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SUMMARY One hundred and forty clinical isolates of Neisseria gonorrhoeae were screened for
production of penicillinase by the intralactam strip method and chromogenic cephalosporin test.
Minimum inhibitory concentrations (MICs) of penicillin, ampicillin, tetracycline, cefoxitin,
cefuroxime, cefotaxime, sulphamethoxazole-trimethoprim (ratio 19/1), and spectinomycin, were
measured for 100 strains by the agar dilution method. Seven (5%) of the 140 isolates were
identified as penicillinase producing N gonorrhoeae (PPNG). The MICs of penicillin for the seven
PPNG strains ranged from 0 25 mg/l to 2 mg/l. Of the 93 non-PPNG strains, 80 (86%) were fully
susceptible to penicillin with MICs ranging from 0 0037 mg/l to 0v06 mg/l and 13 (14%) were of
intermediate penicillin resistance with MICs >0125 mg/l. Of the 100 isolates tested, 86% were
fully susceptible to tetracycline with MICs of <1 mg/l. No spectinomycin resistant strains were
encountered in this study. All gonococcal strains were susceptible to the cephalosporins tested as
well as to sulphamethoxazole-trimethoprim.

Introduction

Penicillinase producing strains of Neisseria gonor-
rhoeae (PPNG) were first detected in South Africa in
1977 when isolated cases from Johannesburg and
Durban were described.' 2 Since then no further
isolates have been reported from this country. The
microbiology laboratory at King Edward VIII
Hospital, Durban, recently isolated a PPNG strain
of N gonorrhoeae from a black male patient who
presented with gonococcal urethritis that did not
respond to adequate penicillin treatment. This
prompted us to conduct a study on the susceptibility
of local gonococcal isolates to nine antimicrobial
agents including penicillin, spectinomycin, and the
newer cephalosporins.

Patients, materials, and methods

BACTERIAL STRAINS
All strains of N gonorrhoeae were isolated from
black male patients attending a clinic for sexually
transmitted diseases (STD) at King Edward VIII
Hospital, Durban. The identity of N gonorrhoeae
was confirmed by colony morphology, positive
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oxidase test, and direct fluorescence antibody test
(Difco). The 140 gonococcal isolates so obtained
were screened for penicillinase production by the
intralactam strip method (Mast Laboratories) and by
the chromogenic cephalosporin test.3 Isolates were
stored at - 70°C in tryptic soy broth containing 20%o
(v/v) glycerol until required. Forty isolates were lost
on subculture. As a result only 100 gonococcal
isolates including seven PPNG strains were eventually
tested.

ANTIBIOTICS
Benzylpenicillin and cefuroxime (Glaxo Labora-
tories), ampicillin (Beecham Laboratories), tetra-
cycline and spectinomycin (Upjohn), cefoxitin
(Merck Sharp & Dohme), cefotaxime (Roussel Lab-
oratories), and sulphamethoxazole and trimethoprim
(Wellcome Laboratories) were all provided by their
manufacturers as powders of stated potency.

SUSCEPTIBILITY TESTING
Minimum inhibitory concentrations (MICs) were de-
termined by the agar dilution method using diagnostic
sensitivity test agar supplemented with 607 lysed
horse blood. A few colonies from an overnight
chocolate agar plate culture were suspended into
tryptic soy broth until the turbidity matched that of a
0 5 McFarland standard. The suspension was further
diluted 1/20 in the same broth and 0-001 ml of this
broth was inoculated on to the test plates by means
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TABLE I In vitro susceptibility ofseven PPNG isolates to eight antimicrobial agents
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No of isolates with MICs (mg/l) of:

Antimicrobial
agent 0 0037 0 0075 0 015 0-03 0-06 04125 0-25 05 1 2 4 8 16

Penicillin G 1 6
Ampicillin 3 3 1
Tetracycline 1 4 2
Cefuroxime 7
Cefoxitin 6 1
Cefotaxime 6 I
Spectinomycin 5 2
Sulphamethoxazole-

trimethoprim* 3 3 1

*19/1 ratio

of a multipoint inoculator (Denleys Instruments).
The final inoculum size was about 10_-105 colony
forming units (cfu). The Oxford Staphylococcus
aureus was included as a control. In addition plates
containing no antibiotics were inoculated before and
after each run. Plates were read after overnight
incubation in a candle extinction jar, and the MIC
was the lowest concentration of antibiotic that
completely inhibited growth of the organism.

Results

Seven (5%) ofthe 140gonococcal isolates were positive
for penicillinase (P-lactamase) production by the intra-
lactam strip method and chromogenic cephalosporin
test. Table I shows the MICs for the seven PPNG
strains; MICs of penicillin were 2 mg/l for six strains
and 0 25 mg/l for one, and the MIC of ampicillin
was >0 5 mg/l for all seven strains: The isolates were
fully susceptible to spectinomycin and the cepha-
losporins. Cefoxitin with a MIC of 0 25 mg/l was the
least effective of the three cephalosporins tested. The
MICs of sulphamethoxozole-trimethoprim ranged
from 4 mg/I to 16 mg/l, and MICs of tetracycline
were I1 mg/l for all seven isolates.

