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Background. Antimicrobial prophylaxis is indicated to prevent Pneumocystis jirovecii pneumonia (PJP) in profoundly immu-
nosuppressed children. The incidence of PJP infection in children with chronic glucocorticoid exposure is unknown, and PJP 
prophylaxis has been associated with adverse events. We hypothesized that PJP infection is rare in children without human immu-
nodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS), cancer, or a transplant history who are using chronic 
glucocorticoids and that those exposed to PJP prophylaxis are more likely to experience a cutaneous hypersensitivity reaction or 
myelosuppression than unexposed patients.

Methods. This study involved a retrospective cohort from the Clinformatics Data Mart Database (OptumInsight, Eden Prairie, 
MN). We identified patients ≤18 years of age who received at least 2 prescriptions for a systemic glucocorticoid within a 60-day 
period and excluded patients with a history of PJP infection, an oncologic diagnosis, transplant, or HIV/AIDS. PJP prophylaxis 
exposure was identified by using national drug codes. Cutaneous hypersensitivity reaction or myelosuppression was identified by 
using International Classification of Diseases, 9th Revision (ICD-9), codes. We used a discrete time-failure model to examine the 
association between exposure and outcome.

Results. We identified 119 399 children on glucocorticoids, 10% of whom received PJP prophylaxis. The incidences of PJP were 
0.61 and 0.53 per 10 000 patient-years in children exposed and those unexposed to PJP prophylaxis, respectively. In a multivariable 
model, trimethoprim-sulfamethoxazole was associated with cutaneous hypersensitivity reaction (odds ratio, 3.20; 95% confidence 
interval, 2.62–3.92) and myelosuppression (odds ratio, 1.85; 95% confidence interval, 1.56–2.20).

Conclusions. PJP infection was rare in children using glucocorticoids chronically, and PJP prophylaxis–associated cutaneous 
hypersensitivity reactions and myelosuppression are more common. The use of PJP chemoprophylaxis in children without HIV/
AIDS, cancer, or a transplant history who are taking glucocorticoids chronically should be considered carefully.
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Children with a chronic inflammatory disease often require 
immunosuppression, including glucocorticoid therapy [1–3]. For 
example, approximately 50% of children with inflammatory bowel 
disease [4] and 30% of children with nephrotic syndrome [5] are 
classified as steroid dependent, and children with juvenile derma-
tomyositis can receive glucocorticoids for 2 years or more as part of 
their induction [1] and might remain on therapy longer if their dis-
ease is refractory [6]. For such patients, clinicians must balance the 
benefits of these agents with glucocorticoid-related adverse effects, 
the most concerning of which are opportunistic infections [7, 8].

Pneumocystis jirovecii pneumonia (PJP) is an opportunistic 
infection that can be devastating in immunosuppressed chil-
dren, particularly among those with human immunodeficiency 
virus (HIV) [9], cancer [10], or the risk after organ transplan-
tation [11]. Chemoprophylaxis against PJP with antibiotics is 
effective in these patients; in 1 study, an attributed 85% inci-
dence rate reduction in pediatric transplant and oncology 
patients using trimethoprim-sulfamethoxazole (TMP-SMX) 
was found [12]. However, the use of antimicrobial prophy-
laxis is associated with adverse effects such as severe cutaneous 
hypersensitivity reactions including Stevens Johnson syndrome 
and toxic epidermal necrolysis [13].

Although glucocorticoids are a risk factor for PJP infec-
tion [14], the incidence of PJP infection in children who are 
using glucocorticoids but do not have HIV, cancer, or history 
of an organ transplant is unknown. Furthermore, despite the 
common use of antimicrobial prophylaxis in children using 
glucocorticoids, little is known about the risks and benefits 
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of this practice. Therefore, the objectives of this study were to 
determine the incidence of PJP infection in children who were 
using glucocorticoids but did not have HIV, cancer, or history 
of an organ transplant and to examine the risk of adverse events 
related to TMP-SMX use in this population, including cutane-
ous hypersensitivity reaction and myelosuppression.

