PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Prevalence of Streptococcal Pharyngitisand Streptococcal Carriagein Children:
A Meta-analysis
Nader Shaikh, EricaLeonard and Judith M. Martin
Pediatrics 2010;126;e557-e564; originally published online Aug 9, 2010;
DOI: 10.1542/peds.2009-2648

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://www.pediatrics.org/cgi/content/full/126/3/e557

PEDIATRICS isthe official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2010 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.pediatrics.org. Provided by Swets Info Services 44524075 on September 14, 2010


http://www.pediatrics.org/cgi/content/full/126/3/e557
http://www.pediatrics.org

ARTICLE

Prevalence of Streptococcal Pharyngitis and
Streptococcal Carriage in Children: A Meta-analysis

AUTHORS: Nader Shaikh, MD, MPH,2 Erica Leonard, MD®
and Judith M. Martin, MD¢

Divisions of @General Academic Pediatrics and °Pediatric
Infectious Diseases, University of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania; and *Swedish Family Medicine
Residency Program, Seattle, Washington

KEY WORDS
Streptococcus, carriage, pediatrics, prevalence, meta-analysis

ABBREVIATIONS
GAS—group A Streptococcus
Cl—confidence interval

www.pediatrics.org/cgi/doi/10.1542/peds.2009-2648
doi:10.1542/peds.2009-2648
Accepted for publication May 20, 2010

Address correspondence to Nader Shaikh, MD, MPH, Children’s
Hospital of Pittsburgh, General Academic Pediatrics, 3414 Fifth
Ave, Pittsburgh, PA 15213-2583. E-mail: nader.shaikh@chp.edu

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2010 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have
no financial relationships relevant to this article to disclose.

PEDIATRICS Volume 126, Number 3, September 2010

Downloajedefrrom www.pediatrics.org. Provided by Swets Info Services 44524075 on September 14, 2010

WHAT’S KNOWN ON THIS SUBJECT: The prevalence of group A \
streptococcal pharyngitis and carriage has not been
systematically studied.

WHAT THIS STUDY ADDS: In this meta-analysis the authors
provide clinicians with quantitative estimates of the prevalence of
GAS infection and carriage in children of various ages. j

OBJECTIVES: Prevalence estimates can help clinicians make informed
decisions regarding diagnostic testing of children who present with
symptoms of pharyngitis. We conducted a meta-analysis to determine
the (1) prevalence of streptococcal infection among children who pre-
sented with sore throat and (2) prevalence of streptococcal carriage
among asymptomatic children.

METHODS: We searched Medline for articles on pediatric streptococ-
cal pharyngitis. We included articles in our review when they contained
data on the prevalence of group A Streptococcus (GAS) from pharyn-
geal specimens in children who were younger than 18 years. Two eval-
uators independently reviewed, rated, and abstracted data from each
article. Prevalence estimates were pooled in a meta-analysis and strat-
ified according to age group.

RESULTS: Of the 266 articles retrieved, 29 met all inclusion criteria.
Among children of all ages who present with sore throat, the pooled
prevalence of GAS was 37% (95% confidence interval [Cl]: 32%—43%).
Children who were younger than 5 years had a lower prevalence of GAS
(24% [95% Cl: 21%—26%]). The prevalence of GAS carriage among well
children with no signs or symptoms of pharyngitis was 12% (95% Cl:
9%—14%).

CONCLUSIONS: Prevalence rates of GAS disease and carriage varied
by age; children who were younger than 5 years had lower rates of
throat cultures that were positive for GAS. Pediatrics 2010;126:
€557—e564
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Clinicians are frequently faced with
the decision of whether to obtain a
pharyngeal swab for rapid antigen
testing and/or culture to assess for
the presence of group A Streptococcus
(GAS) pharyngitis. Because GAS can
lead to serious sequelae, particularly
rheumatic fever, clinicians may be in-
clined to test children with the slight-
est suspicion of pharyngitis. Con-
versely, it is widely known that a
subgroup of asymptomatic children
have GAS detected in the pharynx as
part of their flora (hereinafter re-
ferred to as carriers of GAS).

