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Treatment of Streptococcal Pharyngitis With Once-Daily
Compared With Twice-Daily Amoxicillin

A Noninferiority Trial
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Background: Two relatively small previous studies comparing once-
daily amoxicillin with conventional therapy for group A streptococcal
(GAS) pharyngitis reported similar rates of bacteriologic success for
each treatment group. The purpose of this study was to further evaluate
once-daily amoxicillin for GAS pharyngitis in a larger study.
Methods: In a single pediatric practice, from October through May
for 2 consecutive years (2001-2003), we recruited children 3 to 18
years of age who had symptoms and signs suggestive of GAS
pharyngitis. Patients with a positive rapid test for GAS were strat-
ified by weight (<40 kg or =40 kg) and then randomly assigned to
receive once-daily (750 mg or 1000 mg) or twice-daily (2 doses of
375 mg or 500 mg) amoxicillin for 10 days. We determined bacterio-
logic failure rates for GAS in the pharynx from subsequent swabs taken
at 14 to 21 (visit 2) and 28 to 35 (visit 3) days after treatment initiation.
We conducted a randomized, controlled, investigator-blinded, noninfe-
riority trial to evaluate whether amoxicillin given once daily would
have a bacteriologic failure rate no worse than that of amoxicillin given
twice daily within a prespecified margin of 10%. GAS isolates were
characterized to distinguish bacteriologic failures from new acquisi-
tions. Adverse events were described and adherence was evaluated by
review of returned daily logs and dosage bottles.

Results: Of 2139 potential study patients during the 2-year period,
we enrolled 652 patients, 326 into each treatment group. Children in
the 2 groups were comparable with respect to all demographic and
clinical characteristics except that children <40 kg more often
presented with rash in each treatment group. At visit 2, failure rates
were 20.1% (59 of 294) for the once-daily group and 15.5% (46 of
296) for the twice-daily group (difference, 4.53%; 90% confidence
interval [CI], —0.6 to 9.7). At visit 3, failure rates were 2.8% (6 of
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216) for the once-daily group and 7.1% (16 of 225) for the twice-
daily group (difference, —4.33; 90% CI, —7.7 to —1.0). Gastroin-
testinal and other adverse events occurred in the once-daily treat-
ment group with a frequency comparable to that in the twice-daily
treatment group. Presumed allergic reactions occurred in 0.9% (6 of
635). More than 95% (516 of 541) of patients complied with 10 days
of therapy with no significant differences between groups.
Conclusions: We conclude that amoxicillin given once daily is not
inferior to amoxicillin given twice daily. Gastrointestinal and other
events did not occur significantly more often in the once-daily treatment
group. From the data in this large, investigator-blinded, controlled
study, once-daily amoxicillin appears to be a suitable regimen for
treatment of GAS pharyngitis.

Key Words: group A streptococcus, Streptococcus pyogenes,
streptococcal, pharyngitis, tonsillopharyngitis, amoxicillin,
once-daily therapy, noninferiority trial

(Pediatr Infect Dis J 2006;25: 761-767)

Penicillin has been the recommended treatment of group A
streptococcal (GAS) pharyngitis since the American Heart
Association recommendations were first published in 1953.'
Guidelines developed for the Infectious Diseases Society of
America in 19977 and again in 2002° included the recommen-
dation that penicillin is the antimicrobial agent of choice for
GAS pharyngitis. However, the panel also stated that “Amoxi-
cillin is often used in place of oral penicillin V in young children;
the efficacy appears to be equal. The choice is primarily related
to acceptance of the taste of the suspension.”

