
Southwest Foundation for Research and Educa
tion by the Univ. of Texas Press, Austin, 1968), 
p. 9; S. S. Kalter, Primates in Medicine, vol, 8, 
The Baboon: Microbiology, Clinical Chemistry 
and Some Hematological Aspects (Karger, Ba
sel, 1973), p. 171. 

4. D. M. Albert, A. S. Rabson, A. J. Dalton, In
vest. Ophthalmol. 7, 357 (1968). 

5. S. Kobayashi and N. Mukai, ibid. 12, 853 (1973); 
Cancer Res. 34, 1646 (1974); N. Mukai, S. Ko
bayashi, M. Oguri, Invest. Ophthalmol. 13, 593 
(1974); N. Mukai and T. Murao,7. Neuropathol. 
Exp. Neurol. 34, 28 (1975); N. Mukai, in Prog. 
Neuropathol. 3, 89 (1976); , T. Nakajima, 
T. Freddo, M. Jacobson, M. Dunn, Acta Neu
ropathol. 39, 147 (1977); N. Mukai and T. Nish-
ida, Jpn. J. Ophthalmol. 22, 326 (1978); T. 
Nakajima, Y. Ishida, N. Mukai, T. Nishida, 
ibid., p. 338; N. Mukai, T. Nishida, T. Naka
jima, Int. Ophthalmol. Clin. 20 (No. 2), 223 
(1980). 

6. N. Mukai and S. Kobayashi, Invest. Ophthal
mol. 12, 185 (1973); Am. J. Pathol. 69, 331 
(1972); J. Neuropathol. Exp. Neurol. 32, 523 
(1973); Am. J. Pathol. 73, 671 (1973); and 

Nakajima and N. Mukai, ibid. 45, 187 (1979). 
W. T. London, S. A. Houff, D. L. Madden, D. 
A. Fuccillo, M. Gravell, W. C. Wallen, A. E. 
Palmer, J. L. Sever, B. L. Padgett, D. L. Walk
er, G. M. ZuRhein, T. Ohashi, Science 201, 1246 
(1978). 
We thank A. R. McPherson and trustees of the 
Retina Research Foundation, Houston, Texas, 
for generous support and encouragement; C. L. 
Schepens and R. L. Pharo for advice and sug
gestions; and H. C. McGill, Jr., University of 
Texas Medical Center, San Antonio, for revi
sion of the manuscript. M. Takahashi, Retina 
Associates, Boston, performed the ultrasono
graphic scan; J. Harper, Jr., San Antonio, Tex
as, carried out the enucleations in the first ba
boon. D. Scott edited the manuscript. This work 
was supported in part by PHS grants EY-03170 
(N.M.) and RR-00036 (S.S.K.). Presented in 
part at the 56th national meeting of the Ameri
can Association of Neuropathologists, New Or
leans, 13 June 1980. 
Address reprint requests to 20 Staniford Street, 
Boston, Mass. 02114. 

M. Oguri, Acta Neuropathol. 28, 293 (1974); T. 29 April 1980; revised 11 August 1980 

Isolation of Ol Serovars of Vibrio cholerae from 
Water by Serologically Specific Method 

Abstract. Vibrio cholerae bacteria of the serological variety Ol were consistently 
isolated from water samples by passing the water with added Tween 20 through 
columns packed with polystyrene beads coated with antibodies against the Ol anti
genic determinants. The beads from the columns were washed, transferred to alka
line peptone broth, and incubated. The Ol serovars were isolated and identified by 
established procedures. 

In the summer of 1978 there were 11 
cases of cholera among residents of 
southern Louisiana. The causative agent 
was Vibrio cholerae bio type El Tor, 
serological variety (serovar) Inaba. The 
source of the bacterium for the first cases 
of cholera was traced to cooked crabs 
that had been returned to the containers 
used for transporting the live crabs. 
Vibrio cholerae bacteria were sub
sequently isolated from infected patients 
and sewage during the summer and fall 
of 1978 (7). 

It is generally accepted that cholera is 
transmitted by food, water, and fomites 
that are polluted with human feces from 
acute, subclinical, or carrier cases of 
cholera (2). Only the Ol Inaba and Ol 
Ogawa serovars, which possess the A 
antigen in common and specific C or B 
antigens, respectively, are considered 
capable of causing severe disease or epi
demics. A third serovar, Ol Hikojima, 
contains all three somatic antigens A, B, 
and C. Because cholera is not endemic to 
Louisiana, an important concern is 
whether the Ol serovar responsible for 
the Louisiana cholera cases was import
ed from an endemic area by an infected 
traveler or immigrant or is a member of 
the normal bacterial flora of Louisiana 
waters. Bashford et al. (3) and Colwell et 
al. (4) have provided evidence that Ol 
serovars and the non-Ol serovars of V. 

cholerae are normal flora of brackish wa
ter; therefore, man is a chance victim of 
the pathogenic Ol serovars. The diffi
culty in establishing the Ol serovars as 
normal flora is that no reliable method is 
available for isolating specifically the Ol 
serovars from water or other specimens. 
For analyzing water, either the Moore 
swab (/) or filtration (2) when used in 
conjunction with alkaline peptone broth 
is selective for Vibrio spp. but not for the 
Ol serovars. Of the vibrios in water the 
non-Ol serovars predominate (3, 4), and 
Ol serovars of V. cholerae are isolated 
rarely and only by chance. 

