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Neisseria gonorrhoeae isolates from Ethiopia*
1. In vitro susceptibility patterns to five antibiotics

MESSELE GEDEBOU1 & ALEBACHEW TASSEW 2

Five hundred Neisseria gonorrhoeae strains isolated between January 1977 and
February 1978 from male patients in Addis Ababa were tested by the agar dilution tech-
nique for their susceptibility to penicillin, ampicillin, tetracycline, chloramphenicol, and
streptomycin.

The minimal inhibitory concentration (MIC) values ofpenicillin and ampicillin for the
isolates variedfrom<O. OOS to 1.28 mg/litre andfrom< 0. 025 to 0.8 mg/litre respectively.
The tetracycline values rangedfrom< 0.2 to 3.2 mg/litre and those ofchloramphenicolfrom
. 0.125 to 8. 0 mg/litre. Streptomycin concentrations of10, 20, 40, 50, 100, and200 mg/litre
each inhibitedgrowth ofa numberofstrains. 107strains (21.4%) werenot inhibited, even by
a concentration of200 mg/litre, the highest employed.

Forty-one percent of strains were resistant to penicillin, requiring 0. 08 mg/litre or a
higherconcentrationforinhibition, andS8.4% were resistant to ampicillin, inhibition occur-
ring only at concentrations >0.2 mg/litre. The percentage ofstrains resistant to penicillin
was significantly lower than that reported 7years ago (50%). Resistance to tetracycline was
shown in 8.2% of strains. None of the 500 strains showed resistance to chloramphenicol.
Streptomycin resistance was detected in 43.8% of the strains.

Around 1944, sulfonamide-resistant gonococcal
strains began to appear in various countries and fail-
ures in treatment increased; penicillin was then sub-
stituted as the drug of choice. There was no report of
decreased susceptibility to penicillin of Neisseria
gonorrhoeae isolates for over 10 years. By 1957 and
1958, however, the first reports appeared on strains
with decreased susceptibility to penicillin associated
with an increase in treatment failures (1, 2). Since
then, such less susceptible gonococcal strains have
been reported (3, 10) with increasing frequency.
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The first study on penicillin sensitivity of gonococci
in Ethiopia was made in 1970 by Wright and his col-
laborators (4) on 104 isolates. These authors reported
again in 1973 on the same 104 strains and on an ad-
ditional 130 isolates (5). Dodge & Wallace (6) from
the same laboratory studied these 104 strains and their
203 new isolates of 1972 and 1973 and compared their
susceptibility to penicillin and tetracycline.
The present paper is a report on the susceptibility

patterns of 500 strains, isolated in Addis Ababa, to
penicillin, tetracycline, chloramphenicol, ampicillin,
and streptomycin, all drugs commonly used in
Ethiopia for the treatment of gonorrhoea. The pur-
pose of the study was to obtain useful epidemiological
information on the antibiotic susceptibility of local
gonococcal strains to serve as a guide to treatment and
the rational use of antibiotics in a country where,
owing to lack of an adequate bacteriological service in
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most clinics and hospitals, prescriptions are mostly
based on clinical judgements. The findings should also
contribute to the essential international reference data
on antibiotic resistance in Neisseria gonorrhoeae,
which is a problem of worldwide concern.

MATERIALS AND METHODS

Specimens
Purulent urethral discharge specimens were

randomly collected between January 1977 and
February 1978 from male patients attending the
Venereal Disease Clinic in Addis Ababa and processed
for isolation of Neisseria gonorrhoeae. It was not
known whether strains came from patients in whom
treatment had previously failed. However, 6007o of
patients revealed previous gonorrhoeal infection,
some recently and others several years back.

Isolation and identification of Neisseria gonorrhoeae

Standard procedures of isolation and identification
of N. gonorrhoeae were followed. The selective
Thayer-Martin medium (7) was employed for primary
isolation. Colonies resembling gonococci were Gram
stained and tested for oxidase. Gram-negative diplo-
cocci were inoculated on chocolate agar plates to
obtain the pure growth needed for the carbohydrate
fermentation tests in Difco cystine-tryptic-agar
medium. Gram-negative diplococci that were oxidase
positive and fermented dextrose but not maltose and
sucrose were identified as N. gonorrhoeae and tested
for their susceptibility to 5 antibiotics.

