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SHORT COMMUNICATION

Evaluation of Four Methods for Detecting the Beta-lactamase
Activity in Neisseria gonorrhoeae lIsolated in Cuba

Rafael Llanes/*, Miriam Gonzdlez/* *, Isabel Martinez, Jorge Sosa, Daymi Guzman,
Oderay Gutiérrez, Alina Llop, Lizet Sanchez*

Departmento de Bacteriologia * Departmento de Informatica, Instituto de Medicina Tropical Pedro Kouri, Apdo Postal 601,
Marianao 13, Ciudad de LaHabana, Cuba

Four methods (chromogenic, acidimetric, inhibition, and iodometric) for demonstration of the beta-lactamase
production by 70 isolates of Neisseria gonorrhoeae, were evaluated in Cuba. There was 100% correlation between
all beta-lactamase methods and the standardized penicillin dilution susceptibility test for penicillinase-non-
producing N. gonorrhoeae. For penicillinase-producing N. gonorrhoeae strains, there was a perfect correlation
between the chromogenic method and penicillin susceptibility testing, but one and two strains failed to give a
positive result for beta-lactamase with the inhibition/acidimetric and the iodometric methods, respectively. There
was a high concordance between the chromogenic method, considered as gold standard and the rest of penicillinase
tests evaluated: Kappa Index (KI) = 0.98 for inhibition/acidimetric methods and KI = 0.97 for the iodometric
method. The four methods evaluated were accurate, reproducible, easily readable, economical, and ease to use for
screening primary isolates of N. gonorrhoeae in Cuba. We recommended the use of the inhibition method, when
testing the penicillinase activity in gonococcal isolates in provincial and municipal reference laboratories.
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Gonorrhearemains one of the most common sexually
transmitted infections (STI) and a global health problem
(Mayaud et al. 2002). The problem is enhanced by the
developing resistance to antibiotics of Neisseria go-
norrhoeae, a result of both the wide dissemination of
resistant clones and the emergence of strains with novel
mechanismsof resistance (L1aneset a. 2003).

The beta-|actamases are the group of enzymes capable
of hydrolyzing the beta-lactam bond of both penicillins
and some cephalosporins, thereby causing these an-
tibioticsto becomeinactive (Nicolas-Chanoine 1996). Sev-
eral methods are availablefor detecting the production of
penicillinase by bacteria that include: iodometric, acidi-
metric, chromogenic cephal osporin, inhibition, and reverse
passive haemag| utination procedures (Hodge et al. 1978,
Oberhofer & Towle 1982, Livermore 1995).

According to the Cuban Program for Control of STI,
penicillinisthe drug of choicefor treatment of uncompli-
cated gonorrhea. For those individual s devel oping thera-
peutic failuresto thisantibiotic, the realization of culture

The Cuban Ministry of Public Health has recently changed the
treatment for gonorrhea. Now, ciprofloxacin at the dose of 500
mg orally is the new recommended antimicrobial in Cuba
(Ministry of Public Health of Cuba 2002).
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and the study of the beta-lactamase activity of isolates
areindicated, at municipal or provincial referencelabora-
tories (Ministerio de Salud Publica de Cuba1997). How-
ever, in recent visits made by the Cuban National Refer-
ence Laboratory for Neisseria(NRL), toal provincia and
many municipal laboratories, only 8/14 provincesand less
than 50% of municipal |aboratorieswere determining the
beta-lactamase activity of gonococcal isolates, dueto dif-
ferent reasons, mainly economical: limitation of reagents,
poor refrigeration, etc. (NRL, unpublished data, 2002).

The purpose of the present investigation wasto evalu-
ate four methods for detecting the penicillinase activity
of N. gonorrhoeae strainsin Cuba and to compare their
suitability for routine usein clinical microbiology labora-
tories.

Seventy strains of N. gonorrhoeae isolated from
urogenital samplesin both male and female patientswith
symptomatic gonorrhea, were studied at theNRL, Tropical
Medicine Institute Pedro Kouri in Havana, Cuba. These
strainswere recovered from different Cuban provincesin
the period January 1995 to May 1997. The isolates were
cultured onto modified Thayer-Martin-agar (Biocen, Cuba)
plates and incubated at 35°C in a CO,, atmosphere, for 24
to 48 h. Colonies of N. gonorrhoeae were identified by
conventional methodology (Llaneset a. 2001).

Four methodsfor determination of beta-lactamase were
used: (1) inhibition method, according to the methodol ogy
of Palmer et al. (2000), using chocolate agar plates
containing 1 mg/l of ampicillin, and the Oxford strain of
Staphylococcus aureus (NTCC 6571) as a biological
indicator; (2) iodometric method in tube (Thornsberry
1980); (3) acidimetric method of Thornsberry and Kirven
(1974), using paper disc impregnated with a solution of
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penicillin and phenol red asapH indicator; (4) chromoge-
nic cephalosporin method, employing a commercial re-
agent (Nitrocefin, Oxoid), prepared as liquid solution
(Llaneset a. 2000).

Two gonococcal strains, WHO-E and WHO-A, and
two strainsof S aureus, ATCC 29213 and ATCC 25923,
were used as positive and negative controls for beta-
lactamase activity, respectively.

Parallel agar dilution penicillin susceptibility tests
were performed on GC agar base (Biocen) plus 1% Vitox
supplement, according to the recommendations of the
National Committee for Clinical Laboratory Standards
(NCCLS2000).

