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The highest rates of reported gonorrhea infections occur among adolescent females aged 15-19 years. Among

the Centers for Disease Control and Prevention (CDC)-recommended single-dose gonorrhea treatment reg-

imens, ciprofloxacin, a fluoroquinolone antibiotic, is approximately half the cost of other CDC-recommended

oral treatment regimens. Fluoroquinolone use in patients aged <18 years has been limited because of irreversible

articular cartilage damage demonstrated in large, weight-bearing joints of young animals. We reviewed the

medical literature to assess whether the risks of a single 500-mg dose of ciprofloxacin to treat uncomplicated

gonorrhea infection in adolescents appears to outweigh the benefits. We found no reports of irreversible

cartilage toxicity or age-associated adverse events in 5236 human children and adolescents (aged 5 days—24

years) treated with a total of 5486 courses of fluoroquinolones.

The highest rates of reported gonorrhea infections oc-
cur among adolescent females aged 15-19 years [1].
Sociodemographic studies have mapped endemic gon-
orrhea and sporadic gonorrhea cases to impoverished
urban areas with limited resources [2, 3]. Therefore, an
inexpensive, effective, single-dose antibiotic would be
beneficial for the treatment and control of gonorrhea.

Although Neisseria gonorrhoeae was once responsive
to a wide spectrum of antibiotics, treatment options
are now limited. In response to the progressive rise in
N. gonorrhoeae resistance to penicillin and tetracycline,
the Centers for Disease Control and Prevention (CDC)
published guidelines in 1987 that include recommen-
dations to discontinue use of these classes of antibiotics
for treatment of gonorrhea infection [4]. Antimicrobial

Dr. Gale R. Burstein, Division of HIV and AIDS Prevention, Centers for Disease
Control and Prevention, 1600 Clifton Rd., Mail Stop E-46, Atlanta, GA 30333
(gib5@cdc.gov).

Clinical Infectious Diseases  2002;35(Suppl 2):5191-9
© 2002 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2002/350852-0008$15.00

resistance of N. gonorrhoeae remains a critical concern
for gonorrhea treatment. Overall, 28.1% of isolates col-
lected in 1999 by the CDC’s Gonococcal Surveillance
Project were resistant to penicillin, tetracycline, or both
[1].

Some providers use azithromycin for the treatment
of adolescent gonorrhea infection [5]. Published studies
that have evaluated a 1-g single dose of azithromycin
for gonorrhea treatment have demonstrated a subop-
timal cure rate of only 93% [6-8]. A single 2-g azith-
romycin dose is effective in the treatment of uncom-
plicated gonorrhea infection, but the high frequency of
gastrointestinal side effects and the high cost prohibit
its practical use [6, 9].

The CDC’s 1998 Guidelines for Treatment of Sex-
ually Transmitted Diseases recommended the use of
either 2 fluoroquinolone antimicrobials or 2 cephalo-
sporins for the treatment of uncomplicated gonorrhea
infection [6]. Among these recommended regimens,
ciprofloxacin, a fluoroquinolone antibiotic, is one of
the most affordable. Although ciprofloxacin has been
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Table 1. Radiographic, anatomic, and histopathologic assessment of joints among adolescents and children treated with fluoroquinolones.

. Exposure
Subject:
Study wbiects time,
Ref. design No. Age (range) Abx Length of Rx Studies® Outcomes months®
[22] P 24 pts, 39 Mean, 11.5 (2.5-17) years C 30.5 days (21-76) X-ray of bilat knees and ankles during tx on 10 pts All X-rays NL 1
courses

[23] R 1 15 years C 4 weeks X-ray of bilat knees, hips, and feet at 3 weeks of tx All X-rays NL 2
[24] R 1 16 years C 22 days X-ray of bilat knees, feet, and hands during tx and All X-rays NL 5

4 months f/u
[25] P 26 (6-16 years) C 14 days MRI of Rt knee All MRIs NL 0.5
[26] P 58 Mean, 11.7 (8 months-13 C 9-16 days NMR scan of right knee at baseline and days No changes of R knee NMR 0.5

years) years 10-15 of tx scans in 22/22

[27] P 55 Mean, 10.2 (5-17) years C 14 days U/S bilat knees and hips before, during, and at end U/S, no changes; MRI, no cartilage 0.5

of tx in 48; MRI knee pre- and post-tx in 14 abnormalities
[28] P 219 (5 days-14 years) C NA X-rays and MRIs of symptomatic joints during and All studies NL 6

