ARTICLE

Trends in Adverse Reactions to
Trimethoprim-Sulfamethoxazole
AUTHORS: Jennifer L. Goldman, MD,a,b Mary Anne Jackson,
MD,a Joshua C. Herigon, MPH,c Adam L. Hersh, MD, PhD,d
Daniel J. Shapiro, BA,e and J. Steven Leeder, PharmD, PhDb
aSection of Pediatric Infectious Diseases and bDivision of Clinical
Pharmacology and Medical Toxicology, cOfﬁce of Evidence Based
Medicine, Children’s Mercy Hospitals & Clinics, University of
Missouri, Kansas City, Missouri; dDivision of Pediatric Infectious
Disease, University of Utah, Salt Lake City, Utah; and ePhilip R. Lee
Institute for Health Policy Studies, University of California, San
Francisco, California

KEY WORDS
adverse drug reaction, trimethoprim-sulfamethoxazole, skin and
soft tissue infections, pediatrics, physician practice patterns
ABBREVIATIONS
ADR—adverse drug reaction
CHA—Children’s Hospital Association
CMH—Children’s Mercy Hospital
ED—emergency department
ICD-9-CM—International Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation
MRSA—methicillin-resistant Staphylococcus aureus
NAMCS—National Ambulatory Medical Care Survey
NHAMCS—National Hospital Ambulatory Medical Care Survey
PHIS—Pediatric Health Information System
SSTI—skin and soft tissue infection
TMP-SMX—trimethoprim-sulfamethoxazole
UTI—urinary tract infection
Dr Goldman contributed to the concept and design, acquisition
of data, analysis and interpretation of data, and drafting and
revising the article; Dr Jackson contributed to the concept and
design, interpretation of data, and article revision; Mr Herigon
contributed to the concept and design, acquisition of data,
analysis and interpretation of data, and article drafting and
revision; Dr Hersh and Mr Shapiro participated in study concept,
acquisition of data, data analysis, and article revision; and Dr
Leeder contributed to the concept and design, analysis and
interpretation of data, and article revision.
www.pediatrics.org/cgi/doi/10.1542/peds.2012-1619
doi:10.1542/peds.2012-1619
Accepted for publication Aug 30, 2012
Address correspondence to Jennifer L. Goldman, MD, Pediatric
Infectious Diseases & Clinical Pharmacology, Children’s Mercy
Hospitals & Clinics, 2401 Gillham Rd, Kansas City, MO 64108.
E-mail: jlgoldman@cmh.edu
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2013 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: The authors have indicated they have
no ﬁnancial relationships relevant to this article to disclose.
FUNDING: Dr Goldman is supported by grant T32 HD069038 from
the Eunice Kennedy Shriver National Institute of Child Health and
Human Development (Kearns, PI). Funded by the National
Institutes of Health (NIH).

WHAT’S KNOWN ON THIS SUBJECT: Antimicrobials are
a medication class frequently implicated in pediatric adverse
drug reactions (ADRs). Trimethoprim-sulfamethoxazole (TMP-SMX)
is long recognized as a contributor to the burden of these
undesired and unpredictable events.
WHAT THIS STUDY ADDS: TMP-SMX ADRs increased from 2000 to
2009, with the majority of children taking the antibiotic for skin
and soft tissue infections. The signiﬁcant increase in TMP-SMX
prescribing for these infections may result in a continued
increase of associated ADRs.

