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Abstract Background. Currently, there is no single-
dose therapy that is effective in the treatment of urethral
or endocervical infections with Chlamydia trachomatis.
Azithromycin is a new azalide antibiotic that has sub-
stantial activity against C. trachomatis, is concentrat-
ed intracellularly, and has a long half-life in serum and
tissue.

Methods. We conducted a trial in which 299 female
patients and 158 male patients with uncomplicated genital
infection and a positive C. trachomatis antigen test were
randomly assigned to receive either azithromycin (1 g
once orally) or doxycycline (100 mg orally twice daily for
seven days). Only patients subsequently determined to
have a culture positive for C. trachomatis at base line were
included in the evaluation of efficacy.

Results. Among the patients who could be evaluated,
5 of the 141 patients (4 percent) treated with azithromycin

N the United States, Chlamydia trachomatis is the

most common sexually transmitted pathogen. Sev-

eral million cases of chlamydial infection occur in the
United States every year.'

C. trachomatis causes substantial morbidity in men,
women, and infants. The most common presentations
of chlamydial infection in sexually active adults are
urethritis and cervicitis. Chlamydial infection is also
responsible for many cases of epididymitis, endome-
tritis, acute salpingitis, ectopic pregnancy, and ob-
structive infertility in women.?® Infected pregnant
women can also transmit the infection to their infants
at birth, resulting in neonatal conjunctivitis and chla-
mydial pneumonia.*

The complex life cycle and relatively slow replica-
tion of C. trachomatis have important implications for
therapy. Although single-dose regimens are available
for the treatment of gonococcal infections, there are no
such regimens for the treatment of uncomplicated
chlamydial infection. Seven-day, multidose regimens
of tetracycline, doxycycline, or erythromycin are the
most frequently used treatments for genital chlamydi-
al infections, but many patients do not complete the
course of therapy.’ The rate of noncompliance is par-
ticularly high among patients with asymptomatic in-
fection.

Azithromycin is the prototype of a new group of
antibiotics known as azalides. It differs structurally
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did not respond to treatment, as compared with 3 of the
125 patients (2 percent) treated with doxycycline (differ-
ence between groups, 2 percent; 95 percent confidence
interval, 0 to 6 percent). Of the patients evaluated 21 to 35
days after treatment, none of 112 treated with azithromy-
cin and 1 of 102 treated with doxycycline had a positive
culture. The rates of bacteriologic cure were similar for
the 98 female patients (97 percent) and the 43 male pa-
tients (95 percent) treated with azithromycin. Seventeen
percent of the patients who received azithromycin and
20 percent of those treated with doxycycline had mild-
to-moderate drug-related side effects, mainly gastrointes-
tinal symptoms.

Conclusions. A single 1-g dose of azithromycin is as
effective for the treatment of uncomplicated genital chla-
mydial infections as a standard seven-day course of doxy-
cycline. (N Engl J Med 1992;327:921-5.)

from the macrolide erythromycin by the insertion of a
methyl-substituted nitrogen at position 9a in the lac-
tone ring, creating a 15-membered ring structure. In
vitro, azithromycin has good activity against C. tracho-
matis, with a minimal inhibitory concentration of 0.03
to 0.25 mg per liter.%’ Azithromycin also has good in
vitro activity against other sexually transmitted path-
ogens, including Ureaplasma urealyticum.® More impor-
tantly, it has good bioavailability, with sustained high
levels in tissue after a single oral dose. In a recent
study,’® tissue levels of 1.44 pg of azithromycin per
gram were measured in tissue from the female genital
tract 24 hours after a single 500-mg dose of the drug;
the half-life in this tissue was 67 hours. This pharma-
cokinetic profile suggests that azithromycin may be
effective after even a single dose.

We conducted a multicenter, randomized study to
evaluate the efficacy and safety of a single 1-g dose of
orally administered azithromycin and to compare its
effects with those of the standard seven-day course of
doxycycline (100 mg twice daily) for the treatment of
chlamydial urethral infection in men and chlamydial
urethral and endocervical infection in women.