Knowledge of the prevalence of GAS in-
fection among various subgroups of
children can assist clinicians in select-
ing children who are likely to benefit
from additional diagnostic testing. Us-
ing prevalence rates as an estimate of
the previous probability of disease is
the first step in evidence-based prac-
tice. In children with a very low pretest
probability of GAS pharyngitis, routine
diagnostic testing is not necessary. In
such children, an indiscriminate ap-
proach to diagnostic testing might
lead to more harm than benefit, espe-
cially if the rate of carriage of GAS is
high. Prevalence estimates also help
clinicians in the interpretation of test
results and in the treatment of chil-
dren with suspected GAS pharyngitis.
We conducted a meta-analysis of the
prevalence of GAS infection and car-
riage with the aim of providing clini-
cians with quantitative estimates for
children of various ages.

METHODS

We searched Medline (1950 through
November 4, 2008) for articles on GAS
pharyngitis or asymptomatic carriage
in children who were younger than 18
years (Fig 1). Search terms included
the following: Streptococcus infec-
tions (MeSH), streptococc*, pharyngi-
tis, sore throat, strep throat, throat
culture, tonsillitis, tonsillopharyngitis,
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579 References Identified
through MEDLINE search

—— 370 References Excluded (Not Relevant)

L

209 References
retrieved and
reviewed

180 References Excluded
42 No Data on streptococcal prevalence
33 No pediatric data on streptococcal prevalence
4 Duplicate data
3 Sore throat not required for inclusion
98 met criteria for exclusion
46 Required findings other than sore throat
25 Multiple cultures per child
8 Study inclusion criteria unclear
8 Prevalence for asymptomatic /symptomatic combined
7 Streptococcal strain not specified
2 Collected data during an epidemic
1 Specimen negative on rapid testing not cultured
1 Sample size not specified

A J

FIGURE 1

Flow diagram outlining the study selection process.

subclinical, carrier*, carriage, coloni*,
prevalence, incidence, and epidemiol-
ogy. We reviewed full-text versions of
articles that might contain data re-
garding prevalence of GAS infection
and/or carriage. Only articles that
were written in English, French, Italian,
Spanish, and German were reviewed.
Two evaluators (Drs Shaikh and Leo-
nard) independently abstracted data
from each article.

Explicit a prioriinclusion and exclusion
criteria were applied. We included an
article when it reported data on the
prevalence of GAS in children who pre-
sented to a clinician for evaluation of
sore throat. Only studies that used
throat cultures as the gold standard
were included; studies in which rapid
antigen tests were used were included
only when specimens that were

29 References
Included
[
v v v
18 References: 14 References: 3 References:
Asymptomatic Children with sore Both asymptomatic and
Children throat symptomatic children

negative on the rapid antigen test
were sent for culture confirmation. Al-
though streptococcal grouping is ide-
ally determined by using latex aggluti-
nation in a microbiological laboratory,
sensitivity to bacitracinis often usedin
an office setting; therefore, we decided
to include studies that used either test
and to investigate whether the results
differed on the basis of the test used.
Because we were interested in the point
prevalence of GAS, not the incidence of
GAS over time, longitudinal studies in
which the same child was cultured mul-
tiple times were excluded.

We excluded studies that (1) did not
specifically identify the Streptococcus
as group A, (2) included only children
who lived in isolated communities or
residential homes, (3) reported on an
unusual epidemic of GAS, (4) included
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a large proportion (>30%) of children
who had received antibiotics before
the throat culture, and (5) required
children to have signs and symptoms
other than sore throat (eg, required
fever). We excluded studies that did
not describe the exact signs and symp-
toms required for patient enroliment.
For example, some of the studies re-
viewed stated that enrollment was
based on the presence of “pharyngi-
tis.” Because pharyngitis may be de-
fined in many ways, when no additional
clarification was provided in the meth-
ods, these studies were excluded.