6 months after tx on 2 pts
[29] P 18 (6-24 years) C 3 months X-ray of bilat knees at tx baseline and end; MRI of All studies NL 3-9

L knee at tx baseline and end for all and 4-6
months after for prepubertal pts

[30] P 14 cases, Cases, mean 14.2 (7-18) Case, C or O; 9.6 (7-10) days X-rays of bilat knees and hips, MRI L knee after tx Cases, 43% abn X-rays, 50% abn MRI; 0.3

15 controls  years; controls, mean control, other controls, 33% abn X-rays, 70% abn
11.9 (4-18) years Abx MRI
[31] R 2 7 and 13 years C 10 and 9 months L knee autopsy Cartilage, no histopathologic 9-10

lesions, NL morphology;
chondrocytes intact

NOTE. abn, abnormal; Abx, antibiotics; bilat, bilateral; C, ciprofloxacin; f/u, follow-up; L, left; NA, not available; NL, normal; NMR, nuclear magnetic resonance; O, ofloxacin; P prospective; pts,
patients; R, retrospective; Ref., reference; Rt, right; Rx, therapy; tx, treatment; U/S, ultrasound.

@ Measuring joint-related adverse events.

® Duration of fluoroquinolone treatment and follow up (months of observation).
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Table 2.

Studies reporting adverse events associated with fluoroquinolone use among adolescents and children.

Subjects
Study
Reference design No. Age (range) Diagnosis Drug Adverse events Outcomes Length of follow-up
[29] P 18 (6-24 years) CF C  Photosensitivity (11.1%), diarrhea (5.5%), All resolved 4-6 months
arthralgia (5.5%)
[34] P 41 Mean 11.7 (6-17) years CF C  Abn LFTs (25%), rash (15%), vomit (16%), CNS sx NA 14-30 days
(1%), respiratory (10%), musculoskeletal (22%),
injection complications (54%)
[35] P 18 (5-17 years) CF C  Abn LFTs (44.4%), arthralgia (11.1%) All resolved None
[36] P 44 Mean 13.4 (4-25) years CF C Gl (4.8%), CNS (4.8%), knee arthralgia (4.8%), dry All resolved 6 weeks and 3 months
mouth (4.8%), photosensitivity (4.8%), abn LFTs
(4.8%)
[27] P 55 Mean 10.2 (5-17) years CF C Gl (14.5%), musculoskeletal (7.2%), rash (1.8%), NA 20-30 days
nervousness (1.8%), abnormal LFTs (9.1%)
[22] P 24 pts, 39 Mean 11.5 (2.5-17) years CF C  GI (12.5%), photosensitivity (4.2%), arthralgias (4.2%) All resolved None
courses
[25] P 26 (6-16 years) CF C  None reported NA 14 days
[26] P 58 Mean 11.7 (8 months-13 Salmonella typhi C Gl (8.6%), abn LFTs (3.4%), abn DTRs (1.7%) All resolved; growth  Mean 22.5 (19-37)
years) years NL in 53 with f/u months
[37] 8 (2.5-13 years) S. typhi C  None reported NA 2 months
[38] P 60 Median 6 (3.1-8.8) years Dysentery C  Arthralgias (18.3%), abn LFTS (5.2%), “other not felt  All arthralgias resolved 7, 30, and 180 days
related to tx" (27%)
[28] P 219 (5 days—14 years) Multiple C  Arthropathy (0.9%) All resolved 6 months
[39] P 8 (8-14 years) UTI C  None reported; growth normal NA 3 and 6 months
[40] P 21 Mean 4.25 (1-14) years CSOM C  Neutropenia (4.8%) All resolved 11 months
[41] P 100 Mean 8.2 (1-14) years S. typhi O Delirium (1%), urticaria (1%) All resolved 1 and 3 months
[42] R 8 (3-16 years) CF C  None reported NA None
[43] R 1733 <17 years Multiple C  Possible HUS exacerbation (0.06%) Recovery 45 days
[44] R 1795 pts, 2030 <17 years Multiple C Gl (5.3%), metabolic (0.8%), CNS 1.4%, dermato- 92.5% resolved None
courses logic (2.3%), hematologic (0.4%), photosensitivity
(0.6%), cardiovascular (0.5%), respiratory (1.1%),
arthralgias 1.7% (90% with CF)
[45] R 634 (3 days-17 years) Multiple C Gl (4.9%), dermatologic (3.3%), CNS (2.2%), arthral- All resolved None
gias (1.3%), GU (1.4%), metabolic (2.7%), fever
(0.6%), flu symptoms (0.9%)
[46] R 21 Median 7 years S. typhi/S. paratyphi  C  Limb ataxia (4.8%), confusion (4.8%) All resolved 1 month
[47] R 63 Mean 12 (1-21) years CF O  None reported NA None
[48] R 40 (2-15 years) S. typhi O  Bilateral knee arthralgias (10%), hair loss (6%) All resolved 3 and 6 months
[49] R 5 (9-12 years) Leukemia N None reported NA Mean 42.7 (24-62)
months
NOTE. Abn, abnormal; C, ciprofloxacin; CF, cystic fibrosis; CSOM, chronic suppurative otitis media; DTR, deep tendon reflexes; Gl, gastroenteric; HUS, hemolytic uremic syndrome; LFT, liver

