
Iranian J Publ Health, Vol. 37, No.2, 2008, pp.15-23 

15 

Production of Antibody Raised Against Lipopolysaccharide 
(LPS) of Vibrio cholerae Non-O1 

 
*M Saadati,  A Godarzi,  M Akbari, MB Salehi, H Shirzad, M Jahani, AA Rahimi  

  
Dept. Biology, Basic Science Research Center, Imam Hussein University, Iran 

 
(Received 9 Oct 2007; accepted 14 Apr 2008) 

 
Abstract  
Background: Cholera, an infectious disease caused by Vibrio cholerae, is primarily transmitted by ingestion of contaminated 
food or water. In severe cases, cholera may lead to severe dehydration, metabolic acidosis, and ultimately, hypovolemic 
shock and death.   
Methods: In this study V.cholerae non-O1 was cultured in suitable media. LPS was extracted from the surface of  bacteria 
by hot phenol-water method and then purified by high-speed centrifugation. For production of specific antibody against 
LPS, white newzeland rabbits were first immunized by whole cell bacteria and then immunized with highly purified LPS. 
The titre of the antiserum was determined by ELISA for each serogroup. 
Results: Results presented in this study indicate that serum anti-LPS antibodies raised against purified LPS of V.cholerae 
non-O1 can detect V.cholerae non-O1.    
Conclusion: This antibody had low cross reactivity with V.cholerae O1, serotype Inaba or Ogawa. So, this antibody can be 
used for for detection of V. cholerae non-O1. 
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Introduction 
The facultative human pathogen Vibrio cholerae 
that is a permanent threat to human populations 
(1) exists as natural inhabitants of aquatic eco-
system. It can be transmitted by ingestion of con-
taminated food or water, causing health problems 
for human. More than 200 serogroups of these 
bacteria including O1, non-O1 and O139 has an 
important role in its spreading.  
Regarding the spread of non-o1 strains all over 
the world and its isolation from sewage water, 
contaminated surface water, estuarine, salty wa-
ter, see foods and animals, its recognition is of 
high importance (2-6). 
Non-O1 V.cholerae can cause severe gastroen-
tritis dehydration (cholerae like) whose common 
symptom is abdominal cramp, fever and 25% of 
the infected patient show bloody diarrhea that 
in the case of no apppropriate treatment it would 
be comprehensively critical, although resulting di-
arrhea from non-O1 is milder than that of O1 (7). 

Since the organism is isolated from extraintestinal 
infections, using infected water for bathing can 
also lead to infection of eyes, ear, bladder and 
body wounds in susceptible individuals (8, 9). 
A new serogroup of the bacterium named Ban-
gal O139, has been responsible for recent chol-
era epidemy in Bangladesh (10) and because the 
immunization against V.cholerae O1 gives no pro-
tection to human it indicates that formerly cholera 
contracted people are also at risk. This bacte-
rium is derived from Eltor biotype, is much re-
sistance to environment in contrast with Eltor 
and classic biotypes, and can be rapidly spread 
in environment. One of the best ways to control 
the cholera disease that needs an epidemiological 
study is its origin recognition.  
Two major biotype and serotype characteristics 
are remarkable in epidemiological study of V. 
cholerae and according to its biotype and sero-
type the repertoire, spreading and its contagion 
would be identified. Hence regarding the defini-
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tion of its serotype by O antigen (polysaccha-
ride portion of LPS), antibody production against 
lipopolysaccharide is very important in epidemi-
ological study. 
Studies indicate that aquatic environment is the 
most important source of  V.cholerae non-O1. Re-
portedly sea water and sea food products are the 
main cause of infection (11). In contrast to V. 
cholerae O1, non-O1 strains has been isolated 
from blood, ears and respiratory organs (12). Sev-
eral virulance agents can be produced by V.chol-
erae each of which, lipopolysaccharide for ex-
ample, can be the causetive of disease (13). 
The aim of this study was isolation and purifi-
cation of endotoxin of V.cholerae non-O1 and 
production of antibody against it. 