Using the chromogeni ¢ cephal osporin method asgold
standard for beta-lactamase test (Livermore 1995), we
determined the concordance with the rest of methods
studied, by using the Kappa Index (K1) as a comparison
test; P < 0.05 was accepted as statistical significant. The
sensitivity, specificity, predictive values and confidence
intervalswere calculated (Fleiss1981). Thefour methods
were also compared on the basis of their readability,
reproducibility, speed of performance, ease of preparation
of reagents, and relative cost.

In the present study, from the 70 strains of N. go-
norrhoeaeinvestigated, 39 were susceptible or displaying
intermediate susceptibility to penicillin: minimal inhibitory
concentration (M1C < 0.015-1 g/l), and 31 showed ahigh
resistance to this antibiotic (MIC = 16 g/l) (Llanes et al.
2003). All those 39 strains showed the absence of
penicillinase activity by any of the methods used. Thus,
therewas 100% correl ation between susceptibility results
and beta-lactamase testsfor N. gonorrhoeae penicillinase-
non-producing (non-PPNG) strains. For penicillinase-
producing N. gonorrhoeae (PPNG) strains, there was a
perfect correlation between susceptibility resultsand beta-
lactamase test by the chromogenic method (31/31 strains).
However, by theinhibition/acidimetric and theiodometric
methods, one and two strains, respectively, appeared to
be highly resistant to penicillin (MIC = 16 g/l), but failed
togivepositiveresultsfor penicillinase activity (Tablel).

There was a high concordance (KI) between the
different beta-lactamase methods used and the chro-
mogenic method. For the iodometric method K1 = 0.97,
and for inhibition/acidometric K1 = 0.98 (p < 0.0001).

Sng et al. (1981) achieved a complete agreement
between the acidimetric, chromogenic, and iodometric
methods in 300 strains of N. gonorrhoeae isolated in
Singapore. Meanwhile, Oberhofer and Towle (1982) and

Thornsberry (1980) observed comparable results using
the acidimetric/iodometric and acidimetric/chromogenic
methods, in gonococci, respectively. Comparison of
inhibition method with other beta-lactamase tests has
givenidentical results (Jorgensen et al. 1977).

In our study when estimating the sensitivity and
specificity of the penicillinase methods, the following
results were observed: a sensitivity of 96.8% for
acidimetric and inhibition methods, and of 93.5% for
iodometric one. The specificity for all methodswas 100%
(Tablell). Similar results have been reported by Hodge et
al. (1978), Sngetal. (1981), and Montgomery et al. (1979).

All beta-lactamase, methods showed a high re-

TABLEI

Sensitivity, specificity, positive, and negative predictive values
for betar-lactamase methods eval uated

lodometric Acidimetricand
(%) Cl (%) inhibition (%) CI (%)
Sensitivity 935  80.2-96.6 96.8 84.5-99.3
Specificity 100 91.3-100 100 91.3-100
PPV 100 88.6-100 100 88.9-100
NPV 96.1 84.6-99 97.6 87.7-99.8

Cl: confidenceinterval; PPV: positive predictive value; NPV:
negative predictivevalue

producibility and gave clear readable results. The
iodometric, acidimetric, and chromogenic methods
produced the most distinctive color changes. The
inhibition method was particularly good respect to
readability.

For the inhibition method it is necessary to make a
subculture of the organism: 18-20 h, whichimpliesadelay
in the determination of penicillinase activity. Strains
required less than 1 min with the chromogenic method
and less than 30 min with the iodometric and acidimetric
tests.

For all methods it is necessary some previous
preparation of reagents, however that preparation is not
at all complex or time consuming. The majority of stock
reagents, once prepared, can be stored for sometime. With
the exception of the chromogeni ¢ cephal osporin method,
all the materials needed areinexpensive and available.

TABLE |
Correlation between beta-lactamase methods and penicillin susceptibility in 70 strains of Neisseria gonorrhoeae isolated in Cuba
Antibiotic susceptibility lodometric Acidimetric Inhibition Chromogenic
Interpretive category Nr tested  Pos Neg Pos Neg Pos Neg Pos Neg
Resistant (MIC = 16 g/l) 31 29 30 1 30 1 31
Susceptible or Intermediate 39 39 39 0 39 0 39

(MIC < 0.015-1 g/l)

MIC: minimal inhibitory concentration; Pos:. positive; Neg: negative
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Each of the four beta-lactamase tests evaluated in the
present study has advantages and disadvantages. How-
ever al provedto bereliable, accurate, and easy to usefor
screening primary isolates of N. gonorrhoeae in Cuba.

We feel that the inhibition method may be a suitable
aternativefor laboratorieswhich lack facilitiesfor reagents
preparation and storage, because of the following reasons:
(1) using a standard antibiotic sensitivity testing method
and readily available penicillin solution; (2) the preparation
of platesissimple, and when penicillin has been added to
the poured plates are also relatively stable and proved to
be reliable for up to 2 weeks at 4°C; (3) as many as 28
cultures can be tested on asimple 90 mm Petri dish plate,
being an economical techniquein this age of economical
shortages; (4) maintaining sensitive and control sta-
phylococci’ strains on aslant or plate over along period
of timeis quite easy; (5) permitting to observe any exist-
ing contamination.

After the completion of this investigation the
inhibition method will be adopted in the NRL and in
provincial and municipal reference laboratoriesin Cuba,
for investigating the penicillinase-production in N.
gonorrhoeae isolates.
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