METHODS
Patients

A total of 457 patients (158 male and 299 female) with presump-
tive chlamydial urethral or endocervical infection (or both) were
enrolled at 21 centers in the United States. Study subjects who were
at least 16 years of age were recruited from sexually transmitted
disease, college-student health, adolescent health, and family-plan-
ning clinics. Patients considered to be at high risk for chlamydial
infection were evaluated. Most had clinically evident urethritis or
mucopurulent cervicitis, but some were asymptomatic sexual part-
ners of patients with proved C. trachomatis infection. Since objective
evidence of chlamydial infection was required before enrollment,
the patients were screened with antigen tests that provided rapid
results, and only the patients with positive results were enrolled.
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Some female patients were referred to us because of a positive chla-
mydial test on routine screening. The rapid screening tests used in
the various clinical centers were the Microtrak direct monoclonal-
fluorescent-antibody test (Syva, Palo Alto, Calif.), Testpack (Ab-
bott Laboratories, Chicago), Kodak Surecell (Kodak, Rochester,
N.Y.), and Clearview (Unipath, Mountain View, Calif.). Patients
with Gram’s stains of urethral or endocervical specimens suggesting
infection with Neisseria gonorrhoeae were eligible if they also had a
positive rapid screening test for C. trachomatis.

Patients were excluded from the study for the following reasons:
evidence of gonococcal pharyngitis, proctitis, or disseminated gono-
coccal infection; treatment with a systemic antibiotic within 72
hours before enrollment; evidence of salpingitis or epididymitis;
history of allergy or hypersensitivity to erythromycin or doxycy-
cline; history of serious underlying chronic disease; a positive test
for hepatitis B surface antigen; and known alcohol or drug abuse.
Patients who were pregnant or lactating were also excluded. Before
enrollment the patients gave written, informed consent. All the pa-
tients were examined before treatment, and the presence or absence
of urethral and endocervical discharge was noted. In the female
patients the presence or absence of cervical erythema, friability,
edema, and hypertrophic ectopy was recorded.

Microbiologic Studies

To confirm the diagnosis of C. trachomatis infection, specimens for
culture were obtained from the urethra in male patients and from
the urethra and endocervix in female patients. McCoy cells grown
in flat-bottomed vials or plastic plate wells were used as the culture
medium. Otherwise, details of the culture method were not stand-
ardized between centers. The minimal concentration of azithromy-
cin and doxycycline needed to inhibit C. trachomatis was measured
for selected isolates with McCoy cells grown in the wells of flat-
bottomed plastic plates as described elsewhere.'” In addition, ure-
thral, endocervical, pharyngeal, and rectal specimens were obtained
and inoculated directly onto selective chocolate agar for the identifi-
cation of N. gonorrhoeae.

Treatment

Patients were randomly assigned to receive either a single dose of
1 g of azithromycin (four 250-mg capsules) on day 1 or a dose of
100 mg of doxycycline (Vibramycin) (one capsule) twice daily for
seven days. Placebos were not used. Therapy was initiated within
48 hours after the cultures were obtained. The drugs were taken
orally at least one hour before or two hours after a meal. The drugs
were distributed by a person who was not involved in the selection
or evaluation of the patients. Patients with concomitant gonococcal
infections were treated with a single 250-mg dose of ceftriaxone
given intramuscularly either at the initial visit or at the first
follow-up visit. Patients were instructed to use a condom if
they had sexual intercourse during the study. The randomization
table and antibiotics were provided by Pfizer Central Research
(Groton, Conn.).

