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Although cytologic examination of
CSF from patients with encephalitis is
likely nonspecific, it may provide
supportive information of the suspect-
ed disease process, and is useful for
excluding other conditions, such as
neoplasia. Of the 22 patients that were
hospitalized at our institution last year
with WNV meningoencephalitis, doc-
umented by serologic tests and/or
reverse transcription-polymerase
chain reaction, CSF of 4 of these
patients was submitted for cytologic
examination. Of these 4, 3 had a suf-
ficient number of cells in the CSF
specimen (47, 213, and 495 cell/µL)
to afford cytologic examination,
whereas one had a paucicellular CSF,
with only 2 white blood cells/µL. The
cytologic features from the 3 patients,
>10 cells/µL consistently demonstrat-
ed a mixture of lymphocytes at vari-
ous stages of activation and occasion-
al large monocytic-like cells with
cerebriform nuclei reminiscent of the
Mollaret cells described in CSF of
patients with recurrent meningitis
(Figure).

Mollaret described cells with
enlarged nuclei and cerebreform
nuclear contours in CSF of patients
with recurrent, aseptic meningitis (1).

Although he believed these were of
endothelial origin, immunohisto-
chemical studies have subsequently
shown that they are monocytes (2).
This type of meningitis, now com-
monly known as Mollaret meningitis,
has been associated with herpes sim-
plex virus encephalitis, but the defini-
tive cause of all cases remains unclear
(3).

One of the patients infected with
WNV meningoencephalitis who had
Mollaret-like cells in CSF died.
Postmortem neuropathologic exami-
nation showed an extensive perivascu-
lar lymphocytic infiltrate which con-
tained mononuclear cells consistent
with the Mollaret-like cells in CSF.
These mononuclear cells were stained
with an immunohistochemical stain
directed against the CD68 antigen,
which supports a monocytic origin (4).
Further studies are needed to delineate
the consistency of Mollaret-like cells
in CSF of patients with WNV menin-
goencephalitis. Finding Mollaret-like
cells admixed with activated lympho-
cytes may be a useful, readily-avail-
able test that provides supportive evi-
dence of viral encephalitis in the
appropriate clinical setting, until more
definitive tests are available.
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Newly Isolated
Vibrio cholerae

Non-O1, Non-O139
Phages 

To the Editor: The epidemic
cholera caused by Vibrio cholerae O1
appeared in Latin America in 1991
after a 100-year absence. Following
its explosive appearance in Peru, trav-
elers on the Amazon River brought
cholera to Brazil by April 1991. It
spread southward along the Atlantic
Coast of Brazil, reaching Rio de
Janeiro in February 1993.

Phage typing is a useful tool for
studying the source or origin of V.
cholerae for epidemiologic impor-
tance. Because of limitations of the
Basu and Mukerjee scheme, a new
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Figure. Three Mollaret-like cells are present (center), with a neutrophil (upper left) and a
lymphocyte (upper right) in cerebrospinal fluid from a patient with West Nile virus
encephalitis, confirmed by reverse transcription–polymerase chain reaction and serologic
testing (Papanicolaou stain; magnification x500).
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phage-typing scheme for V. cholerae
O1 was developed at the National
Institute of Cholera and Enteric
Diseases, India (1–3). During the
course of a comprehensive study on
the phage typing of V. cholerae O1,
most strains isolated in Brazil were
found to be sensitive with a set of 10
El Tor phages (ATCC 51352-
B1–B10) (4). This finding prompted
us to explore or ascertain the natural
habitat of V. cholerae and cholera
phages, if any, in an environmental
reservoir in Brazil, particularly in Rio
de Janeiro.

Samples were collected from
selected points where sewage water
connected with the main canal
receives domestic and industrial efflu-
ents from the city on its way to the
Atlantic Ocean. Two major environ-
mental parameters, temperature and
pH, were recorded at each station dur-
ing collection. Samples were
processed for phage isolation accord-
ing to the procedure adopted for V.
cholerae phages (5,6). Portions of the
samples were also analyzed for
enteric pathogens. A total of 32
sewage samples were collected in 8
months; 12 were isolated from Rio de
Janeiro, 10 from the Amazon region
in the North, and 10 from northeastern
Brazil.

Each sample was divided into two
parts; one section was used to isolate
O1 phages using MAK 757 (ATCC
51352) as a propagating strain. The
other portion was used for non-O1
phages; the non-O1 V. cholerae strain
was used for propagation starting from
O2 to O139. The procedure was
repeated on nutrient agar for the
appearance of plaques. The phages
were purified from a single discrete
plaque by the soft agar (0.8%) overlay
method with the propagating strain of
V. cholerae non-O1 (O2 to O139) until
homogenous plaques were obtained.
Phage lysates were prepared in nutri-
ent broth (Difco Laboratories, Detroit,
MI) with the propagating strain V.
cholerae (both O1 and non-O1). 