Further refinement of the treatment of GAS pharyngitis
may lead to added convenience for parents and caregivers and
also to improved patient adherence to the regimen. In a
meta-analysis of clinical trials comparing dosing frequencies
of 10-day courses of penicillin or amoxicillin for GAS phar-
yngitis, Lan and Colford* concluded that twice-daily penicil-
lin was as efficacious as more frequent dosing regimens but
that once-daily dosing with penicillin was less efficacious
than more frequent dosing regimens. Once-daily dosing reg-
imens with other drugs (eg, cephalosporins, azithromycin) as
well as shorter length of treatment courses for GAS pharyn-
gitis have been studied, but these drugs have a broader spectrum
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of coverage and are more expensive or are in the macrolide
group in which resistance occurs.’ Bass et al,® in a commentary
on Lan and Colford’s meta-analysis, suggested that amoxicillin,
with its longer serum half-life, should be considered in once-
daily doses. Two published studies to date have addressed this
issue. Shvartzman et al” compared once-daily amoxicillin (50
mg/kg per day; maximum, 750 mg) with penicillin (250 mg per
dose 3 or 4 times a day) for 10 days and found amoxicillin given
once daily was as effective as conventional penicillin therapy for
GAS pharyngitis. Feder et al® compared treatment of GAS
pharyngitis with 3 daily doses of penicillin (250 mg per dose)
and once-daily amoxicillin (750 mg) for 10 days. The 2 treat-
ment methods were equally effective in eradication. Small num-
bers of patients in each of these studies (fewer than 80 subjects
in each treatment arm for each study were included) preclude
definitive conclusions. We decided to conduct a larger study in
an effort to demonstrate that amoxicillin given once daily is not
inferior to amoxicillin given twice daily for treatment of GAS

pharyngitis.

METHODS

Study Participants. Patients were 3 to 18 years of age pre-
senting with sore throat to an office of 8 pediatricians and 2
nurse practitioners during the months of October through
May for the 2 consecutive years 2001 to 2003. Criteria for
inclusion in the study included clinical symptoms and signs
consistent with GAS pharyngitis (fever, sore throat, pain on
swallowing, pharyngeal erythema, tonsillar exudate, soft pal-
ate petechiae and/or tender cervical nodes), the absence of
findings making viral illness more likely (primary symptoms
of cough, coryza and hoarseness; diarrhea; conjunctivitis; and
viral exanthem/enanthem),” and a positive rapid test for GAS,
always confirmed by a conventional culture positive for GAS.
Patients were excluded if there was a history of penicillin or
amoxicillin allergy, treatment with an oral antimicrobial in
the past week, treatment with a long-acting parenteral penicillin
in the past 4 weeks, 3 or more culture-confirmed episodes of
GAS pharyngitis in the previous year, known streptococcal
carriage or immune suppression. The study protocol was ap-
proved by the Institutional Review Board of Presbyterian
Healthcare, Novant Health, Charlotte, NC. Written informed
consent was obtained from a parent (and assents from those
patients who were over 12 years of age) before enrollment.
Study Design. Patients were stratified on the basis of weight
(<40 kg or =40 kg) and then, within each weight group,
randomly assigned by the study nurse on a 1:1 basis to receive
either once- or twice-daily amoxicillin by sequential selection
from a computer-generated set of random numbers. The inves-
tigators and clinicians providing care for children and enrolling
patients as well as the microbiologists were blinded to treatment
assignment for the duration of the study. A study nurse collected
the baseline information, made the assignments, provided the
study drugs, and collected the follow-up information and throat
swabs.

Because there are no published recommended dosages
for once- or twice-daily amoxicillin for GAS pharyngitis, we
derived a treatment regimen by examining: 1) the 2 stud-
ies evaluating once-daily amoxicillin for GAS pharyngitis
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(Shvartzman’ used once-daily amoxicillin at 50 mg/kg per
day, maximum 750 mg, and Feder® used once-daily amoxi-
cillin at 750 mg for all children), 2) the Red Book’s sugges-
tion of using penicillin for GAS pharyngitis of 500 mg 2 or
3 times per day for adolescents and adults,'® and 3) the
suggestion in the Physicians’ Desk Reference (PDR) of using
amoxicillin for mild/moderate ear, nose and throat infections
at 500 mg every 12 hours or 250 mg every 8 hours for adults
and 25 mg/kg per day divided every 12 hours or 20 mg/kg per
day divided every 8 hours for children. The PDR suggests
also that the “The children’s dosage is intended for individ-
uals whose weight is less than 40 kg. Children weighing 40
kg or more should be dosed according to the adult recom-
mendations.”"! A weight, rather than an arbitrary age, crite-
rion was used because this is also closer to common practice.
Patients were allowed to select a liquid or tablet/capsule
formulation.