 
Materials and Methods 
V.cholerae Ogava and Inaba serotypes and E.coli 
O157 obtained from Iranian Reference Labora-
tory has been used in this study as controls. 
Antiserum against V.cholerae O1 antigen (Difco) 
was used for serogrouping. V.cholerae non-O1 
obtained from reference laboratory was a patient 
isolated strain in Iran. Biochemical tests such as 
growing on TCBS agar medium, gram staining, 
oxidase and catalase test and carbohydrate con-
sumption had been used to define the bacterium. 
Confirmed non –O1 strain had also been used 
for other studies. 
Bacterial cell body preparation     Non –O1 Vi-
brio cholerae was transferred to yeast Extract 
tryptone media (TY-2) and grown in appropri-
ate aeration (150 RPM) at 37° C overnight. Su-
pernatant was centrifuged for 10 min at 6000 
RPM and pellet was extracted for lipopolysac-
charide. Distilled water was added in addition to 
equal volume of 90% phenol. To isolate lipopoly-
saccharide from proteins, the material was at 
68° C for 15 min, thereafter it was centrifuged at 
100000 g for 4 h, to purify LPS. The precipitate 
was resolved in DW, dialyzed, and lyophilized. 
Standard LPS of V.cholerae serotype Inaba was 
obtained from Sigma Company. 
Tricine SDS-PAGE gel electrophoresis 

Laemmli method was used for electrophoresis. 
For this, 15 µg of purified LPS was resolved in 
3 µl SDS lysis buffer and then heated at 100° C 
for 10 min, and 6 µl of it was loaded in the well, 
and finally the gel was coomasie blue and silver 
stained. 
Antibody preparation     Killed bacteria were 
used to prepare antibody. For this purpose iso-
lated V.cholerae was exposed to formalin (1.5%) 
at 4° C overnight. After washing and deformali-
zation, it was heated at 65° C for 1 h to obtain 
killed vaccine. The vaccine was injected subcu-
taneously to white Neusland rabbit weighing about 
2 kg. The mixture of injection contained 109 bac-
teria per 1 ml of physiological serum, 1 ml com-
plete adjuvant (for first injection), and then ho-
mogenized from which 0.5 ml was injected under 
shoulder subcutaneously. Complete adjuvant had 
been used as booster on the days 0, 14, 28, 42. 
Bleeding was done in order to control antibody 
production before each injection. 
To raise antibody against LPS, 100 µg of LPS 
with incomplete adjuvant had been used sub-
cutaneously for second, third and fourth turn of 
immunization instead of whole cell killed bacte-
ria, and after four injection which was done fort-
nightly final bleeding had been accomplished. 
ELISA for bacterium and LPS     The wells of 
flat-bottomed, microtitration plates (Dynatech Im-
mulonTM) were coated with either 5 x 107 bacte-
ria per ml, grown in TSB medium, or 1 mg/ml 
of LPS both diluted in 0.05 M carbonate buffer, 
pH 9.6 in the proportion of 1 in 100. The plates 
were incubated at 4° C overnight in a humidi-
fied box then washed three times with washing 
buffer containing gelatin 0.5% w/v and Tween 
20 (0.01% v/v in PBS), pH 7.4. To each well, 
100 µl of rabbit polyclonal antibody raised 
against bacteria or LPS, at a dilution of 1 in 
3000 in washing buffer, were added. The plates 
were incubated for 4 h at 37° C in a humidified 
box, washed, and 100 µl of anti-rabbit IgG-HRP 
conjugate diluted 1 in 3000 in washing buffer 
were added to each well and the plate was incu-
bated 1 h at 37° C and washed as above. The 
enzyme reaction was initiated by the addition of 
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100 µl of 0-phenylenediamine (34 mg/ml; Sigma) 
and H202,(20 µl) in 100 ml of 0.15 M citrate-
phosphate buffer, pH 5.0 (freshly prepared). The 
plate was incubated for 30 min at room tem-
perature in the dark for colour development. The 
reaction was stopped by addition of  50 µl of 
H2SO4 12.5% v/v to each well. Absorbance was 
measured at 492 nm in an Anthos 2001 ELISA 
reader.   
Antibody purification     IgG was purified 
using G protein affinity column. For this rabbit 
serum was obtaind from 20 ml blood. The col-
umn was prepared by rinsing with 100 mM Tris 
first and 10 mM Tris secondly, pH was adjusted 
to 8 by 1 mM Tris. After passing the sample, 
the column was washed with 100 mM and 10 
mM Tris respectly to remove extra proteins. There 
after IgG was removed with 100 mM glycin, 
pH=3, and stored in microtubes containing 50 
ml of 1M Tris. 
Protein and polysaccharide assay     One 
mg/ml concentration of LPS was prepared. Its 
polysaccharide was measured by phenol sul-
phuric acid method while its protein content 
was also measured by Bradford method using 
BSA as standard. 
 
