
Although thc mechanism of the cffe<.:t of 

azathioprin i, not known. the clinical effect ha\ 
been so �triking that a repor! is warranted. 
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Abstract. A patient who contracted urethriti, from a /3-
lactama,e-producing slrain of Neisseria ifOnorrhoeae was 
,uccessfull} 1rea1ed with the cephalo�porin derivative 
cefuroxime. As expecte<l. neither cefuroxime nor 
cefamandole "as hydroly�ed by pl asmid-codcd gonococ­
cal ,8-lactama\e. Cefuroxime ought to be a valuable and 
efficacious substitute for penicillins in the treatment of 
gonhorrhoea due to ,8-lactamase-producing gonococcal 
strains. 

Key 11•ords: Neisseria l(011orr/1oeae: ,8-Lactamase: Plas­
mids: Cefuroxime 
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Evcr since its discovery. penicilltn has becn of the 
utmost importance in the treatment of gonorrhoea. 

Until 1976. the resistance of Neisseri11 gonorrhoeae 
to pcnicilhn� has rarel', crearcd �erious thcrapeuti­
cal problems However. /3-lactamase-producing 
gonococcal strains v. ere i�olated for the first time in 
1976 (9. 10). The /3-lactamase was found to hc a 
TEM-I enzymc and is thu, identical 1.1-ith the /3· 
lactamase found in Hae111ophi/11s i11.fl11e11::,ae and 
many Gram-negative enterobacteria. It has heen 
esiablished that the .8-lactamase of Neisseria 
gonorrhoeae b pla�mid mediated (3). Two plasmids 
have bccn found. 3.3 Mdal and 4.4 Mdal in siLe. 
respect i vel y. 

It is likely 1ha1 the 3.3 Mdal is dcrived from the 
4.4 Mdal plasrnid. The lattcr plasmid has probabl} 
becn tnmsmitted from a .8-lactamase producing 
strain of Hae111ophi/11s para-i11fT11e11::,c11? (Sparling, 
unpublishcd information). Neilseria gonorrlweae 
strains carrying the 4.4 Mdal resistance plasmid can 
transfer the plasmid to sensitive strain:, by conjuga­
tion (cell to cell contact) due to the prescnce of a 
large conjugative 24.5 Mdal plasmid (2. 12). 

The fact that all /3-lactamase-producing gonococ­
ci �o far examined contain either of the above­
mcntioned rcsistant plasmids. make� it po�siblc to 
predict the rate of .B-lactam hydrolysis for a large 
number of different clinically relevant ,13-lactams 
{ penicillins. cephalosponns and cefamycins). Thus 
the TEM-1 enzymc. a typical ampicillinase, is not 
very etTective again�t most cephalosporins includ­
ing the new {3-lactamase-re�istant dcrivatives, 
cefuroxime and cefamandole. It wa� therefore of in­
terest ro clinically evaluate one of these drugs, 
cefuroxime, in the treatment of a patient with 
urethritis caused by a /3-lactamase-producing strain 
of N eisseria R<111orr/10eae. 

MATERIALS AND METHODS 

Strain 1773 was a gonococcal i�olate from lhe urethal 
discharge of thc patient. whose ca�e is described in the 
text. The /3-lactamase-producing strdin CDC67 was 
obtained from Stanley Falkow and is known 10 carry the 
2.6. 4.4 and 24.5 Mdal plasmids. The solid medium used 
wa� GC medium ba�e supplemented \\1th 1,o-Vitalex 
(BBC). Plates were incubated in 6% CO, in a CO, in­
cubator. The complete liquid medium "as identical with 
the solid medium except that agar was omitted. ,8· 
lactama�e activity when u�ing penicillin, as �ubstrates 
was assayed by Ihe automatic iodometric method of Lind­
ström & Nordström. {I). When cephaJosporins were used 
as substrates the spectrophotometric method ofFu & eu 
(5) was used. Specific activity in nanokataJ is defined as

A<"ta Dt•rmal<>H'ner (.\toc/..holnu 6U 
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Table I. Resistance pattern of :\'eilseria 
gonorrhoeae strain 1793 

Resistance was dctermmed on GC medium plate, using a 
multipoint inoculation tcchnique. 

Antibiol1C 

Cefuroxime 
Cefamandole 
Ampicillin 
Penicillin G 
Tetracycline 
Spectinomycin 
Erythromycm 

Minimum inhibitory concentration 
(µg/ml) 

Small inoculum 
4>< 10' CFU/ml 

0.25 
0.15 
4.0 
2.0 
0.5 
8.0 
0.:!5 

Large inoculum 
4x JOR CFU/ml 

2.0 
1.5 

32.0 
3�.o 
:!.O 

16.0 
2.0 

the enzyme activity that hydrolysed I nanomole of /3· 
lactam per second per milligram of protein. Protein was 
detemuned by the method of Lowry et al. (7). Re,1s1ance 
to antimicrobial agents was tested using a multipoint in­
oculation technique. Covalemly closed circular DNA 
were prepared from clear lysates and subjected to agarose 
gel electrophoresis, as described by Bergstrom et al. (I). 