Thus, for children <40 kg, the dosage for amoxicillin
was 750 mg once daily or 375 mg twice daily. For children
=40 kg, the dosage for amoxicillin was 1000 mg once daily
or 500 mg twice daily. All treatment courses were for 10
days. In the event of clinical recurrence, bacteriologic failure
at the follow-up visits, or allergy to amoxicillin during the
course of therapy, the patient was treated with an alternative,
standard antibiotic for GAS pharyngitis'’ as requested by the
Institutional Review Board. The patient was then discontin-
ued from further study.

At the initial visit (visit 1), the following data were
obtained: patient name, date of visit, sex, weight, ethnicity,
underlying illness, daycare attendance and history of concurrent
illness in the family. Symptoms and signs of disease were
documented. Parents were given a study log for recording daily
the doses given and any symptoms or signs present, including
the occurrence of sore throat, fever, headache, abdominal pain,
nausea, vomiting, diarrhea and rash. They were asked to write in
the log by day the occurrence of any other symptom. They were
also asked to return for an early posttherapy visit at 14 to 21 days
(visit 2) and a late posttherapy visit at 28 to 35 days (visit 3) after
initiation of treatment. These visits included a brief evaluation
(when symptoms and signs of pharyngitis were sought) by the
study nurse, and a single throat swab was obtained for culture
of GAS organisms. At visit 2, daily logs were collected and
medication bottles were inspected. Additional posttreatment
throat cultures were obtained at any time clinical symptoms
suggestive of GAS pharyngitis warranted.

Laboratory Studies. We obtained material from the patient’s
posterior pharynx and each tonsillar area using a single sterile
Dacron swab (for visits 1, 2 and 3), which was plated for
recovery of GAS organisms by using the standard technique.'?
A rapid test for GAS organisms was then performed with the
Signify Strep A Test (Abbott Labs, Abbott Park, IL). This test
has sensitivity 88% and specificity 99% (unpublished data) in
our pediatric office laboratory, a Clinical Laboratory Improve-
ment Act-approved laboratory for complex testing. Isolation of
GAS organisms on blood agar plates was confirmed by testing
beta-hemolytic organisms with the PathoDX Strep Grouping Kit
(Remel, Lenexa, KS). Pure culture isolates of GAS organisms
recovered at the initial and subsequent visits were frozen in
Microbank beads (Pro-Lab Diagnostics, Austin, TX) according

© 2006 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



The Pediatric Infectious Disease Journal ® Volume 25, Number 9, September 2006

Once-Daily Amoxicillin for Pharyngitis

2,139 Patients assessed for eligibility

1487 Excluded
801 Ineligible
419 Declined
267 Other reasons

v
652 Patients randomized at visit 1

h ] Y

326 Allocated to once-daily amoxicillin

326 Allocated to twice-daily amoxicillin

2 Took no medication
6 Initial culture negative [¢——
24 No follow-up visits

A

1 Took no medication

5 Initial culture negative
21 No follow-up visits
3 Duplicate enrollees

11 Did not return visit 3

.

294 Returned for visit 2* 296 Returned for visit 2
59 Same M type” visit 2 46 Same M type visit 2
8 Different isolate® visit 2 ¢—— ——— 8 Different isolate visit 2 FIGURE 1. Flow of participants

17 Did not return visit 3

through trial. ?Visit 2 was 14 to 21

216 Returned for visit 3*
6 Same M type

225 Retumned for visit 3
16 Same M type

days and visit 3 was 28 to 35 days
after visit 1. PCompared with visit 1
isolates.

