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Comparison of Methods for the Rapid Recognition
of Cholera Vibrios

RICHARD A. FINKELSTEIN 1 & CECILIA Z. GOMEZ2

A comparison was made of three methods of bacteriological diagnosis during the out-
break of cholera due to Vibrio El Tor in the Republic of the Philippines in the last quarter
of 1961. Although the disease was clinically indistinguishable from cholera caused by
V. cholerae the etiological agent was a haemolytic, cholera-related vibrio which differed in
some respects from what is classically regarded as V. cholerae. Of the three techniques
evaluated, the selective-enrichment/fluorescent-antibody technique provided the most rapid
and the greatest number of positive results in the 481 specimens examined in parallel.
The oblique-light technique was second in sensitivity and rapidity, while the gelatin-agar
method also had some advantages.

During the outbreak of cholera due to Vibrio El
Tor in the Republic of the Philippines in the last
quarter of 1961, the available diagnostic laboratories
were taxed with overwhelming numbers of specimens
from patients, contacts, epidemiological surveys
and food and water samples. This experience re-
emphasized the need for simple techniques which
could provide rapid and reliable bacteriological
identification of cholera infection. At the same time,
it provided an ideal opportunity to evaluate critically
in the field the selective-enrichment/fluorescent-
antibody technique (Finkelstein & LaBrec, 1959)
which might provide at least a partial solution to
that need.

Potentially, the most rapid specific diagnosis of
cholera could be made by means of the fluorescent
antibody (FA) technique applied directly to smears
of stool samples or rectal swabs. However, it had
been indicated previously (Finkelstein & LaBrec,
1959) that because of non-specific reactions in direct
smears of faecal material, it was necessary to use a
short period of selective enrichment in alkaline
peptone water prior to preparing the smears for FA.
This minimized the non-specific reactions which
are the bane of fluorescent antibody studies and,
at the same time, greatly increased the sensitivity of
the technique. Although clinically the disease in
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the Philippines was indistinguishable from Asiatic
cholera, the etiological agent of the outbreak was
widely regarded as an El Tor vibrio by virtue of the
fact that all the vibrios isolated were haemolytic
for both goat and sheep erythrocytes in tube tests;
in the earlier study by Finkelstein & LaBrec (1959)
it was reported that El Tor vibrios were stained by
fluorescein-labelled Vibrio cholerae antisera.

In order to evaluate the selective-enrichment/FA
technique, it was decided to compare it, in parallel,
with two cultural methods of isolation. One of
these, the gelatin technique (Smith & Goodner, 1948;
Smith, Freter & Sweeney, 1961), involving the use of
a semi-selective gelatin agar medium, was in routine
use at the Bureau of Research and Laboratories in
Manila at the start of the study. It had been intro-
duced there by Dr H. L. Smith, Jr, and was acknow-
ledged by the laboratory workers to be a great
improvement over previous methods used at the
very start of the epidemic. The other was a modifica-
tion of the oblique-light method of Henry (1933)
recently advocated by Lankford (1959) as an aid in
the bacteriological diagnosis of cholera.
Our observations on the comparison of the three

methods of bacteriological diagnosis are the basis
of this report.