function test; N, norfloxacin; NA, not available; NL, normal; O, ofloxacin; R prospective; pts, patients; R, retrospective; UTI, urinary tract infection.



Table 3.

Adverse events associated with flueroquinolone use among adolescents and chil-

dren as reported in the literature and by the Physicians Desk Reference (PDR) [10].

Occurrence (%)

Adverse event PDR Literature References
Cardiovascular <1 0.5 [44]

CNS changes <1-1.2 1-4.8 [26], [27], [34], [36], [41], [45], [46]
Constitutional symptoms® <1 0.6-4.8 [36], [45]

Dermatologic” 1.1 1.0-15 127, [34], [41], [45]

Gastrointestinal® 1.7-56.2 4.8-16 [22], [26], (271, [29], [34], [36], [44], [45]
Hematologic 0.1-0.6 0.4-48 [40], [44]

Metabolic abnormalities® 0.3-1.9 0.8-44.4 [26], [27], [34-36], [38], [44], [45]
Musculoskeletal® <1 1.3-22 [22], [27-29], [34-36], [38], [44], [45], [48]
Photosensitivity <1 0.6-11.1  [22], [29], [36], [44]

Possible HUS exacerbation Normal 0.06 [43]

Respiratory <1 1.1-10 [34], [44]

NOTE.

? Including fever, flulike symptoms, and dry mouth.

o

Excluding photosensitivity.

a o

Including abnormal LFTs.
Including arthralgias.

used extensively in children with pulmonary exacerbations due
to cystic fibrosis, recommendations for fluoroquinolone use in
patients aged <18 years have been limited [10, 11] because of
documented irreversible articular cartilage damage in the large,
weight-bearing joints of young animals [12-18].
Quinolone-induced arthropathy has been demonstrated in
all immature animal species tested, including dogs, rabbits, rats,
and guinea pigs [13, 15]. The effect on cartilage varies by animal
species, age, quinolone type, and dose. Dogs are more suscep-
tible to cartilage damage than other animal species, such as the
rat [13, 15-18]. Young, skeletally immature animals primarily
develop quinolone arthropathy [13, 15, 16, 19]. In juvenile
beagle dogs, the period of maximal susceptibility corresponds
to the period of maximal growth [16]. Most data have not
demonstrated damage to older dogs. Although a study dem-
onstrated microscopic adult cartilage changes after 12 months
of continuous treatment with perfloxacin, a more arthropathic
quinolone [17], we found no data that have attempted to dem-
onstrate ciprofloxacin-induced cartilage toxicity in an adult an-
imal. Ofloxacin produces damage at lower doses than cipro-
floxacin [16, 17]. The minimum canine arthropathic dose of
ciprofloxacin has been reported as 30 mg/kg/day, whereas the
minimum dose for ofloxacin is reported as 10 mg/kg/day [16,
17]. Higher fluoroquinolone doses produce more extensive ar-
ticular damage. For example, young beagles treated with cip-
rofloxacin 200 mg/kg/day were more likely to exhibit articular
cartilage lesions than those treated with 100 mg/kg/day [18].
Clinically, the fluoroquinolone-associated cartilage toxicity
in animal models has mainly been seen in large, weight-bearing
joints. Affected dogs become lame, with sporadic synovial ef-

HUS, hemolytic uremic syndrome; LFTs, liver function tests.