Table II shows the MICs for the 93 non-PPNG

strains. None of the isolates in this group had MICs
of penicillin or ampicillin of >0 5 mg/l. Penicillin,
however, (median MIC <0 004 mg/l) was generally
more active than ampicillin (median MIC 0-0225
mg/l). Tetracycline inhibited 81 (87%) of the isolates
at concentrations <1 mg/l. All the isolates were fully
susceptible to spectinomycin and sulphamethoxazole-
trimethoprim, which had MICs of .32 mg/l and 16
mg/l respectively. Using as the criterion the MIC at
which 50% of isolates were inhibited, the order of
activity among the cephalosporins was: cefotaxime
(MIC 50 = <0 004 mg/l), cefuroxime (MIC 50 =

0 006 mg/l), and cefoxitin (MIC 50 = 0-086 mg/l).
The figure compares the activity of penicillin,

ampicillin, and the cephalosporins against the seven
PPNG and 93 non-PPNG strains. Although peni-
cillin was generally more active than ampicillin, the
order of activity was reversed against the non-PPNG
strains that had MICs of penicillin >0 06 mg/l. The
difference between the MICs of the cephalosporins
for the PPNG and non-PPNG strains was minimal,
in contrast to the difference between the penicillins.
Although cefotaxime and cefuroxime were as active
as the penicillins against non-PPNG strains, both
these cephalosporins were far more active against
PPNG strains. Cefotaxime was the most active of the
cephalosporins against all strains of N gonorrhoeae.

TABLE ii In vitro susceptibility of 93 non-PPNG isolates to eight antimicrobial agents

Median No of isolates with MICs (mg/l) of.
Antimicrobial MIC
agent (mg/l) 0 0037 0 0075 0O015 0 03 0 06 0 125 0-25 0-5 1 2 4 8 16 32

Penicillin G <0 004 49 11 3 10 7 4 8 1
Ampicillin 0 022 4 27 37 8 13 4
Tetracycline 0 246 5 3 6 13 20 34 9 3
Cefuroxime 0 006 69 1 8 8 3 3 1
Cefoxitin 0-086 11 4 15 41 10 7 4 1
Cefotaxime <0 004 74 3 8 8
Spectinomycin 6-0 1 3 5 9 56 17 2
Sulphamethoxazole-

trimethoprim* 3-0 5 5 10 17 17 29 10

*19/1 ratio
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FIGURE Comparison of penicillin G, ampicillin,
cefuroxime, cefoxitin, and cefotaxime antimicrobial
activity against 93 non-PPNG ( *) and seven PPNG
(0----.) strains.

Discussion

PPNG strains have been found in West Africa,4
Zambia,5 and Zimbabwe,6 -but the extent of the
problem in most African countries is not yet known.
Since the original two reports on the isolation of
PPNG in South Africa in 1977,I12 no further cases
have been documented. In this study we detected
penicillinase (P-lactamase) production in seven (5%)
of 140 gonococci isolated from black male patients
who presented with urethral discharge at an STD
clinic in Durban. Since the completion of this study,
an additional 15 PPNG strains have been isolated.
These findings confirm that PPNG is now present in
the indigenous black population of Durban.
Of the 93 non-PPNG strains, 13 (1407o) showed

intermediate resistance to penicillin with MICs of
>0 125 mg/l. This percentage is appreciably lower
than those reported recently from Zambia5 and Hong
Kong.7 As reported by others,89 we also found that
ampicillin was more effective than penicillin against
strains of N gonorrhoeae showing intermediate
resistance to penicillin (MICs 0- 125 mg/l-0 5 mg/l).
In contrast to the findings of Ng et al,7 87% of our
non-PPNG strains were fully susceptible to tetra-
cycline with MICs of <1 mg/l, which is comparable
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with those reported in a recent study from
Johannesburg.8

All the isolates, including the seven PPNG strains,
were susceptible to spectinomycin, sulpha-
methoxazole-trimethoprim, and the cephalosporins.
Cefotaxime was the most active of the three cephalo-
sporins against both PPNG and non-PPNG strains;
all isolates were inhibited by concentrations of <0 03
mg/l. These results confirm those reported by
others.78 Cefuroxime and cefotaxime were found to
be as active as penicillin against non-PPNG strains
but were far more active than both penicillin and
ampicillin against PPNG strains. These cephalo-
sporins may prove useful alternatives to spectino-
mycin for the treatment of infections caused by N
gonorrhoeae resistant to penicillin. The seven PPNG
strains had MICs of tetracycline<1 mg/l, which con-
firms published reports that PPNG strains in West
Africa are still relatively susceptible to tetracycline.'0
Most gonococcal isolates tested, therefore, remain

susceptible to penicillin and the other antimicrobials
tested. Further studies are required, however, to
determine the real extent of the problem of Ngonor-
rhoeae resistant to penicillin in Durban and in the
rest of South Africa.

We thank the staff of the STD clinic, King Edward VIII
Hospital for their cooperation and help. We also thank Dr
M Richter, the Medical Officer of Health, Durban, for
granting us permission to undertake the study and for
allowing us to publish the findings.
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