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Penicillin failure in streptococcal
tonsillopharyngitis: causes and remedies
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Synopsis. Penicillin administered for 10 days
has been the treatment of choice for group A
beta-hemolytic streptococcal tonsillopharyngitis
since the 1950s. The bacteriologic failure rate of
10 days of penicillin therapy ranged from ap-
proximately 2 to 10% until the early 1970s. Begin-
ning in the late 1970s bacteriologic and clinical
failure rates with penicillin therapy began to
increase steadily over time and are now reported
to be approximately 30%. The primary cause of
penicillin treatment failure in streptococcal ton-
sillopharyngitis may be lack of compliance with
the 10-day therapeutic regimen. Other causes of
penicillin treatment failure include reexposure
to Streptococcus-infected family members or
peers; copathogenicity, in which bacteria suscep-
tible to a class of drugs are protected by other,
colocalized bacterial strains that lack the same
susceptibility; antibiotic-associated eradication
of normal protective pharyngeal flora; and peni-
cillin tolerance, whereby streptococcal bacteria
repeatedly or continuously exposed to sublethal
concentrations of antibiotic become increasingly
resistant to eradication. Although 10 days of pen-
icillin therapy is effective in the management of
tonsillopharyngitis for many patients, multiple
factors may, singly or together, cause treatment
failure. A number of antibiotics, particularly the
cephalosporins, have been demonstrated to be
superior to penicillin at eradicating group A
beta-hemolytic Streptococcus, and several are ef-
fective when administered for 4 to 5 days.

Conclusions. Ten days of penicillin therapy
may not be the best therapeutic choice for all
pediatric patients. Other antibiotics, shortened
courses of the cephalosporins in particular, may
be preferable in some cases.
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PENICILLIN THERAPY FOR STREPTOCOCCAL
TONSILLOPHARYNGITIS

The most common bacterial cause of tonsillopharyn-
gitis is group A beta-hemolytic Streptococcus pyogenes,
responsible for approximately 15% of cases.! Other
much less frequently observed bacterial causes of ton-
sillopharyngitis include Neisseria gonorrhoeae, Ar-
canobacterium haemolyticum, Mycoplasma pneu-
moniae and Chlamydia pneumoniae.? Studies® * at the
Elmwood Pediatric Group, a private pediatric practice
in Rochester, NY, reveal a 16.9% mean incidence
(range, 15.2 to 20.0%) of Streptococcus-positive throat
cultures for 1980 through 1999. The incidence of Strep-
tococcus-positive cultures peaks in the United States
during the winter when at Elmwood up to 30% of
children 5 to 12 years of age and up to 10% of adoles-
cents test positive for a bacterial cause (most often,
Streptococcus) of tonsillopharyngitis. Peak incidences
of viral and idiopathic etiologies of tonsillopharyngitis
are 40 and 30%, respectively, for 5- to 12-year old
children and 60 and 30%, respectively, for adolescents.

Group A streptococcal tonsillopharyngitis, which
shares symptoms with other upper respiratory infec-
tions of nonstreptococcal origin, is nearly impossible to
diagnose based on clinical manifestations alone. Be-
cause it is so difficult to diagnose clinically and because
viral etiologies of tonsillopharyngitis are so common,
no child at the Elmwood practice receives antibiotics
for group A Streptococcus unless he or she tests positive
for the bacterium in either a rapid group A Streptococ-
cus antigen test or a throat culture.