Results 
A non-O1 Vibrio cholerae strain was isolated 
from water, identified by biochemical methods. 
Grown in alkaline peptone water medium at 37° 

C overnight, and was able to form yellow col-
ony with the diameter of 2-3 mm, in TCBS agar 
at 37° C for 24 h. 
Two serotypes, Ogava and Inaba obtained from 
Iranian Reference laboratory was used as con-
trol. The prepared non-O1 cholera was defined 
as albensis biotype. 
Measurement of protein in LPS     After har-
vesting the bacteria from TY-2 medium, LPS 
was purified and assayed for protein content. 
For this, 1 mg/ml of LPS was assayed by Brath-
ford method (weve length 595 nm) resulting 0.01 
absorbance, indicating of as low as zero protein. 
Polysaccharide assay of LPS     One mg/ml of 
LPS was assayed for polysaccharide using phe-

nol sulphuric acid method, resulting to 250 µg/ml 
of polysaccharide. The extracted LPS was 
lyophilized for further usage. 
LPS extraction     One mg of extracted LPS by 
hot phenol water was resolved in 1 ml DW and 
electrophoresed on Tricine SDS-PAGE. It was 
then silver stained. In this experiment, LPS of 
Inaba serotype and, E.coli O157 and non-O1 
V.cholerae were electrophoresed on 18% SDS-
PAGE. Brown bands had been demonstrated af-
ter Periodic silver staining (Fig. 1). 
Standard Inaba LPS (sigma), LO385 had shown 
two bands of 8 and 16 kDa (Lane 2), and E. coli 
O157 used as control, also revealed two bands 
of 8 and 18 kDa (Lane 3), and V.cholerae non-
O1 has only shown one band of 8 kDa (Lane.4), 
Marker used in this study contained 17000 Da 
and 14200 Da bands (Lane 1). 
ELISA     Antibody against LPS of V.cholerae 
non-O1 serotype was raised in this study, and 
after purification, it was administered to rabbit. 
There after, bleeding through marginal vein was 
performed and obtained serum was stored at-
70° C. The result of ELISA after first and 
booster injections is depicted in Fig 2 Consider-
able Ab was raised after first injection of non-
O1 bacteria emulsified with complete adjuvant. 
After second injection of LPS instead of whole 
bacteria, increase in antibody was observed. 
The increasing trend continued after second and 
third boosters, and the titer of antibody for non-
O1 recognition reached to 1/12800. 
Cross reactivity of non-O1, Inaba and Ogava 
was studied by ELISA (Fig. 3) using antibody 
against LPS of non-O1 V.cholerae. Antibody 
cross reactivity with NAG bacteria was shown 
at concentrations of 1/200, 1/400, 1/800, 1/1600, 
1/3200, 1/6400 and 1/128000. 
The antibody could not recognize V.cholerae 
Inaba and Ogava serotypes at the concentration 
of 1/1600, although little cross reactivity was 
observed at 1/12800 concentration (Fig. 3). An-
tibody purification against LPS was done in order 
to increase its recognition ability. As depicted 
in Fig. 4, antibody titer of 1/16000 could recog-
nize non-O1 LPS while unpurified antibody could 



M Saadati et al: Production of Antibody Raised... 
 

