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REVIEW ARTICLE

Meta-analysis of Cephalosporin Versus Penicillin Treatment of Group A
Streptococcal Tonsillopharyngitis in Children

Janet R. Casey, MD,* and Michael E. Pichichero, MD‡

ABSTRACT. Objective. To conduct a meta-analysis of
randomized, controlled trials of cephalosporin versus
penicillin treatment of group A �-hemolytic streptococ-
cal (GABHS) tonsillopharyngitis in children.

Methodology. Medline, Embase, reference lists, and
abstract searches were conducted to identify randomized,
controlled trials of cephalosporin versus penicillin treat-
ment of GABHS tonsillopharyngitis in children. Trials
were included if they met the following criteria: patients
<18 years old, bacteriologic confirmation of GABHS ton-
sillopharyngitis, random assignment to antibiotic ther-
apy of an orally administered cephalosporin or penicillin
for 10 days of treatment, and assessment of bacteriologic
outcome using a throat culture after therapy. Primary
outcomes of interest were bacteriologic and clinical cure
rates. Sensitivity analyses were performed to assess the
impact of careful clinical illness descriptions, compliance
monitoring, GABHS serotyping, exclusion of GABHS
carriers, and timing of the test-of-cure visit.

Results. Thirty-five trials involving 7125 patients
were included in the meta-analysis. The overall summary
odds ratio (OR) for the bacteriologic cure rate signifi-
cantly favored cephalosporins compared with penicillin
(OR: 3.02; 95% confidence interval [CI]: 2.49–3.67, with
the individual cephalosporins [cephalexin, cefadroxil, ce-
furoxime, cefpodoxime, cefprozil, cefixime, ceftibuten,
and cefdinir] showing superior bacteriologic cure rates).
The overall summary OR for clinical cure rate was 2.33
(95% CI: 1.84–2.97), significantly favoring the same indi-
vidual cephalosporins. There was a trend for diminish-
ing bacterial cure with penicillin over time, comparing
the trials published in the 1970s, 1980s, and 1990s. Sen-
sitivity analyses for bacterial cure significantly favored
cephalosporin treatment over penicillin treatment when
trials were grouped as double-blind (OR: 2.31; 95% CI:
1.39–3.85), high-quality (OR: 2.50; 95% CI: 1.85–3.36) tri-
als with well-defined clinical status (OR: 2.12; 95% CI:
1.54–2.90), with detailed compliance monitoring (OR:
2.85; 95% CI: 2.33–3.47), with GABHS serotyping (OR:
3.10; 95% CI: 2.42–3.98), with carriers eliminated (OR:
2.51; 95% CI: 1.55–4.08), and with test of cure 3 to 14 days
posttreatment (OR: 3.53; 95% CI: 2.75–4.54). Analysis of
comparative bacteriologic cure rates for the 3 generations
of cephalosporins did not show a difference.

Conclusions. This meta-analysis indicates that the
likelihood of bacteriologic and clinical failure of GABHS
tonsillopharyngitis is significantly less if an oral cepha-

losporin is prescribed, compared with oral penicillin.
Pediatrics 2004;113:866–882; meta-analysis, cephalospo-
rin, penicillin, group A streptococcus, pharyngitis.

ABBREVIATIONS. GABHS, group A �-hemolytic streptococcal/
streptococci; OR, odds ratio; CI, confidence interval.

Penicillin has been the agent of choice for treat-
ment of group A �-hemolytic streptococcal
(GABHS) tonsillopharyngitis for the past 5 de-

cades as advocated by the American Heart Associa-
tion,1 the American Academy of Pediatrics,2 and the
World Health Organization.3 Since the early 1980s,
there have been studies showing an increase in
GABHS infection not cured by penicillin treat-
ment.4–6 In 2001, Kaplan and Johnson7 published a
meticulously designed study in which injectable ben-
zathine penicillin failed to eradicate GABHS in 37%
to 42% of children; oral penicillin failed in 35% of
children.

Cephalosporins have been used successfully for
the treatment of GABHS tonsillopharyngitis since
the early 1970s. Two prior meta-analyses comparing
cephalosporin and penicillin treatment for GABHS
tonsillopharyngitis have been published.8,9 Each of
those meta-analyses concluded that cephalosporin
treatment was superior in eradication of GABHS
from acutely ill children. Since the publication of the
last meta-analysis, 22 new randomized, comparative
trials in children have been published. The objective
of this study was to use updated and rigorous meta-
analysis methods to compare the relative efficacy of
cephalosporin and penicillin treatment of GABHS
tonsillopharyngitis in children in all available ran-
domized, controlled trials.4,5,10–42

METHODS

Trial Identification
Randomized, controlled trials comparing a cephalosporin and

penicillin in the treatment of GABHS tonsillopharyngitis in chil-
dren �18 years old were identified from Medline (1966–2000) and
Embase (1974–2000) searches. The searches had no language re-
striction; the search terms used were streptococcal pharyngitis/
tonsillitis, cephalosporin, and penicillin. Reference lists of relevant
publications were reviewed to identify additional trials. Abstracts
from Interscience Conference on Antimicrobial Agents and Che-
motherapy and Society for Pediatric Research meetings were
searched also to identify relevant trials that were unpublished.

