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In a community of Tanzania where trachoma is endemic, we cultured conjunctival swabs from all residents
who had active trachoma and were PCR positive for ocular Chlamydia trachomatis, both before (43 isolates) and
2 months after (9 isolates) mass antibiotic treatment. No clinically or programmatically significant increase in
azithromycin or tetracycline resistance was observed.

Trachoma is caused by repeated conjunctival infection with
Chlamydia trachomatis (3, 5). It is a major cause of blindness in
poor communities (7). The World Health Organization
(WHO) recommends annual mass antibiotic treatment (treat-
ment of every resident of the community) wherever the prev-
alence of the clinical sign “trachomatous inflammation—fol-
licular” (14) in 1- to 9-year-old children is 10% or greater (8).
There are two alternative antibiotic regimens: 1% tetracycline
eye ointment applied twice daily to both eyes for 6 weeks (18)
or (where available) one oral dose of 20 mg azithromycin per
kilogram body weight (or equivalent dose determined by
height), to a maximum of 1 g (1).

The efficacy of single-dose azithromycin is the foundation
upon which hopes for the global elimination of blinding tra-
choma by 2020 (17) have been built. There is concern, how-
ever, that mass distribution of azithromycin will select for ma-
crolide-resistant strains of C. trachomatis or other pathogens
(2).

After obtaining approval from the ethics committees of the
London School of Hygiene & Tropical Medicine, London,
United Kingdom, and the Kilimanjaro Christian Medical Cen-
tre, Tumaini University, Moshi, Tanzania, we invited all resi-
dents of Kahe Mpya subvillage, Rombo District, Tanzania
(10), to participate. Written informed consent was obtained
from each participant or their guardian. All consenting resi-
dents were examined using the WHO simplified system (14). In
this system, “trachomatous inflammation—follicular” and/or
“trachomatous inflammation—intense” constitutes the pres-
ence of “active trachoma.” A swab was taken from the right
tarsal conjunctiva for PCR against C. trachomatis DNA (9, 10).
All subjects with right eye active trachoma had a second right
eye swab taken for C. trachomatis culture (10). Specimen han-
dling has been described elsewhere (9, 10).

Every resident was offered azithromycin, or tetracycline eye
ointment if azithromycin was contraindicated (9). Examination
and swabbing were repeated 2 months later.

Swabs for PCR were tested by Amplicor (9, 10). Swabs in
2-SP medium (10) were cultured from subjects who proved
PCR positive.

We used a previously described C. trachomatis isolation
method (11) with minor adaptations. We treated confluent
24-h-old HeLa 229 cell monolayers with 30 �g/ml DEAE-
dextran for 20 min. Each culture swab was vortexed with sterile
glass beads in its 2-SP medium for 15 s; 100 �l was then
inoculated onto each of three DEAE-treated HeLa cell mono-
layers in 12-well tissue culture plates and incubated at 35°C in
5% CO2 for 1 h. One milliliter of isolation medium (minimal
essential medium, 10% fetal calf serum, 100 mM glutamine,
1 �g/ml cycloheximide) was added to each well, and cultures
were centrifuged at 1,240 � g for 60 min at 25°C. An additional
1 ml of isolation medium was added to each well, and cultures
were incubated at 35°C in 5% CO2. At 72 h, one of the three
triplicate monolayers was stained with C. trachomatis-specific
fluorescein-conjugated monoclonal antibody (Syva Co., Palo
Alto, Calif.) to identify inclusions; the other two were blindly
passaged onto fresh HeLa cells. Specimens were considered
culture negative if no inclusions were detected after 10 blind
passages.

To provide duplicate controls, we cultured and determined
sensitivities for two samples (no. 0002497 and 0001452) twice.
One sample of each pair was randomly selected as the “origi-
nal” isolate for use in subsequent analyses; the other became
the “duplicate.”

C. trachomatis strains IU823, IU824, and IU825 (serovar E
isolates [4], provided courtesy of R. B. Jones) were our tetra-
cycline-resistant reference strains. Type strains for serovar A
(strain HAR-13) and serovar D (strain UW-3/CX) (both pro-
vided courtesy of C.-C. Kuo) were our susceptible reference
strains.

For determination of antimicrobial sensitivities, an inoculum
of 100 �l (average of 20,000 inclusion-forming units) was
added to confluent DEAE-treated HeLa 229 cell monolayers

* Corresponding author. Mailing address: Clinical Research Unit,
London School of Hygiene & Tropical Medicine, Keppel St., London
WC1E 7HT, United Kingdom. Phone: 44 (0)20 7958 8336. Fax: 44
(0)20 7958 8338. E-mail: anthony.solomon@lshtm.ac.uk.