MATERIALS AND METHODS

Study Design and Data Source

A retrospective cohort study was performed using the 
Clinformatics Data Mart Database (OptumInsight, Eden Prairie, 
MN). OptumInsight’s Clinformatics Data Mart is a deidentified 
administrative claims database from a nationally representative 
large private health care insurer. The data include demographic, 
diagnostic, and medical information, pharmacy claims, and 
some clinical laboratory results. Patients are assigned a unique 
identifier so if they drop insurance coverage and re-enroll, they 
are not counted erroneously as a new subject.

Study Population

We identified eligible patients 18 years of age or younger who 
had received at least 2 prescriptions for a systemic glucocorticoid 
(defined as prescriptions for oral or intravenous prednisone, 
prednisolone, methylprednisolone, dexamethasone, hydrocor-
tisone, or budesonide) within a 60-day period. Patients were 
eligible for entry into the cohort regardless of the number of 
days for which the glucocorticoid was prescribed. Medications 
were identified by using national drug codes (NDCs), which 
are unique 11-digit codes included on all over-the-counter 
and prescription medications in the United States that identify 
medication manufacturer, strength, and dosage form [15] (see 
Supplementary Appendix for code list). Patients were required 
to have an antecedent glucocorticoid exposure-free window of 
at least 90 days and a minimum follow-up time of 90 days after 
cohort entry. Patients were considered glucocorticoid exposed 
from the start of the second prescription until 60 days after the 
end of the last prescription. Glucocorticoid duration was cal-
culated using the prescription fill date in combination with the 
days’ supply provided and the next fill date to create start and 
stop dates for glucocorticoid exposure. If multiple glucocorti-
coid prescriptions were filled on the same day, we used the one 
with the higher days’ supply for calculations. Patients who met 
the inclusion criteria after stopping steroid use could re-enter 
the cohort up to 5 times. Patients who entered and left the data-
base more than 5 times were considered glucocorticoid exposed 
from the first inclusion date until they no longer met our ste-
roid-exposure definition; such patients accounted for approxi-
mately 1% of the cohort.

We excluded patients who had a history of PJP infection, 
oncologic diagnosis, solid organ or bone marrow transplant, 
HIV, or acquired immunodeficiency syndrome (AIDS) using 

International Classification of Diseases, 9th Revision (ICD-9), 
codes (see Supplementary Appendix for code list), patients with 
a prescription for TMP-SMX with a concurrent diagnosis code 
for a urinary tract infection, and patients who had the outcome 
of interest in the baseline period.

Study Time Period

Data from May 2000 to June 2013 were analyzed. Cohort entry 
occurred on the day of the second glucocorticoid prescription. 
Patients were followed until 90 days after their last glucocorti-
coid prescription ended (calculated as days’ supply plus 90 days 
of observation), the end of enrollment in the health plan or data 
collection (June 2013), or if they experienced one of the out-
comes of interest (PJP diagnosis or adverse event).

Exposure Definition: PJP Prophylaxis

We examined prescriptions for PJP prophylaxis agents, includ-
ing TMP-SMX, atovaquone, dapsone, and pentamidine (inhaled 
or intravenous). Patients were classified as exposed during the 
month in which they received a prescription for a prophylaxis 
medication until 30 days after the last prescription ended.