The American Academy of Pediatrics recommends
throat culture as the standard of diagnosis for strepto-
coccal tonsillopharyngitis.®> They also recommend ob-
taining a throat culture for confirmatory evidence of
negative findings of antigen detection tests.’ At vari-
ance with this recommendation, data from the Elm-
wood practice suggest that confirmatory evidence from
throat cultures is not necessary when rapid antigen
detection tests are Streptococcus-negative. In a study
conducted from January, 1996, through June, 1999 (T
Mayes and ME Pichichero, submitted for publication),
only 2.4% (200) of 8234 negative rapid antigen detec-
tion test results from children for whom throat cultures
were also performed had corresponding throat culture
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results testing positive for Streptococcus (Fig. 1). Be-
cause performance of rapid antigen detection tests may
vary from practice to practice, these findings at Elm-
wood may not be generalizable to other settings.
Penicillin administered for 10 days has been the
treatment of choice for group A beta-hemolytic strep-
tococcal tonsillopharyngitis since the 1950s when 9 to
11 days of parenteral or oral penicillin therapy was
demonstrated to be effective at eradicating group A
beta-hemolytic Streptococcus in approximately 90% of
patients.®~® These early studies as well as studies® 1°
conducted as late as the 1980s also show that at least
10 days of penicillin therapy is necessary for eradica-
tion of group A beta-hemolytic Streptococcus in most
patients: 9- to 11-day courses of penicillin therapy were
consistently more effective than 5- to 7-day courses. On
the basis of data from these studies, the 10-day course
of penicillin therapy continues as the standard for
treatment of tonsillopharyngitis in the United States.

FAILURE RATES WITH PENICILLIN THERAPY

A review!! of the published literature indicates that
the bacteriologic failure rate of 10 days of penicillin
therapy ranged from approximately 2 to 10% until the
early 1970s, a result consistent with the findings of the
earliest controlled penicillin studies.®~® Beginning in
the late 1970s, however, bacteriologic and clinical fail-
ure rates with penicillin therapy began to increase
steadily over time and are now reported to be approx-
imately 30%.% 1213

Data from 2140 episodes of group A beta-hemolytic
Streptococcus tonsillopharyngitis treated from 1975 to
1996 at the Elmwood Pediatric Group show that the
incidence of recurrence of tonsillopharyngitis after
treatment with penicillin or amoxicillin sharply in-
creased from 1975 to 1979, when 30- and 60-day
recurrence rates were 9.0 and 10.7%, respectively, to
1980 to 1984, when the corresponding recurrence rates
were 25.9 and 38.7%, respectively (Table 1).'* The

11,427
RAD GAS Tests Performed between
1/96 and 6/99 (3 years, 5 months)

8,385 (73.4%) RAD Tests Negative 3,042 (26.6%)RAD Test Positive

and Treated

8,234 (98.2%)RAD Test Negative,
Also cultured

200 (2.4%) RAD Test Negative,
Culture Positive

Fic. 1. Patient status results using rapid antigen detection
(RAD) test for group A streptococci (GAS) with culture confirma-
tion of negative tests for the study period between January, 1996,
and June, 1999. Adapted with permission from Mayes and
Pichichero (submitted for publication).
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overall 30-day treatment failure rate for 1721 tonsillo-
pharyngitis episodes treated with penicillin or amoxi-
cillin was 21%.

CAUSES OF PENICILLIN FAILURE

The primary cause of penicillin treatment failure in
group A beta-hemolytic Streptococcus tonsillopharyn-
gitis may be lack of compliance with the therapeutic
regimen. Compliance rates with oral penicillin regi-
mens for tonsillopharyngitis have been reported to be
as low as 8% by the ninth day of treatment.’® Poor
compliance often arises from patients’ administration
of antibiotic only until they begin to feel that they are
improving; for tonsillopharyngitis significant clinical
improvement in the absence of bacterial eradication
may occur as early as 2 days after onset of therapy. The
temptation to abbreviate therapy may be especially
strong in pediatric patients taking penicillin suspen-
sions, which are unpalatable and sometimes require
forceful administration by a parent. Parents noting
significant improvement in their child beginning 2 or 3
days after initiation of therapy may be inclined to forgo
antibiotic therapy rather than forcefully administer it.
The desire to conserve antibiotic therapy for subse-
quent respiratory infections may also motivate parents
to truncate a 10-day penicillin regimen.