Trial Selection and Quality
Trials comparing cephalosporin and penicillin treatment for

GABHS tonsillopharyngitis infections were independently re-
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viewed for inclusion by us according to the following criteria: 1)
patients �18 years old; 2) bacteriologic confirmation of GABHS
tonsillopharyngitis with a positive rapid antigen detection test
and/or a positive throat culture before treatment; 3) random
assignment to antibiotic-therapy groups comparing an orally ad-
ministered cephalosporin with an orally administered penicillin
for a 10-day treatment duration; and 4) assessment of bacteriologic
outcome using a throat culture after therapy. The Jadad scale was
used to assess the quality of the included trials. The scale assigned
scores from 0 to 5 (best quality trial) based on the following
criteria: 1) study participants were allocated randomly to treat-
ment by using an appropriate method such as a random-numbers
table; 2) the intervention was double blinded; and 3) an accounting
and description of study withdrawals was done.43

Data Abstraction and Definition of Terms
The primary outcomes of interest were: 1) bacteriologic cure,

defined as a failure to isolate GABHS by throat culture obtained
after completion of the antibiotic course; and 2) clinical cure,
defined as the resolution of or improvement in the presenting
signs and symptoms of GABHS infection after completion of the
antibiotic course and continuing throughout follow-up. Sensitivity
analyses were performed to assess the impact of careful clinical
illness descriptions, compliance monitoring, GABHS serotyping,
exclusion of GABHS carriers, and timing of the test-of-cure culture
on the bacteriologic and clinical cure rates. We independently
abstracted primary outcomes and sensitivity analysis data from
each trial using a data-extraction form. Differences were settled by
discussion, and consensus was reached. Additionally, where the
published data allowed, an attempt was made to identify and
eliminate GABHS carriers and recalculate the bacteriologic and
clinical cure rates. For this purpose, GABHS carriers were defined
as those patients who had isolation of GABHS on early or late
follow-up cultures without GABHS tonsillopharyngitis symp-
toms.

Data Analysis
Meta-analysis was performed on the complete trial data set as

well as trials grouped by decade: 1970–1979, 1980–1989, and
1990–1999. The meta-analysis was conducted using the Cochrane
Collaboration’s Revman 4.1 program (Cochrane Collaboration,
Oxford, England). Differences in bacteriologic cure rates after
cephalosporin treatment in comparison to penicillin treatment
were calculated and expressed as an odds ratio (OR) with 95%
confidence intervals (CIs). An OR �1 indicated a higher bacteri-
ologic cure rate for cephalosporin treatment, as compared with
penicillin treatment. ORs were calculated for individual trial out-
comes, and a summary OR was determined for trials grouped by
individual cephalosporin, by cephalosporin generation, by de-
cade, and overall using 2 methods: the Peto fixed-effects model,44

which assumes trial homogeneity, and the DerSimonian and Laird
random-effects45 model, which assumes trial heterogeneity. Sta-
tistical heterogeneity among trials was assessed by �2 analysis.46,47

Investigation of possible clinical heterogeneity was performed by
several stratified analyses: 1) grouping studies by decade; 2)
grouping studies by individual cephalosporin generation; and 3)
grouping studies by individual cephalosporins used. Sensitivity
analyses were conducted to assess the robustness of the overall
meta-analysis and to further investigate possible clinical hetero-
geneity among the trials by comparing summary ORs among
groups redefined by 1) excluding all trials that were not double
blinded, 2) excluding trials of a lower methodological quality
(Jadad score �2), 3) excluding trials that did not give specific
details of the clinical status of the patients, 4) excluding trials that
did not monitor compliance, 5) excluding trials that did not per-
form serotyping or genotyping of the GABHS organism isolated
on the initial and follow-up throat culture, 6) excluding trials that
did not define carriers and eliminate them from analysis, 7) ex-
cluding trials that did not perform the test-of-cure follow-up cul-
ture 3 to 14 days after completion of the antibiotic treatment, and
8) including abstracts of trials for which peer-reviewed papers
were not subsequently published. Bacterial cure rate trends be-
tween the 3 decades was calculated by using a z test for trends. A
funnel graph of the standard effect versus the OR was plotted to
determine whether publication bias existed.

RESULTS

Literature Search and Trial Inclusion
The Medline and Embase searches yielded 140

citations, 59 of which were randomized, clinical trials
comparing cephalosporin treatment with penicillin
treatment of GABHS tonsillopharyngitis. Two trials
not identified by Medline or Embase were retrieved
from reference listings, and 5 trials were identified
from abstract searches. Sixty-six citations were as-
sessed further according to inclusion criteria. Twenty
six of these trials were excluded from the meta-
analysis for the following reasons: 1) patient ran-
domization could not be determined from the text of
the article; 2) trial participants were predominantly
or all adults; 3) bacterial cure was not a measured
outcome; 4) the data presented were a republication
of previous data already included in trials in the
meta-analysis; or 5) the treatment was not for 10
days. This left 40 trials: 5 unpublished abstracts and
35 published trials for inclusion in the meta-analysis.

Methodologic Quality
The mean quality score for all trials was 2.3 (stan-

dard deviation: 1.3–3.3), of a maximum score of 5;
31% of the trials were of higher quality (Jadad score
�2). The mean quality score increased each of the 3
decades: 1.8, 2.2, and 2.6 for 1970–1979, 1980–1989,
and 1990–1999, respectively (Table 1). Of the 35 tri-
als, 6 were double-blind studies.18,20,28,29,31,40 The in-
vestigators were blinded to treatment allocation in 9
trials.5, 21,22,27,33,34,37,39,41 Three quarters of the studies
adequately described the reasons for patient drop-
outs for the overall study. Three trials provided in-
dividual dropout rates for each treatment
group.33,34,42 Nearly all patients who were dropped
from studies were dropped because GABHS was not
isolated on the initial throat culture.