Because various studies enrolled chil-
dren of various ages, we planned to
group the studies into 2 clinically rele-
vant age categories: <5 years and 5 to
18 years. In a number of articles, how-
ever, the lower age cutoff was not
specified (eg, “we enrolled children
=15 years of age”). Because it is likely
that the majority of the children in
these studies were school-aged chil-
dren, we analyzed all articles that in-
cluded school children together de-
spite the different lower age cutoffs
used and examined the effect of the
age cutoff on the prevalence rates. Fi-
nally, when the original study pre-
sented data stratified by age, we used
the data in each stratum; therefore,
data from 1 article may appear in sev-
eral analyses. We also examined stud-
ies that reported streptococcal preva-
lence among asymptomatic children;
however, studies that included both
asymptomatic and symptomatic chil-
dren were excluded when data for the
groups could not be separated.

Quality Rating

We adapted a quality assessment sys-
tem for prevalence articles.! Two in-
vestigators (Drs Shaikh and Leonard)
assessed each study independently to
determine whether (1) the study was
prospective, (2) the study was consec-
utive (defined as the systematic and
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unbiased enrollment of potentially eli-
gible patients), and (3) children who
had recently (=30 days) used antibiot-
ics were excluded. We assessed these
quality indicators separately for each
article; a total quality score was not
calculated.?

Statistical Methods

Prevalence was calculated by dividing
the number of children with positive
cultures for GAS by the number of chil-
dren who underwent throat swabs.?
We pooled the prevalence estimates by
using standard meta-analytic tech-
niques. All reported confidence inter-
vals (Cls) represent the 95% Cls. We
planned regression analyses with re-
gard the following factors: lower age
limit of children included in the study
(see previous section), setting (emer-
gency department versus outpatient
clinic), and country (United States/
Canada/Europe/Australia versus oth-
ers), study quality (prospective, con-
secutive, excluded recent antibiotic
use), and year of publication.

We also examined the effect of season-
ality on prevalence rates by comparing
streptococcal prevalence from studies
that enrolled children during their re-
spective winter season (November
through April in the northern hemi-
sphere and May through September in
the southern hemisphere) with stud-
ies that enrolled children during the
entire year. For this particular analy-
sis, only studies that were conducted
in cities that were not located between
the Tropic of Cancer and the Tropic of
Capricorn were included.

Data were imported into Stata 10.1,
and a pooled estimate of GAS preva-
lence was calculated by using a
random-effects model with inverse-
variance weighting by using the Der-
Simonian and Laird method.* Statisti-
cal heterogeneity between and within
groups was measured by using the y?
test for heterogeneity.
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Because prevalence is clearly af-
fected by the spectrum of patients
included, we expected to find signifi-
cant heterogeneity among studies.
To deal with heterogeneity, we used
meta-regression to identify sub-
groups in which pooling may be
acceptable. Meta-regression, a mod-
ification of linear regression, investi-
gates the extent to which heteroge-
neity among studies is related to
various study characteristics. Fi-
nally, we used Galbraith plots to as-
sess visually which studies were the
most heterogeneous.

To evaluate the weight of particular ar-
ticles on the pooled estimates, we
performed influence analysis. This
method recalculates the pooled preva-
lence estimate omitting 1 study at a
time. We also conducted sensitivity
analysis by examining the effect of (1)
restricting the analysis to studies con-
ducted in the United States or Canada,
(2) restricting the analysis to studies
that were conducted in an outpatient
setting, and (3) excluding the most het-
erogeneous studies.

RESULTS

Description of Articles

A total of 515 articles were found
through the described search strat-
egy. From these, we retrieved 209
that were relevant for full-text review
(Fig 1). Twenty-nine articles met all cri-
teria for inclusion; 14 reported the
prevalence of GAS recovered from chil-
dren who presented with sore throat,
18 reported the prevalence of GAS car-
riage among asymptomatic patients,
and 3 reported both.