4804



in 24-well culture plates. One milliliter of isolation medium
containing the appropriate concentration of antibiotic was
added to each set of triplicate wells and to the control wells.
The plates were centrifuged at 1,240 � g for 60 min at 25°C and
then incubated at 35°C in 5% CO2 for 48 h. One set of cultures
was fixed with methanol and stained with monoclonal antibody
to C. trachomatis (Syva). To determine the minimum chlamy-
dicidal concentration (MCC), a second set of cultures was
prepared by scraping cells off into sucrose-phosphate-glutamic
acid medium, sonicating the cell suspensions, inoculating fresh
18- to 24-h-old HeLa 229 monolayers, and incubating them
without addition of antibiotics. The MCC was defined as the
lowest concentration of antimicrobial that prevented inclusion
formation following antimicrobial removal and continued cul-
ture for one passage (15).

At baseline, as reported elsewhere (9, 10), 956 (98%) of the
978 residents of Kahe Mpya were examined. A total of 174
subjects (18%) had right eye active trachoma; 56 of these (32%
of 174; 6% of all subjects) were Amplicor positive. A total of 46
(82%) of 56 subjects were culture positive (10). Mean azithro-
mycin (Fig. 1) and tetracycline (Fig. 2) MCCs for the 43 isolates
for which sensitivities could be determined were 0.6 �g/ml and
0.07 �g/ml, respectively.

For each pair of duplicate cultures, MCCs of both azithromycin
and tetracycline were within one twofold dilution (Table 1). Only
one of the tetracycline-resistant controls (IU824) appeared

tetracycline resistant (MCC, 2 �g/ml); IU823 and IU825,
which were recovered from the same patient as IU824 (4), had
tetracycline MCCs of 0.25 �g/ml and 0.12 �g/ml, respectively
(Table 1).

FIG. 1. MCCs of azithromycin against C. trachomatis isolates ob-
tained at baseline and 2 months after mass antibiotic treatment.

FIG. 2. MCCs of tetracycline against C. trachomatis isolates ob-
tained at baseline and 2 months after mass antibiotic treatment.

FIG. 3. MCCs of (a) azithromycin and (b) tetracycline against iso-
lates taken from the five individuals from whom C. trachomatis was
cultured at both baseline and 2 months after mass antibiotic treatment.
Each line joins the two isolates taken from the same subject.

TABLE 1. Antibiotic susceptibilities of duplicates and controls

Isolate Type of isolate
MCC (�g/ml) of:

Azithromycin Tetracycline

0002497A Original 2 0.06
0002497B Duplicate 2 0.12
0001452A Original 0.5 0.06
0001452B Duplicate 0.5 0.06
IU823 Resistant controla 1 0.25
IU824 Resistant controla 1 2
IU825 Resistant controla 0.06 0.12
A Susceptible control 1 0.06
D Susceptible control 1 0.12

a Resistant to tetracycline.
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After baseline swabbing, 916 people (94% of 978 subvillage
residents) received azithromycin and 39 (4%) received tetra-
cycline eye ointment (9). Two months later, 905 (94%) of the
959 people then resident in Kahe Mpya were examined; 49
(5%) had right eye active trachoma, and 9 of these were Am-
plicor positive. Eight (89%) of 9 were culture positive; antimi-
crobial sensitivities of these isolates are shown in Fig. 1 and 2.
Mean azithromycin and tetracycline MCCs at 2 months were
1.0 �g/ml and 0.05 �g/ml.

Five subjects had C. trachomatis isolates at both baseline and
2 months. All five were given azithromycin immediately after
baseline swabbing. MCCs of azithromycin were higher in
2-month isolates than baseline isolates in two individuals,
lower in one, and the same in two; MCCs of tetracycline were
higher in 2-month isolates than baseline isolates in one indi-
vidual, lower in two, and the same in two (Fig. 3).

Evaluation of antimicrobial resistance in C. trachomatis is an
evolving science and remains somewhat controversial (12, 15).
Our protocol is based on the consensus of an expert group on
antimicrobial susceptibility methods (6) and is routinely em-
ployed in the reference laboratory of the Public Health Agency
of Canada. In accordance with recent recommendations (15),
antibiotic solutions were prepared immediately prior to addi-
tion to infected cells and added immediately after HeLa cell
inoculation; MCCs were determined after 48 h in antibiotic-
containing medium followed by 48 h in antibiotic-free medium.

Both before and 2 months after mass antibiotic treatment,
MCCs of azithromycin for all C. trachomatis strains isolated
were �2.0 �g/ml. Tissue concentrations of azithromycin ob-
tained after oral administration are much higher than this: in
four patients aged 43 or more years given 1 g azithromycin 24 h
before cataract surgery, the mean (�standard deviation) con-
centration in conjunctival tissue at operation was 24.5 (�9.7)
�g/g (13). All C. trachomatis isolates obtained from Kahe
Mpya subjects before mass treatment had MCCs of tetracy-
cline of �0.5 �g/ml, while all isolates obtained at 2 months had
MCCs of tetracycline of �0.06 �g/ml. We conclude that no
clinically or programmatically significant changes in C. tracho-
matis azithromycin or tetracycline susceptibilities were induced
by mass antibiotic treatment in this community.
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