.8-2.0) 0.5
30 (35/118)° 0.03 3.8(1.2,12.4)
88 (104/118)° 0.4
47 (56/118)° 0.3
8(10/118)° 1.0
4 (5/118)° 0.1
5(6/118)° 0.2

https://academic.oup.com/rheumatology

(continued)

833



Sara E. Sabbagh et al.

TaeLe 2 Continued

PJP+ (N=13), %

PJP- (N = 147), %
(n/N) or median (IQR)

P-value OR (95% ClI)

(n/N) or median (IQR)

Rituximab® 31 (4/13) 1(1/118)° <0.001 52.0 (5.2,515.4)
Total number of 3.0 (2.0-4.0) 2.0 (2.0-3.0) 0.02 2.4(1.3,4.5)
immunosuppressives’

Dichotomous variables were expressed as percentage (count) and continuous variables as median (IQR). Univariate com-
parisons of continuous variables were made using Wilcoxon rank-sum while dichotomous variables were compared either
using chi-squared test or Fisher’s exact test, as appropriate.

&N #13 due to missing data.

PN 147 due to missing data.

°Fever, weight loss and/or fatigue.

9Received within the month prior to PJP onset or 1.3-2.3 months after myositis diagnosis in PJP- patients.

®Received within the 6 months prior to PJP onset or 0-6 months after myositis diagnosis in PJP- patients.

fOral steroids, IVMP, MTX, MMF, CYC, ciclosporin and/or rituximab. PJP: Pneumocystis jirovecii pneumonia; JPM: juvenile
polymyositis; TIF1: transcription intermediary factor 1; NXP2: nuclear matrix protein-2; MDA5: melanoma differentiation
associated protein-5; SRP: signal recognition particle; MSA: myositis-specific autoantibody; IVMP: i.v. methylprednisolone;

IQR: interquartile range; OR: odds ratio.

group [9, 11, 12], including Asian race, ILD, skin ulcera-
tions and digital infarcts, were present at higher frequen-
cies in PJP+ patients. Our findings corroborate reports
of severe PJP infections in anti-MDA5 autoantibody-
positive IIM patients [13], and descriptions of coexisting
pulmonary disease as a risk factor for PJP in RA [14].
Furthermore, our findings are consistent with the recent
report from an American nationwide hospital study by
Ren et al. [15], which found ILD to be a risk factor for
infections, including PJP, in IIM/JIIM. PJP infections are
known to disproportionally affect patients with non-
rheumatic pulmonary disorders [16, 17], suggesting that
underlying lung disease may serve as a permissive en-
vironment for opportunistic pathogens. It is also plaus-
ible that some JIIM patients have pre-existing PJP
colonization prior to the initiation of immunosuppressive
therapy [18]. Screening for PJP by bronchoalveolar lav-
age should be considered in JIIM patients presenting
with ILD or severe respiratory symptoms, and all JIIM
patients should be screened for ILD at diagnosis [19].

In studies of IIM, risk factors for PJP include more im-
munosuppressive therapy, oral prednisone >20mg/day
and lymphopenia [5]. Thus, the association of PJP infec-
tion with more immunosuppression, especially rituximab
and IVMP, was not unexpected; however, we found
daily oral steroid dosing was similar between groups.
This may be explained by the generally accepted prac-
tice to initiate high-dose CS early in JIIM disease course
[19, 20]. It is notable that PJP+ patients who developed
infection  further out from myositis diagnosis
(13-51 months) were receiving >20mg/day prednisone
daily, and the only PJP+ JIIM patient receiving lower
doses of daily prednisone had profound lymphopenia. In
our PJP+ cohort, four patients had lymphopenia at PJP
diagnosis. Thus, higher doses of oral steroids and lym-
phopenia may also be associated with PJP infection in
JIIM, but we were unable to identify these as risk factors

834

due to our small sample size and data limitations.
Overall, our study supports the use of prophylaxis in
patients on more intensive immunosuppressive regi-
mens, including patients receiving rituximab and i.v.
pulse steroids.

The median time that patients developed PJP infec-
tion was 2.3 months after myositis diagnosis, implying
this infection disproportionately affects patients early in
their disease, when JIIM manifestations are typically
most severe and potent induction immunosuppressive
therapy is being administered. Most patients with PJP
also had moderate-to-severe disease at JIIM onset, sug-
gesting that risk factors for PJP not only include more
immunosuppressive therapy, but also more severe dis-
ease. Lastly, PUP+ patients had significantly less time
from initial JIIM symptom onset to JIIM diagnosis, sug-
gesting that their initial disease manifestations may have
been not only severe, but also more accelerated com-
pared with PJP- patients. The association of PJP infec-
tion early in the course of JIIM diagnosis underscores
the importance of considering prophylaxis in newly diag-
nosed JIIM. It is also notable that three of the four
patients who died were under the age of 3years, high-
lighting that younger children may be affected more se-
verely with PJP and its complications.

This study has several limitations, and follow-up con-
firmatory studies are needed. First, since patient data
were collected retrospectively by physician chart review,
patients had incomplete or unavailable data, such as cu-
mulative medication dosage and standardized strength
testing by the Childhood Myositis Assessment Scale; in
addition, the diagnosis of ILD was not standardized
among patients. Secondly, several PJP+ patients also
had incomplete or no myositis autoantibody testing, and
testing was performed at several commercial laborato-
ries using different methods. Furthermore, the PJP-
medication analysis may have resulted in comparing

https://academic.oup.com/rheumatology
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different time periods in the illness course from PJP+
patients, resulting in differences in the immunosuppres-
sive therapies. In addition, some of the identified risk
factors for PJP have wide Cls due to the small sample
size of PJP+ patients. Lastly, this study was susceptible
to both recall and referral biases, as physicians may
have submitted patients with the most severe PJP infec-
tions or referred PJP- patients with more severe disease
to the National Institutes of Health studies. However, the
decision to use the National Institutes of Health cohort
as the PJP- comparator population was based on geo-
graphic similarity and the availability of more complete
clinical and laboratory data, including myositis-specific
autoantibody testing and medications received.

These limitations notwithstanding, our study shows
that PJP can be a serious complication in JIIM. We
identified that PJP more often affects JIIM patients early
in their disease course, when patients have more severe
manifestations  requiring more intensive therapy.
Importantly, we also identified anti-MDA5 autoantibod-
ies, digital infarcts, skin ulcerations and ILD as risk fac-
tors for developing PJP infection in JIIM. Thus,
prophylaxis should be strongly considered in JIIM
patients, especially those early in the disease course
with these clinical features, and those who have
received IVMP and multiple immunosuppressive thera-
pies, particularly rituximab.
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