Prevalence of GAS Among Children
With Sore Throat

There was significant heterogeneity
(P<.001) among the estimates from
the 14 studies that reported data on
the prevalence of GAS among chil-
dren with sore throat (Table 1). On
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TABLE 1 Prevalence of GAS Infection Among Children Presenting With Sore Throat

Source Age Range, y N Setting Country Prevalence (%)
All ages
Romoin et al,™ 2005 512 916  Clinic  Egypt/Croatia/Brazil 33
Mclsaac et al,'® 2004 3—-17 454  Clinic  Canada 34
Mclsaac et al,'” 2000 3-14 158  Clinic  Canada 35
de Silva et al,’® 1998 312 137 Clinic  Srilanka 45
Mclsaac et al,” 1998 3-14 94  Clinic Canada 36
Gunnarsson et al,'" 1997 3-15 106  Clinic  Sweden 34
Dobbs et al,?® 1996 4-11 86  Clinic Ireland 48
Dagnelie et al,2' 1993 4-14 80  Clinic  Netherlands 58
Pichichero et al,?2 1992 <18 65463  Clinic  United States 23
Hoffman et al,25 1992 =14 466  Clinic  Denmark 42
Reed et al,2* 1990 <19 375 ED United States 33
Reed et al,> 1988 2-12 136 Clinic  United States 32
Feery et al, %6 1976 6-16 47 Clinic  Australia 45
Forsyth et al,2” 1975 =14 213 Clinic  United States 31
Pooled prevalence (95% CI) 37 (32-43)
Younger than 5y
Romoin et al,’® 2005 894  Clinic  Egypt/Croatia/Brazil 24
Gunnarsson et al,'" 1997 0-2 40  Clinic  Sweden 18
Feery et al, % 1976 0-5 30  Clinic  Australia 17
Pooled prevalence (95% CI) 24 (21-26)
ED indicates emergency department.
Author ES (95% Cl)
All ages]
Romoin 2005 - 0.33 (0.30, 0.36)
Mclsaac 2004 . 0.34 (0.30, 0.38)
Mclsaac 2000 —r 0.35(0.28, 0.42)
Mclsaac 1998 — 0.36 (0.26, 0.46)
de Silva 1998 —— 0.45 (0.37, 0.53)
Gunnarsson 1997 —— 0.34 (0.25, 0.43)
Dobbs 1996 —— 0.48 (0.37, 0.59)
Dagnelie 1993 —— 0.58 (0.47, 0.69)
Pichichero 1992 . 0.23 (0.22, 0.23)
Hoffman 1992 - 0.42 (0.38, 0.46)
Reed 1990 - 0.33 (0.28, 0.38)
Reed 1988 —r 0.32 (0.24, 0.40)
Ferry 1976 ——=—  0.45(0.31,0.59)
Forsyth 1975 —— 0.31(0.24, 0.37)
Subtotal <> 0.37 (0.32, 0.43)
Romoin 2005 4> 0.24 (0.21, 0.27)
Gunnarsson 1997 — 0.18 (0.06, 0.30)
Ferry 1976 _— 0.25 (0.01, 0.49)
Subtotal P 0.24 (0.21, 0.26)

FIGURE 2
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Prevalence

Prevalence (rectangles), 95% Cl (lines), and pooled prevalence rate (diamonds) of streptococcal
pharyngitis in children with sore throat, stratified by age.

stratified analysis, prevalence of GAS
carriage was lower in studies that in-
cluded only children who were
younger than 5 years as compared
with studies that included children of
all ages (P = .026). Accordingly, we
present separate analyses for GAS ac-
cording to age group (Fig 2).
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Only 3 studies provided data on the
prevalence of GAS in children who had
sore throat and were younger than 5
years (Fig 2). There was no heteroge-
neity among the estimates (P = .6)
from these 3 studies, and the pooled
prevalence of GAS was 24% (95% Cl:
21%—26%).