Antibiotic susceptibility testing

Minimal inhibitory concentration (MIC) values of
penicillin, ampicillin, tetracycline, chloramphenicol,
and streptomycin were determined for all gonococcal
isolates using the agar dilution technique (8, 9). The
drug powders used were penicillin G potassium
(Lilly)-potency, 1595 IU/mg; ampicillin (Wyeth)-
potency, 977 Mg/mg; tetracycline hydrochloride
(Pfizer)-potency, 980 Mg/mg; chloramphenicol
(Parke, Davis)-potency, 1000 Mg/mg; and strepto-
mycin (EPHARM)a-potency, 741 Mg/mg.

Appropriate solvents and diluents were used to
dissolve the powders and prepare the stock concen-
trations and working dilutions of the respective drugs.
The following ranges of concentrations were incor-
porated into chocolate agar media:

penicillin: 0.005-2.56 mg/litre
ampicillin: 0.025-12.8 mg/litre
tetracycline: 0.2-25.6 mg/litre

a EPHARM = Ethiopian Pharmaceutical Manufacturing S.C.

These were prepared in 2-fold serial concentrations.
For chloramphenicol, concentrations of 1, 2, 4, 6, 8,
and 10 mg/litre and for streptomycin, 10, 20, 40, 50,
100, and 200 mg/litre were incorporated.
The inoculum was from a suspension of Muller-

Hinton broth prepared by inoculation from pure
growth on a chocolate agar plate. The suspension was
standardized to Macfarland tube No. 0.5, thus con-
taining 107 -108 bacterial cells per ml, and 0.1 ml was
pipetted into the reservoir of a sterile seed plate. The
inoculation on the plates was made using a mechanical
device similar to that of Steers et al. (11), which de-
livered about 104 organisms. Plates containing the
different concentrations of the respective drugs and
control plates without drugs were "spot" inoculated.
Reading of results was made after overnight incu-
bation. The endpoint was considered as the lowest
concentration of the drug that prevented growth.
With every run of MIC determinations the 3 WHO
international reference strains (i.e., III, V, VII from
Dr Alice Reyn, State Serum Institute, Copenhagen)
were concurrently tested. As an additional control,
strains were inoculated on media without any anti-
biotic.

RESULTS

Minimal inhibitory concentration values
The MIC values of penicillin, ampicillin, tetra-

cycline, chloramphenicol, and streptomycin for 500
strains of Neisseria gonorrhoeae are presented in
Table 1. Penicillin G MIC values for the strains
ranged from less than 0.005 mg/litre to 1.28 mg/litre,
while those of ampicillin ranged from less than 0.025
to 0.8 mg/litre. The range for tetracycline MIC values
was from less than 0.2 to 3.2 mg/litre, for chloram-
phenicol from less than 0.125 to 8.0 mg/litre, and for
streptomycin from less than 10 to over 200 mg/litre.
The highest MIC values recorded for penicillin,
ampicillin, tetracycline, chloramphenicol, and strep-
tomycin were 1.28, 0.8, 3.2, 8.0, and above 200 mg/
litre, respectively (Table 1).

Resistance

A number of gonococcal strains showed resistance
to one or more of 4 out of the 5 antibiotics.

Penicillin. Taking 0.08 mg/litre (136 IU/litre) as
the MIC level for resistance to penicillin (12-15),
205 strains (41 %) were found to be resistant. The most
resistant strains were inhibited by 1.28 mg/litre, but
no P-lactamase-producing strains were found when
the strains with high MIC values were tested em-
ploying the technique described by Thornsberry &
Kirven (12).
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Table 1. Percentage of Neisseria gonorrhoeae isolates inhibited by different concentrations (mg/litre) of 5 antibiotics

Penicillin Ampicillin Tetracycline Chloramphenicol Streptomycin

Inhibitory Inhibitory Inhibitory Inhibitory Inhibitory
concen- % concen- % concen- % concen- % concen- %
tration inhibited tration inhibited tration inhibited tration inhibited tration inhibited