The use of partial courses of antibiotics saved from
previous infections may be harmful because it could
indirectly foster the development of bacterial resis-
tance. The potency of antibiotics declines over time
with storage, and administration of low potency anti-
biotics promotes the selection of resistant organisms.
In a study of 941 children,'® administration of lower
than clinically recommended daily doses of beta-lactam
antibiotics compared with higher doses was associated
with an increased risk of pharyngeal carriage of peni-
cillin-resistant Streptococcus pneumoniae. These data
highlight the importance of educating the parent (and,
where applicable, the patient) about the value of com-
pliance with the antibiotic regimen. Parents and pa-
tients should understand that symptomatic improve-
ment does not signal bacteriologic cure and that the
full course of antibiotic therapy needs to be completed.

A second cause of penicillin treatment failure, reex-
posure to Streptococcus-infected family members or
peers, may cause recurrence or persistence of strepto-
coccal tonsillopharyngitis. The risk of reinfection may
be particularly high in closed environments such as
day-care settings and schools. Reinfection may occur
not only via exposure to infected individuals but also
through exposure to contaminated objects. Brook and
Gober'” found that even after children (n = 104) had
completed a 10-day course of penicillin therapy for
group A beta-hemolytic Streptococcus tonsillopharyn-
gitis, 19% of removable orthodontic devices and 11% of
toothbrushes harbored the organism. The authors con-
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TABLE 1. Recurrences of streptococcal tonsillopharyngitis after penicillin or amoxicillin therapy: Elmwood Pediatric Group,
1975 to 1996

Adapted With permission from Pichichero et al., 1998.*

No. of Episodes Treated

% of Patients with % Patients with

Years with Penicillin or Recurrence within 30 Days Recurrence within 60
Amoxicillin Y Days
1975-1979 437 9 10.7
1980-1984 429 25.9 38.7
1985-1989 363 24.3 39.0
1990-1994 359 22.4 31.7
1995-1996 133 25.9 37.5

cluded that such objects might account for penicillin
failure in some tonsillopharyngitis cases.

Copathogenicity, in which bacteria susceptible to a
class of drugs are protected by other, colocalized bac-
terial strains that lack the same susceptibility, is a
third explanation for treatment failures in streptococ-
cal tonsillopharyngitis. Copathogenicity in streptococ-
cal tonsillopharyngitis may occur when beta-lacta-
mase-producing organisms such as Staphylococcus
aureus, Haemophilus influenzae, Haemophilus parain-
fluenzae and Moraxella catarrhalis, all of which may
colonize the inflamed pharynges of a patient suffering
from streptococcal tonsillopharyngitis, inactivate the
non-beta-lactamase-stable penicillin before it is able to
work against Streptococcus.'®'® Without these co-
pathogens, group A beta-hemolytic Streptococcus is
uniformly sensitive to penicillin in vitro.

Antibiotic-associated eradication of normal non-
pathogenic pharyngeal flora may also lead to penicillin
treatment failure in streptococcal tonsillopharyngitis.
Alpha-streptococci in particular may protect the pha-
rynges from colonization by group A beta-hemolytic
Streptococcus.’® A number of studies® 3 show that
after a course of antibiotic therapy, patients whose
oropharynges are recolonized with alpha-streptococci
(administered via an oral spray) have a lower incidence
of recurrence of tonsillopharyngitis than patients
whose oropharynges are not recolonized. Penicilling
such as oral ampicillin have been shown to potently
suppress alpha-streptococci®* and thus may impair this
protective mechanism.

Penicillin tolerance, whereby streptococcal bacteria
repeatedly or continuously exposed to sublethal con-
centrations of antibiotic become increasingly resistant
to eradication, has been also been suggested to cause
penicillin treatment failure. However, microbiologic
studies®> 27 of bacterial isolates obtained from Strepto-
coccus-infected patients suggest that penicillin toler-
ance is rarely observed. For example Orrling et al.?’
found tolerance rates of less than 0.1% among nearly
all group A beta-hemolytic Streptococcus isolates ob-
tained from tonsillopharyngitis patients undergoing 10
days of successful (33 patients) or unsuccessful (25
patients) penicillin therapy and from isolates obtained

after either the first or the second treatment failure.
Thus, although penicillin tolerance cannot be excluded
as a possible contributor to treatment failure, data
available to date suggest that tolerance plays a mini-
mal role.