Fourteen studies presented data on
the prevalence of GAS among children
of all ages with sore throat. The pooled
prevalence of GAS from these studies
was 37% (95% Cl: 32%—43%). There
was substantial heterogeneity among
these studies (P<<.001).To explore the
reasons for this heterogeneity, we con-
ducted meta-regression and sensitiv-
ity analysis. On meta-regression, there
was no association between publica-
tion year, study quality, season, coun-
try, antibiotic use, laboratory test used
to determine streptococcal group, or
clinical setting and prevalence esti-
mates. Influence analysis showed that
omission of no single study signifi-
cantly affected the pooled prevalence
values. The Galbraith plot identified the
populations studied by Dagnelie and
Pichichero as the most heteroge-
neous; however, exclusion of 1 or both
of these studies did not significantly
alter the results; the prevalence of GAS
was 36% (95% Cl: 33%—39%) with both
studies excluded. Sensitivity analysis
revealed that prevalence of GAS was
very similar when the analysis was re-
stricted to studies that were con-
ducted in the United States or Canada
(37% [95% Cl: 31%—43%]). Restricting
the analysis to studies that were con-
ducted in an outpatient setting also did
not change the estimated significantly
(38% [95% Cl: 32%—43%).

Prevalence of GAS Carriage Among
Asymptomatic Children

Eighteen studies presented data on
GAS carriage among asymptomatic
children who were younger than 18
years (Table 2). There was significant
heterogeneity among the estimates
from the studies (P << .001).

On stratified analysis, prevalence of
GAS carriage was found to be lower in
studies that included only children
who were younger than 5 years as
compared with studies that included
children of all ages. Accordingly, we

Downloaded from www.pediatrics.org. Provided by Swets Info Services 44524075 on September 14, 2010


http://www.pediatrics.org

TABLE 2 Prevalence of GAS carriage Among Asymptomatic Children

Source Age Range, y N Setting Country Prevalence (%)
All ages
Unceta et al,2 2005 0.5-14 413 Clinic Spain 12
Kim et al,2 2004 School aged 581 School Korea 17
Fazeli et al,* 2003 6-13 1588  School Iran 11
Gur et al 3' 2002 6-16 1161 School Turkey 14
Attia et al,32 2001 1-18 194 Clinic/ED United States 15
Jasir et al % 2000 School-aged 1885  School Iran 21
Pichichero et al,** 1999 2-16 227 Clinic United States 3
Gunnarsson et al,'t 1997 3-15 565 School Sweden 10
Edmond et al,?° 1996 4-17 85 ED Australia 5
Cimolai et al,2 1991 2-18 247 Clinic Canada 13
Lieu et al,* 1988 1-17 100 ED United States 20
Hofkosh et al,5” 1988 3-15 414 Clinic United States 5
Reed et al,> 1988 2-12 96  Clinic United States 26
McMillan et al 3¢ 1986 4-18 307 Clinic United States 12
Ginsburg et al, % 1985 5-14 622  Clinic United States 5
Karoui et al,*0 1982 6-16 1041 School Kuwait 10
Feery et al, 26 1976 6-16 26 Clinic Australia 15
Koshi et al,*' 1971 <15 110 Clinic India 5
Pooled prevalence (95% CI) 12 (9-14)
Younger than 5y

Gunnarsson et al,'" 1997 0-2 216 School Sweden 3
Edmond et al,® 1996 0-3 50 ED Australia 10
Ginsburg et al,3 1985 0-5 740 Clinic United States 2
Feery et al, 26 1976 0-5 30  Clinic Australia 17
Pooled prevalence (95% CI) 4 (1-7)

ED indicates emergency department.

aCimolai N, Morrison BJ, MacCulloch L, Smith DF, Hlady J. Beta-haemolytic non-group A streptococci and pharyngitis: a

case-control study. Eur J Pediatrics. 1991;150:776 779

present separate analyses for GAS car-
riage according to age group (Fig 3).