Evaluation of Treatment

Only patients with positive C. trachomatis cultures at base line
were included in the analysis of clinical and bacteriologic outcome.
Endocervical and urethral specimens were obtained during follow-
up evaluations performed 5 to 11 days, 12 to 20 days, and 21 to 35
days after the initiation of treatment. At each evaluation, signs and
symptoms of infection were assessed and patients were questioned
about interim sexual exposure. Compliance with the doxycycline
regimen was documented at the first follow-up visit by counting the
number of pills remaining and reviewing the patient’s history. Any
patients who admitted having intercourse without a condom were
excluded from further evaluation at that point, as were patients
given additional antibiotics active against C. trachomatis. The clinical
response to treatment was classified in the following manner, ac-
cording to the investigator’s final assessment: complete resolution of
the signs and symptoms of infection (cure), incomplete resolution
of the signs and symptoms (improvement), or no apparent response
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to the study drug or a worsening of the signs and symptoms (fail-
ure). The bacteriologic response was classified as either complete
(cure), on the basis of a negative culture for C. trachomatis at follow-
up, or incomplete (failure), on the basis of a positive chlamydial
culture at follow-up.

All side effects that occurred during therapy or within 35 days of
the end of treatment, reported by the patients or observed by-the
investigators, were recorded at each visit. The severity of each side
effect was classified as mild, moderate, or severe. The data for all
patients enrolled in the study were included in thé assessment of
side effects.

Blood and urine samples were obtained within 24 hours before
treatment and at each follow-up visit. Standard hematologic, bio-
chemical, and urinary analyses were performed to detect asympto-
matic drug toxicity.

Statistical Analysis

All statistical tests were two-tailed. The distributions of the clini-
cal response and rates of bacteriologic eradication were compared
with the Cochran—-Mantel-Haenszel method.

RESULTS

Azithromycin was used to treat 237 patients (85
male and 152 female), and doxycycline was used in
220 patients (73 male and 147 female). The two
groups were similar with respect to age, weight, and
racial or ethnic distribution (Table 1). Eighty-three of
the azithromycin-treated patients (35 percent) and 87
of the doxycycline-treated patients (40 percent) did
not have a positive base-line C. trachomatis culture and
were therefore excluded from the analysis of drug effi-
cacy. Some of these negative base-line cultures can be
accounted for by the long interval (one to two weeks)
between the screening of asymptomatic female pa-
tients and the performance of the base-line culture.
There may have been spontaneous cures or undis-
closed antibiotic treatment in some cases. In addition,
there was no quality control of the rapid screening
tests used, which may have contributed to a higher-
than-expected number of false positive results in this
study. Finally, false negative culture results are ex-
pected in 10 to 15 percent of patients with chlamydial
infections even under ideal conditions. An additional
13 azithromycin-treated patients and 8 doxycycline-
treated patients were excluded because they did not
return for any of the follow-up visits. Thus, a total
of 141 azithromycin-treated patients and 125 doxy-
cycline-treated patients were available for the analysis
of bacteriologic efficacy. Eighty-seven percent of the
patients had two or more follow-up visits. The bacteri-
ologic results are summarized in Table 2. There were
five (4 percent) treatment failures in the azithromycin
group and three (2 percent) in the doxycycline group
(difference in the failure rate, 2 percent; 95 percent
confidence interval, 0 to 6 percent). Three of the
patients who did not respond to azithromycin had
positive cultures on the first follow-up visit, as did
two of the patients who did not respond to doxycy-
cline.

Cultures were obtained from 112 of the azithromy-
cin-treated patients during the follow-up visits sched-
uled 21 to 35 days after enrollment (mean, 29 days
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Table 1. Characteristics of the Patients in the
Study.*

AZITHROMYCIN DOXYCYCLINE

CHARACTERISTIC (N = 237) (N = 220)
Sex (no.)
Male 85 73
Female 152 147
Age (yr)
Males
Mean 25.2 24.9
Range 16-50 16-48
Females
Mean 22.0 22.0
Range 16-42 16-46
Race or ethnic group (no.)
White 82 77
Black 139 117
Hispanic 11 17
Other 4 8
Unknown 1 1
Weight (kg)
Males
Mean 74.9 76.0
Range 56-112 45-103
Females
Mean 61.8 62.8
Range 45-100 43-132

*Eighty-three of the azithromycin-treated patients and 87 of
the doxycycline-treated patients had negative cultures for C. tra-
chomatis at base line and were therefore excluded from the analy-
sis of drug efficacy.

after enrollment) and from 102 of the doxycycline-
treated patients (at a mean of 29 days after enroll-
ment). None of the azithromycin-treated patients and
only one of the doxycycline-treated patients had posi-
tive cultures at this time. Ten patients in each group
had concomitant N. gonorrhoeae infections and received
ceftriaxone in addition to the assigned study drug.
Both N. gonorrhoeae and C. trachomatis were eradicated
in all these patients.