Finally, the increasing prevalence of penicillin treat-
ment failures could be an artifact of an increasing
prevalence in the population at large of individuals
who are group A beta-hemolytic Streptococcus carriers,
who, that is, are colonized by Streptococcus but do not
manifest clinical signs or symptoms of illness. Cultures
from these individuals would reflect bacteriologic fail-
ure in the absence of clinical infection, a result that in
clinical trials would artificially inflate treatment fail-
ure rates. Data from the Elmwood Pediatric Group
suggest that currently few pediatric patients are strep-
tococcal carriers. In a study?® conducted from October,
1996, through June, 1997, the incidence of carriers of
group A beta-hemolytic Streptococcus was 2.5% for
healthy children (n = 227); 4.4% among children with
an upper respiratory tract infection of presumed viral
etiology (n = 296); and 6.9% among children with an
upper respiratory tract infection with confirmed viral
infection (n = 87).

ALTERNATIVE TREATMENT OPTIONS

Although penicillin therapy for 10 days is effective in
the management of tonsillopharyngitis for most pa-
tients, multiple factors may, singly or together, cause
treatment failure. This consideration highlights the
need for antibiotic treatment options in addition to
penicillin for streptococcal tonsillopharyngitis. A num-
ber of antibiotics, particularly the cephalosporins, have
been demonstrated to be superior to penicillin at erad-
icating group A beta-hemolytic Streptococcus.

A metaanalysis of 19 clinical trials published be-
tween 1970 and 1990 compared cephalosporin with
penicillin treatment success in group A beta-hemolytic
streptococcal tonsillopharyngitis.?® Studies included in
the metaanalysis met the following criteria: (1) random
assignment of patients to treatment groups; (2) pres-
ence of positive group A beta-hemolytic Streptococcus
in patients’ throat cultures at treatment onset; (3)
administration of a 10-day course of therapy, for which
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Fic. 2. Ratios of bacteriologic cure rates of group A beta-hemolytic

Streptococcus for penicillins and cephalosporins across 19 clinical stud-

ies. Data expressed as mean ratios with confidence intervals. Adapted
with permission from Pichichero and Margolis, 1991.2°

compliance was monitored; and (4) use of throat cul-
ture at the end of therapy to determine bacteriologic
outcome. The results of the metaanalysis demonstrate
that across the 19 studies the incidence of bacteriologic
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failure of the penicillins (16%) was twice that of the
cephalosporins (8%; P < 0.0001). The between study
consistency in the higher cure rates associated with the
cephalosporins (Fig. 2) lends credence to the conclusion
that the cephalosporins are superior to the penicillins
in eradicating group A beta-hemolytic Streptococcus in
tonsillopharyngitis. Subsequent studies'®3°~*® have
repeatedly confirmed the results of this metaanalysis
(Table 2).

More recently the Elmwood Pediatric Group exam-
ined the incidence of antibiotic treatment failure in
streptococcal tonsillopharyngitis at the practice. In
episodes treated during the years 1975 through 1996,
failure rates were 22% for penicillin, 17% for amoxicil-
lin, 14% for macrolides and 9% for cephalosporins
(Table 3).1* The failures did not appear to be largely
attributable to streptococcal carriage rates.?® Never-
theless the proportion of streptococcal tonsillopharyn-
gitis patients with Streptococcus-positive cultures after