Including nausea, vomit, diarrhea, and abdominal pain.

fusion after 1-7 days of quinolone treatment [16]. In addition,
affected dogs exhibit an altered standing posture characterized
by hyperextension of weight-bearing joints [16]. Histopatho-
logic damage, such as blisters, fissures, and erosions accom-
panied by joint effusions, and MRI abnormalities are correlated
with clinical findings [13, 15, 16, 18, 19].

Adolescents aged <18 years are at great risk for gonorrhea.
This population would clearly benefit from greater availability
of an inexpensive, effective gonorrhea treatment but are re-
stricted from the use of fluoroquinolones because of a theo-
retical risk of associated cartilage toxicity observed in animals.
In the present article, we review empirical evidence from the
medical literature to assess whether (1) the theoretical barrier
to the use of fluoroquinolones in patients aged <18 years is
justified and (2) changes in fluoroquinolone treatment rec-
ommendations for uncomplicated gonorrhea infection should
be made in future guidelines for treatment of sexually trans-
mitted diseases (STDs).

MATERIALS AND METHODS

We conducted a search of the literature from 1966 to 2000,
using the MEDLINE 2000 database of the US National Library
of Medicine. The terms “anti-infective agents,” “fluoroquino-

» «

lones,” “ciprofloxacin,” and “ofloxacin” (as subjects) and “ad-

» <«

verse effects,” “toxicity,” and “contraindications” (as key words)
were searched in titles and abstracts. We found 69 references.
We limited the search to articles concerning human subjects
in English, French, or German. We excluded articles if data

were not provided for at least one of the recommended gon-
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orrhea treatment regimens [6], if the age of the subjects was
either undefined or if the majority of subjects were aged <1 or
=18 years, or if subjects were taking additional antimicrobials
during the study period. This reduced the number of citations
to 14. We obtained an additional 17 citations from article ref-
erences that had not been identified by the original search.

We included studies that provided data on the adverse effects
of fluoroquinolone use in adolescents through their mid-20s.
We summarized articles and recorded information on evalu-
ation methodology, subject age, diagnoses, results, and study
conclusions. Length of fluoroquinolone exposure and duration
of follow-up were presented in months.

To estimate cost of the drugs included in the CDC-recom-
mended gonorrhea treatment regimens, the Department of
Health and Human Services Supply Service Center catalogue
[20] was used for “low-end” drug-cost estimates, such as those
experienced by public-sector purchasers or managed care or-
ganizations; the Henry Schein Medical catalogue [21] was used
for estimates of “high-end” drug costs, such as those incurred
for purchase from a private-sector pharmacy. We drew con-
clusions on the basis of evidence from the literature for future
changes in recommendations of adolescent fluoroquinolone use
for the treatment of gonorrhea infection.

RESULTS

Studies with histopathologic or radiological end points. We
reviewed 10 studies that, radiographically or pathologically by
autopsy, evaluated pediatric and adolescent patients aged 5
days—24 years who were treated with ciprofloxacin or ofloxacin
for 7 days—10 months [22-31]. These studies found no evidence
of the cartilaginous pathology described in the original fluoro-
quinolone animal studies (table 1) [12-19]. Schaad et al. [31]
performed autopsies of the left knee on 2 children aged 7 and
13 years with cystic fibrosis treated with 9-10 months of cip-
rofloxacin. He found no histopathologic cartilage lesions.

Of the 9 radiographic studies that evaluated large joints, 5
used X-ray and 5 used MRI [22-30]. None reported pathologic
changes detected as a direct effect of therapy. One prospective
study followed 29 pediatric patients with cystic fibrosis who
had received 7-10 days of antibiotic treatment; 14 were treated
with ciprofloxacin or ofloxacin, and 15 were treated with other
standard cystic fibrosis antibiotic regimens [30]. The authors
found similar proportions of abnormal knee X-ray and MRI
findings in both treatment groups after completion of therapy
(cases, 43% abnormal X-rays and 50% abnormal MRI; controls,
33% abnormal X-rays and 70% abnormal MRI.) Because chil-
dren with cystic fibrosis are predisposed to joint abnormalities,
this study failed to demonstrate that fluoroquinolone was as-
sociated with any additional risk of joint damage [32, 33].