MATERIALS AND METHODS
Specimens

Specimens were transmitted to the bacteriology
laboratory at the Bureau of Research and Labora-
tories from the cholera ward at the adjacent San
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Lazaro Hospital as well as from various areas around
Manila and from the islands and provinces of the
Philippine Republic. Usually the specimens con-
sisted of rectal swabs immersed in alkaline peptone
water (Difco peptone, 1.0%; NaCl, 0.5% in distilled
H20, adjusted to pH 8.4 with 1 N NaOH) or the
transport medium of Monsur (1962).1 Specimens
were received from diarrhoeal patients as well as
from various epidemiological surveys of enterically
healthy subjects, contacts and carriers. Only a few
samples of food and water were included. In most
instances, only the name of the subject and little or
no information concerning his clinical status were
included with the request for bacteriological examin-
ation. However, series of specimens from surveys
of predominantly uninfected individuals were in-
cluded in the study, particularly to impose a rigid
test on the specificity of the fluorescent antibody
technique. In addition, when control was possible,
series of specimens were selected to include groups
varying in degree of probability of yielding positive
results. All comparisons were made in parallel on
coded samples in a " blind " manner so the results
would not be prejudiced. From the previous results
of Finkelstein & LaBrec (1959), an enrichment period
of six hours at 37°C in alkaline peptone water was
selected for use as a practical compromise between
speed and sensitivity. Rectal swab specimens in
alkaline peptone water taken shortly before delivery
to the laboratory were incubated for six hours in
the original menstruum. Other specimens usually
had some (variable) delay in transit and so were
" refreshed " by transfer to a second alkaline peptone
water followed by the six-hour incubation period.
Water samples were handled in one of two ways.
Either the raw water was filtered through a Millipore
filter (GS or HA pore sizes) (Felsenfeld & Rokkaku,
1956), which was then immersed in alkaline peptone
water; or 90 ml of the raw water were added to 10 ml
of sterile 10% alkaline peptone water. The peptone
water cultures were then incubated and treated like
the other specimens.
The six-hour cultures were used for preparing

smears for FA and for streaking media for the gelatin
and oblique-light techniques.

Fluorescent antibody (FA) technique
The FA method used was essentially as described

previously (Finkelstein & LaBrec, 1959). A conju-
gated cholera grouping serum (a mixture of unad-
sorbed Inaba and Ogawa rabbit hyperimmune anti-

1 See also the note by Monsur on page 387 of this issue.

sera labelled with fluorescein isothiocyanate) used in
the 1959 study and stored at - 20°C for two years
gave particularly bright staining reactions in this field
test and was used almost exclusively. The specificity
of this serum had previously been confirmed.
Fifteen droplet smears from the peptone water
cultures were applied to circumscribed areas marked
on each of the slides by means of a diamond-point
scriber. The smears were allowed to dry and then
were heat-fixed and stained. For staining, the fluo-
rescein-labelled cholera grouping serum was applied
to the smears on the slide and the reaction was
allowed to proceed for 20 minutes in a humidified
chamber. The slides were then washed for five
minutes with two changes of 0.01 M phosphate
buffered saline, pH 7.2, and cover slips were mounted
with a mixture of glycerol and 10% buffer. The light
source was an Osram HBO 200 high-pressure mer-
cury arc lamp with a Nems-Clarke power supply.
The local electric current was adapted for use by a
step-down transformer. The high dry (43 x; 0.66
NA) objective and 10 x eyepiece of a Spencer
binocular microscope fitted with a darkfield con-
denser were very satisfactory for examining the
smears. A No. 5850 blue filter was used at the
ultraviolet light source and a No. 5113 vitamin B2
secondary yellow filter was used in the optical system
of the microscope.

Since it was known that the epidemic was caused
by a vibrio of the Ogawa serotype, no attempt was
made to conduct serological typing by the FA
technique. (A few Inaba-type vibrios were recovered
in our laboratory during the epidemic, but not
among the specimens included in the study series).

Gelatin-agar technique
Petri dishes of gelatin-agar (Smith et al., 1961)

were streaked from the peptone water enrichment
culture. After incubation overnight at 37°C, sus-
picious translucent colonies (observed with or with-
out a magnifying lens) with or without zones of
clouding were tested by the " string " test (Smith,
1958) for the formation of a viscous string in 0.5%
sodium desoxycholate. Positive reactors were picked
to Kligler's agar. The following day, slide agglutin-
ation tests were performed and fermentation media
inoculated from the growth on typical Kliger's
slants (acid butt, no gas).

Oblique-light technique
The oblique-light technique had been described in

1933 by Henry and introduced by Lankford (1959)
as an aid in the bacteriological diagnosis of cholera.
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(It has also been used by, among others, Landy (1950)
for identification of V and W forms of Salmonella
and Walters et al. (1954) for the detection of
Shigella in stool cultures.) Lankford used with
considerable success the All-India Institute of
Hygiene bile-salt agar but indicated that other media
might be equally satisfactory. The meat extract agar
(MEA) medium used in this study (Bacto Beef
Extract, 0.3%; Bacto Peptone, 1.0%; NaCI, 0.5%;
Difco or locally available bulk agar, 2.0%; in distilled
H2O, adjusted to pH 7.6 with N/l NaOH prior to
the addition of the agar) differs in that it has no
known selectively toxic ingredients. It does support
the rapid growth of V. cholerae and allows the ex-
pression of its practically unique colonial morpho-
logy. In practice, MEA plates, streaked for isolation
from the six-hour peptone water cultures, were
examined on the stage of a Spencer stereoscopic
microscope using 10 x eyepieces and the 1 x
objective after 12 hours' incubation at 37°C. The