Covariates

Demographic covariates measured before cohort entry included 
sex, race (white, black, Hispanic, or Asian), and geographic 
region of residence (Northeast, South, Midwest, or West). Age 
(in years) was assessed at the date of inclusion in the cohort. 
Time-varying covariates included hospitalization and immu-
nosuppressive medications, including tumor necrosis factor 
inhibitors (adalimumab, certolizumab, etanercept, golimumab, 
and infliximab), interleukin 1 blockers (anakinra, canaki-
numab, rilonacept), an interleukin 6 blocker (tocilizumab), 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) fusion 
protein (abatacept), a Janus kinase inhibitor (tofacitinib), an 
alkylating agent (cyclophosphamide), disease-modifying anti-
rheumatic drugs (azathioprine, 6-mercaptopurine, methotrex-
ate, mycophenolate mofetil, sulfasalazine, and thalidomide), 
B-cell therapy (belimumab and rituximab), and T-cell therapy 
(basiliximab, cyclosporine, everolimus, sirolimus, and tacroli-
mus [defined by NDC codes; see Supplementary Appendix]). 
Patients were considered exposed to one these medications 
from the first date of the prescription until 30 days after the pre-
scription ended. Patients were considered exposed to rituximab 
for 180 days after their infusion.

Outcomes

Outcomes of interest were identified using ICD-9 codes entered 
at the time of an outpatient encounter or on the day of discharge 
from hospitalization. PJP was identified using ICD-9 code 136.3. 
Cutaneous hypersensitivity reactions were identified using the 
codes for Stevens-Johnson syndrome (965.13), toxic epider-
mal necrolysis (695.15), Stevens-Johnson syndrome–toxic 
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epidermal necrolysis overlap (695.14), dermatitis due to drugs 
or substances taken internally (693.0, 693.8, and 693.9), ery-
thema multiforme minor (695.11), erythema multiforme major 
(695.12), erythema multiforme unspecified or other (695.10 and 
695.19), and exfoliation due to erythematous condition involv-
ing less than 10% to 90% or more of the body surface (695.50, 
695.51, 695.52, 695.53, 695.54, 695.55, 695.56, 695.57, 695.58, 
and 695.59). Previous studies used similar algorithms [16]. 
Myelosuppression was identified using ICD-9 codes for anemia 
(285.8 and 285.9), leukocytopenia (288.5), lymphocytopenia 
(288.51), neutropenia (288 and 288.09), drug-induced neutro-
penia (288.03), and thrombocytopenia (287.49 and 287.5).

Statistical Analysis

Descriptive analyses were used to examine differences between 
exposure groups. The incidences of PJP infection, hypersen-
sitivity, and myelosuppression were calculated as the number 
of events divided by the total person time. For hypersensitivity 
reaction and myelosuppression, the number needed to harm 
was then calculated as 1 over the absolute risk difference (dif-
ference in incidence between exposed and unexposed patients).

Discrete time-failure models were used to examine the 
association between TMP-SMX use and the outcomes of inter-
est during each month of follow-up. This model allows for 
time-varying exposure and covariates. Discrete time-failure 
models use logistic regression models that included time as 
a discrete covariate in the model (which we categorized into 
6-month intervals) and clustered according to patient. We used 
this method because our data were inherently lumped into finite 
intervals, and event times were tied [17]. Univariate regression 
was used to examine the association between the individual 
covariates and outcome (clustering according to patient and 
accounting for time interval). Variables with a P value of <.05 
were included in our multivariable model along with covari-
ates of interest. Then, we fit a multivariate discrete time-failure 

model using logistic regression (clustering according to patient 
and accounting for the time interval). This analysis resulted in an 
odds ratio (OR) for the outcome among the exposed at 1 point in 
time compared to those who were unexposed. All analyses were 
performed using Stata 13.1 (Stata Corp, College Station, TX).

Sensitivity Analyses

Patients who had the outcome of interest during the first time 
interval in the cohort were excluded, because hypersensitivity 
reaction can be treated with glucocorticoids, and we therefore 
wanted to ensure the correct sequence of events. The outcome 
definition was restricted to inpatient codes for cutaneous hyper-
sensitivity reaction, because a severe reaction would likely result 
in hospital admission.