The fluoroquinolone-induced irreversible articular cartilage

damage observed in large weight-bearing joints of juvenile an-
imals evolves rapidly, within days [12, 15, 16]. However, ir-
reversible fluoroquinolone-induced cartilage toxicity was not
demonstrated during treatment and follow-up time (range,
0.3-10 months) among the 201 youth reported in the afore-
mentioned studies (table 1). Such a finding should indicate the
problems with extrapolating from animal data to humans and
provide evidence, at the very least, that if fluoroquinolones do
have adverse effects on the cartilage of children and adolescents,
those effects are minimal compared with those found among
animals.

Clinical research studies with adverse events as end
points. A variety of adverse events associated with fluoro-
quinolone use have been described among pediatric and ad-
olescent patients (table 2) [22, 25-29, 34-49]. The most com-
mon complaints were gastrointestinal (e.g., diarrhea and vom-
iting), musculoskeletal (e.g., arthralgias), dermatologic (e.g.,
photosensitivity rash), and hepatic enzyme elevation. Many of
these studies were conducted among patients whose underlying
diseases, such as cystic fibrosis or typhoid fever, may have
caused the reported adverse events. All of the adverse events
were self-limited. Six of 22 studies failed to detect any fluor-
oquinolone-associated adverse events among 118 pediatric and
adolescent subjects [25, 37, 39, 42, 47, 49].

The spectrum and frequency of adverse events associated
with fluoroquinolone use among pediatric and adolescent pa-
tients are compared with reports of adverse events among in-
dividuals aged =18 years as listed in the Physicians Desk Ref-
erence (PDR) in table 3. The most frequently reported
fluoroquinolone-associated events listed in PDR include gas-
trointestinal complaints (nausea, diarrhea, vomiting, and ab-
dominal pain/discomfort), CNS symptoms (headache and rest-
lessness), dermatologic changes (rash), and elevated hepatic
enzymes [10]. Although the spectrum of adverse events re-
ported in adults is similar to those found among patients aged
<18 years, the frequency of these events is greater among pe-
diatric age groups. This may be due to reporting bias, because
most pediatric patients in these studies had diagnoses that
would render them more susceptible to gastrointestinal, der-
matologic, and CNS symptoms and musculoskeletal com-
plaints, such as typhoid fever and cystic fibrosis. Musculo-
skeletal complaints occurred more frequently among pediatric
and adolescent patients than among adults. It is important to
note that permanent arthropathy, the theoretical adverse event
that restricts fluoroquinolone use among patients aged <18
years, was not reported in any of the scientific studies or the
PDR.

Case reports of adverse events. Various reported pediatric
and adolescent fluoroquinolone-associated adverse events, such
as anaphylactic reaction, dystonic reaction, sleep disturbance,
arthralgias, and hallucinations, have also been reported to occur
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in fluoroquinolone-treated adults (table 4) [10, 23, 24, 50-53].
Benign intracranial hypertension, reported by Winrow et al.
[54] in a 14-year-old girl treated with ciprofloxacin for a pul-
monary exacerbation of cystic fibrosis, was not listed in the
PDR [10]. However, intracranial hypertension has been re-
ported in infants and children using naldixic acid, a quinolone
antibiotic [55].

Published recommendations. The American Academy of
Pediatrics recommends fluoroquinolone regimens for the treat-
ment of gonorrhea genital infections only for patients aged =18
years who weigh >100 Ibs (45 kg) [11, 56]. Other professional
medical organizations, such as the American College of Ob-
stetricians and Gynecologists and the American Academy of
Family Physicians, have not published gonorrhea treatment
recommendations.

Costs of gonorrhea treatment regimens.
course of ciprofloxacin range between $1.05 and $4.66 per cu-

The costs for a

rative dose (table 5) [20, 21]. Treatment costs are substantially
greater with other recommended therapies, such as ofloxacin
($2.39-$6.01) and cefixime ($4.78-$6.44). Listed ceftriaxone
prices ($2.60-$10.25) do not include the costs incurred with
dispensing an intramuscular medication.