Description of Trials
Twenty-six trials were conducted in the United

States.4,10–13,15–24,28,29,31–34,36–38,41,42 Twenty-four trials
were conducted in private practices,4,5,10–13,15–23,25,

27–29,31,32,34,35,38,42 7 trials were conducted in hospital
emergency departments and clinics,14,24,26,30,33,36,39

and 4 trials did not state the site at which they were
conducted.37,38,40,41 Six trials took place in the
1970s,10–15 11 took place in the 1980s,4,16–25 and 18
took place in the 1990s5,26–42 (Table 1). All trials
required isolation of GABHS on a throat culture.
Eleven trials5,27,31,33,35–38,40–42 used a rapid antigen
test at enrollment, but patients were dropped if
GABHS did not grow from the throat culture. Early
trials excluded patients with 1� growth of GABHS
on the initial throat culture in an attempt to avoid
enrollment of carriers. These excluded patients rep-
resented a small proportion of those considered for
enrollment. Two trials were conducted specifically
with patients who had recurrent GABHS tonsillo-
pharyngitis.5,40 All other trials did not specify inclu-
sion or exclusion of patients with recurrent GABHS
infections. Eleven different cephalosporins and 1 car-
bacephem were compared with penicillin in the 35
trials: 16 first-generation, 14 second-generation, and
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5 third-generation trials. Nine trials gave detailed
descriptions of patient signs and symptoms at enroll-
ment.11,13,21,22,25,29,31,37,42 Three trials provided no in-
formation on the clinical status of the patients at
enrollment.24,26,30 The remaining 23 trials stated that
the patients were acutely ill with tonsillopharyngitis.
Serotyping of the infecting streptococcal organism
was performed in the majority of the trials (24 of 35
trials). Genotyping in lieu of serotyping was done in
1 trial.41 When serotyping or genotyping was per-
formed, true bacterial failures could be differentiated
from reinfection with another serotype of GABHS.
The true bacterial failure rates were used in the meta-
analysis calculations. Carriers were specifically de-
fined and eliminated from analysis by the authors in
7 trials.12,15,24,27,29,38,42 Eleven additional trials had
sufficient details of the data to allow carriers, defined
as a patient with GABHS isolated on the test-of-cure
throat culture and no tonsillopharyngitis signs
and/or symptoms, to be identified and excluded
from analysis and to allow recalculation of new bac-
terial and clinical cure rates.4,11,16–18,20,22,25,31,32,39

The timing of the test-of-cure follow-up culture
varied among the trials. Most trials had an early and
a late follow-up culture. Follow-up test-of-cure cul-
tures were obtained between 3 and 14 days after
antibiotic completion in 9 trials, which is considered
the optimal timing.18,21,31,33,36–39,41 When possible,
bacteriologic and clinical cure rates used in this
meta-analysis were taken from the early follow-up
test-of-cure data to minimize the inclusion of GABHS
reacquisitions or new infections in the final cure
rates.

Specific compliance-monitoring methods used by
26 trials included tablet counts, record cards, urine
tests, and serum drug levels. The remaining 9
trials provided no information on compliance mon-
itoring or used parental or patient questioning
only.12,16,25,26,28,33,38,39,41

Outcome of Bacterial and Clinical Cure Rates
The primary outcome analyzed was the bacterial

cure rate, comparing cephalosporin with penicillin
treatment. The summary OR for bacterial cure in all
35 trials, including 7125 patients, was 3.02 (95% CI:
2.49–3.67) favoring cephalosporin treatment (P �
.00001) (Fig 1). The summary ORs for the trials per-
formed in each of the 3 decades (1970s, 1980s, and
1990s) were 2.06 (95% CI: 1.27–3.34), 2.84 (95% CI:
1.97–4.09), and 3.25 (95% CI: 2.49–4.23), respectively.
Cephalosporin treatment showed a trend toward in-
creasing superiority over penicillin treatment over
the past 3 decades; however, the trend did not reach
statistical significance (P � .09). Of 35 studies, 33 had
a point estimate that favored cephalosporins. In 19
trials, cephalosporin treatment was significantly su-
perior to penicillin treatment. One trial had a point
estimate favoring penicillin, but the results did not
reach significance.21 The bacterial cure rate did not
favor either antibiotic in 1 trial.15

Five trials did not report the primary outcome of
clinical cure. Therefore, the primary outcome of clin-
ical cure rate comparing cephalosporin with penicil-
lin treatment was assessed in 30 trials. The overall

summary OR for clinical cure rate in those 30 trials,
including 6448 patients, was 2.34 (95% CI: 1.84–2.97),
favoring cephalosporin treatment (P � .00001) (Fig
2). The summary ORs for the 30 trials performed in
each of the decades (1970s, 1980s, and 1990s) were
2.19 (95% CI: 1.25–3.85), 2.36 (95% CI: 1.65- 3.37), and
2.30 (95% CI: 1.62–3.26), respectively. The clinical
cure rate consistently favored cephalosporin treat-
ment over penicillin treatment; however, there was
not a significant difference between the decades
when trials were published (P � .5). Of 30 trials, 23
had a point estimate favoring cephalosporins. The
clinical cure rate in 11 trials reached significance
favoring cephalosporins as described in the report.
Three trials had point estimates favoring penicillin,
but the difference in the clinical cure rate did not
reach significance in any trial.17,28,31 The clinical cure
rate in 1 trial did not favor either antibiotic.15 Two
trials did not have an OR calculated because of 100%
clinical cure rate for both cephalosporin and penicil-
lin treatment.23,30