18 

recognize non-O1 serotype at 1/1600 concentra-
tion (Fig. 3), expressing 10 times of recognition 
ability. Purified antibody was used for cross re-
activity between non-O1 and, Inaba and Ogava 
bacteria (Fig. 4). For this reason, the serum was 
purified by affinity column after bleeding and se-

rum isolation. Cross reactivity between produced 
antibody against NAG Lipopolysacharide and 
NAG, Inaba and Ogava bacteria was identified. 
The results indicate that purified antibody had 
less cross reactivity with Inaba and Ogava and its 
titer with NAG bacterium was 1/16000 (Fig. 5). 

 

 
 

Fig 1: Tricine SDS-PAGE 
 
Shown are lipopolysaccharides of Vibrio cholerae Inaba and, E. coli O157 and Vibrio cholerae NAG electrophoresed in 
SDS-PAGE 18% 
1- 17000 and 14200   Marker 
2- Inaba Vibrio cholerae LPS 
3- LPS of E. coli O157 as control 
4- non-O1 Vibrio cholerae LPS 
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Fig. 2: Antibody production after 1st injection and next 1st and 3rd booster 
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Fig. 3: Cross reactivity assay between non-O1 and Inaba, Ogava, using produced antibody against Vibrio cholerae non-O1. 

Results indicate low cross reactivity. 
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Fig . 4:  The titer of purified antibody against LPS of non-O1 Vibrio cholerae. 
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Fig. 5: Titer of 1/16000 could recoginze non-O1 Vibrio cholerae 
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Discussion 
V.cholerae human pathogen bacteria can be trans-
mitted through infected water and food. These 
bacteria are classified to more than 200 sero-
groups according to “O” antigen (LPS) (14), con-
taining O1, non-O1 and O139. Cholera is usually 
caused by O1 and O139 serotypes, however, 
reportedly non-O1 serotype was also patient iso-
lated (15, 16). 
Non-O1 serotypes are isolated from contami-
nated sewage and surface water estuarine and 
salty water, see food products and other animals 
(17). In contrast with O1 serotypes, this sero-
type is able to grow in different conditions (18), 
having more chance of human infection. 
Since the bacteria serogroup is of high epide-
miological importance, more study has been 
done on it. O1 serogroup has formerly been 
studied in Imam Hosein University and anti-
body directed against its lipopolysaccharide was 
extracted (19), however no study was accom-
plished over non-o1 yet, in Iran. 
Regarding cholera-infected countries neighbor-
ing to Iran, the risk of transmission and spread-
ing of the disease is high and should be highly 
considered. Non-O1 recognition and identifica-
tion is comprehensively important, while some 
non-O1 strains can produce heat-stable toxin and 
cholera toxin and cause cholera disease (20, 21). 
In past time, O1 V.cholerae was known to be 
the only agent of epidemic cholera, but emerg-
ing of Bangal O139 (one of non-O1 serogroups) 
in 1992, with vast epidemiology in Bangladesh 
and India and other neighboring countries has 
changed the viewpoint. In two studies in 1988 
and 1995, the possibilities of changing non-O1 
strains to O1 and vice versa were reported. It 
was shown that O139 serogroup is derived from 
O1 Eltor biotype and is identical to it in bio-
chemical characteristics. 
Studies by Rafael Montilla et al. have shown that 
under different environmental conditions and in 
stationary phase 105 out of 1010 non-O1 bacteria 
had been changed to O1 serotype (22), express-
ing the possibility of Eltro cholera disease by water 