light source was a 100-watt microscope lamp, with
daylight-blue filter, whose beam was reflected up-
wards, at an angle of approximately 40°, through the
Petri dish by a concave mirror on the table in front
of the microscope. This may be adjusted by the
observer for maximum illumination and contrast.
This technique greatly magnifies the colonial
differences between bacterial species and permits
almost immediate recognition of the typical dis-
tinctive colonial morphology of cholera vibrios.
The appearance of freshly isolated V. cholerae
colonies varies somewhat depending on the medium,
the degree of crowding and the age of the culture.
On MEAW (see the accompanying figure), they can be
described in general as somewhat greyish, translucent,
circular, raised and smooth with entire edges which
may be slightly more translucent. Fine granulation
and some iridescence may be manifest with some
tendency for irregularly concentric striation. The
centre may be slightly more dense with a slightly

COLONIES OF THE VIBRIO a FROM THE 1961 PHILIPPINE EPIDEMIC AMIDST COMMENSALS
FROM HUMAN STOOL ON MEAT EXTRACT AGAR

Magniflcation: x14.
a The vibrios compose the greyish colonies most nearly resembling the background. A positive

diagnosis could be established In the absence of Isolated colonies from the sectors which are
apparent between the commensal colonies.

S
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raised appearance. The size will vary markedly
with the age of the culture and the degree of iso-
lation. Strains maintained in the laboratory may
exhibit variation with regard to the above characte-
ristics. Suspicious colonies or sectors from plates
with almost confluent growth of commensals were

verified by slide agglutination tests and picked, after
restreaking if necessary, for additional confirmatory
tests. Generally, cholera colonies were present in
large number in positive specimens, although in
some instances positive diagnoses were obtained
from a single colony or a sector of a colony in a

crowded area of a plate.

Slide agglutination test sera

Although a high degree of accuracy is conferred
by colonial morphology alone with the oblique-light
technique, it is of the greatest importance to use

reliable diagnostic antisera (Lankford, 1958) for
confirming identification and for specific typing.
Inaba, Ogawa and rough antisera were prepared in
rabbits with " steamed antigens " according to the
recommendations of Burrows & Pollitzer (1958).
Antisera prepared in rabbits against living organisms
were also used. The antigens for inoculation in
each case were strains 20-A-10 (Inaba), 20-A-1I
(Ogawa) and CA-385 (rough). For screening of
isolates, a pooled serum obtained by mixing Inaba,
Ogawa and rough sera was employed. For typing
sera, the individual sera were adsorbed to non-

reactivity with the live cells of the heterologous
serotypes. Antisera to "live " and " steamed "
antigens appeared to serve equally well, although sera

against steamed antigens were preferred by Burrows
& Pollitzer to avoid potential cross-reactions
between flagellar antigens shared by cholera vibrios
and other enteric organisms. This is more likely to
pose a problem when colonial characteristics are

not used as an aid to diagnosis. The diagnostic
grouping and typing sera of Dr Kenneth Goodner,
which were prepared and adsorbed with multiple
living strains at Jefferson Medical College, Phila-
delphia, Pa., gave similar results.

Haemolysis 'tests

Haemolytic activity was tested using 1 ml of a 24-
hour peptone water culture and an equal volume of
3% sheep and/or goat erythrocytes (Burrows &
Pollitzer, 1958). After two hours' incubation at
37°C, the tubes were refrigerated overnight and
read. Appropriate controls, both true cholera
vibrios and known positive cultures as well as
broth and saline controls, were always included.