DISCUSSION

Adolescents have the highest reported rates of gonorrhea; the
reported 1999 rates were 738.1 out of 100,000 among females
aged 15-19 years [1]. Ciprofloxacin, a fluoroquinolone anti-
biotic, is an effective single-dose treatment for uncomplicated

gonorrhea genital infections [57]. However, the theoretical risks
of clinically and histopathologically apparent irreversible ju-
venile animal cartilage damage, evident within a few days of
treatment, have restricted the use of this drug among adoles-
cents aged <18 years [12, 14-16, 18, 19]. Because gonorrhea
rates are high in this population and STD control resources are
limited, it is appropriate to consider whether the theoretical
risks outweigh the therapeutic and economic benefits of
ciprofloxacin use for treatment of gonorrhea infections in
adolescents.

The 10 identified studies that have evaluated children and
adolescents exposed to multiple-day doses of fluoroquinolones
through objective radiological or histological methods dem-
onstrated no evidence of irreversible cartilage damage [22-31].
Other studies that have assessed for fluoroquinolone-induced
cartilage damage by more passive means did not report any
evidence of clinically apparent irreversible damage among 4999
children and adolescents [34—49].

Age and quantity of drug exposure influenced the risk of
animal joint damage. In beagle dogs, the period of maximal
susceptibility corresponds to the period of maximal growth
[16]. The vast majority of sexually active adolescents treated
for gonorrhea will have passed their period of maximal growth.
The recommended ciprofloxacin gonorrhea treatment regimen
is a single 500-mg dose [6]. This dose calculates to 10 mg/kg
in an individual who weighs 50 kg. The minimum ciprofloxacin
dose associated with juvenile dog cartilage damage is 30 mg/
kg/day over multiple days. The risk of a single <10-mg/kg
ciprofloxacin dose causing an adverse event in a skeletally ma-

Table 4. Case reports of adverse events associated with quinolone use among adolescents and children.
Patient
characteristics
Age,
Reference years  Diagnosis  Abx Adverse event Outcome
16 CF C Anaphylactic reaction Resolved
[50] 15 CF C Anaphylactic reaction Resolved
[23] 15 CF C Bilat hip and knee arthralgias Hip and knee X-rays NL; resolved
with edema, effusion, bilat
knees decreased ROM
[51] 14 CF C Benign ICH Electrolytes and CSF studies NL; resolved
[24] 16 CF C Bilat knee and left wrist arthralgia ~ X-rays, no articular cartilageperiostitis or erosion;
lab tests, serum chemistries, PT, and U/A NL;
resolved
[52] 5 S. typhi C Dystonic reaction CSF, CBC, urine, stool, and chest X-ray NL;
resolved
6 CF (0] Sleep disturbances Resolved
6 CF (0] Sleep disturbances Resolved
[53] 10 CF (0] Sleep disturbances Resolved
[54] 17 Dysentery N Hallucinations Resolved
NOTE. Abx, antibiotics; bilat, bilateral; C, ciprofloxacin; CBC, complete blood count; CF, cystic fibrosis; ICH, intracranial hypertension; N, norfloxacin;

NL, normal; O, ofloxacin; PT, prothrombin time; ROM, range of motion; U/A, urinalysis.
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Table 5.
treatment of N. gonorrhoeae.

Costs per curative dose for Centers for Disease Control-recommended

Cost® per curative dose ($)

Curative  DHHS SSC Henry Schein
Medication dose, g catalogue catalogue
Ceftriaxone sodium for injection 0.125 2.60-3.42 4.79-10.25
Cefixime tablets 04 4.78 6.44
Ciprofloxacin tablets 0.5 1.05-2.78 4.66
Ofloxacin tablets 04 2.39 6.01

NOTE.

DHHS SSC, Department of Health and Human Services Supply Service Center

@ Obtained from the DHHS SSC and Henry Schein Pharmaceutical catalogues. C. trachomatis

cotreatment regimens not included.

ture adolescent should be much lower than the risk associated
with multiple dose regimens dispensed to skeletally immature
animals.