0.005 21.0 0.025 5.6 0.2 34.0 0.125 19.6 10 22.0

0.01 12.2 0.05 13.2 0.4 31.6 0.25 25.6 20 16.4

0.02 10.6 0.1 22.8 0.8 26.2 0.5 26.2 40 17.8

0.04 15.2 0.2 23.4 1.6 8.0 1.0 23.2 50 8.2

0.08 20.2 0.4 14.8 3.2 0.2 2.0 2.6 100 4.6

0.16 15.6 0.8 20.2 6.4 0 4.0 2.2 200 9.6

0.32 4.4 1.6 0 12.8 0 6.0 0.2 > 200 21.4a

0.64 0.4 3.2 0 25.6 0 8.0 0.4

1.28 0.4 6.4 0 10.0 0

2.56 0 12.8 0

a Percentage not inhibited by 200 mg/litre.

Ampicillin. 292 strains (58.4%) required a concen-
tration of 0.2 mg/litre or higher for inhibition, thus
indicating resistance (13). The highest MIC value
recorded was 0.8 mg/litre.

Tetracycline. Only 41 strains (8.2%7o) were resistant
to tetracycline, requiring a concentration of 1.6
mg/litre or higher for inhibition (13, 16, 17).

Chloramphenicol. None of the 500 strains required
a chloramphenicol concentration above 8.0 mg/litre
for growth inhibition. About 95% of the strains were
inhibited by 1 mg/litre or less.

Streptomycin. Considering 50 mg/litre as the level
for resistance (18), 219 strains (43.8%) were resistant
to streptomycin.

DISCUSSION

The percentage of strains that were inhibited by the
different penicillin concentrations showed two peaks,
one around the level of 0.005 mg/litre, indicating
susceptibility, and the other at about 0.08 mg/litre,
corresponding to resistance to penicillin. These
findings were similar to those reported over 15 years
ago from Europe (19) and unlike those from South-
East Asia and the Western Pacific (18) and from
Uganda (20), where a single peak of resistance was
observed. Distribution curves relating the inhibition
of strains to the MIC values of ampicillin and strep-
tomycin similarly show two peaks, one corresponding
to the susceptible group and the other to the resistant

group. With respect to tetracycline and chloram-
phenicol, however, the distributions show only a
single peak of susceptibility at MIC values of about
0.02 mg/litre or lower and 1.0 mg/litre or lower,
respectively.

Forty percent of 104 gonococcal strains isolated in
Ethiopia in 1970 were resistant to penicillin (4), being
inhibited by concentrations of 0.075 mg/litre or
greater. The report of Plorde et al. (5) in 1973 from the
same laboratory revealed that 50% of the 234 strains
had similar MICs, indicating that they, too, were
resistant. Since these strains had been isolated in 1970
at the same time as the 104 mentioned in the earlier
study (4) and since the later report (5) was apparently
on these 104 strains plus an additional 130, the figure
of 50% should be considered as the more correct value
for the occurrence of penicillin resistant strains in
1970. Dodge & Wallace (6), also from the same lab-
oratory, reported that over 50% of the 1972 and 1973
isolates had MICs of 0.075 mg/litre or greater.
Our findings on 500 strains isolated 7 years later,

employing nearly identical techniques, revealed a
considerably lower percentage of resistant strains
(41 %). This difference was statistically significant
(P<0.02).

If it is accepted that the true figure for the propor-
tion ofgonococcal strains with decreased susceptibility
to penicillin was 50% in 1970, then the proportion of
resistant strains has fallen by 9% in 7 years. A similar
increase in more susceptible strains has been reported
from other countries (17, 18, 21).
Only 160 strains (32.0%) were susceptible to both
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penicillin and ampicillin, while 295 strains (59%o) were
susceptible to penicillin and 208 strains (41.6%o) to
ampicillin. Thus, more strains were resistant to ampi-
cillin (58%) than to penicillin (41 o). One hundred
and thirty-five strains (27.0%7o) were susceptible to
penicillin while being resistant to ampicillin. The
reverse was true with only 48 strains (9.6%).