abstract
OBJECTIVE: To examine temporal trends of adverse drug reactions (ADRs)
associated with trimethoprim-sulfamethoxazole (TMP-SMX) use in children.
METHODS: We performed a retrospective observational study to characterize TMP-SMX ADRs in children between 2000 and 2009. We completed a chart review at our institution by identifying children
diagnosed with TMP-SMX ADRs. To compare local trends to comparable
institutions, we estimated the frequency of hospitalizations for TMP-SMX
ADRs at 25 tertiary pediatric hospitals utilizing the Pediatric Health Information System database. To determine whether changes in outpatient
prescribing rates occurred, we used the National Ambulatory Medical
Care Survey/National Hospital Ambulatory Medical Care Survey.
RESULTS: At our institution, 109 children were diagnosed with a TMPSMX ADR (5 cases from 2000 to 2004 as compared with 104 cases from
2005 to 2009). Fifty-eight percent had been treated for a skin and soft
tissue infection (SSTI). A similar trend was observed nationally, where
the incidence of TMP-SMX ADRs more than doubled from 2004 to 2009 at
comparable pediatric hospitals (P , .001). Although national outpatient
data revealed no change in overall TMP-SMX prescribing, the percentage of children prescribed TMP-SMX for SSTI sharply increased during
the study period (0%–2% [2000-2004]; 9%–17% [2005–2009]).
CONCLUSIONS: The majority of TMP-SMX ADRs at our institution occurred in conjunction with SSTI treatment. TMP-SMX ADRs have occurred
more frequently coincident with increased prescribing for SSTI. Increased usage alone may explain the increasing trend of TMP-SMX ADRs
in children; however drug–disease interaction may play a role and
requires further investigation. Pediatrics 2013;131:e103–e108
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Adverse drug reactions (ADRs) represent a signiﬁcant pediatric medical issue. A meta-analysis examining studies
of pediatric ADRs demonstrated 9.5% of
hospitalized children experience an
ADR.1 Over half a million children in the
United States seek outpatient medical
care annually due to ADRs; more than
half of these children are 0 to 4 years
old, and antimicrobial agents are the
most frequently implicated drug class
for inﬂicting an undesired effect.2 An
estimated 2% of all pediatric hospital
admissions have been attributed to
ADRs.3
Since approval in the United States
in the early 1970s, trimethoprimsulfamethoxazole (TMP-SMX) has long
been associated with a variety of
ADRs. Sulfonamides are one of the
most frequently encountered antimicrobial agents resulting in ED visits
secondary to undesired reactions.4
Although cutaneous reactions and gastrointestinal intolerance are the most
commonly reported undesired effects,
cytopenias and more severe reactions
such as Stevens-Johnson syndrome and
toxic epidermal necrolysis are associated with its use.5,6 A signiﬁcantly higher
incidence of TMP-SMX ADRs has been
described in patients with HIV with up to
40% of HIV-infected children developing
undesired drug reactions.7
The majority of published data concerning TMP-SMX ADRs in children are
associated with usage of TMP-SMX for
urinary tract infections (UTIs), otitis
media,gastroenteritis,or theprevention/
treatment of Pneumocystis jiroveci in
children with HIV/AIDS.7–10 With a wellrecognized increase of methicillinresistant Staphylococcus aureus (MRSA)
associated skin and soft tissue infections (SSTIs) over the past decade and
relatively few oral antimicrobial therapeutic options,11–14 we hypothesized
that the treatment of these SSTIs
would be accompanied by an increase
in TMP-SMX ADRs. Therefore, we sought
e104

to address 2 objectives. Our primary
objective was to examine temporal
trends in medical care sought for TMPSMX ADRs at our institution. A secondary objective was to examine trends in
TMP-SMX nationally and to evaluate
prescribing patterns for TMP-SMX in
ambulatory care, particularly in the
context of the MRSA epidemic.