RESULTS 

A 32-year-old male contracted urethritis <luring a 

holiday in Thailand. After arrival at his home town 

in Sweden he consulted a general practitioner who. 

after microscopic investigation and bacteriologicul 
cultivation, made the diagnosis gonorrhoea. The 

patient was initially treated with ampicillin 0.5 gx 

2 for 10 days. The symptoms were reduced in inten­

sity, but retumed after the end of the treatment. 

The patient was thereafter treated with lymecyclin 

(0.3 gx 2) for 10 days with the same negative results. 

He was therefore referred for specialist treatment. 

Treatment with cefuroxime (1.5 gx 3) intravenously 

was initiated and continued for 6 days. After 4 days 

the patient was free from symptoms. Three exami-

nations \\.ere made after the end of the cure. The 
last control was performed 2 months after the 

terminauon of the treatment. Neithenymptom:, nor 

bactcriological evidence of gonococcal infection 

werc found. 
The minimum inhibitory concentration of the iso­

lated gonococcal strain against 7 different antibio­

tics was sought (Table I). The gonococcal specimen 

was found to be re�istant to ampicillin and 

benzylpcnicillin when a large inoculum 4X I (Yl 

CFU/ml) was uscd, but only moderately so when 
using a small inoculum (4X 104 CFU/ml). This is a 
typical finding for ,B-lactamase-producing gonococ­

ci. No such !arge inoculum dependence was found 

for cefuroxime. cefamandole and the non-,B­

lactam compound:,. 

The presence of ,B-lactam�e activity in the 

causative specimen of N gonorrhoeae wa� demon­

strated b> chromogenic cephalosporin (8). Crude 
extracts of the patient strain 1793 were also 

analysed with respect to ,B-lactamase activity 

against benZ} !penicillin. ampicillin, cephalotin. 

cefuroxime and cefamandole (Table Il). The activi­
ty in a crude extract of the well characterized ,B­

lactamase-producing strain CDC67 was included in 

the table. As expected, the latter two drugs were 

not hydrolysed by gonococcal ,B-lactamase. 

Cephalotin was also markedly resistant to 

hydrolysis. 
Covalently closed circular DNA from strains 

1793 and CDC67 were purified by cesium chloride 

ethidium bromide buoyant density gradient 

centrifugation. Both strains were found to contain 

the 4.4 Mdal resistance plasmid. the 24.5 Mdal con­

jugative plasmid as well as the small phenotypically 

cryplic 2.6 Mdal plasmid (Fig. I). 

DISCUSSIO 

Until 1971 ampicillin was the drug of choice in the 

treatment of infections caused by Haemophilus in-

Table Il. ,B-lactamase activit)' using five /3-/accam compounds as substrates 

Specific ,8-lactamase 

Strain 

179Jb 
COC67 

Benzyl 
penicillin 

3.7 
4.4 

0 Expressed in nanokatals. 

Ampicillin 

7.8 
7.4 

• The strain isolated from the patient.
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Cefalothin 

0.01 
0.01 

Cefurox.ime 

<0.01 
<0.01 

Cefamandole 

<0.01 
<0.01 
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24.5 

chr 

4.4 

2.6 

Fig. I. Plasmid� carricd by 
,train 1793. Stram COC67 
(8). of known plasmid 
conient. is u�ed a, referencc. 
rhe figures represent the 
molecular weight in Mdal 
( 10' daltons) of 1he pla,rnid,. 
Chr marks the position for 
chromosomal material. 

fluenzae. In 1972 /3-lactarnase-producing strains of 

H. inj111e11::,ae werc detected. This increase in

antibiotic resistance was thereafter found to create
obvious therapeutical problem�. Therefore. in 1976

when a similar development was found in N.

gonorrhoeae a discussion about alternative antibio­
tic treatment wa� ,tarted.

Spectinomycin and tetracycline have been sug­

gested for use in the treatment of gonorrhoea 
caused by ,8-lactamase-producing gonococci. The 

gonococcal strain isolated from our patient showed 
a lo\v rcsistance towards telracycline in vitro. De­
spite this the patient was not cured even after 10 
days of treatment with tetracycline. 

In the past. relatively little interest has been paid 

to cephalosporins in the treatmenl of gonorrhoea. 

This is in part due to the relatively high in vitro 
tolerance of N. gonorrhoeae to these drugs as com­

pared with penicillins. However, <luring recent 

years new cephalosporins have been developed. 
some of which may be given in a peroral form and 
some of which are resistant to most .B-lactarnase� 

(6, 10, 11 ). The availability of these new 

cephalosporins emphasizes the need to re-evaluate 

the usefulness of cephalosporins in the treatment of 

gonorrhoea and especially of ,8-lactamase-produc­

ing derivatives. This has also recently been sug­
gested by others (4, 11 ). The clinical case presented 
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demon,trates this point and in pa11icular indicates 

the u�efulncss of a ,8-lactamase-resistant cephalo­

sporin (cefuroxime). 
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