RESULTS

A total of 481 specimens was examined in parallel
by all three methods. The results are summarized
in the table. Five specimens which did not yield
an isolate by either of the cultural methods were
considered positive by the FA technique. It could
not be ascertained whether these represent actual
infections or false positive reactions. However,
in one group of nine specimens from diarrhoeal
patients, all gave typically positive smears by the FA
technique but only eight isolates were obtained on
culture. Retrospectively, it was noted that with the
ninth specimen the plates had been recorded as
overgrown with a pseudomonad on both media.
The other four FA-positive but culturally negative
results were obtained on specimens from healthy
individuals. In the series of 481 specimens, positive
isolates were recognized on MEA by the oblique-
light technique but missed on the gelatin medium in
10 instances, while the reverse was true once. One
specimen which was positive by both of the cultural
methods was negative by the FA technique.
Approximately 15% of the peptone water speci-

mens which were considered negative by the FA
technique had some fluorescent organisms which, by
virtue of their morphology and/or the faintness of
their fluorescence, could readily be differentiated
from the bright, specifically stained vibrios. In a few
instances, brilliantly stained cocci were present. This
was probably due to the widespread presence of anti-
bodies to micrococci in rabbit sera (Finkelstein &
Sulkin, 1958). In other cases, brightly stained rods
with rounded ends were observed.
An additional 260 specimens were tested in parallel

by the two cultural methods and in the total of 741

POSITIVE RESULTS OBTAINED WITH DIFFERENT
METHODS FOR THE IDENTIFICATION OF CHOLERA

VIBRIOS

Total Number of positive specimens
specimens
examined FA a MEA b Gelatin c Culture d

481 76 71 62 72

741 - 97 82 101

a Selective-enrichment/fluorescent antibody technique (Fin-
kelstein & LaBrec, 1959).

b Oblique-light/meat-extract-agar technique (modified from
Lankford, 1959).

c Gelatin-agar (Smith et al., 1961).
d Number positive by either or both cultural methods.
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specimens, 101 were positive by one or both tech-
niques; 97 isolates were obtained by the oblique-light
method, while 82 were obtained by the gelatin-agar
technique. Thus, four isolates were obtained on
gelatin which were missed by the oblique-light/
MEA technique; in 19 instances the reverse obtained.

Because of our lack of knowledge concerning the
source of the specimens in many instances, it is not
feasible to summarize the distribution of the positive
isolates. It should be mentioned, however, that the
rate of bacteriological diagnosis approached 100%
in several series of specimens obtained from hospital-
ized patients; for example, in respective series of
12, 9, and 10 patients, positive results were obtained
from single specimens in 9, 9 and 10 cases. Positive
results were obtained from some of the water samples
submitted, but their limited number precludes our
stating a preference for one or the other method of
handling water samples.

All the isolates were found to be haemolytic for
goat and sheep erythrocytes and gave the typical
fermentation reactions (sucrose +, mannose +,
arabinose -) of Heiberg I vibrios (Heiberg, 1936),
although they were positive by the modified Voges-
Proskauer test cited by Pollitzer (1959).

DISCUSSION

The present study was designed primarily to
determine whether the selective-enrichment/fluo-
rescent-antibody technique was an effective means of
detecting cholera vibrios. Our results indicate that
the technique compared favourably with the com-
bined results of two cultural methods of diagnosis.
The FA technique has the advantage of speed and
requires fewer manipulations. Likewise, large
amounts of special media and glassware are un-
necessary. However, the disadvantages of the
relatively high initial cost of the apparatus and the
requirement for reliable conjugated serum and pos-
sibly more highly trained personnel may restrict its
usefulness in some areas where cholera is most
likely to occur.

Our study also confirms the usefulness of the
oblique-light method of examination of colonies as
an adjunct in the cultural diagnosis of cholera. In
fact, the oblique-light technique permitted the recog-
nition of more isolates from a non-selective medium
than were obtained by macroscopic observation of
colonies on a semi-selective differential gelatin-agar
medium. However, the gelatin medium permitted
isolations in some instances which were missed by
the oblique-light technique. The oblique-light
technique may be applied with other transparent
media than the meat extract agar used in the present
study and its use with the gelatin-agar medium, or
other suitable selective media, may offer additional
advantages.
The Philippine epidemic poses some interesting