Resistance to tetracycline was infrequent. Only 41
strains (8.2%) required a concentration of 1.6
mg/litre or higher for in vitro inhibition. This was not
significantly different from a previous finding in
Ethiopia (6) or from findings in other countries, such
as Greenland (22), Kenya (17), and the Netherlands
(16). On the other hand, in India (23), in South-East
Asia and the Western Pacific (18), and in the USA (3)
and resistance was reported in 27.8%, 82%, and over
70% of strains, respectively. About 70% of
tetracycline-resistant strains were also resistant to

penicillin.
Although there is no documented information,

chloramphenicol, like many other antibiotics, is said
to be widely used locally without prescription for the
treatment of gonorrhoea, owing to its relatively low
cost and its availability. Despite this, none of the 500
strains showed resistance, taking an MIC value of 10
mg/litre and above as characterizing resistance (18).
The MIC of streptomycin for gonococcal strains

has usually been found to be 50 mg/litre, although
there are some completely resistant strains that require
4000 mg/litre or more (21, 24). In this study, however,
there were strains for which the MIC was 100 mg/litre
(4.6%) or 200 mg 'litre (9.6%).
The frequency and extent of double or multiple

resistance among the local gonococcal isolates will be
determined and discussed in a subsequent paper.
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RESUME

SOUCHES tTHIOPIENNES DE NEISSERIA GONORRHOEAE
1. SENSIBILITE RELATIVE IN VITRO A CINQ ANTIBIOTIQUES DIFFERENTS

Le centre de traitement des maladies veneriennes d'Addis-
Abeba est la seule clinique de ce type desservant la capitale
ethiopienne et les villes et regions avoisinantes. C'est lA
qu'on a isole, au cours de la periode janvier 1977-fevrier
1978, 500 souches de Neisseria gonorrhoeae chez des sujets
du sexe masculin. L'emploi des methodes traditionnelles a
permis d'identifier comme appartenant A l'espece N. gonor-
rhoeae les colonies d'aspect gonococcique se developpant en
milieu de Thayer-Martin inocule au moyen d'ecoulement
uretral purulent. On a ensuite eprouve, par la technique de
dilution en gel des antibiotiques, la sensibilite des isolats a la
penicilline, A l'ampicilline, A la tetracycline, au chloram-
phenicol et A la streptomycine. Alors que l'efficacite contre
les gonocoques locaux de la penicilline et de la tetracycline
avait dejA fait l'objet de certains travaux, celle des trois
autres antibiotiques cites n'avait pas encore et etudiee.
La concentration inhibitrice minimale (CIM) de penicil-

line et d'ampicilline pour les 500 souches a varie de<0,005 A
1,28 mg/litre pour l'une et de (0,025 A 0,8 mg/litre pour
l'autre. Pour la tetracycline, les valeurs CIM allaient de (0,2
A 3,2 mg/litre, et pour le chloramphenicol de (0,125 A 8,0
mg/litre. Chacune des concentrations de streptomycine

utilisees, soit A 10, 20, 40, 50, 100 et 200 mg/litre, s'est
montree capable d'empecher la croissance d'un nombre
appreciable de souches; cependant, 107 (21,4%) des souches
sont demeurees insensibles meme A la plus forte des concen-
trations employees (200 mg/litre).
Pour la penicilline et l'ampicilline, le seuil de resistance

(0,08 mg/litre et 0,2 mg/litre) a e atteint pour 41% (205) et
58% (292) des souches respectivement, le pourcentage de la
resistance A la penicilline etant pourtant sensiblement
inferieur A ce qui avait et note lors d'experiences effectuees
7 ans plus t8t. Une resistance A la tetracycline-necessitant
l'emploi d'une concentration de 1,6 mg/litre au moins-a
et constatee chez 8,2% (41) des souches seulement. Pour
aucun des 500 isolats la CIM n'a atteint une valeur permet-
tant de conclure A une resistance au chloramphenicol-cette
valeur &tant censee se situer A 10 mg/litre. En revanche, une
resistance A la streptomycine s'est manifestee chez 43,8%7o
(219) des souches (soit A partir du seuil 50 mg/litre).

Les resultats sont commentes et compares A ceux obtenus
dans d'autres pays. La frequence des cas de double ou de
multiresistance chez les memes isolats fera l'objet d'un
article ulterieur.
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