METHODS
Study Design and Setting
A retrospective observational study
was performed to characterize clinical
and epidemiologic characteristics of
patients seeking medical care for TMPSMX ADRs. To address the primary objective of TMP-SMX ADRs at Children’s
Mercy Hospital (CMH), we conducted
a chart review of children identiﬁed as
having a TMP-SMX ADR to assess clinical and laboratory features associated
with the diagnosis. CMH is a 317-bed,
tertiary care, free-standing children’s
hospital in Kansas City, MO, that serves
a 5-state, 100-county region with ∼15 000
admissions yearly. For the secondary
objective, we used administrative data
to retrospectively examine pediatric
hospitalizations for TMP-SMX ADRs and
prescribing trends for TMP-SMX in
ambulatory care in the United States.
The study protocol was approved by
the CMH’s institutional review board.
Data Sources
TMP-SMX ADRs at CMH
We analyzed the health records of all
children who presented to the ED or
were admitted to CMH, between January 1, 2000, and December 31, 2009, with
the diagnosis of a TMP-SMX ADR. Patients were identiﬁed on the basis of
the International Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation (ICD-9-CM) E codes including
E931.9 (anti-infectives causing adverse
effects in therapeutic use) and E931.0
(sulfonamides causing adverse effects
in therapeutic use). ICD-9-CM codes
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were used because local ADR hospital
surveillance data were not available
during this time period and voluntary
reporting of ADRs by the clinician to
a national system (ie, the Food and
Drug Administration’s MedWatch program) can be variable.15 A patient was
included in the study if, in addition to
the ICD-9-CM codes, there was supporting documentation by the care
provider conﬁrming the ADR and that
the patient had been exposed to TMPSMX within 2 weeks of developing the
ADR. To enhance the speciﬁcity of
the diagnosis, those patients with no
documented history of TMP-SMX exposure were excluded from the study.
Data were extracted manually from
hospital charts by using a standardized data collection form. Medical
records were reviewed to identify the
following: setting (ED visit or inpatient
admission), indication for TMP-SMX
(UTI, SSTI, respiratory tract infection,
Pneumocystis jiroveci, enteritis, other),
age at presentation, race, clinical and
laboratory history including dermatologic (rash), mucus membrane involvement (conjunctiva/mouth/genitalia),
neurologic (fever, confusion), endocrine
(hyperkalemia), gastrointestinal (nausea, vomiting, diarrhea), hematologic
(thrombocytopenia, leucopenia, anemia), hepatitis, renal dysfunction (serum creatinine), angioedema/serum
sickness, severe life-threatening reactions (Stevens-Johnson syndrome, toxic
epidermal necrolysis, aplastic anemia,
hepatic necrosis), laboratory testing
conﬁrming acute viral infection, and
concurrent medications.
TMP-SMX ADRs at Tertiary Children’s
Hospitals
We used the Pediatric Health Information System (PHIS) database, which
is an administrative database maintained by the Children’s Hospital Association (CHA; formerly the Child Health
Corporation of America) in association
with over 40 member tertiary care,
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free-standing children’s hospitals across
the United States. Member hospitals
contribute patient level inpatient, ED, and
outpatient data to a central repository
maintained by Thompson Healthcare
(CHA’s contracted data manager). Rigorous data quality and reliability measures exist to ensure the integrity of
the stored data. Only hospitals with
complete data during the selected study
period were included in this analysis; 25
hospitals met this criterion. We examined the annual incidence of hospitalizations that included diagnosis of an
ADR due to TMP-SMX. We identiﬁed
hospitalizations with TMP-SMX ADRs
based on the presence of a discharge
diagnosis with the ICD-9-CM code for
sulfonamides causing adverse effects
in therapeutic use (E931.0). The study
population included patients #18 years
at CHA hospitals. We included data from
the 25 hospitals with complete billing
data for ED visits and hospital discharges from January 1, 2004, to December 31, 2009.
National Trends in Outpatient
TMP-SMX Prescriptions
To evaluate national trends in TMP-SMX
use for children in ambulatory care
settings, we analyzed data from the
National Hospital Ambulatory Medical
Care Survey (NHAMCS) and the National
AmbulatoryMedicalCareSurvey(NAMCS)
from 2000 to 2009. The National Center
for Health Statistics administers these
surveys annually to collect data from
a nationally representative sample of
ambulatory visits to nonfederally funded, ofﬁce-based physicians (NAMCS),
EDs (NHAMCS), and hospital outpatient
departments (NHAMCS). For each visit
sampled in the NAMCS or NHAMCS, the
National Center for Health Statistics
provides a weight equal to the inverse
probability of that visit being sampled.
These visit weights allow for the generation of nationally representative
estimates by using data collected in the
NAMCS and the NHAMCS.