to the manufacturer’s instructions and stored at —70°C. If a
study patient had a positive follow-up swab for GAS organisms,
the baseline and subsequent isolates were sent to the World
Health Organization Collaborating Center for Reference and
Research on Streptococci at the University of Minnesota for
further testing for strain relatedness (T agglutination, M typing,
SOF determination and emm genetic sequencing, if necessary)."”
Outcome Assessment. The primary outcome measure was bac-
teriologic failure at visit 2, which included those with bacterio-
logic persistence (the presence of the same M type of GAS
organisms as for the initial throat culture for visit 1) and clinical
recurrence (clinical cure, defined as resolution of symptoms and
signs of GAS pharyngitis, followed by recurrence of symptoms
and signs of GAS pharyngitis associated with recovery from a
throat swab of the same M type of GAS as on visit 1). Secondary
outcome measures were bacteriologic failure and clinical recur-
rence at visit 3 and bacteriologic failure for visits 2 and 3
combined. For visit 3, bacteriologic failure included those pa-
tients with bacteriologic relapse (eradication of GAS at visit 2
followed by recovery in culture of the same M type of GAS at
visit 3 as at visit 1) and clinical recurrence (defined as for visit
2). Bacteriologic eradication was defined by lack of recovery in
a throat swab at visit 2 or 3 of GAS of the same M type as visit
1. Recovery of a GAS M type different from visit 1 on a visit 2
or 3 culture was regarded as a new acquisition. Streptococcal
antibody titers were not determined.

Statistical Analysis. The study was designed as a noninferiority
trial using an a priori equivalence or noninferiority margin of
10%. This margin was selected based on bacteriologic failure
rates of 3% to 16% after amoxicillin treatment of GAS pharyn-
gitis reported by various authors,'* 2 including 4% to 5% rates
found in the 2 previous studies of once-daily amoxicillin”® and
the U.S. Food and Drug Administration’s suggestion of the use

© 2006 Lippincott Williams & Wilkins

of a noninferiority margin of 10% if trial success rates were
=>90% (failure rates =10%).>! We assumed a dropout rate of
20%, power of 90% and the use of 2-sided testing with the 90%
confidence interval (CI) for the difference in efficacy between
treatment groups as suggested in an extension of the Consoli-
dated Standards of Reporting Trials statement recently.”* A
sample size of 650 patients was estimated based on an expected
bacteriologic failure rate of 15%. The differences in rates were
calculated as rates once daily minus rates twice daily. Because
we calculated bacteriologic failure rates, noninferiority could be
shown if the upper one-sided 95% (2-sided 90%) confidence
limit did not exceed +10%.

For evaluation of clinical and demographic variables in
the 2 treatment groups, data measured on the interval scale
(eg, weight, age) were compared with a Student ¢ test. The x*
or Fisher exact test was used for data measured on the
nominal scale (eg, gender, daycare attendance). A P value of
less than 0.05 was considered statistically significant. SAS
software (version 8.2; Cary, NC) was used for all analyses.

Baseline clinical and demographic characteristics at the
time of enrollment were compared in randomized patients.
The main outcome analyses were based on the evaluable
patient population defined as those patients who completed
both follow-up visits or who had a positive culture at visit 2
with the same M type as visit 1. We also performed an
intention-to-treat analysis, including all 326 randomized pat-
ents in each treatment group. For this analysis, we assigned
an outcome of bacteriologic failure to children who took no
medication, were duplicate enrollees, had an initial culture
that was negative after a positive rapid test, and/or did not keep
either visit 2 or 3 in follow up (see Fig. 1). Interim analyses were
performed by a 3-member independent data and safety moni-
toring committee after 100 and then 250 patients had undergone
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randomization. The committee approved continuation of the
study at each evaluation.

Adverse Events and Adherence. Adverse events were described
for patients eligible for visit 2 from whom a study log was
received at visit 2. The symptoms and signs of GAS pharyngitis
in untreated patients resolve in approximately 50% of patients
by the fourth day of illness and approximately 1 day earlier in
treated patients.”> Thus, new symptoms noted on the log, start-
ing on day 4 of treatment, were considered possible amoxicillin-
related adverse events.