RESULTS

Characterization of the Cohort

A total of 175 649 patients between the ages of 0 and 18 years 
with chronic glucocorticoid exposure were identified. After 
applying our exclusion criteria, 119 399 patients remained 
(Figure  1); the total number of glucocorticoid prescriptions 
received was 174 403. The majority of PJP prophylaxis prescrip-
tions were for TMP-SMX (n = 16 750 [96%]). Other prescrip-
tions included dapsone (n = 272 [2%]), pentamidine (n = 187 
[1%]), and atovaquone (n  =  94 [1%]). Because of the relative 
infrequent use of other PJP prophylactic medications, the anal-
ysis was restricted to adverse events related to TMP-SMX. 
Thus, in the final cohort, 10% (n = 12 064) of the patients were 
ever exposed to TMP-SMX, and 107 335 (90%) patients were 
unexposed.

Patient characteristics are shown in Table 1. Patients exposed 
to TMP-SMX were younger, more often female, and more com-
monly white than were the unexposed patients. In the TMP-
SMX–exposed group (versus the TMP-SMX–unexposed 

Figure 1. Evaluation of eligibility for final glucocorticoid-exposed patient cohort. Abbreviations: BMT, bone marrow transplant; HIV, human immunodefi-
ciency virus.



286 • JPIDS 2018:7 (December) • Basiaga et al

group), the median cohort time was greater (12 vs 8 months, 
respectively), the duration of glucocorticoid exposure was 
longer (10 vs 6  months, respectively), and the duration of 
additional immunosuppressant exposure was longer (10 vs 

8  months, respectively). Relatively few patients (3%) received 
immunosuppressive therapy in addition to glucocorticoids (see 
Supplementary Table 1).

Overall, only 6 children experienced PJP infection (inci-
dence, 0.5 per 10 000 person-years [PY]), and the incidence 
of PJP was similar in the patients who were exposed to TMP-
SMX prophylaxis (Table  2). Among the patients exposed to 
TMP-SMX, cutaneous hypersensitivity reaction occurred in 
205 patients (incidence, 125 cases per 10 000 PY), compared to 
808 of the unexposed patients (incidence, 86 cases per 10 000 
PY). Myelosuppression occurred in 386 patients in the TMP-
SMX–exposed group (incidence, 235 per 10 000 PY) com-
pared to 1842 unexposed patients (incidence, 197 per 10 000 
PY). Among those who developed a cutaneous hypersensitiv-
ity reaction, the median time to outcome from cohort entry 
was 2 months (IQR, 0–14 months), and for those who experi-
enced myelosuppression, the median time was 4 months (IQR, 
1–16 months). Among those who developed a cutaneous hyper-
sensitivity reaction in the TMP-SMX–exposed group, 22% of 
the events occurred in the first month, 41% within the first 
3 months, and 43% within the first 6 months from the date of 
their first prescription. Among those who developed myelosup-
pression in the TMP-SMX–exposed group, 13% of the events 
occurred in the first month, 25% within the first 3 months, and 
39% within the first 6 months from the date of their first pre-
scription (Supplementary Figures 1 and 2).

In a univariate model, cutaneous hypersensitivity reaction 
occurred more often in TMP-SMX–exposed than in unexposed 
patients (OR, 3.39 [95% confidence interval (CI) 2.77–4.15]), 
less often in black than in white patients (OR, 0.65 [95% CI, 
0.52–0.82]), and less often in female than in male patients (OR, 
0.78 [95% CI, 0.69–0.88]) (Table 3). In a multivariable model 
that was adjusted for current glucocorticoid exposure, female 
sex, and race, hypersensitivity reactions were significantly asso-
ciated with TMP-SMX exposure (OR, 3.20 [95% CI, 2.62–3.92]). 
In a sensitivity analysis in which the outcome was restricted to 
hypersensitivity reactions that occurred during hospitalization, 
TMP-SMX exposure continued to be significantly related to the 
outcome (OR, 5.21 [95% CI, 2.89–9.39]). Excluding hypersen-
sitivity reactions that occurred during the first-time month of 
cohort entry did not substantially change our results. No inter-
action between TMP-SMX and glucocorticoid exposures was 
found. The number needed to harm for cutaneous hypersensi-
tivity reactions was 259 patients.