Isolates of C. trachomatis from 97 patients (49 from
New Orleans, 21 from Indianapolis, and 27 from the
other sites) were tested in vitro for susceptibility to
azithromycin and doxycycline. The minimal concen-
trations of azithromycin needed to inhibit 50 percent
and 90 percent of these isolates were 1 mg per liter and
2 mg per liter, respectively; the respective values for
doxycycline were 0.125 mg per liter and 0.5 mg per
liter. Two pretreatment isolates from a patient who
did not respond to azithromycin were tested. The
minimal inhibitory concentrations for these two iso-
lates were well within the susceptible range for both
azithromyecin (0.5 and I mg per liter) and doxycycline
(0.125 and 0.25 mg per liter).

Nineteen of the patients given azithromycin (15 fe-
male and 4 male) and 15 of the patients given doxy-
cycline (9 female and 6 male) were asymptomatic
and had no signs of infection at the base-line visit;
therefore, the clinical responses of 122 azithromycin-
treated patients (83 female and 39 male) and 110 dox-
ycycline-treated patients (78 female and 32 male)
could be evaluated at one or more follow-up visits.
Among this group of patients, all the male patients
had urethral discharge, dysuria, or both, and most of
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the women were asymptomatic but had one or more
signs of endocervical inflammation, the most common
of which was endocervical discharge. At the last fol-
low-up visit, 97 percent of the male patients and 98
percent of the female patients had responded clini-
cally to azithromycin, as compared with 91 percent
of the male patients and 95 percent of the female
patients treated with doxycycline (difference in rates
of clinical improvement for male patients, 6 percent;
95 percent confidence interval, 0 to 17 percent; dif-
ference in clinical rates of improvement for female
patients, 3 percent; 95 percent confidence interval, 0 to
9 percent).

Side effects considered by the investigators to be
related to treatment were reported in 41 of 237 pa-
tients given azithromycin (17 percent) and in 43 of
220 patients given doxycycline (20 percent). Only
one doxycycline-treated patient was withdrawn from
treatment; this was due to nausea and vomiting. The
most common treatment-related side effects in both
groups involved the gastrointestinal tract (Table 3).
Diarrhea was more common in azithromycin-treated
patients, whereas nausea and vomiting were more
common among those taking doxycycline. All side ef-
fects were judged to be of mild or moderate severity
except one case of nausea in the azithromycin group
and a photosensitivity reaction in the doxycycline
group.

Abnormal laboratory-test results that may have
been related to treatment were recorded in 17 azithro-
mycin-treated patients (7 percent) and 6 doxycycline-
treated patients (3 percent). Small increases in liver
enzyme or serum bilirubin levels were observed in four

Table 2. Rates of Bacteriologic Cure for
Each Foliow-up Visit.

LENGTH OF AZITHROMYCIN DOXYCYCLINE
FoLLow-up (N = 141) (N = 125)
no. culture-negativel
no. with cultures (%)
5-11 Days
Females 87/89 (98) 76/77 (99)
Males 40/41 (98) 36/37 (97)
Total 127/130 (98) 112/114 (98)
12-20 Days*
Females 78/79 (99) 70/70 (100)
Males 31/32 (97) 26/26 (100)
Total 109/111 (98) 96/96 (100)
21-35 Days*
Females 78/78 (100) 72/73  (99)
Males 34/34 (100) 29/29 (100)
Total 112/112 (100)  101/102 (99)
Cumulative resultst
Females 95/98 (97) 85/87 (98)
Males 41/43 (95) 37/38 (97)
Total 136/141 (96) 122/125 (98)