Adherence to the treatment regimen was evaluated by
review, at visit 2, of the returned daily log on which parents
were asked to document dosages given and by comparison of
the dispensed doses with the returned dosage bottle.

RESULTS

Patient Population. We assessed 2139 patients who had sus-
pected GAS pharyngitis and who had a positive rapid antigen
detection test during the 2-year period. We randomized 652
(30%) patients and excluded 1487 patients. Of those excluded,
801 did not meet study entry criteria, 419 declined participation,
and 141were not recruited because they were seen on weekends
or after hours when a study nurse was unavailable. Of the
randomized patients, 3 took no study medication, 11 (2%) had
positive rapid tests but subsequent negative cultures for GAS, 3
were enrolled twice and had only their first enrollment included
and 45 (7%) did not return for either follow-up visit 2 or visit 3.
Thus, the evaluable population for visit 2 consisted of 590 (90%)
patients, 294 in the once-daily and 296 in the twice-daily
treatment groups (Fig. 1).

Patients who were culture-positive at visit 2 included
105 who had identical M types to those of visit 1 (59 of 294
[20%] in the once-daily and 46 of 296 [16%] in the twice-
daily groups). There were 15 patients with different M types
(7 in the once-daily and 8 in the twice-daily groups) and one
(in the once-daily group) with a different serogroup. Because
each of these 121 culture-positive patients received a second
course of antibiotic, they were counted, for the visit 3 anal-
ysis, as not returning for visit 3 along with 28 patients (11 in
the once-daily and 17 in the twice-daily groups) who came
for visit 2 but did not come for visit 3. Thus, the evaluable
population for visit 3 was reduced and consisted of 441
patients, 216 in the once-daily and 225 patients in the twice-
daily treatment groups (Fig. 1).

Patients in the once- and twice-daily treatment groups
were similar for all demographic and clinical characteristics,
with the exception noted subsequently, when stratified by
weight and when the 2 weight groups were combined within
each treatment group (Table 1). Our patient population was
89% (582 of 652) white, had 76% (494 of 652) college-
educated parents and included 97% (634 of 652) with private,
commercial insurance (only 3% of patients enrolled had
Medicaid or no insurance. Although rash was present in 10%
(33 of 326) of patients in both once- and twice-daily treat-
ment groups, rash was present more often in children weighing
<40 kg than in those =40 kg in each treatment group (P =
0.015 for the once-daily group and P = 0.074 for the twice-daily

group).
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TABLE 1.

Demographic and Clinical Characteristics of

Randomized Patients With Group A Streptococcal
Pharyngitis by Treatment Group and Weight

Once-Daily Amoxicillin

Twice-Daily

Amoxicillin
Characteristic
<40 kg =40 kg <40 kg =40 kg
(n=267) M=59 (m=269 (=57
Age, years
Mean = SD 6.9*+22 121 *20 6.8+22 12.1*26
Median 6.6 11.8 6.5 12.1
Range 2.9-13.6 7.9-17.3 3.0-13.1 7.0-18.0
Weight
Mean = SD 24.6 +6.5 51.4+11.0 24.6 +6.7 54.1 +16.1
Range 12.3-39.5 38.2-99.0" 13.0-40.0 40.0-102.7
Female sex* 133 (50) 31(53) 135 (50) 27 (47)
Race/ethnicity
White 244 (91) 55 (93) 235 (87) 48 (84)
Black 18 (7) 3(5) 25 (9) 8 (14)
Hispanic/other 5(2) 1(2) 9(3) 1(2)
Form of medication
Chewable 105 (39) 12 (20) 110 (41) 11(19)
Liquid 162 (61) 10 (17) 159 (59) 14 (25)
Capsule/pill 0 (0) 37 (63) 0(0) 32 (56)
Symptoms/signs
other than
sore throat
Fever 206 (77) 44 (75) 210 (78) 43 (75)
Pain with 132 (49) 39 (66) 139 (52) 44 (77)
swallowing
Pharyngeal 239 (90) 52 (88) 237 (88) 52 (91)
erythema
Tonsillar exudate 61 (23) 12 (20) 53 (20) 13 (23)
Soft palate 72 (27) 13 (22) 79 (29) 10 (18)
petechiae
Cervical adenitis 95 (36) 19 (32) 102 (38) 15 (26)
Skin rash 32 (12) 1(2) 31(12) 2 (4)
Other symptoms 31(12) 5(8) 22 (8) 3(5)