In univariate analysis, we observed a significant association 
between myelosuppression and TMP-SMX exposure (OR, 2.01 
[95% CI, 1.70–2.38]). Glucocorticoid exposure, immunosup-
pressant use, older age, and nonwhite race also were associated 
with myelosuppression while female sex and geographic regions 
were associated with a lower likelihood of developing myleo-
suppression (Table 4). In the multivariable model, myelosup-
pression was associated significantly with TMP-SMX exposure 

Table 2. Incidence of Outcomes

Outcome

TMP-SMX Exposed  
(n = 12 064)

TMP-SMX Unexposed 
(n = 107 335)

Cases (n)
Incidencea  

(per 10 000 PY) Cases (N)
Incidencea  

(per 10 000 PY)

Pneumocystis jirovecii 
infectiona

1 0.61 5 0.53

Cutaneous hypersensitivity 
reaction

205 125 808 86

Myelosuppression 386 235 1842 197

Abbreviations: IQR, interquartile range; PY, person-years; TMP-SMX, trimethoprim-sulfamethoxazole.
aOne patient in the TMP-SMX–unexposed group was treated with an alternative prophylaxis agent before 
P jirovecii pneumonia infection. The patient then was treated with TMP-SMX after developing P jirovecii 
pneumonia infection.

Table 1. Cohort Demographics and Outcomes According to TMP-SMX 
Exposure

Characteristic
TMP-SMX Exposed 

(n = 12 064)
TMP-SMX Unexposed 

(n = 107 335)

Baseline age

 Median (IQR) (y) 2.5 (0–9) 3 (0–9)

 Range (mo) 0–18 0–18

Sex, female (n [%]) 5782 (48) 41 561 (39)

Race (n [%])

 White 9142 (76) 78 637 (73)

 Black 1375 (11) 11 850 (11)

 Hispanic 1250 (10) 12 901 (12)

 Asian 297 (2) 3950 (4)

Geographic region (n [%])a

 1 724 (6) 11 944 (11)

 2 3047 (25) 30 644 (29)

 3 7331 (61) 53 830 (50)

 4 962 (8) 10 920 (10)

Cohort time

 Median (IQR) (mo) 12 (7–20) 8 (5–13)

 Range (mo) 1–133 1–143

Glucocorticoid exposure

 Median (IQR) (mo) 10 (6–16) 6 (4–11)

 Range (mo) 1–131 1–140

Hospitalization time

 Median (IQR) (mo) 1 (1–1) 1 (1–1)

 Range (mo) 1–5 1–5

TMP-SMX exposure

 Median (IQR) (mo) 3 (2–4) N/A

 Range (mo) 1–82 N/A

Additional immunosuppressant 
exposure

 Median (IQR) (mo) 10 (5–19) 8 (5–14)

 Range (mo) 1–82 1–81

Abbreviations: IQR, interquartile range; N/A, not applicable; TMP-SMX, trimethoprim-sulfamethoxazole.
aRegions according to the US Census: Region 1, CT, MA, ME, NH, NJ, NY, PA, RI, and VT; region 2, IA, IL, IN, 
KS, MI, MN, MO, NE, ND, OH, SD, and WI; Region 3, AL, AR, DE, DC, FL, GA, KY, LA, MD, MS, NC, OK, SC, 
TN, TX, and VA; and Region 4, AK, AZ, CA, CO, HI, ID, MT, NM, NV, OR, WA, and WY.
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(OR, 1.85 [95% CI, 1.56–2.20]). Immunosuppressant use (OR, 
6.75 [95% CI, 5.78–7.88]), older age (OR, 1.02 [95% CI, 1.01–
1.03]), and nonwhite race (all P < .001) also were associated 
with development of myelosuppression. Female sex (OR, 0.78 
[95% CI, 0.72–0.85]) and residence in a geographic region out-
side of the northeastern United States (all P < .001) were associ-
ated with a lower likelihood of developing myelosuppression. In 
a sensitivity analysis that excluded myelosuppression in the first 
month of cohort entry, the results were unchanged. The number 
needed to harm for myelosuppression was 269 patients.