TABLE 2. Newer studies comparing 10 days of cephalosporin treatment with 10 days of penicillin treatment for streptococcal

tonsillopharyngitis
Reference Study Population Treatment N B%ﬁizuz};o)gw Chmf‘z;j)Cure
Brown et al., 19913° Adult Cefpodoxime proxetil 93 97 97
Penicillin V 91 97
Holm et al., 199131 Children Cefadroxil 176 98* 98*
Penicillin V 86.1 91.1
Reed et al., 199132 Adult and children Cefaclor 116 85 87
Penicillin V 76 87
Milatovic, 199133 Children Cefadroxil 239 93.2% NA
Penicillin 81
Holm et al., 199131 Adult Cefadroxil 489 94.3% 97.2%
Penicillin V 87.7 93.4
McCarty, 199234 Adult Loracarbef 218 89.9 96.6
Penicillin V 91.5 93.9
Disney et al., 19923% Children Cephalexin 525 93 97*
Penicillin V 89 92
McCarty et al., 199236 Children Cefprozil 409 91 95%
Penicillin V 87 88
Ramet et al., 199237 Children Cefetamet pivoxil 66 94 100
Penicillin V 91 100
Disney et al., 199238 Children Loracarbef 233 86.5 97.1
Penicillin V 81.8 94.3
Block, 19923° Children Cefixime 110 94 94
Penicillin V 77 75
Muller et al., 19924° Children Loracarbef 344 95% 97
Penicillin V 87 96
Dajani et al., 1993%! Children Cefpodoxime proxetil 578 93.1%* 92.4
Penicillin V 81.2 86.9
Gooch et al., 199342 Children Cefuroxime axetil 533 94.2% 91.9%
Penicillin V 84.1 81.0
Milatovic et al., 199343 Children Cefprozil 409 91.3 95.3%
Penicillin V 874 88.1
McCarty, 19944 Children Cefprozil (QD) 151 89% 89%
Penicillin V 67 74
McCarty, 199444 Children Cefprozil (BID) 359 NA 94
Penicillin V 88
Pichichero et al., 199445 Children Cefpodoxime proxetil 484 95% 96
Penicillin V 78 91
Holm et al., 19953 Children Cefuroxime axetil 236 87* 86*
Penicillin V 56 67
Pichichero et al., 199546 Children Cefibuten 617 91% 97
Penicillin V 80 89
Roos et al., 199747 Adolescents and adults Loracarbef 331 90* 91*
Penicillin V 66 85
Nemeth et al., 199948 Children Cefdinir (QID) 792 94.3% 97.4%
Penicillin V 70.0 86.3

* P < 0.05 between treatments.
NA, not available; QD, daily; BID, twice a day; QID, four times a day.
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TABLE 3. Antibiotic treatment failures in streptococcal pharyngitis: Elmwood Pediatric Group, 1975 to 1996
Adapted with permission from Pichichero et al., 1998.1*

% of Patients with

Statistical Difference

Medication No. of Episodes Treated Recurrence within 30 e
vs. Penicillin
Days
Penicillin 1581 21.8 NA
Amoxicillin 140 16.8 P =024
Macrolides 143 14.0 P =0.04
Cephalosporins 254 8.6 P < 0.001

NA, not available.

10 days of treatment with oral penicillin V, oral ceph-
alosporins, or oral macrolides did differ somewhat (11,
4 and 7%, respectively).

The superior efficacy of beta-lactamase-stable ceph-
alosporins in the treatment of streptococcal tonsillo-
pharyngitis is consistent with the hypothesis'® ' that
co-pathogenic beta-lactamase-producing organisms
such as Staphylococcus aureus and Haemophilus influ-
enzae contribute to treatment failure with penicillins.
Beta-lactamase-stable cephalosporins, but not penicil-
lin, are potently active against these copathogens.

Many nonpenicillin antibiotics are effective against
streptococcal tonsillopharyngitis when administered
for less than 10 days, a feature that may enhance
compliance relative to that observed with 10-day pen-
icillin therapy. For example a 4- to 5-day course of
cefuroxime axetil has consistently been shown to be as
effective as a 10-day course of penicillin in eradicating
Streptococcus children with tonsillopharyngitis (Table
4).49-52 Cefpodoxime proxetil and cefdinir have been
approved by the US Food and Drug Administration as
effective therapy in a 5-day course for streptococcal
tonsillopharyngitis. Marked differences in treatment
failure rates through 3 to 4 weeks after treatment
between cefuroxime axetil (8% failures or recurrences)
and penicillin V patients (34% failures or recurrences)
in another study'® stimulated the study investigators
to question whether penicillin is the appropriate treat-
ment for recurrent tonsillopharyngitis.