We have adapted the principles of 
serologically specific electron micros
copy (5) and the enzyme-linked immuno
sorbent assay (ELISA) (6) to develop a 

method for isolating Ol serovars of V. 
cholerae from environmental water. We 
used rabbit antiserum to boiled cells of 
V. cholerae Inaba, so that the antiserum 
contained antibodies against the Ol so
matic antigens but not against the V. 
cholerae common flagellar antigens. Ini
tial experiments were done with anti
body-coated plastic cover slips which 
were exposed to dilute suspensions of 
culture. Bacterial cells that adsorbed to 
the cover slips were viable as determined 
by overlaying the cover slips with agar 
medium and observing colony forma
tion. In later experiments we used as ab
sorbent surfaces microtiter plates used 
for ELISA (Cook Laboratories, Alexan
dria, Va.) which had been cut into single 
well pieces. These were difficult both to 
prepare and to wash free of excess anti
body and nonadsorbed bacterial cells. 

We found that the best matrix for im
mobilizing antibody in the isolation of 0 1 
serovars was polystyrene beads (2.5 by 
4.0 mm) (7). Antibody was adsorbed to 
the beads by incubating 25 g of beads in 
100 ml of 0.06M bicarbonate-carbonate 
buffer, pH 9.6 (6), in a 500-ml Erlen-
meyer flask to which 1 ml of antiserum 
was added. Adsorption was effected 
over a 6-hour period at 34°C with gentle 
agitation on a rotary shaker. The beads 
were then washed three times with 300-
ml quantities of 0.01M tris(hydroxy-
methyl)aminomethane buffer, pH 7.2, 
containing 0.15M NaCl and 0.1 percent 
Tween 20 (TST) to adjust thepH of bead 
surfaces and to remove unadsorbed ma
terial. The beads were dried and stored 
at -60°C until used. 

To isolate Ol serovars from water we 
developed the following method. To a 
glass column (1.5 by 20 cm) fitted with a 
Teflon supporting screen, antibody-
coated polystyrene beads were added to 
a height of 10 cm and were covered with 
TST. One liter of water sample with 
Tween 20 added to a final concentration 
of 0.1 percent was passed through the 
column at a flow rate of about 1 liter per 

Table 1. Serological and hemolytic characteristics of isolates from water. The Ol antiserum 
agglutinates the Ol serovar; Inaba antiserum is specific for the Inaba serovar; Ogawa antiserum 
is specific for the Ogawa serovar. Agglutinations were performed by slide agglutination (8). 
Hemolytic activity was determined as described in (8). The isolates W-ll, W-15, and W-16 have 
been identified as toxigenic, classical Inaba of the same phage type as our stock strain Inaba CA 
401 (9). 

Charac
terization 

Antiserum 
Ol 
Inaba 
Ogawa 

Hemolysin 

W-l 

+ 
+ 
-
+ 

W-ll 

+ 
+ 
-
— 

W-12 

+ 
+ 
+ 
+ 

Isolates 

W-15 

+ 
+ 
-
— 

W-16 

+ 
+ 
-
— 

W-19 

+ 
-
-
+ 
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hour and the column was washed at the 
same flow rate with 3 liters of TST. The 
beads were apportioned into three 250-
ml Erlenmeyer flasks containing 100 ml 
of alkaline peptone broth and were in
cubated for 12 to 18 hours at 34°C, 
Growth from the alkaline peptone broth 
was streaked onto agar containing thio-
sulfate, citrate, bile salts, and sucrose 
(TCBS) (Difco) in petri plates, and colo
nies were allowed to develop at 34°C for 
20 to 24 hours. Colonies characteristic of 
V. cholerae were selected and the bac
teria identified biochemically and sero
logically by established procedures (8). 

We ran numerous experiments with 
known mixtures of a non-sucrose-fer
menting noncholera vibrio (non-01 sero-
var) and 0 1 Inaba in saline which were 
passed through the column. We were 
able to isolate the Inaba strain adsorbed 
to the beads when the ratios of non-Ol 
serovars to 01 Inaba were as high as 300, 
with a concentration of 60 Inaba cells per 
liter. Also, we were successful in isolat
ing Inaba from pondwater devoid of in
digenous vibrio to which we added Inaba 
cells in low numbers. 