containing non-O1 serotypes and its clinical 
importance. 
Studies show that non-O1 V.cholerae is severely 
threatening to human population so they should 
be well informed for inhibition of its spread 
(12). One of the ways to prevent its spreading is 
rapid detection, which in gram-negative bacte-
ria; LPS can be used for this purpose. Several 
methods have been used for LPS purification of 
different bacteria and in this study V.cholerae 
LPS was extracted and purified by westphal 
method and in contrast to trade sample (sigma), 
Inaba lipopolysaccharide 10385 had less protein. 
The protein content of trade sample was reported 
1-10% (sigma catalogue 2000-2001), while the 
purified protein in this study was less than 1%. 
The LPS purified by Villeneuve in 1999, con-
tained 1% protein (23). Low rate of protein seems 
to be an advantage because proteins are more 
immunogenic than lipids and polysaccharides and 
can interfere antiserum preparation. 
Antibody production against Lipopolysaccha-
ride     Several reports cover antibody produc-
tion against V.cholerae (24, 13, 25). Adams and 
his colleagues (1988) demonstrated cross reac-
tivity between monoclonal antibody against O1 
LPS and some non-O1 bacteria (26). Qadri et 
al., after monocloral antibody production against 
O139 V.cholerae announced that the antibody 
can recognize O91 cholera bacteria (27), how-
ever the antibody produced by Gustafsson (1984) 
showed no cross reactivity with non-O1 V.chol-
erae and E.coli, Shigella sonnei and Salmonella 
strains (28). The difference can be related to the 
clonies prepared by the researchers. 
Because of low molecular weight of antibody 
against LPS, it cannot activate immune system 
lonely, leading to researchers’ efforts in linking 
to a protein to stimulate immune system. Since 
40% of the surface of bacterium is covered with 
LPS, a low molecular weight molecule, but co-
operation with other surface molecules it can eas-
ily stimulate immune system, so the dead bacte-
rial vaccine was used at the first injection and 
next as the first booster purified LPS had been 
used. In addition to detection of different strains 
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of V.cholerae, the produced antibody can be 
used to decrease bacterial adhesion to digestive 
system leading to protection against the disease 
(13, 29). Studies state that there is cross reactiv-
ity between different strains of V.cholerae (30) 
but produced antibody against O1 serotype did 
not have protection against non-O1 serotype (31). 
The results of ELISA after first booster revealed 
that the immune system has been well stimulated 
by LPS, so at next booster purified LPS was 
used and the result of this study indicate that 
IgG titer against non-O1 LPS can not rise up as 
O1 strains and no out standing difference in an-
tibody titer has been seen after third boosting, 
so the injection was not continued. 
Produced antibody against Vibrio cholerae was 
tittered by ELISA showing its recognition abil-
ity. Because of some antigenic similarity between 
non-O1 and O1 strains, some cross reactivity with 
Inaba and Ogava strains has been observed, the 
fact that was reported by other researchers (2, 
4). However, in this study the mentioned cross 
reactivity was at the lowest rate indicating the 
structural difference of LPS in these strains.  
In conclusion, regarding high specificity of this 
antibody and its low cross reactivity it can be 
used for recognition of non-O1 strains. 
 
Acknowledgements 
This research has been supported by Science Re-
search Center, Imam Hussein University. Authors 
are grateful to Dr Tavalaei and Dr Musavi for 

their kind helps during this research. The authors 
declare that they have no conflict of interests. 
 
References 
1. Braun M, Thöny-Meyer L (2005). Cyto-

chrome c maturation and the physio-
logical role of c-type cytochromes in 
Vibrio cholerae. J Bacteroil, 187(17): 
5996-6004. 

2. Bhanumathi R, Sabeena F, Isac SR, Shukla 
BN, Singh DV (2003). Molecular Char-
acterization of Vibrio cholerae O139 
Bengal Isolated from Water and the 

Aquatic Plant Eichhornia crassipes in the 
River Ganga, Varanasi, India. Appl En-
viron Microbiol, 69(4):2389-94. 

3. Broza M, Halpern M (2001). Pathogen res-
ervoirs: Chironomid egg masses and Vi-
brio cholerae. Nature, 412, 40. 

4. Huq A, Colwell RR, Chowdhury MAR, Xu 
B, Moniruzzaman SM, Islam MS, Yunus 
M, Albert MJ (1995). Co-existence of 
Vibrio cholerae O1 and O139 Bengal in 
plankton in Bangladesh. Lancet, 345:1245. 