DISCUSSION

Many children chronically require glucocorticoids, yet epide-
miologic data about the PJP infection risk and adverse events 
associated with PJP prophylaxis outside of the HIV/AIDS, 
transplant, and oncology populations are lacking. Prophylactic 
therapy might be warranted for children at high risk for devel-
opment of this potentially fatal infection. In contrast, cutaneous 
hypersensitivity reactions associated with prophylaxis, includ-
ing Stevens-Johnson syndrome and toxic epidermal necroly-
sis, result in high mortality rates (25% and 35%, respectively) 
[18]. Thus, decisions about when and to whom to recommend 
antibiotic prophylaxis are particularly challenging. Such a sce-
nario is relatively common in the management of children with 
an inflammatory, allergic, or autoimmune disorder, because 
chronic glucocorticoid use and immunosuppression are 

thought to be risk factors for PJP infection [19]. To our knowl-
edge, ours is the first report on the incidence of PJP infection 
in a large cohort of children treated with glucocorticoids. We 
found a low incidence of PJP infection in children on gluco-
corticoids regardless of whether they were exposed or unex-
posed to TMP-SMX. In addition, we found an increased risk 
of adverse events associated with TMP-SMX exposure, includ-
ing cutaneous hypersensitivity reaction and myelosuppression. 
Given the very low incidence of PJP infection and the relatively 
high risk for adverse events, the use of PJP prophylaxis should 
be considered carefully.

We found PJP infection in our cohort to be an extremely rare 
outcome (overall incidence, 0.5 cases per 10 000 PY). Most of what 
is known about PJP infection in children is isolated to the HIV/
AIDS, transplant, and oncology populations. In 1977, a sentinel 
controlled trial of children with leukemia who were not receiving 
prophylaxis reported a 21% incidence rate of PJP infection, and 
the rate was 0% for those who were receiving PJP prophylaxis 
[20]. The modern incidence rate is <0.5 cases per 100 child-years 
in children with HIV on combined antiretroviral therapy [21]. 
Both of these studies reported incidence rates similar to those 
from our study. PJP infection occurs outside of this population, 
such as in patients with autoimmune disease [22–25], but a pau-
city of data exists, which is why we focused on them. The majority 
of cases we found were in patients with a history of pulmonary 

Table 3. Predictors of Cutaneous Hypersensitivity Reaction in Children 
Chronically on Glucocorticoid Therapy

Variable
Univariate OR 

(95% CI) P
Multivariate OR 

(95% CI) P

Trimethoprim- 
sulfamethoxazole 
exposure

3.39 (2.77–4.15) <.001 3.20 (2.62–3.92) <.001

Current glucocorticoid 
exposurea

3.53 (2.69–4.64) <.001 3.49 (2.66–4.58) <.001

Additional immunosup-
pressant exposure

1.01 (0.64–1.58) .97

Age (continuous) 1.00 (0.98–1.01) .47

Sex (female) 0.78 (0.69–0.88) <.001 0.80 (0.70–0.90) <.001

Race

 White Reference Reference

 Black 0.65 (0.52–0.82) <.001 0.65 (0.52–0.82) <.001

 Hispanic 0.83 (0.68–1.02) .08 0.84 (0.68–1.03) .09

 Asian 0.90 (0.64–1.28) .56 0.93 (0.65–1.32) .68

Geographic regionb

 1 Reference

 2 0.84 (0.67–1.04) .11

 3 0.89 (0.73–1.09) .26

 4 1.03 (0.79–1.33) .84

aCurrent glucocorticoid exposure indicates that the patient filled a prescription for glucocorticoid in the same 
month in which they had the outcome.
bRegions according to the US Census: Region 1, CT, MA, ME, NH, NJ, NY, PA, RI, and VT; region 2, IA, IL, IN, 
KS, MI, MN, MO, NE, ND, OH, SD, and WI; Region 3, AL, AR, DE, DC, FL, GA, KY, LA, MD, MS, NC, OK, SC, 
TN, TX, and VA; and Region 4, AK, AZ, CA, CO, HI, ID, MT, NM, NV, OR, WA, and WY.