Only 4 studies provided data on the
prevalence of GAS carriage in asymp-
tomatic children who were younger
than 5 years. Although there was some
remaining heterogeneity among the
estimates from these 4 studies (P =
.04), the small sample of studies
did not allow for meaningful meta-
regression or sensitivity analysis. The
pooled prevalence of GAS from these
studies was 3.8% (95% Cl: 1%—7%).

Eighteen studies provided data on the
prevalence of GAS carriage among
children of all ages. The pooled preva-
lence of GAS carriage in these studies
was 12% (95% Cl: 9%—14%). There
was substantial heterogeneity among
these studies (P < .001). On meta-
regression, none of the variables in-
vestigated (see Methods) was associ-
ated with the prevalence estimates.
Influence analysis showed that omis-
sion of no single study significantly
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changed the pooled prevalence esti-
mates. The Galbraith plot identified
the populations studied by Jasir and
Pichichero as the most heteroge-
neous; however, exclusion of 1 or both
of these studies did not significantly
alter the results; the pooled preva-
lence with both studies excluded was
1% (95% Cl: 9%—13%). Sensitivity
analysis revealed that the pooled prev-
alence was very similar when the anal-
ysis was restricted to studies that
were conducted in the United States or
Canada (11% [95% Cl: 7%—15%).

DISCUSSION

This study demonstrates that children
who present with sore throat have a
high probability of having GAS pharyn-
gitis: 37% of children who presented to
an outpatient clinic or emergency de-
partment with sore throat were found
to have a throat culture that was posi-
tive for GAS. The prevalence of GAS in
an unselected, office-based adult pop-

ARTICLE

ulation has been estimated to be in the
range of 5% to 10%.% The relatively high
probability of GAS disease and acute
rheumatic fever in school-aged chil-
dren, as compared with adults and
children who are younger than 5 years,
suggests that testing of school-aged
children who present with sore throat
is beneficial. This is in accordance with
the strategies endorsed by the Com-
mittee on Infectious Diseases of the
American Academy of Pediatrics® the
American Heart Association,” and the In-
fectious Disease Society of America.®

Only 3 studies provided data on the prev-
alence of GAS in children who were
younger than 5 years and had a sore
throat. In those studies, 24% of children
who were younger than 5 years and pre-
sented with sore throat were positive for
GAS; however, because acute rheumatic
fever occurs infrequently among pre-
school children,® more data are needed
to determine whether routine testing in
this age group is justified. It may be the
case that presence of other risk factors
(eg, age >3 years, older sibling with GAS
infection, other signs and symptoms)
can be used to select a subgroup of chil-
dren who have sore throat and would
benefit from routine testing.

Twelve percent of children who were
older than 5 years were found to be
carriers of GAS. This is in agreement
with previous epidemiologic studies to
date.'®'* Because it is not possible to
distinguish between a child who has a
viral infection and is a carrier for GAS
and a child who has an acute strepto-
coccal infection and because the prev-
alence of GAS carriage is relatively
high in the school-aged population
(~11in8), children who have repeated
episodes of sore throat and continue
to test positive for GAS should be care-
fully evaluated. Although posttreat-
ment cultures are unnecessary in the
majority of patients with GAS pharyngi-
tis,” in selected children with recur-
rent pharyngitis, posttreatment test-
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Author ES (95% Cl)