In addition to examining TMP-SMX prescribing in all visits by children younger
than 18 years old, we separately considered visits that were speciﬁcally for
SSTI. Visits were characterized as for
SSTI if any of 3 diagnosis ﬁelds contained
an ICD-9-CM code consistent with skin
or soft tissue infection (680–686, 035,
110–111, 704.8, 728.0, 611/771.5, 728.86).
Among these visits, we determined the
annual percentage in which TMP-SMX
was prescribed. TMP-SMX was identiﬁed by using the Multum Lexicon
drug code d00124 (sulfamethoxazoletrimethoprim).
Statistical Analysis
Descriptive statistics were constructed
by using frequencies and proportions
forcategoricaldata elementsand means
for continuous variables. The MannWhitney U test, Pearson’s x 2 test, and
Fisher’s exact test were used to examine
differences in clinical characteristics
and laboratory ﬁndings between Children’s Mercy TMP-SMX ADR patients seen
in the ED and inpatient setting. Temporal
trends for the incidence of TMP-SMX
ADRs at children’s hospitals were evaluated by using a Mantel-Haenszel x2
test, and trends in the frequency of national outpatient TMP-SMX prescriptions
were examined by using logistic regression with year as a predictor variable. The incidence of TMP-SMX ADRs
from the PHIS database was normalized
to cases per 100 000 admissions to account for varying levels of patient loads
from year to year.

RESULTS
TMP-SMX ADRs at CMH
Of the 145 ADR cases identiﬁed by ICD-9CM codes at our institution, 109 (75%)
had a history conﬁrmed by chart review
of TMP-SMX exposure and symptoms
attributed to TMP-SMX ADRs by a clinician. Of the 36 excluded, 34 had no
discernable TMP-SMX exposure or had
no documented ADR and 2 had history of
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exposure to a non-TMP-SMX sulfa containing medication. All but 1 of the
subjects was identiﬁed by the ICD-9-CM
code E931.0 (sulfonamides causing
adverse effects in therapeutic use). All
patients who were evaluated both in our
hospital and the ED had been prescribed TMP-SMX before evaluation
at our institution, consistent with outpatient use. From 2000 to 2004, only
5 TMP-SMX ADRs were identiﬁed as
compared with 104 cases from 2005
to 2009. Fifty-eight percent (63/109) of
patients with a documented TMP-SMX
ADR had been treated for SSTI followed by 21% (23/109) for UTI (Fig 1). Of
the patients with TMP-SMX ADRs, 37%
(40/109) were hospitalized. Hospitalized
patients more frequently had mucous
membrane involvement, documented
fever, vomiting, or diarrhea (P , .01)
as compared with patients evaluated in
the ED (Table 1).
Trends in the Incidence of TMP-SMX
ADRs at Children’s Hospitals
From 2004to2009, a total of943 TMP-SMX
ADR cases occurred. The incidence of
TMP-SMX ADRs more than doubled in this
5-year period, increasing from 5 cases/
100 000 admissions to 13 cases/100 000
admissions (P , .001; Fig 2).
National Trends in TMP-SMX
Prescriptions
Between 2000 and 2009, TMP-SMX was
prescribed in an estimated average of
2.2 million ambulatory pediatric visits
per year in the United States. These 2.2
million visits per year were derived
from 2655 visits sampled in the NAMCS
and the NHAMCS. TMP-SMX was prescribed in 1% of ambulatory pediatric
visits during the study period, and there
was no time trend in proportion of
visits in which TMP-SMX was prescribed (P = .16). SSTI was diagnosed
in 13% of visits in which TMP-SMX was
prescribed. The frequency of TMP-SMX
prescribing for SSTIs increased substantially during the study period;
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FIGURE 1
Diagnosis for which TMP-SMX was prescribed in patients with subsequent TMP-SMX ADRs at our institution.