Table 4. Predictors of Myelosuppression in Children Chronically on 
Glucocorticoids

Variable
Univariate OR 

(95% CI) P
Multivariate OR 

(95% CI) P

Trimethoprim-
sulfamethoxazole 
exposure

2.01 (1.70–2.38) <.001 1.85 (1.56–2.20) <.001

Current glucocorticoid 
exposurea

1.77 (1.55–2.03) <.001 1.66 (1.44–1.90) <.001

Additional immunosup-
pressant exposure

8.34 (7.24–9.61) <.001 6.75 (5.78–7.88) <.001

Age 1.04 (1.03–1.05) <.001 1.02 (1.01–1.03) <.001

Sex (female) 0.72 (0.66–0.78) <.001 0.78 (0.72–0.85) <.001

Race

 White Reference Reference

 Black 1.33 (1.18–1.51) <.001 1.35 (1.19–1.54) <.001

 Hispanic 1.82 (1.63–2.03) <.001 1.91 (1.70–2.14) <.001

 Asian 1.57 (1.28–1.92) <.001 1.66 (1.35–2.04) <.001

Geographic regionb

 1 Reference Reference

 2 0.66 (0.58–0.76) <.001 0.70 (0.60–0.80) <.001

 3 0.72 (0.63–0.81) <.001 0.73 (0.64–0.82) <.001

 4 0.68 (0.57–0.81) <.001 0.62 (0.52–0.74) <.001

Abbreviations: CI, confidence interval; OR, odds ratio.
aCurrent glucocorticoid exposure indicates that the patient filled a prescription for glucocorticoid in the same 
month in which they had the outcome.
bRegions according to the US Census: Region 1, CT, MA, ME, NH, NJ, NY, PA, RI, and VT; region 2, IA, IL, IN, 
KS, MI, MN, MO, NE, ND, OH, SD, and WI; Region 3, AL, AR, DE, DC, FL, GA, KY, LA, MD, MS, NC, OK, SC, 
TN, TX, and VA; and Region 4, AK, AZ, CA, CO, HI, ID, MT, NM, NV, OR, WA, and WY.
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disease or a primary or secondary immunosuppressing condition 
(see Supplementary Table 2). It is interesting that the incidence 
of PJP was the same in the TMP-SMX–exposed and unexposed 
arms, but given the small absolute number of outcomes in each 
arm and the lack of prophylaxis-adherence data, it is difficult to 
comment on the efficacy of prophylaxis. Furthermore, because 
10% of the cohort received TMP-SMX, it is unclear how many 
cases might have been prevented, and that was not the aim of 
our study. A limitation of our study is that it was not designed 
to address the complex question of PJP prophylaxis effectiveness.

We found a rate lower than that reported by Beukelman et 
al [26] in an observational cohort of 8503 children with juvenile 
idiopathic arthritis in which a single case of PJP was identified 
(incidence rate, 7 per 13 990 PY [95% CI, 0.2–39 per 13 990 PY]). 
This patient population was similar but different than ours; all of 
our patients were on glucocorticoid therapy, and some of them 
took additional immunosuppressants. The rituximab in anti-
neutrophil cytoplasmic antibody-associated vasculitis (RAVE) 
trial compared cyclophosphamide to rituximab for adults with 
antineutrophil cytoplasmic antibody–positive vasculitis and pro-
vided PJP prophylaxis to all patients; the authors of the report did 
not comment on any cases of infection occurring [27]. Additional 
longitudinal studies reporting the incidence of PJP infection 
in children are lacking. Although limited, our data show that 
patients chronically on glucocorticoids (and frequently also on 
other immunosuppressive medications) have a low incidence of 
PJP despite prophylaxis being used in a minority of patients.