Sensitivity Analysis
To test the robustness of the overall summary ORs,

sensitivity analyses were conducted for the primary
outcomes of bacterial and clinical cure rate (Tables 2
and 3). Bacterial cure rates significantly favored
cephalosporin treatment when trials were grouped
as 1) double-blinded trials (P � .001), 2) high-quality
trials (Jaded score �2; P � .00001), 3) trials with
well-defined clinical status at diagnosis (P � .00001),
4) trials with detailed compliance monitoring (P �
.00001), 5) trials in which serotyping or genotyping
occurred (P � .00001), 6) trials that eliminated carri-
ers from analysis (P � .0002), and 7) trials with a test
of cure 3 to 14 days after antibiotic completion (P �
.008).

The robustness of the overall summary OR for
clinical cure was assessed. Sensitivity analyses for
the clinical cure rate significantly favored cephalo-
sporin treatment when trials were grouped as trials
with well-defined clinical status at diagnosis (P �
.03), trials with detailed compliance monitoring (P �
.00001), trials in which serotyping or genotyping oc-
curred (P � .00001), trials that eliminated carriers
from analysis (P � .00005), and trials with a test of
cure 3 to 14 days after antibiotic completion (P �
.006) (Table 3). When only those trials with a high-
quality score were analyzed (10 trials, 2301 patients),
the clinical cure rate significantly favored cephalo-
sporin treatment by a small margin (P � .04). Addi-
tionally, when only the 6 double-blinded trials were
analyzed (1432 patients), the clinical cure rate did not
significantly favor either cephalosporin or penicillin
treatment (P � 0.5).

Stratified Analysis of Cephalosporins
Eleven different cephalosporins (3 first generation,

4 second generation, and 4 third generation) and 1
carbacephem were included in 2 stratified analyses.
First, each individual cephalosporin was analyzed
compared with penicillin (Figs 3 and 4). Four ceph-
alosporins (cephaloglycin, cefixime, ceftibuten, and
cefdinir) had only 1 trial included in this analysis.
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Fig 1. Bacterial cure rate analysis: cephalosporin versus penicillin in the treatment of GABHS tonsillopharyngitis.
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Cephalexin (5 trials), cefadroxil (10 trials), cefaclor (3
trials), cefuroxime (4 trials), cefetamet (3 trials), cef-
prozil (2 trials), loracarbef (2 trials), and cefpodoxime
(2 trials) had �1 trial to combine and calculate indi-

vidual and summary ORs. When compared with
penicillin treatment, cephalexin, cefadroxil, cefu-
roxime, cefprozil, cefpodoxime, cefixime, ceftibuten,
and cefdinir were statistically superior in bacterial

Fig 2. Clinical cure rate analysis: cephalosporin versus penicillin in the treatment of GABHS tonsillopharyngitis.
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and clinical eradication of GABHS. Second, the trials
were grouped by cephalosporin generation and an-
alyzed to assess a treatment effect and assess heter-
ogeneity among the trials. The first-generation ceph-
alosporins, based on 16 trials (3119 patients)
evaluating bacterial cure rate, were statistically su-
perior to penicillin therapy (OR: 2.41; 95% CI: 1.90–
3.06; P � .00001); for 12 trials (2513 patients) evalu-
ating clinical cure rate the OR was 2.36 (95% CI:
1.76–3.16; P � .00001). The second-generation ceph-
alosporins showed similar results, with bacterial cure
rate superiority based on 14 trials (2139 patients; OR:
2.68; 95% CI: 1.74–4.13; P � .00001); for 13 trials
(2275 patients) evaluating clinical cure rate the OR
was 2.36 (95% CI: 1.78–3.13; P � .00001). Last, the
third-generation cephalosporins were evaluated in
five trials (1867 patients), and these too showed
higher bacterial cure rates compared with penicillin
(OR: 3.93; 95% CI: 2.52–6.13; P � .002); for clinical
cure the OR was 3.28 (95% CI: 1.99–5.41; P � .00001).

Heterogeneity
Tests for statistical heterogeneity were performed

for both primary outcomes by �2 analysis. There was
no heterogeneity among the 35 trials for bacterial
cure rate (P � .086), but heterogeneity was present
among the 30 trials for clinical cure rate (P � .004).
The summary and individual trial ORs were calcu-
lated by using both a fixed-effects model, which
assumes trial homogeneity, and a random-effects
model, which accounts for trial heterogeneity. Re-
sults are reported using the random-effects model,
because trial heterogeneity was present for 1 of the
primary outcomes but both methods yielded similar
results with no significant change in any of the ORs
(data not shown).