*Values are no. (%) of patients unless otherwise specified.

fOne patient weighing 38.2 kg was inadvertently randomized to the =40-g group and
given the higher dosage.

SD indicates standard deviation.

Bacteriologic Outcomes. For all evaluable patients at visit 2,
18% (105 of 590) had a positive throat culture for GAS of the
same M type as for visit 1. As shown in Table 2, bacteriologic
persistence rates for all evaluable patients at visit 2 were
comparable for the 2 treatment groups. All patients achieved
clinical cure. For visit 2, the clinical recurrence rates for the
2 treatment groups were also comparable (Table 2) with a
mean for clinical recurrence of 13.7 days after therapy was
begun for the once-daily group and of 13.0 days for the
twice-daily group. These differences were also small (differ-
ence, 2.09%; 90% CI, —1.6 to 5.8). For visit 3 in evaluable
patients (see Table 2), rates of bacteriologic relapse and
clinical recurrence in all patients were small. However, there
was a greater bacteriologic failure rate (including patients
with bacteriologic relapse and clinical recurrence) in the
twice-daily group (7.1% [16 of 225]) compared with the
once-daily group (2.8% [6 of 216]). Only 2 late clinical
recurrences occurred in each treatment group (0.9% for each).

For symptomatic patients with concordant GAS isolates
(clinical recurrences), 96% reported sore throat and 60% had
fever with no differences between treatment groups for either
symptom. A clinical recurrence occurred in 9% (52 of 590) of all
evaluable patients, 10% (29 of 294) in the once-daily group and
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TABLE 2. Bacteriologic and Clinical Outcomes in
Evaluable Children Treated With Once- or Twice-Daily
Amoxicillin for Group A Streptococcal Pharyngitis

No. (%) of Patients by
Treatment Group

Percent Treatment

Bacteriologic and Difference

Clinical Outcomes

Once Daily Twice Daily (90% confidence

interval)
Visit 2, all patients, n 294 296
Bacteriologic failure 59 (20.1) 46 (15.5) 4.53 (—.6t09.7)
Bacteriologic 32(10.9) 25 (8.4) 2.44 (—1.6 to 6.4)
persistence
Clinical recurrence 27 (9.2) 21(7.1) 2.09 (1.6 to 5.8)
Visit 3, all patients, n 216 225
Bacteriologic failure 6(2.8) 16 (7.1) —4.33 (7.7 to —1.0)
Bacteriologic 4(1.9) 14 (6.2) —4.37 (=74 to —1.3)
relapse
Clinical recurrence 2(0.9) 2(0.9) 0.04 (-1.4to 1.5)

8% (23 0f 296) in the twice-daily group (difference, 2.07%; 90%
CL, —1.8t0 5.9).

We calculated bacteriologic failure rates in each treatment
group for patients who kept both follow-up visits 2 and 3. As
required by the Institutional Review Board, all patients with a
positive culture at visit 2 for GAS received a second course with
an alternative antibiotic. For this analysis of both visits, we
considered these patients as positive for both follow-up visits. As
noted in Figure 1, 105 patients had a concordant positive culture
for GAS at visit 2 (59 in the once-daily group and 46 in the
twice-daily group). In addition, 216 patients in the once-daily
group and 225 in the twice-daily group returned for visit 3. Thus,
for both visits 2 and 3, in the once-daily group, 24% (59 + 6 of
216 + 59) were positive for GAS and 23% (46 + 16 of 225 +
46) were positive in the twice-daily group (difference, 0.76%;
90% CI, —5.2 to 6.7).