A 5-day course of azithromycin has also been shown
to be effective against group A beta-hemolytic Strepto-

coccus.?® However, streptococcal resistance to macro-
lides is becoming increasingly prevalent,’* and the
necessary dose of 12 mg/kg/day for all 5 days doubles
the usual cost of an azithromycin prescription.

CONCLUSIONS

These data demonstrate the promise of alternatives
to penicillin for the treatment of streptococcal pharyn-
gitis. Although a 10-day penicillin therapy regimen
remains the treatment of choice for the majority of
patients, the increasing incidence of penicillin failures
and the availability of other effective treatment options
that can be administered in shortened regimens are
cause for reevaluation of the status of penicillin.

If penicillin is used to treat streptococcal tonsillo-
pharyngitis, research suggests that the timing of initi-
ation of therapy relative to the onset of illness can
impact treatment success. In an Elmwood Pediatric
Group study,® penicillin treatment success rates were
significantly higher for the 162 patients treated at
least 2 days after onset of illness (82% success) than for
the 193 patients treated less than 2 days after onset of
illness (64% success). In another study®® the incidence
of recurrence of streptococcal tonsillopharyngitis was
higher for the 170 patients treated immediately after
the onset of symptoms (32% recurrence) than for the
173 patients treated 48 to 56 h after onset of symptoms
(11% recurrence). The reason that delaying treatment
for at least 48 h after onset of symptoms improves
treatment outcomes with penicillin has not been deter-
mined. Pharyngeal inflammation tends to be much

TABLE 4. Studies comparing 4 to 5 days of cefuroxime axetil treatment with 10 days of penicillin V treatment for

tonsillopharyngitis
Cefuroxime Axetil/Penicillin
Study Design Age (yr) N Country and Setting Drug Bacteriologic Clinical cure
cure (%) (%)
Gehanno, 19914° Randomized, 5-70 170 100 general practices  Cef 250 mg BID; 96/96 (NS) 99/96 (NS)
comparative, (mean <30) in France penicillin I million
multicenter units TID
Aujard et al., 1995°° Randomized, 2-15 308 4400 community Cef 20 mg/kg/day 87.6/87.4 (NS) 94.8/96.1 (NS)
comparative, pediatric or general BID; penicillin 45
multicenter practices in France mg/kg/day TID
Adam et al., 2000°* Randomized, open 1-18 2364 137 pediatric centers  Cef 250 mg BID or 20 90/84.1 97.2/93.3
label, comparative, in Germany mg/kg/day BID; (P =0.001) (P =0.001)
multicenter penicillin 50 000

TU/kg/day TID

Cef, cefuroxime axetil; BID, twice a day; TID, three times a day; NS, not significant.
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more marked a few days after initiation of symptoms
than immediately after symptom onset. Possibly the
greater degree of pharyngeal inflammation 48 h after
onset of symptoms increases drug penetration (and
consequently drug efficacy) relative to that occurring
immediately after symptom onset.

Streptococcal tonsillopharyngitis is a serious illness
necessitating effective intervention. The substantial
economic and humanistic costs of antibiotic treatment
failure in pediatric streptococcal tonsillopharyngitis
include increased risk of progression to chronic illness
and development of complications such as rheumatic
fever; lost time of the parent from work and the child
from school; diminished patient and/or parent trust
when ineffective treatment is prescribed; and in-
creased medical expenditures related to additional
medication use, additional office visits and laboratory
tests and additional consulting time with the patient.
Ten days of penicillin therapy may not be the best
therapeutic choice for all pediatric patients. Other
antibiotics, shortened courses of the cephalosporins in
particular, may be preferable in some cases.
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