To further assess possible clinical and statistical

heterogeneity among the 35 trials, stratified and sen-
sitivity analyses were performed. We performed
stratified analyses for the trials grouped by the 3 past
decades, the 3 different generations of cephalospo-
rins, and trials of individual cephalosporins. Neither
of the primary outcomes (bacterial and clinical cure
rates) showed any statistical heterogeneity in the
1970s and 1980s, but heterogeneity was found among
the trials published in the 1990s (Figs 1 and 2).

Second, we examined statistical heterogeneity
among the trials involving individual cephalosporins
and found it among the 2 trials involving loracarbef
and in the 3 trials involving cefuroxime therapy (Figs
3 and 4). In 1 of these 3 trials,21 the average dose of
cefuroxime was 7 mg/kg per day, compared with
the recommended and approved dose of 30 mg/kg
per day (ie, cefuroxime was given at approximately
one quarter of the standard dose). Regrouping the
trials by specific confounders for sensitivity analysis
allowed additional evaluation of the presence of sta-
tistical heterogeneity. Heterogeneity was present
when only those trials performing serotyping were
analyzed. Third, we analyzed the data set for heter-
ogeneity among the trials of the 3 generations of
cephalosporins and found none among the first- and
third-generation cephalosporins, but heterogeneity
was found among the 14 trials involving second-
generation cephalosporins.

Publication Bias
The symmetrical, inverted funnel-shaped plot of

the ORs versus standard effect (Fig 5), as shown by
the wide scattering of ORs from small studies and
narrowing to a peak among large studies, suggests
no evidence of publication bias. Additionally, a sen-
sitivity analysis was performed that included 5 ab-
stracts of trials that were never published. The sum-

TABLE 2. Sensitivity Analysis of Primary Outcome: Bacterial Cure Rate

Description Ref Nos of Included Studies No of
Trials

No of
Participants

OR (95% CI)

All trials 4, 5, 10–42 35 7125 3.02 (2.49–3.67)
Double-blinded studies 18, 20, 28, 29, 31, 40 6 1432 2.31 (1.39–3.85)
Quality score �2 18, 20, 28–32, 34, 35, 40, 42 11 2673 2.50 (1.85–3.36)
Clinical status defined 11, 13, 21, 22, 25, 29, 31, 37, 42 9 2080 2.12 (1.54–2.90)
Compliance monitoring detailed 4, 5, 10, 11, 13–15, 17–24, 27, 29–32, 34–38, 40, 42 26 4906 2.85 (2.33–3.47)
GABHS typing performed 4, 5, 10, 11, 13, 15–18, 20–23, 25, 29, 31, 32, 34, 35,

37, 38, 40–42
24 5395 3.10 (2.42–3.98)

Carriers eliminated 12, 15, 24, 27, 29, 38, 42 7 1716 2.51 (1.55–4.08)
Follow-up test of cure 3–14 days

after therapy
18, 21, 31, 33, 36–39, 41 9 2398 3.53 (2.75–4.54)

TABLE 3. Sensitivity Analysis of Primary Outcome: Clinical Cure Rate

Description Ref Nos of Included Studies No of
Trials

No of
Participants

OR (95% CI)

All trials 4, 5, 11–13, 15–23, 25, 27–41 30 6448 2.33 (1.84–2.97)
Double-blinded studies 18, 20, 28, 29, 31, 40 6 1432 1.33 (0.62–2.83)
Quality score �2 18, 20, 28, 29–32, 34, 35, 40 10 2301 1.82 (1.03–3.21)
Clinical status defined 11, 13, 21, 22, 25, 29, 31, 37 8 1706 2.08 (1.06–4.06)
Compliance monitoring detailed 4, 5, 11, 13, 15, 17–23, 27, 29–31, 34–37, 40 22 4300 2.27 (1.73–2.97)
GABHS typing performed 4, 5, 11, 13, 15–18, 20–23, 25, 29, 31, 32, 34,

35, 37, 38, 40, 41
22 4906 2.55 (1.88–3.46)

Carriers eliminated 12, 15, 27, 29, 38 5 1322 2.62 (1.65–4.16)
Follow-up test of cure 3–14

days after therapy
18, 21, 31, 33, 36–39, 41 9 2398 2.49 (1.83–3.38)
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Fig 3. Bacterial cure rate analysis: individual cephalosporin analysis.
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mary OR for bacterial cure rate with the 5 abstracts
included48–52 (40 trials, 7880 patients) was 3.11 (95%
CI: 2.61–3.70). Inclusion of unpublished trials did not
result in a significant change in the overall summary
OR for all trials. Of the 5 unpublished trials, 3 re-
ported a clinical cure rate outcome.50–52 When those
3 trials were analyzed along with the 30 published
trials (6992 children), the summary OR for clinical
cure rate was 2.39 (95% CI: 1.91–2.99), which was not
a significant change from the overall summary OR
for clinical cure.