5. Ramamurthy T, Garg S, Sharma R, Bhatta-
charya SK, Shimada T, Takeda T, Ta-
keda Y, Nair GB (1993). Emergence of 
a novel strain of Vibrio cholerae with 
epidemic potential in southern India. 
Lancet, 341:703-704. 

6. Shimada T, Nair GB, Deb BC, Albert MJ, 
Sack RB, Takeda Y (1993). Outbreak 
of Vibrio cholerae non-O1 in India and 
Bangladesh. Lancet, 341:1347. 

7. Bagchi K, Echeverria P, Arthur JD, Seth-
abutr O, Serichantalergs O, Hoge CW 
(1993). Epidemic of diarrhea caused by 
Vibrio cholerae non-O1 that produced 
heat-stable toxin among Khmers in a 
camp in Thailand. J Clin Microbiol, 31(5): 
1315-1317. 

8. Janda JM, Powers C, Bryant RG, Abbott SL 
(1988). Current perspective on the epi-
demiology and pathogenesis of clini-
cally significant Vibrio spp. Clin Micro-
biol Rev, 1:245-67. 

9. Morris JG, Takeda T, Tall BD, Losonsky 
GA, Bhattacharya SK, Forrest BD, Kay 
BA, Nishibuchi M (1990). Experimen-
tal non-O group 1 Vibrio cholerae gas-
troenteritis in humans. J Clin Invest, 
85(3):697-705. 

10. Albert MJ, Siddique AK, Islam MS, Faru-
que AS, Ansaruzzaman M, Faruque SM,  
Sack RB (1993). Large outbreak of 
clinical cholera due to Vibrio cholerae 
non-O1 in Bangladesh. Lancet, 341:704. 

11. Kiiyukia C, Nakajima A, Nakai T, Muroga 
K, Kawakami H, Hashimoto H (1992). 



M Saadati et al: Production of Antibody Raised... 
 

22 

V.cholerae non-O1 isolated from ayu 
fish (Plecoglossus altivelis) in Japan. Appl 
Environ Microbiol, 58(9):3078-82. 

12. Ou TY, Liu JW, Leu HS (2003). Independ-
ent prognostic factors for fatality in pa-
tients with invasive V.cholerae non-O1 
infections. J Microbiol Immunol Infect, 
36(2):117-22. 

13. Mukhopadhyay S, Nandi B, Ghose AC (2000). 
Antibodies (IgG) to lipopolysaccharide 
of V.cholerae O1 mediate protection 
through inhibition of intestinal adherence 
and colonisation in a mouse model. 
FEMS Microbiol Lett, 185(1):29-35. 

14. Chatterjee SN, Chaudhuri K (2003). Lipopoly-
saccharides of Vibrio cholerae. I. Physi-
cal and chemical characterization. Bio-
chim Biophys Acta. 1639(2):65-79. 

15. Dhar R, Badawi M, Qabazard Z, Albert MJ 
(2004). Vibrio cholerae (non-O1, non-
O139) sepsis in a child with Fanconi 
anemia. Diagn Microbiol Infect Dis, 
50(4):287-89. 

16. Israil A, Balotescu C, Bucurenci N, Nacescu 
N, Cedru C, Popa C, Ciufecu C (2003). 
Factors associated with virulence and 
survival in environmental and clinical 
isolates of Vibrio cholerae O1 and non 
O1 in Romania. Roum Arch Microbiol 
Immunol, 62(3-4):155-77. 

17. Chen AZ, Cai DS, Zhu SY, et al. (2004). 
Study on biology and epidemiological 
characteristics of Vibrio cholerae non-
O1 strains isolated from environmental 
waters in Foshan city Zhonghua. Yu 
Fang Yi Xue Za Zhi, 38(1):47-9. 