Unceta 2005 —— 0.12 (0.09, 0.15)
Kim 2004 —— 0.17 (0.14, 0.20)
Fazeli 2003 - 0.11 (0.09, 0.13)
Gur 2002 o 0.14 (0.12, 0.16)
Attia 2001 - 0.15 (0.10, 0.20)
Jasir 2000 — 0.21 (0.20, 0.23)
Pichichero 1999 —— 0.03 (0.00, 0.05)
Gunnarsson 1997 - 0.10 (0.08, 0.12)
Edmond 1996 — 0.05 (0.00, 0.10)
Cimolai 1991 —— 0.13 (0.09, 0.17)
Lieu 1988 ———— 0.20 (0.12, 0.28)
Reed 1988 ——— 0.26 (0.17,0.35)
Hofkosh 1988 - 0.05 (0.03, 0.07)
McMillan 1986 — 0.12 (0.08, 0.16)
Ginsburg 1985 - 0.05 (0.03, 0.07)
Karoui 1982 - 0.10 (0.08, 0.12)
Ferry 1976 —_— 0.15 (0.01, 0.29)
Koshi 1971 — 0.05 (0.01, 0.09)
Subtotal <> 0.12 (0.09, 0.14)
Gunnarsson 1997 —- 0.03 (0.01, 0.05)
Edmond 1996 —_— 0.10 (0.02, 0.18)
Ginsburg 1985 L 0.02 (0.01, 0.03)
Ferry 1976 e 0.17 (0.04, 0.30)
Subtotal <> 0.04 (0.01, 0.07)

! ! ! ! Prevalence
0 1 2 3
FIGURE 3

Prevalence (rectangles), 95% Cl (lines), and pooled prevalence rate (diamonds) of streptococcal
carriage in asymptomatic children, stratified by age.

ing may help to differentiate children
with true recurrent GAS pharyngitis
from carriers; children who are carri-
ers are likely to have persistent GAS
even after being treated with appropri-
ate antimicrobial agents.

A somewhat surprising finding was that
the prevalence of GAS infection and car-
riage did not vary significantly among
studies that enrolled children only in the
winter and those that enrolled children
all year. Previous longitudinal studies,
which are clearly better at identifying
seasonal trends, have convincingly doc-
umented that GAS is a seasonal disease.
There may be 2 reasons that this season-
ality was not observed in our analysis.
First, prevalence of GAS was not strati-
fied by season in most of the articles. As
such, we could not compare prevalence
rates from the winter months with the
prevalence rates in the rest of the year.

€562 SHAIKH et al

Rather, we compared studies that en-
rolled children only during the winter
with studies that enrolled children all
year long. No studies enrolled children
during the summer months only. In stud-
ies that enrolled children throughout
the year, the majority of children were
likely to have been enrolled during the
winter months; therefore, because of
how the data were reported, we were
limited in our ability to discern seasonal
trends in the data; our data do not con-
flict with the well-documented seasonal-
ity of GAS pharyngitis.

Our analysis had several limitations. The
first limitation relates to the paucity of
studies with data on children who were
younger than 5 years. Additional study
on the prevalence of GAS in preschool
children is warranted. Second, the heter-
ogeneity among studies could be consid-
ered a limitation. We used our clinical

judgment and results of the meta-
regression analysis to determine when
studies were “too different” to be pooled.
For example, rather than blindly pooling
data from all of the studies, we present
data for less heterogeneous subgroups
of patients on the basis of age. Much of
the remaining heterogeneity is likely at-
tributable to the differences in implicit
criteria used by investigators during en-
roliment. This would have led to differ-
ences inthe clinical spectrum of patients
who were included in various studies. In
other words, although all studies met
our inclusion criteria, the severity of
symptoms of the children enrolled may
have varied on the basis of the approach
of the investigators or the objectives of
the study. Nevertheless, by conducting a
comprehensive review of the literature
and by using strict a priori inclusion and
exclusion criteria, our results provide a
more complete picture of GAS preva-
lence than has previously been reported.
Our results were robust to changes in
the assumptions tested by sensitivity
analyses, and the pooled estimates have
relatively narrow Cls.

CONCLUSIONS

This study provides important informa-
tion for the clinician regarding the ex-
pected prevalence of GAS from pharyn-
geal specimens obtained from children
with sore throat and from children who
are asymptomatic. The pooled preva-
lence values presented in this study can
be used as an estimate of baseline prob-
ability and provide a basis for an
evidence-based approach to the treat-
ment of children with this frequently oc-
curring condition.
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