Secondary Analysis
Seven trials specifically described elimination of

carriers from their analysis. Eleven additional trials
(1452 children) had sufficient data in the text to allow

identification of probable posttreatment carriers, as
defined by those patients with isolation of GABHS
on any throat culture after completion of antibiotic
therapy and no signs or symptoms of acute GABHS
infection. Thus, 18 trials4,11,12,15–18,20,22,24,25,27,29,31,32,38,39,42

(3168 patients) were grouped together for a second-
ary analysis to determine bacterial and clinical cure
rates under circumstances in which, as best as pos-
sible, carriers were eliminated from analysis. The
overall summary OR for recalculated bacterial cure
rate was 2.65 (95% CI: 1.96–3.57), which still signifi-
cantly favors cephalosporin treatment (P � .00001).
Sixteen4,11,12,16,18,20,22,24,25,27,29,31,32,38,39,42 of 18 trials
had point estimates that favored cephalosporin treat-
ment, with 6 trials18,25,27,29,32,38 independently reach-
ing significance. One trial’s17 point estimate favored

Fig 3. Continued.
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Fig 4. Clinical cure rate analysis: individual cephalosporin analysis.
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penicillin treatment, and 1 trial’s15 point estimate
favored neither cephalosporin nor penicillin treat-
ment.

A similar procedure was followed for a secondary
analysis of the clinical cure rate with carriers eliminated
from analysis. Sixteen trials4,11,12,15–18,20,22,25,27,29,31,34,38,39

Fig 5. Funnel plot of OR versus stan-
dard effect for studies included in the
meta-analysis of primary outcome of
bacterial cure.

Fig 4. Continued.
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(2774 patients) were included in this analysis. The
overall summary OR for clinical cure rate was
2.61 (95% CI: 1.86–3.65), which significantly favors
cephalosporin treatment (P � .00001). Four-
teen4,11,12,16,18,20,22,25,27,29,31,34,38,39 of 16 trials had
point estimates that favored cephalosporin treat-
ment, with results of 4 trials25,29,34,38 independently
reaching significance. One trial’s17 point estimate fa-
vored penicillin treatment, and 1 trial’s15 point esti-
mate favored neither cephalosporin nor penicillin
treatment. Tests for heterogeneity among the 18 trials
used for the secondary analysis of bacterial cure rate
(P � .46) and the 16 trials used for the clinical cure
rate (P � .8) were not significant.

Sensitivity analyses were performed to assess the
robustness of the summary ORs for the secondary
analysis data set. In the sensitivity analysis for bac-
terial cure rate, cephalosporin treatment was favored
significantly over penicillin treatment when the trials
were grouped as double-blinded trials (5 trials, 1448
patients; P � .006), high-quality trials (5 trials, 1169
patients; P � .00002), trials with well-defined clinical
status at diagnosis (6 trials, 1563 patients; P � .005),
trials with detailed compliance-monitoring strategies
(13 trials, 2205 patients; P � .00001), trials with
GABHS typing performed (14 trials, 2770 patients;
P � .00001), and trials with follow-up culture 3 to 14
days after therapy (3 trials, 491 patients; P � .008)
(data not shown). The results from the sensitivity
analysis of the clinical cure rates were similar, ie,
cephalosporin treatment was favored significantly
over penicillin treatment in all groupings except the
3 trials (491 patients) with follow-up culture 3 to 14
days after therapy (P � .12) (data not shown).

DISCUSSION
This meta-analysis indicates that the likelihood of

bacteriologic failure of GABHS in children with ton-
sillopharyngitis is significantly less (P � .00001) if
an orally administered cephalosporin antibiotic (spe-
cifically cephalexin, cefadroxil, cefuroxime, cefpo-
doxime, cefprozil, cefixime, ceftibuten, or cefdinir) is
used for treatment compared with an orally admin-
istered penicillin. This likelihood of a higher success
rate has increased over the 3 decades since cephalo-
sporins were first studied as therapy; the observed
trend occurred as a consequence of more frequent
penicillin failures over time, in agreement with other
studies.53 Using the rigorous methodology of the
Cochrane Collaboration meta-analytic approach cur-
rently available, this conclusion confirms, strength-
ens, and extends similar conclusions in prior meta-
analyses,8,9 studies,6,8,54 and reviews.54–57

This meta-analysis demonstrates that oral cepha-
losporins, when grouped together as an antimicro-
bial class, are superior to penicillin in the eradication
and clinical cure of GABHS. However, clinicians do
not prescribe a class of antibiotics when treating
GABHS tonsillopharyngitis; therefore, it was impor-
tant to evaluate each of the cephalosporins individ-
ually. Eight of the 11 individual cephalosporins were
statistically superior in the eradication and clinical
cure of GABHS tonsillopharyngitis. Three cephalo-
sporins (cefaclor, cephaloglycin, and cefetamet prox-

etil) and loracarbef were statistically equivalent to
penicillin in bacterial eradication and clinical cure of
GABHS, although there is a trend toward their su-
periority. The sample size in each of the trials involv-
ing these 4 drugs was small, and the studies may not
have had the statistical power to demonstrate differ-
ences.

In tonsillopharyngitis, the primary outcome and
antibiotic treatment goal of interest is eradication of
GABHS. Eradication is necessary to prevent nonsup-
purative and suppurative sequelae,58 to eliminate
contagion,59 and to produce a more rapid symptom-
atic resolution of the illness.60 Because of the ease
with which a throat swab can be obtained, we have
the advantage in studies of this illness of being able
to measure the primary outcome of interest clearly.
Nevertheless, there are trial design complexities that
need to be addressed in a meta-analysis of GABHS
tonsillopharyngitis trials that were not addressed in
either of the 2 meta-analyses published previously.8,9

Also, sensitivity analyses were not included in those
previous papers. To overcome these shortcomings,
we adopted the Cochrane Collaboration meta-analy-
sis methodology and performed sensitivity analyses
for identified confounders.61