High-titer phages were obtained
by the plate lysis procedure by using
the agar overlay method (5) with mul-
tiplicity of infection 0.01 at an incuba-
tion temperature of 37°C. Con-
centration, purification, and electron
microscopy study of these phages
were performed as described by
Ghosh et al. (1989) (7), using a FEI
Tecnai 12 Bio Twin transmission elec-
tron microscope (FEI Europe BV,
Eindhoven, Holland, the Nether-
lands). Measurements were made
with Analysis (SIS GmbH, Munster,
Germany) software. The homogeneity
of each phage was studied by plaque
morphology on nutrient agar follow-
ing 10-fold serial dilution. Each high-
titer phage (108–109 PFU/mL) was
then used to determine routine test
dilution (RTD) by the soft agar over-
lay method. In this experiment, the
RTD used was the highest dilution
that failed to give confluent or com-
plete lysis. A variety of
enteropathogens were included for
susceptibility against these phages. A
single colony from nutrient agar plate
was injected into 5 mL of nutrient
broth and incubated 2–3 h under sta-
tionary conditions at 37°C. A bacteri-
al lawn was made on nutrient agar
with this broth culture mixed with 3.5
mL of molten soft agar. The phage at
RTD was spotted onto the plate and
incubated at 37°C for 18 h. The next
morning, the appearance of the zone
of lysis was recorded. V. cholerae
MAK 757 (ATCC 51352) was includ-
ed as a positive control.

Of the 32 samples examined, two
non-O1 phages (O6 and O34) sensi-
tive to V. cholerae O6 and O34 were
isolated from the same site, the
Sarapui River in Rio. The plaques of
both the phages were observed as
clear and round, with a diameter of 3
to 4 mm. A total of 107 strains of
Vibrio and Enterobacteriaceae were
tested against these two phages. All
strains were untypeable, except for
the O6 and O34 serotypes, which
were lysed by the phages specific for

O6 (DR1) and O34 (DR2). During the
study period, the recorded tempera-
ture was 25°C–38ºC, and pH ranged
from 8 to 10. No correlation was
observed with these two parameters
and the isolation of phages. 

The morphology of the phages was
studied by negative staining electron
microscopy. The O34 phages have a
hexagonal head with a long tail. The
diameter (distance between opposite
apices) of the head is 83.0 ± 0.3 nm,
while the length and width of the tail
are 111.0 ± 0.8 nm and 17.0 ± 0.5 nm,
respectively (Figure 1). The O6 phage
has a similar form, with a head diam-
eter of 77.5 ± 0.3 nm and a long tail
100.0 ± 0.6 nm in length and 19.0 ±
0.4 nm in width (Figure 2). The other
enteropathogens isolated from the
sewage samples were enteropatho-
genic Escherichia coli, Salmonella
spp., and Shigella spp. (data not
shown). 

The use of vibriophages as tools
for studying the source or origin of V.
cholerae has contributed greatly to
the understanding of the epidemiolo-
gy of this disease. The emergence of
V. cholerae O1 in South America in
1991 provoked major social and eco-
nomic damage. A total of 60,000 clin-
ical cases were reported from 1990 to
1996 in the coastal city of Rio de
Janeiro. In 1997, approximately 2,600
confirmed cases of cholera were
reported. In 1998, the number of
cholera cases was 376. In 1999, the
number of cases increased to 4,142; in
2000, the number decreased to 821
cases. This extreme variation in
cholera cases continued during 2001,
2002, and 2003 (until February): the
number of cholera cases reported
were 665, 174, and 10, respectively.
However, since 1993, no cholera
cases caused by O1 have been report-
ed. Only cases of non-O1 have been
encountered, with O6 and O34 the
predominant serotypes. A nationwide
survey conducted by the National
Reference Center for Cholera under
Instituto Oswaldo Cruz is ongoing to
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isolate more phages in Brazil and
neighboring countries. 

To date, serotyping is the only
identification tool for the characteri-
zation of non-O1 strains of V. choler-
ae (8). However, serotyping is only
performed at a limited number of lab-
oratories. For this study, all isolates
from Brazil were sent to laboratories
outside the country for serotyping.
This step was expensive and time-
consuming and posed risks during
transit.

An alternative method is the use of
phages for identifying non-O1 strains.
This method offers an affordable
monitoring system in less-developed
countries such as Brazil. Phage O6
and O34 should at least be useful for
confirming the diagnosis of V. choler-
ae O6 and O34 infection and for dif-
ferentiating V. cholerae O1 and non-
O1 strains. 
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Salmonella Agona
Harboring Genomic

Island 1-A
To the Editor: Multidrug-resistant

Salmonella enterica serovar
Typhimurium definitive phage type
104 has emerged during the 1980s and
1990s as a world health problem
because of its implications in animal
and human disease (1–3). Epidemic
serovar Typhimurium definitive
phage type 104 isolates are common-
ly resistant to ampicillin (Ap), chlo-
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Figure 1. Electron micro-
graph of O34 vibriophage.
Bar represents 100 nm.

Figure 2. Electron micro-
graph of O6 vibriophage.
Bar represents 100 nm.