18. Roberts D, Gilbert RJ (1979). Survival and 
growth of non-cholerae vibrios in vari-
ous foods. J Hygiene, 82:123-31. 

19. Akbari MR, Salimian J, Saadati M, Ebrahimi 
F (2000). Antibody production against 
lipopolysaccharide of V.cholerae Ogava 
and Inaba serotype. Second Notional 
Biotechnology Congress, 1196-205. 

20. Chaudhuri K, Bhadra RK, Das J (1992). Cell 
surface characteristics of environmental 

and clinical isolates of Vibrio cholerae 
non-O1. Appl Environ Microbiol, 58(11): 
3567-73. 

21. Guhathakurta B, Sasmal D, Pal S, Chakraborty 
S, Nair GB, Datta A (1999). Comparative 
analysis of cytotoxin, hemolysin, hemag-
glutinin and exocellular enzymes among 
clinical and environmental isolates of V. 
cholerae O139 and non-O1, non-O139. 
FEMS Microbiology Letters, 179:401-7 

22. Montilla R, Chowdhury MA, Huq A, Xu B, 
Colwell RR (1996). Serogroup conver-
sion of Vibrio cholerae non-O1 to Vi-
brio cholerae O1: effect of growth state 
of cells, temperature, and salinity. Can 
J Microbiol, 42(1):87-93. 

23. Villeneuve S, Boutonnier A, Mulard LA, 
Fournier JM (1999). Immunochemical 
characterization of an Ogawa-Inaba com-
mon antigenic determinant of Vibrio chol-
erae O1. Microbiology, 145(9):2477-84. 

24. Chang HS, Sack DA (2001). Detection of 
anti-lipopolysaccharide antibodies to V. 
cholerae O1 and O139 using a novel mi-
crotiter limulus amebocyte lysate (LAL) 
assay. Clinica Chimica Acta, 312:49–54. 

25. Nandy RK, Mukhopadhyay S, Ghosh AN, 
Ghose AC (1999). Antibodies to the trun-
cated (short) form of `O' polysaccharides 
(TFOP) of Vibrio cholerae O139 lipopoly-
sacchrides protect mice against experi-
mental cholera induced by encapsulated 
O139 strains and such protection is me-
diated by inhibition of intestinal colo-
nization of vibrios. Vaccine, 17: 2844-52. 

26. Adams LB, Henk MC, Siebeling RJ (1988). 
Detection of Vibrio cholerae with mono-
clonal antibodies specific for serovar 
O1 lipopolysaccharide. J Clin Microbiol, 
26(9):1801-809. 

27. Qadri F, Azim T, Chowdhury A, Hossain J, 
Sack RB, Albert MJ (1994). Produc-
tion, characterization, and application of 
monoclonal antibodies to Vibrio cholerae 
O139 synonym Bengal. Clin Diagn Lab 
Immunol, 1(1):51-4. 



Iranian J Publ Health, Vol. 37, No.2, 2008, pp.15-23 

23 

28. Gustafsson B (1984). Monoclonal antibody-
based enzyme-linked immunosorbent as-
says for identification and serotyping 
of Vibrio cholerae O1. J Clin Micro-
biol, 20(6):1180-85. 

29. Vijayashree S, Nayak N, Panigrahi D,  Sehgal 
S (2003) Role of cell surface antigens 
of V.cholerae 01 and non 01 serovars 
in intestinal adhesion. Indian J Pathol 
Microbiol, 46(2):259-60. 763. 

30. Ansaruzzaman M, Shimada T, Bhuiyan NA, 
Nahar S, Alam K, Islam MS, Albert 

MJ (1999). Cross-reaction between a 
strain of Vibrio mimicus and V.chol-
erae O139 Bengal. J Med Microbiol. 
48(9):873-77. 

31. Israil AM, Balotescu C, Lazar V, Cernat R, 
Dinu C (2002). Factors influencing the 
capacity of cellular substrate adherence 
of V.cholerae O1 and non O1 strains. 
Bacteriol Virusol Parazitol Epidemiol, 
47(3-4):119-24

 