In this meta-analysis, we included only studies
that had randomized allocation of therapy, which
resulted in 2 studies being dropped that had been
included in a prior meta-analysis.8 Second, abstracts
were dropped from the primary analysis but in-
cluded in a sensitivity analysis to account for publi-
cation bias that might have been introduced by not
including unpublished data in the primary analy-
sis.62 To determine whether the statistically superior
bacterial cure rates produced by the cephalosporins
compared with penicillin would hold true when spe-
cific trial methodologic designs were grouped and
analyzed, sensitivity analysis was done. We ana-
lyzed the subset of higher quality studies: those that
had randomized, double-blinded treatment alloca-
tion (n � 6) and those with Jadad scores �2 (n � 11).
Cephalosporin therapy was more likely to result in
GABHS eradication for both trial subsets. Not all
trials gave details of the patient’s signs and symp-
toms, and it is important to know that patients being
studied in the trials had acute pharyngitis; thus we
analyzed only those trials that fully detailed the pa-
tient’s clinical status at enrollment. For those 9 trials,
the odds of bacterial cure were more likely with
cephalosporin treatment. Compliance with the as-
signed therapy is an important variable when assess-
ing a treatment’s effects, especially when there is a
compliance barrier such as taste in the case of peni-
cillin V. Twenty-six trials reported detailed compli-
ance-monitoring methods and included only compli-
ant patients in the analysis. In those trials,
cephalosporin treatment was significantly superior
to penicillin treatment. Serotyping of the GABHS
organisms at the time of inclusion in the study and at
failure allows for the differentiation of failures from
reinfections. Without these data, failure rates could
be elevated falsely. Serotyping was performed in 24
trials, and for those trials, cephalosporin treatment
resulted in bacterial cure more often than penicillin
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treatment. Test-of-cure timing is an important vari-
able in the interpretation of cure rates, because if the
follow-up culture is done too soon, the persisting
bacteriostatic effect of prior antibiotic therapy might
allow the false conclusion that eradication has oc-
curred. Or, if the follow-up culture is done too long
after completion of therapy, intercurrent new infec-
tions contaminate the outcome analyses. It has been
suggested that the test-of-cure evaluation should op-
timally take place within 3 to 14 days of completion
of therapy. Nine trials had the test-of-cure cultures
obtained in the optimal window, and for those trials,
the OR favoring cephalosporin treatment was more
likely to result in bacterial cure from penicillin treat-
ment. As with the bacteriologic outcome, sensitivity
analysis was undertaken for clinical cure rate data to
address issues of differing methodology among the
included trials. The overall results and conclusions
were nearly identical.

The failure to exclude or the unintentional enroll-
ment of GABHS carriers in clinical trials comparing
cephalosporins with penicillin is a concern. In the
clinical setting in which comparative tonsillopharyn-
gitis antibiotic trials occur, the incidence of GABHS
carriers is �2% to 10%.63–65 Penicillin is poorly effec-
tive in eradication of GABHS carriers,66–69 whereas
cephalosporins are effective.65,70,71 Therefore, the in-
clusion of a high proportion of carriers would yield a
more favorable outcome with cephalosporins, al-
though the clinical importance would be lessened
because carriers generally are less contagious to oth-
ers and usually are not harmed by the GABHS. Be-
cause this issue is so important and contentious, we
approached it with special attention by using 3 sep-
arate analyses.

First, a sensitivity analysis was performed includ-
ing only those trials for which the investigators
stated in the methods that they specifically at-
tempted to exclude carriers. In those 7 trials, involv-
ing 1716 patients, bacteriologic eradication was more
likely to be achieved with the cephalosporins com-
pared with penicillin. Second, to increase the robust-
ness of the data set, we derived from tables and/or
figures of the trial results that subset of patients with
positive GABHS throat cultures plus signs and
symptoms of acute pharyngitis at the test-of-cure
visit; these symptomatic patients would most likely
have bona fide persisting infection. Typically, these
data were not in the abstract and sometimes not
stated explicitly by the authors. This undertaking
allowed the addition of 1452 patients from 11 addi-
tional trials to the 7 trials described above. Virtually
identical results favoring cephalosporins were ob-
tained.

Third, the clinical cure rates reported in the trials
were subjected to meta-analysis. Patients with
GABHS tonsillopharyngitis clinically improve over
time with or without antibiotic therapy. Therefore,
measurement of clinical response during the 10-day
treatment is largely meaningless in antibiotic trials.
However, after completion of therapy, some patients
relapse or recur with symptoms and signs of tonsil-
lopharyngitis and GABHS are recovered on a throat
swab. Those patients more likely have bona fide

renewed risks for suppurative and nonsuppurative
sequelae and are less likely to be GABHS carriers.
The likelihood of clinical cure (plus bacteriologic
eradication of GABHS) was higher after cephalospo-
rin than penicillin treatment.

Meta-analysis incorporates existing biases and in-
troduces new biases.72,73 To minimize bias during
trial selection, we used predetermined inclusion cri-
teria. Publication bias was assessed by a funnel
plot,74 and no bias was evident. A recent study sug-
gested that publication bias may also be present if
unpublished abstracts are not included in the analy-
sis of a new treatment versus an older treatment.75

As such, we searched, found, and included abstract
publications of trial results that did not later become
full, published papers in a sensitivity analysis, and
no changes in results or conclusions occurred. We
used the Jadad scale to assess study quality.43 Most
of the trials scored �3 because of the lack of double
blinding, and a lack of double blinding may lead to
larger estimates of differences in treatment effects,76

especially for subjective outcomes such as clinical
response. Many trials failed to account for dropouts
fully in terms of numbers and explanations, and
many did not state the method of randomization.