Previous studies also found that the use of TMP-SMX can 
lead to adverse events in adults. In this population, we reported 
a lower incidence of myelosuppression and a higher incidence 
of cutaneous hypersensitivity [28–30]. In 1996, a randomized 
double-blind study in which 3 PJP treatment regimens were 
compared in adults with PJP infection reported rates of adverse 
events associated with treatment. Among patients in the TMP-
SMX arm, 19% reported a rash, 6% had a grade III rash that 
they defined as vesiculation, moist desquamation, or ulceration, 
and no one had an exfoliative dermatitis [29]. The authors also 
reported a 5% incidence of neutropenia (absolute neutrophil 
count, <750) and 5% incidence of anemia (hemoglobin level, 
<8 g/dL). In a meta-analysis of TMP-SMX versus placebo, the 
relative risk for leukopenia was reported to be 1.96 (95% CI, 
0.18–20.97) [30]. Few data have been reported about the risk of 
adverse events attributed to TMP-SMX in children. A 2004 lit-
erature review by a urology group of the incidence of cutaneous 
reactions associated with TMP-SMX in children reported 7.4 
events per 100 years of risk in children younger than 2 years and 
1.4 events per 100 years in children aged 2 through 15 years [28]. 
Our study revealed a slightly lower incidence in our population 
(125 cases per 10 000 PY). It might be that glucocorticoids are 
protective because they are used to treat hypersensitivity reac-
tion; however, we did not assess this aspect, because we did not 
have a glucocorticoid-unexposed control group.

Strengths of this study include our access to a claims data-
base with a large sample size and ability to capture exposures 
and outcomes across the spectrum of medical care. We also 
had a large sample size sufficient to detect differences between 
exposures. Our study also has limitations. First, a risk for mis-
classification of the outcomes of interest exists. We did not 
validate the diagnosis codes for PJP infection or the codes 
for hypersensitivity in the OptumInsight database. Previous 
studies found positive predictive values between 53.7% and 
59.6% by using the unique ICD-8 or ICD-9 code (695.1) for 
erythema multiforme to identify Stevens-Johnson syndrome 
or toxic epidermal necrolysis in various data sources [16]. 
Prophylaxis regimens have ranged from 1 to 3 times per week 
[31], and the evidence suggests that higher rates of adverse 
drug reactions occur with higher TMP-SMX dosages [32]. The 
database used for our study does not provide drug instruc-
tion information but, rather, medication strength, formula-
tion, and number of pills dispensed, which limited our ability 
to determine specific drug regimens. Furthermore, given the 
absence of patient weights, we were unable to quantify daily 
glucocorticoid dose and, thus, unable to examine the risk for 
PJP according to subgroups of daily glucocorticoid exposure. 
However, regardless of dose, the incidence of PJP in this large 
representative population of patients without cancer or HIV 
was very low. Because no formal guidelines for prophylaxis 
in children on chronic glucocorticoids exist, patients who 
receive PJP prophylaxis might be sicker and deemed to be at 
greater risk for PJP infection. Although we attempted to adjust 
for this potential confounding by indication, unmeasured 
confounders might remain, and we lacked objective meth-
ods to gauge disease activity using our administrative data. 
In addition, the median duration of glucocorticoid exposure 
was much longer than the median TMP-SMX exposure, which 
might explain the similar incidence rates of PJP infection 
between the 2 TMP-SMX–exposed groups. Finally, although 
TMP-SMX was associated in our study with hypersensitivity 
reaction and myelosuppression, additional immunosuppres-
sive use was strongly associated also with myelosuppression. 
We are unable to discern whether myelosuppression was the 
result of more aggressive disease requiring the immunosup-
pression or whether the immunosuppression resulted in the 
myelosuppression.

In conclusion, we report here that, overall, PJP infection 
is rare in children on chronic glucocorticoid therapy and that 
TMP-SMX is associated with hypersensitivity reaction and 
myelosuppression. The risk of disease and adverse events needs 
to be weighed carefully when deciding whether to provide pro-
phylaxis to such children.
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