TABLE 3. Possible Amoxicillin-Related Adverse Events
Reported in Daily Logs by Parents of Children With
Group A streptococcal pharyngitis

Amoxicillin Treatment Group

Number of Patients

Once Daily Twice Daily
Returning for visit 2/eligible 294/318 (92) 296/317 (93)
for visit 2% (%)
Returning with log at visit 271/294 (92) 270/296 (91)
2/returning for visit 2
(%)
With any adverse event 45/271 (17) 39/270 (14)"
after day 3/returning
with log at visit 2 (%)
Abdominal pain 16 (5.9) 16 (5.9)
Diarrhea 13 (4.8) 13 (4.8)
Nausea/vomiting 9(3.3) 4(1.5)
Fever 8(3.0) 4(1.5)
Rash, nonspecific 7(2.6) 4(1.5)
Cough 3(1.1) 2(0.7)
Rhinorrhea 1(0.4) 1(0.4)
Headache 1(0.4) 0(0.0)
With allergic reaction 1/318 (0.3) 5/317 (1.6)*

*Includes only those who took medication for more than a day.
Difference, 2.2%; 90% confidence interval, —3.0 to 7.3.
iDiffelrence, —1.3%; 90% confidence interval, —2.5 to 0.0.

© 2006 Lippincott Williams & Wilkins

The intention-to-treat analysis assumed that all children
with missing data had positive cultures. Combining both
weight categories, for visits 2 and 3, bacteriologic failure
rates in all randomized patients were compared for patients
with bacteriologic failure or with missing data (patients who
were duplicate enrollees, did not receive medication, whose
initial culture was negative and/or did not keep follow-up
visits). Bacteriologic failure rates for patients in the once-
daily amoxicillin group were 33% (108 of 326) and 33% (109
of 326) for those in the twice-daily amoxicillin group (dif-
ference, —0.3%; 90% CI, —6.4 to 5.8).

No risk factors for bacteriologic failure could be iden-

tified by univariate analysis.
Safety. Adverse events were recorded by parents on daily logs
kept while medication was administered. Overall, 93% of
patients returned for the first follow-up evaluation (visit 2).
Of these patients, 92% (541 of 590) returned logs and are the
basis for evaluation of possible adverse events (Table 3). No
symptoms or signs occurred significantly more frequently in
the once-daily group compared with the twice-daily group
(17% vs 14%,; difference, 2.2%; 90% CI, —3.0 to 7.3).

In addition, charts were reviewed and patients were asked

to call or be reevaluated for any possible allergic reaction.
Physician-diagnosed allergic reactions were seen in 0.9% (6 of
635) of these patients. Each had diffuse urticaria or erythema
multiforme on days 2 through 10 (mean, 7 days) of amoxicillin
treatment. Five were in patients receiving twice-daily amoxicil-
lin and one was the in once-daily group (difference, —1.3%;
90% CI, —2.5 to 0.0). Of note, 2 of these occurred in siblings
enrolled on the same day with onset of diffuse urticaria on the
same day (day 7) of treatment.
Adherence. Daily logs were returned at follow-up visit 2 by
92% (271 of 294) in the once-daily and 91% (270 of 296) of
those in the twice-daily groups, respectively (Table 3). Medica-
tion bottles were returned by 84% (247 of 294) and 86% (256 of
296) in the once- and twice-daily groups. Of children whose
parents returned with follow-up daily log data, only 4% (12 of
271) and 5% (13 of 270) did not receive all 10 days of prescribed
treatment in the once- and twice-daily groups, respectively. For
these 25 patients, the once-daily group received a mean of 6.8
days and the twice-daily group a mean of 8.2 days of treatment.
Also for these 25 patients, 7 failures (28%) occurred, 4 in the
once-daily group and 3 in the twice-daily group.