problems. Although the etiological agent was a
vibrio haemolytic for goat and sheep erythrocytes
and therefore not a true cholera vibrio in the classic
sense, the disease was clinically indistinguishable
from cholera. While there are some differences
between the agents, the diagnostic laboratory pro-
cedures developed with cholera vibrios were equally
applicable to the El Tor vibrios. The agent was
recognized by means of antisera against true V.
cholerae strains and its colonial appearance could
not be distinguished from V. cholerae. Paired sera
from patients showed marked rises in vibriocidal
antibody (Finkelstein, 1962) as well as agglutinins
against both true cholera vibrios and freshly isolated
haemolytic vibrios from the epidemic. From the
severity of the outbreak 1 the conclusion is ines-
capable that in the future this organism should be
regarded with the same apprehension as that
accorded to its fraternal non-haemolytic twin even
though in the past the agent was implicated only in
isolated instances of epidemic cholera-like disease
(Gan et al., 1958; Pollitzer, 1959; Tanamal, 1959;
Felsenfeld et al., 1961).

1 While official figures have not yet been released, the
number of cases has been estimated at over 13 000 with
1900 deaths. See also the article by Felsenfeld on page 289
of this issue.

ACKNOWLEDGEMENTS

Grateful acknowledgement is made to the following
individuals who collected the more carefully controlled
specimens used for this study: Dr Virginia Basaca-Sevilla
of the Bureau of Research and Laboratories, Department
of Health, Manila; Dr Emesto Zerrudo, Disease Intel-
ligence Center, Department of Health, Manila, and

Lt.-Col. Robert E. Nitz, MC, and Major Thomas R.
Ostrom, MSC, USA, of the Walter Reed Army Institute
of Research.
One of us (R. A. F.) is grateful to Dr Trinidad P.

Pesigan, Director of the Bureau of Research and Labora-
tories, for providing laboratory space and co-operative



332 R. A. FINKELSTEIN & C. Z. GOMEZ

support for this endeavour and to the staff of that bureau
for their help and assistance. Technical assistance was
provided particularly by Miss Drusilia Gaetos, Mr L.
Rolda, and others of the bacteriology staff of the
bureau.
Some of the fluorescent antisera were conjugated by

Dr Eugene H. LaBrec of the Walter Reed Army Institute

of Research. We are also grateful to Dr Antonio Rodri-
guez, Director of the National Mental Hospital, Manda-
layung, Rizal, Philippines, for his co-operation and that
of his staff. The photograph was taken by Miss Sally
Craig of the Medical Audio Visual Department, Walter
Reed Army Institute of Research. We also appreciate
comments on the manuscript by Dr Harry L. Smith, Jr.

Rjf-~SUM

Trois methodes bacteriologiques de diagnostic ont e
comparees, sur 481 echantillons, au cours de la pouss&e
de cholera El Tor survenue dans les Philippines en 1961:
a) La methode des anticorps fluorescents, appliquee apres
enrichissement sur bouillon peptone, s'est montree
rapide et sure pour la mise en 6vidence des vibrions El
Tor causant l'epidemie. Elle ne demande pas de milieux
de culture speciaux. Mais le prix de l'6quipement et la
necessite de disposer de techniciens hautement qualifies
risquent de limiter son emploi dans les regions sujettes A
des epidemies de cholera. b) La methode d'examen des
cultures par eclairage oblique peut etre une aide utile du
diagnostic par culture. c) La methode par culture
sur gelatine a permis de deceler le vibrion dans des

cas ou il avait echappe a l'examen par 6clairage oblique.
Ces methodes conviennent aussi bien au vibrion El Tor

qu'au vibrion cholerique ( vrai a. Le vibrion El Tor a et6
mis en evidence dans la methode par fluorescence par des
serums anticholeriques * vrais *, et l'apparence des
cultures des deux organismes est la meme.

Les echantillons couples de serums de malades de cette
epidemie montrerent une hausse du taux des anticorps,
et de celui des agglutinines actives contre les deux types
de vibrions. II s'ensuit que la presence de vibrions El Tor
doit etre consideree avec la meme gravite que celle du
vibrion cholerique ( vrai >, bien que le vibrion El Tor
hemolytique n'ait ete implique jusqu'ici que dans des
epidemies isolees.
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