TABLE 1 Clinical and Laboratory Findings in Children With TMP-SMX ADRs at Our Institution
ED (N = 69)
Age, y, mean
Boy, n (%)
Clinical signs, n (%)
Rash
Mucous membrane involvement
Documented fever
Mental status changes
Vomiting
Diarrhea
Laboratory ﬁndings, n (%)
White blood cell count ,4.5
Hemoglobin level ,10.5
Platelet count ,150
Alanine aminotransferase .100

P

9.41
19 (48)

.08

66 (96)
5 (7)
4 (6)
0 (0)
4 (6)
0 (0)

37 (93)
19 (48)
23 (58)
2 (5)
12 (30)
6 (15)

.49
,.01
,.01
.13
,.01
,.01

4/7 (57)
0/7 (0)
1/7 (14)
0/5 (0)

11/38 (29)
10/38 (26)
11/38 (29)
9/31 (29)

.20
.32
.66
.30

whereas TMP-SMX was prescribed in
0% to 2% of visits for SSTI before 2005,
TMP-SMX was prescribed in 17% of
such visits in 2009 (Fig 3).

DISCUSSION
We found a signiﬁcant rise in the
number of ADRs associated with TMPSMX over a 10-year period at a single
free-standing children’s hospital with
a 20-fold increase in the number of
cases of TMP-SMX ADRs diagnosed at
our institution from 2000 to 2004 as
compared with 2005–2009. The majority of these patients had been receiving
TMP-SMX as outpatient therapy for
SSTIs. Additional investigation indicates
that this trend may be occurring at
other children’s hospitals in the United
e106

Hospitalized (N = 40)

8.36
21 (30)

States where we observed a threefold
increase from 2004 to 2009. This is likely
an underrepresentation of the true
scope of the problem as both our local
data and the PHIS data only represent
tertiary care pediatric institutions and
do not capture all potential cases evaluated at community hospitals or academic institutions not associated with
this database. The observed increase
may be due, at least in part, to greater
use of TMP-SMX in pediatric ambulatory
care settings for SSTIs.
Although there has been no change
in the overall use of TMP-SMX among
children in ambulatory care, our study
demonstrates a signiﬁcant increase in
usage for patients with SSTI. It is somewhat expected that the percentage of
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TMP-SMX used in children with SSTI
demonstrated a signiﬁcant increase
around 2005 as multiple studies have
conﬁrmed an increase in MRSA infections
approximating that time period.11–13 With
relatively few oral options for the empirical treatment of MRSA SSTI in the
outpatient setting (clindamycin, TMPSMX, tetracycline, and linezolid)14 and
the increasing rate of clindamycin resistance being reported in areas of the
United States,16 continued increases in
the prescribing of TMP-SMX are likely.
Such increased usage may be exacerbated by the limitations of alternative
oral options (eg, contraindication of
tetracyclines in children younger than
8 years of age or linezolid’s prohibitive
cost). Clinicians should be more vigilant than ever for ADRs associated with
TMP-SMX.
This observed association between an
increase in TMP-SMX ADRs in the setting
of SSTI therapy has not been investigated
from a pathophysiologic standpoint to
date. Existing studies examining TMPSMX associated ADRs in the pediatric
population have focused on patients
treated for recurrent UTIs, otitis media,
gastroenteritis, or in the setting of HIV
infection as these were the populations
most routinely prescribed TMP-SMX.7,9,10
HIV has historically been associated
with a signiﬁcantly higher rate of TMPSMX ADRs, though the responsible
mechanism remains unclear. The sulfonamide component of TMP-SMX has
traditionally been implicated as the
cause of severe ADRs. The proposed
pathway suggests bioactivation of
drug to a reactive metabolite that can
lead to immunogen formation or cellular toxicity. Because the relationship
between SSTI and TMP-SMX ADRs has
not been critically examined, it is unclear if this observed increase is potentially related to dosing, length of
therapy, repeat exposure due to recurrent infection, or disease–drug
interaction.
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FIGURE 3