DISCUSSION

In this study, we compared amoxicillin given once
daily and twice daily for GAS pharyngitis by measuring
bacteriologic failure rates. We found, in this prospective,
controlled, investigator-blinded study, a difference of only
4.53% between the 2 treatment groups for the early post-
therapy visit 2 and —4.33% for the late posttherapy visit 3. In
addition, we also demonstrated similar bacteriologic failure
rates for the 2 treatment groups for visits 2 and 3 combined
(difference, 0.76%) and in an intention-to-treat analysis (dif-
ference, —0.3%).

Our bacteriologic failure rates of 15% to 20% for visit
2 were higher than in some previous studies of amoxicillin
treatment of GAS pharyngitis."* 2 In the 2 studies that
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evaluated once-daily treatment,”® low rates for bacteriologic
failure were found for both amoxicillin and penicillin (given
3 times daily). These rates were 4% and 5% for amoxicillin
and 6% and 11% for penicillin, respectively. In the 3 studies
that examined twice-daily amoxicillin, bacteriologic failure
rates were 5%,°% 16%'” and 24%.>* Six studies of amoxicillin
given 3 times daily found rates of 3% to 15%.'4 1618720

Possible explanations for these varying rates include
differences in design (including microbiologic techniques),
sample size, and rates of carriage of GAS organisms in the
populations studied. With our enrollment criteria, we at-
tempted to exclude possible GAS carriers and include only
those with clinical findings suggestive of GAS pharyngitis;
however, inclusion of a high percentage of GAS carriers in
treatment groups could inflate failure rates.”® Studies evalu-
ating GAS carriage in the throat have noted rates of 2.5% to
7% in children in practice settings*® and higher in school
settings.?’

We also noted clinical recurrence rates of 10% and 8%
for the once-daily and twice-daily treatment groups, respec-
tively. The Elmwood Pediatric Group retrospectively evalu-
ated patients treated for GAS pharyngitis for clinical recur-
rences and found that up to 17% of 140 episodes treated with
amoxicillin were followed by a recurrence within 30 days.?®
Compared with these reported rates of clinical recurrence and
for GAS pharyngeal carriage, the rates found in the 2 prior
studies of once-daily amoxicillin are notably low.

Two design features of our study are noteworthy. First,
we used a noninferiority design and our study had sufficient
power to detect a difference of 10% between the 2 treatment
groups for bacteriologic failure rates. Second, we stratified
our treatment groups by weight so that patients =40 kg were
given a higher dosage than those <40 kg. This approach has
not been taken for previous studies of penicillin or amoxicil-
lin treatment of GAS pharyngitis, but a similar dosing ap-
proach is often used in practice.

Adverse events possibly related to amoxicillin occurred in
16% (84 of 541) of patients in this study. Gastrointestinal
symptoms were most common. The 2 treatment groups had
comparable frequencies of gastrointestinal and other events. The
rate of presumed drug-associated allergic reactions was less than
1%. Similar rates were found by Bass et al*® for urticarial skin
eruptions after orally administered ampicillin (0.8% [3 of 400])
and for allergic rash in 7 previous studies of amoxicillin treat-
ment of GAS pharyngitis (0.4% [4 of 955]).1472%-*

This study has 3 potential limitations. First, we did not
directly compare once-daily amoxicillin with the standard com-
parator, namely penicillin, given 3 times daily. There are likely
different bacteriologic failure rates with different antibiotics, so
we used amoxicillin as the comparator to eliminate this source of
variation. Second, stratification of patients by weight for dosing
may not represent standard practice for the use of amoxicillin for
GAS pharyngitis. For visit 2, we demonstrated noninferiority
when both weight subgroups were considered together, but we
cannot be confident of noninferiority in subgroup analyses by
weight because this study was not powered for subgroup anal-
yses. Third, our study subjects were drawn from a single pedi-
atric practice with similar demographic characteristics, and this
may limit the generalizability of our findings somewhat.
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We found that for treatment of GAS pharyngitis, amoxi-
cillin given once daily is not inferior to amoxicillin given twice
daily with respect to the prespecified margin of 10%. We
conclude that amoxicillin given once daily is a suitable regimen
for treatment of GAS pharyngitis, especially in circumstances
when once-daily dosing would improve adherence.
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