Our MEDLINE 2000 database literature search on this topic
proved to be an insensitive method for identifying relevant
journal articles. Although we may have missed other published
studies that described pediatric fluoroquinolone-associated ad-
verse events, it is unlikely that both our original search results
and supplemental sources missed a study with significantly dif-
ferent findings.

Conclusions based on a literature review of fluoroquinolone-
associated adverse events are also limited by the reality that a
clinical trial is unlikely to have adequate power to detect a rare
and serious adverse event. However, neither studies that fol-
lowed 201 fluoroquinolone-exposed youth from 0.3 to 10
months nor case reports have described serious or irreversible
cartilage damage associated with pediatric fluoroquinolone use.
In light of the fact that the concerns of fluoroquinolone use
and joint damage are well known, one might expect that if such
a case had come to medical attention, its existence would have
been reported [14, 15].

Limitations of the studies reviewed include sensitivity of
methods used to detect cartilage damage. Three of the studies
used X-ray to objectively measure joint-related adverse events
[22-24]. X-ray may not be the most sensitive test to detect
cartilage damage. However, more sensitive objective methods,
MRI and autopsy, also failed to demonstrate evidence of ir-
reversible fluoroquinolone-related cartilage damage [25-31].

These data are also limited by the specificity of the criteria
used to assess for fluoroquinolone-related adverse events. Most
of these studies involved subjects with an underlying disease
known to cause joint pain, such as cystic fibrosis, typhoid fever,
sepsis, and cancer. Therefore, it may have been difficult to
differentiate drug-related events from disease-related events.
However, Church et al. [34] were able to demonstrate that
patients with cystic fibrosis experienced the same rate of joint-
related events regardless of fluoroquinolone exposure. In this
randomized controlled trial of patients aged <18 years treated

for pulmonary exacerbations of cystic fibrosis, subjects who
received ciprofloxacin did not differ in treatment-associated
musculoskeletal adverse events from the control group, which
received standard therapy (21% vs. 22%).

The cost data we used may not be generalizable to all clinical
settings. However, these quotes are representative estimates de-
rived from major pharmaceutical suppliers that service the pub-
lic [20] and private sectors [21]. Ciprofloxacin, a fluoroquin-
olone antibiotic, is the least expensive among the recommended
oral regimens. Although the lower-end costs of ceftriaxone
overlap with higher-end costs of ciprofloxacin, an intramus-
cular regimen incurs other dispensing costs, such as cost of
syringes, needles, and nursing time. In addition, painful treat-
ment may deter the adolescent from seeking future STD treat-
ment services. Even though the absolute price per dose between
recommended ciprofloxacin and the cefixime regimen differs
by only a few dollars, the proportional difference is half. Because
gonorrhea prevalence is relatively higher among adolescents,
clinics that provide STD treatment services would expect to
dispense a significant proportion of gonorrhea treatment to
patients aged <18 years. Therefore, total programmatic costs
for gonorrhea control would be reduced if fluoroquinolone use
were not limited by age.

In light of the failure to demonstrate associated cartilage
toxicity in fluoroquinolone-exposed children, the Food and
Drug Administration is reassessing its restrictions on pediatric
ciprofloxacin use. Ciprofloxacin has recently been approved for
postexposure prophylaxis for pediatric inhalational anthrax,
and the drug is currently being studied in phase 3 and 4 clinical
trials for treatment of pediatric otitis media (C. Skowronski,
personal communication).

In conclusion, the benefits of a single 500-mg dose of cip-
rofloxacin for the treatment of uncomplicated adolescent gon-
orrhea infection appear to outweigh the theoretical risks. Gon-
orrhea is a significant health problem among adolescents.
Ciprofloxacin is an effective and inexpensive treatment option
for uncomplicated genital gonorrhea infections. The cost of a
single dose of ciprofloxacin is approximately half the cost of
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the other oral nonfluoroquinolone, CDC-recommended single-
dose gonorrhea treatment regimens. Irreversible cartilage tox-
icity, the theoretical risk that limits its use among the age group
with the highest reported gonorrhea prevalence, has not been
demonstrated in 5236 growing children or skeletally mature
adolescents (aged 5 days—24 years) treated with 5486 courses
of fluoroquinolones. Providers should consider these risks and
benefits when managing uncomplicated gonorrhea infections
in adolescents.
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