of MRSA skin and soft tissues varies.
Incision and drainage of a simple, cutaneous abscess should serve as the
primary treatment and adjunctive antimicrobial therapy is often not indicated.14,20,21 Bacterial culture and
antimicrobial susceptibilities should
be obtained when drainage is performed on recurrent or persistent abscesses to aid in guiding antimicrobial
therapy if indicated.22 Due to the retrospective nature of this study, speciﬁc
reasons for selecting TMP-SMX to treat
an SSTI or other infection are unclear;
however, the general overuse of antibiotics in children is well described.23
Because TMP-SMX is a well-recognized
cause of ADRs, it is not unforeseen that
these unexpected and undesired reactions will continue to occur more frequently both locally and nationwide
with increasing use for treatment of
SSTI. This information serves as a reminder to all clinicians that the risk of
undesired and unpredictable ADRs is
currently unavoidable; therefore, potential risks and beneﬁts must be
considered at each patient encounter
in which a medication is being prescribed.

One also must recognize the challenges
of accurately diagnosing ADRs in general.
Although phenotype standardization of
serious ADRs has been proposed,17,18 the
diagnosis of an ADR can be challenging
as the differential diagnosis can be
broad, including infectious etiologies,
autoimmune diseases, or dermatologic
diseases. Currently, the diagnosis of
TMP-SMX ADRs is based on history and
clinical and laboratory ﬁndings, but no
conﬁrmatory test is available. Further
investigation and development of potential biomarkers could aid in the
diagnosis allowing for more precise
categorization of these undesired reactions and potentially, identiﬁcation of

This study was limited because the
chart review was retrospective in nature and the diagnosis of a TMP-SMX
ADR was determined by the clinician
without any speciﬁc inclusion criteria.
The clinical information recorded in the
charts varied by case, and detailed information on TMP-SMX dose, route of
administration, and duration of exposure were not regularly recorded. A
standardized clinical and physical history would be beneﬁcial for describing
and classifying ADRs. Future prospective studies may distinguish more
clearly highly suspected ADRs from
other causes of presenting symptoms.
Furthermore, additional cases could
have been overlooked if not coded
properly. Regardless, the symptoms
and concern of a TMP-SMX ADR resulted

FIGURE 2
Number of cases of TMP-SMX ADRs in hospitalized children.

Frequency of outpatient SSTI visits and TMP/SMX prescribing in children ,18 years with a primary
diagnosis of SSTI.

children at increased risk for more severe ADRs. Also, standardization of drug
exposure information reporting (ie, dose,
length of therapy, route) and recording
a detailed clinical history in suspected
ADR cases is important when establishing the diagnosis.
Finally, these results reiterate the fact
that medications are not without risk.
Adverse events can result in prolonged
hospital stay, increased health care
cost, and increased morbidity and
mortality.19 The prescribing clinician
should revisit the risks and beneﬁts of
medications with each patient encounter. For example, the indication for antimicrobial therapy in the management
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in seeking out additional medical care.
Utilization of the PHIS database has
recognized limitations as cases cannot
be individually reviewed for accuracy
and the diagnosis for which TMP-SMX
was being prescribed could not identiﬁed. Also, few hospitals provided validated data before 2004, making the
time period in which data could be
examined limited in scope.

Because TMP-SMX is a well-recognized
cause of ADRs, it is not unexpected
that these undesired reactions have
occurred more frequently with the observed increase in prescribing for SSTI.
Over 15% of all children diagnosed with
an SSTI in the United States in 2009 were
prescribed TMP-SMX in the outpatient setting.If clindamycin resistance continues

to increase in common MRSA strains,
we anticipate a continued increase in
TMP-SMX prescribing for SSTI. These
ﬁndings demonstrate the long recognized but possibly forgotten undesired
reactions associated with TMP-SMX. Consideration of the indication as well as the
potential harm associated with prescribing TMP-SMX is recommended before the initiation of therapy.
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