*Patients with a positive culture at a previous follow-up are not
included in the data for subsequent follow-up intervals. Some
patients did not return for all three follow-up visits.

tTwelve patients given azithromycin and 13 given doxycy-
cline were assessed only at the first follow-up visit (days 5
through 11). The 95 percent confidence interval for the 2 percent
difference in bacteriologic cure rates between the treatment
groups was 0 to 6 percent.
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Table 3. Treatment-Related Side Effects in
the Two Groups of Patients.*

AZITHROMYCIN
(N = 237)

DOXYCYCLINE
SIDE EFFECT (N = 220)
no. of patients (%)

Gastrointestinal

Diarrhea 15 (6) 42
Nausea 13 (5) 24 (1D
Vomiting 5@ 13 (6)
Abdominal pain 9 (4) 3
Other 3 0
Skin rash 3( 3
Neuropsychiatric 4(2) 1(0.5)
Other 5() 4(2)
Totalt 41 (17) 43 (20)

*The odds ratios and 95 percent confidence intervals for the
most common side effects were as follows: diarthea — 3.6,
1.4 to 15.7; nausea — 0.5, 0.2 to 1.0; and vomiting — 0.3,
0.1to 1.0.

‘tSome patients had more than one side effect.

patients in each group. Seven patients in the azithro-
mycin group had small, transient decreases in the ab-
solute neutrophil count.

DiscussioN

We found that a single 1-g dose of azithromycin is
as effective as the standard seven-day doxycycline
regimen in the treatment of C. trachomatis urethral or
endocervical infection. One previous study also sug-
gested that a single dose of azithromycin 1s an effective
treatment for uncomplicated genital chlamydial infec-
tions.'! Three azithromycin regimens, each delivering
a total of 1 g, were compared with a seven-day course
of doxycycline in which 100 mg of the drug was given
twice daily for the treatment of sexually transmitted
disease.!" Four weeks after enrollment C. trachomatis
had been eradicated in 43 of the 44 patients (98 per-
cent) who received a single dose of azithromycin. The
other two azithromycin regimens (in which a total of
1 g was given over a period of one or two days) were
also effective.

Our study was designed primarily to determine the
bacteriologic efficacy of azithromycin in the treatment
of C. trachomatis infections. Clinical efficacy was as-
sessed, but the criteria used to define urethritis and
cervicitis were subjective (such as observable urethral
or endocervical discharge). Bearing in mind these
limitations, we nevertheless found that the rates of
clinical failure among both male and female patients
were very low. Although these data support the use of
azithromycin for the treatment of urethritis caused
by C. trachomatis, the efficacy of the drug for nonchla-
mydial nongonococcal urethritis has not been estab-
lished. Azithromycin has good in vitro activity against
U. urealyticum,'>"® the other recognized pathogen in
this disease.'* Therefore, the drug should be effective
for nongonococcal urethritis, but further studies are
required to support this hypothesis.

The pharmacokinetic profile of azithromycin is
characterized by sustained high concentrations in cells
and tissues.''® The high concentration of azithromy-
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cin in the intracellular compartment may be related to
the amphophilic and dibasic nature of the azalide
structure, resulting in a tendency to concentrate in
subcellular compartments of low pH."” By contrast,
tetracycline, doxycycline, and erythromycin do not
produce sustained high concentrations in tissue, and
multiple doses must be administered to maintain ade-
quate intracellular drug levels. o