Table 1 shows the results of our isola
tion method applied to 1 liter of water 
collected from a bayou in south central 
Louisiana. Characteristic colonies on 
TCBS were selected for identification. 
Five colonies were identified as 0 1 sero
vars. None of the sucrose-positive colo
nies were non-Ol vibrios. One isolate, 
W-19, was a Gram-positive coccus 
which agglutinated with antiserum con
taining antibodies against the A antigen, 
but did not agglutinate with B or C anti
serum. Isolates W-l, W-l l , W-12, W-15, 
and W-l6 reacted serologically as 0 1 In
aba. Isolates W-l and W-12 showed the 
biochemical reactions of the El Tor bio-
type. One isolate, W-l, possessed argi-
nine dihydrolase and did not decarboxy-
late ornithine, both of which are atypical 
reactions. The status of the isolate has 
not been established. Isolate W-12 has 
characteristics of V. cholerae Hikojima. 
We have applied the method to four wa
ter samples. Three samples have yielded 
0 1 serovars. The fourth sample was de
void of Vibrio. 

The efficiency of the method is empha
sized by two observations. All the iso
lates were serologically typical of Ol In
aba or possessed antigens present in Ol 
Inaba. In addition, sediment collected 
from column effluent and column rinse 
water by centrifugation was inoculated 
into alkaline peptone broth and subse
quent growth was streaked onto TCBS. 
We did not isolate a sucrose-fermenting 
Vibrio from these inoculums. Thus, the 
column appears to sequester most or all 

the bacteria with Ol antigens or cross-
reacting material. 

The method we have developed may 
prove useful for the specific isolation of 
other microorganisms from water, in
cluding such pathogens as Salmonella, 
Shigella, and Legionella. It may also be 
possible to apply the principle of the 
method to ecological studies and to the 
isolation of specific organisms from any 
habitat including pathogens from patho
logical specimens. 
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Department of Microbiology, 
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Latency of Herpes Simplex Virus in Absence of Neutralizing 
Antibody: Model for Reactivation 

Abstract. Mice inoculated with herpes simplex virus (type 1) by the lip or corneal 
route and then passively immunized with rabbit antibody to herpes simplex virus 
developed a latent infection in the trigeminal ganglia within 96 hours. Neutralizing 
antibody to herpes simplex virus was cleared from the circulation and could not be 
detected in most of these mice after 2 months. Examination of ganglia from the 
antibody-negative mice revealed latent virus in over 90 percent of the animals, in
dicating that serum neutralizing antibody is not necessary to maintain the latent 
state. When the lips or corneas of these mice were traumatized, viral reactivation 
occurred in up to 90 percent of the mice, as demonstrated by the appearance of 
neutralizing antibody. This study provides a model for identifying factors that trigger 
viral reactivation. 

Herpes simplex virus (HSV) produces 
recurrent epithelial lesions in humans. In 
the mouse, viral inoculation on epithelial 
surfaces results in infection of local sen
sory ganglia (i). For approximately 2 
weeks, infectious virus can be recovered 
from cell-free ganglionic homogenates 

Fig. 1. Antibody titers in HSV-infected mice 
after administration of nonimmune or immune 
rabbit antiserum to HSV. The mice were in
fected with HSV by the lip route and given 0.2 
ml of rabbit serum intraperitoneally 3, 48, 96, 
and 144 hours later. At the times indicated, 
the animals were bled and neutralizing anti
body titers were determined. Each point rep
resents the geometric mean ± standard de
viation for 12 to 20 mice assayed individually. 

(acute phase). After 2 weeks, infectious 
virus can no longer be recovered, but 
can be reactivated by explantation of gan
glia (latent phase). The state of the viral 
genome during latency is not known. 
Some reports favor a low level of virus 
replication or intermittent spontaneous 
reactivation (2). Other reports support a 
block in the transcription of the viral 
genome during latency (5). Irrespective 
of the mechanism, the virus can be reac
tivated in vivo by several techniques in
cluding neurectomy, irritation of epithe
lial surfaces, and administration of im
munosuppressive agents (4, 5). 

Although there is considerable infor
mation on the various immunological 
mechanisms involved in eliminating the 
acute phase of the infection, relatively 
little is known about the importance of 
immunological factors in establishing or 
maintaining the latent phase. We now re
port that the latent state can be main
tained in the absence of neutralizing anti
body and that virus reactivation can be 
demonstrated by an increase in neutral
izing antibody titers. 

Female BALB/cJ mice, 6 to 8 weeks 
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