Statistical and clinical heterogeneity is a potential
concern in this meta-analysis. Therefore, the more
conservative random-effects model, which takes into
account trial heterogeneity, was used in all statistical
analyses. To explore possible sources of clinical het-
erogeneity, we performed stratified analysis of the
individual cephalosporins and of the 3 generations of
cephalosporins. A third stratified analysis on the
time frame during which the trials were conducted
(1970–1999) identified a trend for larger differences
between cephalosporins and penicillin for bacterio-
logic cure in recent years. Generally, no significant
heterogeneity was found.

We and others have speculated that cephalospo-
rins may be more effective than penicillin in eradi-
cation of GABHS from the tonsillopharynx for 3 rea-
sons: 1) the presence of �-lactamase-producing
copathogens that inactivate penicillin but not cepha-
losporins in vivo8,77–82; 2) penicillin is more effective
in eradicating �-streptococci in the tonsillopharynx
than cephalosporins, and these commensals repre-
sent ecological competitors with GABHS in the
throat83–86; and 3) cephalosporins achieve sustained
adequate bactericidal drug levels in the tonsillophar-
ynx throughout the course of therapy because of
their improved pharmacokinetic and pharmacody-
namic profile compared with penicillin, the pharma-
cokinetic and pharmacodynamic profile of which
suggests rapidly diminishing tissue levels as inflam-
mation subsides over time.87–92

The difference between the cephalosporins and
penicillin bactericidal cure rates for GABHS tonsil-
lopharyngitis seems to be increasing. We have
described and documented this phenomena previ-
ously,53,57 and in this meta-analysis, the same obser-
vation occurred. There is no evidence to explain why
this drop in penicillin cure rate has occurred; how-
ever, it has been observed by multiple investigators,
in multiple countries, and in multiple studies.5,6,7,54,90
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It may be that the presence of �-lactamase copatho-
gens is increasing with time as a consequence of
ongoing widespread use of antimicrobials and the
increased selection of �-lactamase-producing oro-
pharyngeal flora, leading to their increased preva-
lence.

Injudicious antimicrobial use is a growing concern
and has produced a circumstance under which selec-
tion of resistant strains and clonal spread has oc-
curred. There is no clear evidence that cephalospo-
rins are more effective in selecting resistant strains
than other �-lactam antibiotics, but the broader spec-
trum of the cephalosporin class has been noted as a
concern. If cephalosporins were to join penicillin as a
treatment of choice for GABHS tonsillopharyngitis, it
is unclear whether this would increase selection
pressure. In addition, there is a concern of acquisi-
tion costs, because many of the cephalosporin anti-
biotics are more expensive than penicillin or amoxi-
cillin. In this regard, we did undertake an analysis of
the various generations of cephalosporin antibiotics.
Because penicillin bacteriologic failure rates have in-
creased over time, there is an appearance that more
expensive third-generation cephalosporins may have
higher efficacy. The fact that the third-generation
cephalosporins were evaluated more recently (when
penicillin failure rates were higher) gives the appear-
ance of higher efficacy. Actually, our analysis sug-
gests that the bacteriologic eradication rate of the
different generations of cephalosporins is not signif-
icantly different. This finding in part may address
the acquisition-costs issue, because first-generation
cephalosporins are of narrower spectrum and lower
acquisition cost than second- and third-generation
agents.

CONCLUSIONS
Our findings clearly show that the likelihood of a

bacteriologic and clinical cure of GABHS tonsillo-
pharyngitis in children is significantly higher after 10
days of oral cephalosporin therapy with cephalexin,
cefadroxil, cefuroxime, cefpodoxime, cefprozil, ce-
fixime, ceftibuten, or cefdinir than after 10 days of
oral penicillin. These findings do not apply to adults,
nor was the analysis extended to shortened course
therapies.93,94 The trend for a more frequent oral
penicillin treatment failure over the past 3 decades is
of concern. Penicillin is inexpensive, narrow in spec-
trum, and endorsed by many treatment guidelines as
the sole agent of choice.1–3 Cephalosporins are more
expensive and have a broader spectrum of antibac-
terial activity. On the other hand, the acquisition cost
of the antibiotic represents a very small percentage of
the total cost of management of a patient with
GABHS tonsillopharyngitis.95 Additional medical
visits and loss of school and work productivity rep-
resent the largest cost of treatment failure. We would
advocate the addition of cephalosporins as a treat-
ment of choice for GABHS tonsillopharyngitis based
on our finding that these agents more often produce
bacteriologic eradication and clinical cure compared
with penicillin.
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THE NEW FDA

“It is 2004. The Food and Drug Administration has received a slew of reports that
an artificial heart valve fails when patients also take certain medications. The
agency concludes that alerting the medical community will save lives. No go: a
new federal rule requires that the FDA first assemble outside experts to meet,
review the evidence and write a report. Although the ‘peer review’ grinds on,
dozens more heart patients die.”

Begley S. White House seeks standard for range of studies. Wall Street Journal. December 5, 2003
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