Serum azithromycin concentrations are low; thus, a
more accurate estimate of the in vivo efficacy of the
drug in the treatment of intracellular pathogens such
as C. trachomatis may be derived by an assessment of
the minimal inhibitory concentrations in relation to
the tissue concentrations of the antibiotic. The maxi-
mal levels of azithromycin in serum are only about 0.4
mg per liter after a 500-mg oral dose,'® whereas tissue
levels 24 hours after the same dose range from 3 to
6 mg per kilogram of body weight and remain above
1 mg per kilogram for several days. The minimal con-
centrations of azithromycin needed to inhibit 50 per-
cent and 90 percent of C. trachomatis in this study were
1 mg per liter and 2 mg per liter, respectively, as com-
pared with a minimal inhibitory concentration of 0.03
to 0.25 mg per liter in previous studies.®” Thus, it
appears likely that tissue levels are indeed the critical
factor in determining the efficacy of azithromycin
against intracellular pathogens such as C. trachomatis.

Though published studies consistently report high
success rates after multiple-dose therapy for chlamydi-
al infections, there has always been some doubt that
treatment is as effective outside the research setting
because of problems with compliance.'*? For this rea-
son effective drug regimens that are easy to administer
are preferred. The rate of compliance with a seven-
day course of therapy is probably lowest among pa-
tients with asymptomatic chlamydial infections identi-
fied by routine screening programs or on the basis of
an infection in their sexual partners. Unfortunately,
these are the very patients who appear to be at great-
est risk for the serious long-term sequelae caused by
chlamydial infections. Chronic asymptomatic infec-
tion of the fallopian tubes may be the primary cause of
tubal scarring, which is responsible for obstructive in-
fertility and ectopic pregnancy.>*?' Asymptomatic
men probably play a major role in the dissemination
of the organism and, in part, account for its high prev-
alence in the population.?? Single-dose therapy, as is
available for early stages of syphilis and gonorrhea,
would be ideal for the treatment of chlamydial infec-
tions, since it would ensure a 100 percent rate of com-
pliance.

Preliminary analyses indicate an efficacy of ap-
proximately 85 to 95 percent for a single 1-g dose
of azithromycin in the treatment of gonorrhea. A
2-g dose is more effective, but significantly increases
the incidence of mild-to-moderate gastrointestinal
side effects (Pfizer Central Research: unpublished
data). Therefore, it appears that the 1-g dose of azith-
romycin should be combined with a more effective
antigonococcal drug to treat patients infected with

The New England Journal of Medicine
Downloaded from nejm.org on June 30, 2023. For personal use only. No other uses without permission.
Copyright © 1992 Massachusetts Medical Society. All rights reserved.



Vol. 327 No. 13

both N. gonorrhoeae and C. trachomatis. Further studies
are needed to establish the efficacy of a single dose of
azithromycin for salpingitis and epididymitis caused
by C. trachomatis. Effective single-dose therapy may
improve efforts to limit the spread of this important
sexually transmitted organism.

We are indebted to Vicki Pirolozzi for assistance in the prepara-
tion of the manuscript.

APPENDIX

In addition to the authors, the Azithromycin for Chlamydial In-
fections Study Group consists of the following: University of
Michigan Health Service, Ann Arbor — C. Briefer; Temple Uni-
versity School of Medicine, Philadelphia — A. Chatwani; Univer-
sity of Oklahoma School of Medicine, Norman — R. Greenfield;
State University of New York, Health Science Center at Brook-
lyn — M. Hammerschlag; Stuart, Fla. — J. Harrell; University
of Washington School of Medicine, Seattle — T. Hooton; Uni-
versity of Florida College of Medicine, Gainesville — A. Ira-
vani; Broomfield Family Practice Associates, Broomfield, Colo.
— W. Markel; University of California, San Francisco, School
of Medicine, San Francisco — J. Mills; Newark Beth Israel
Medical Center, Newark, N.J. — J. Murillo; University of Ala-
bama School of Medicine, Birmingham — M. Oh; West Virginia
University School of Medicine, Morgantown — J. Palmer; Win-
ston-Salem, N.C. — H. Soper; Edinger Medical Group, Fountain
Valley, Calif. — M. Sperling; Boston University School of Medi-
cine, Boston — B. Viner; and Tulane School of Medicine, New
Orleans — C. Wheeler.
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