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ABSTRACT 

Introduction: Serum bactericidal assay is the gold standard index of protection against Vibrio cholerae. The outer 

membrane vesicles (OMVs) which are released during the bacterial growth have intrinsic immune stimulatory 

properties, based on their nature and composition. In this study, the induction of serum bactericidal activities in 

immunized BALB/c mice was determined using different vaccine regimens, using V. cholerae O1 (El Tor biotype) 

OMVs. Methods: A single clone of V. cholerae O1 (El Tor biotype) isolated during the 2005 outbreak in Iran, was 

used. A detergent-centrifugation procedure was used for OMVs production. Various vaccination regimens were 

inoculated into female mice via an oral route. The vaccine formulas included V. cholerae OMVs, killed whole cells of 

V. cholerae (WC), combination of WC-OMV and licensed cholera vaccine (Dukoral).The serum vibriocidal activity of 

mice sera was determined by measuring the complement-mediated lysis. Results: Electron microscopy of the purified 

OMVs from the isolated V. cholerae revealed the spherical-shaped vesicles of the size range 20-300 nm. In vitro 

reactivity of mice sera bactericidal capability against regimens of vaccination showed a significant immune response 

of antibody titers in comparison with negative control groups. Also, there was a significant increase in serum 

bactericidal titer of WC-OMV obtained from wild-type V. cholerae which had a satisfactory reactivity as Dukoral 

cholera vaccine. Conclusion: The results indicated that the combination of WC-OMV from the local strain is able to 

induce a high level of bactericidal antibody responses and it can be useful in optimization of the vaccine formula. 
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INTRODUCTION 

 
Cholera is a progressive diarrheal disease which is caused by 

enteric infection of a Gram-negative bacterium,                 

Vibrio cholerae. The disease leads to widespread morbidity and 

mortality, especially in the developing countries. The main 

factor of the appearance of epidemics caused by cholera in Iran 

has been shown to be its geographic location [1]. Iran has 

always been at risk of cholera, entering from its neighboring 

countries. In the 19th century, a more than 50% mortality rate 

in  Iran  was   associated   with   infants   while   this   rate   was  
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approximately 20% in France and Germany [1,2]. Several 

reports have demonstrated that the outbreak durations vary in 

different years in Iran. For example in 2005, a total 1112 cases 

of cholera were reported to be Inaba serogroup and 21 cases 

were Ogawa serogroup [2,3].  

Unsuitable sewage systems, inaccessible safe drinking water 

and poor health are factors that increase the risk of cholera [4]. 

Despite available treatments for the disease, V. cholerae is still 

considered as a serious problem for global health with an 

approximate incidence rate of 3-5 million cases annually 

throughout the world and more than 100,000 death cases. 

Vaccines play an important role in preventing diseases such as 

cholera. There are two available cholera vaccines, namely 

Dukoral and Shanchol. Dukoral is the only WHO prequalified 

cholera vaccine. However, due to requiring a buffer during the 

vaccination, as well as a cold chain for its transport, the costs 

and distribution of Dukoral are problematic, especially for the 

developing countries. Therefore, there is a need for 
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development of a low-cost vaccine that can be easily prepared, 

distributed and stored [5 ]. 

The outer membrane vesicles (OMVs) are spherical, bilayered 

lipoprotein vesicles ranging from 20 to 300 nm in diameter 

which contain ingredients of the outer membrane, including 

lipopolysaccharides, phospholipids and proteins, as well as 

DNA and RNA. Studies have shown that OMVs play roles in 

delivering toxins to the host cells and transferring proteins and 

genetic materials between bacterial cells [6]. Since OMVs may 

induce host immune responses, they could be useful for the 

development of an effective and inexpensive cholera vaccines 

[7]. To develop an effective vaccine, there must be highly 

efficient assessment tools for the evaluation of a vaccine’s 

efficacy. In this regard, a vibriocidal assay, measuring the 

antibody capacity against V.  cholerae has been widely used. 

The test is now considered as the gold standard index of 

protection against V. cholerae which offers high specificity, 

sensitivity, and comfort of the performance [8]. In this study, 

we aimed to demonstrate the induction of serum bactericidal 

antibodies with different vaccine regimens of clinical               

V. cholerae strain as well as a commercial vaccine, 

administered via the oral route in BALB/c mice. 

 

MATERIALS and METHODS 

 
The assays for detection of antibodies were performed using the 

reference strain of V. cholerae   O1 El Tor (ATCC 14033) and 

V. cholerae O1 El Tor strain which was isolated from patients 

during 2005 outbreak in Iran as a clonal dissemination of a 

single V. cholerae strain [3]. The strains were stored in 15% 

glycerol plus brain heart infusion broth (Difco, USA) at -70°C. 

Isolation of the OMVs 

The vesicles were extracted as described previously [ 9, 10]. 

Briefly, the cell harvest was washed with PBS buffer and 

various centrifugation steps were performed to eliminate cell 

debris. OMVs were extracted in 0.1 M Tris, 10 mM EDTA, and 

10%w/v deoxycholate (DOC) by centrifugation at 60000× g for 

2 h. The OMV pellet was resuspended in 0.1 M Tris, 10 mM 

EDTA, and 0.5% w/v DOC, followed by centrifugation at 

60000× g for 2 h again. Afterwards, the supernatant was passed 

through 0.45 µm and 0.22 µm pore size filters (PVDF syringe 

filters, Germany). Phenyl methyl sulfonyl fluoride (PMSF, 

Sigma, USA), a protease inhibitor, was added to the filtered 

supernatant. The concentrated OMVs were resuspended in 3% 

sucrose solution and stored at -70°C for further use. 

Electron microscopy 

In order to scatter the vesicles, the OMVs were exposed to 

ultrasonic waves and subsequently were attached to 

Formvar/carbon-coated nickel grids. By using 0.01 M PBS, 

supplemented with 0.5% bovine serum albumin (BSA; Sigma, 

USA) and 0.1% gelatin, the grids were washed and then fixed 

using 1% glutaraldehyde in PBS. The negative staining was 

performed using 1% potassium phosphotungstate (pH 6.0) 

which was then captured by Electron Microscopy (Hitachi 

S4160, South Korea) [9]. 

Preparation of heat-inactivated V. cholerae 

The heat inactivation of the bacteria was carried out by 

exposure to water bath at 56°C for 1 h. The density adjustment 

was performed with PBS to an OD600 of 1.00 for 1:10 dilution. 

The suspensions were then spread on blood agar plates and 

were incubated at 37°C for 24 h to confirm the bacterial 

inactivation [11].  

 

Protein analysis 

The protein concentration in OMVs was quantified by Bradford 

assay with BSA as the standard [12]. In order to separate the 

target proteins, the extracted OMVs were resolved on 12% 

SDS-PAGE, followed by Coomassie blue 0.1% (w/v) staining 

[13]. 
Animals 

BALB/c mice at the age of 7 weeks (weighing 16-18 g) were 

purchased from the Animal Resource Department of Pasteur 

Institute of Iran and were caged separately and kept in 25°C 

temperature and 50% humidity. All the experiments on the 

mice including immunization and blood sampling were 

approved by Ethics Committee of Animal Care of Pasteur 

Institute of Iran (Registration No.IR.PII.REC.2015.81). In order 

to be adapted to the environment, all the animals were 

purchased a week before the commencement of the experiments 

and were given food and water ad libitum till 42 days post 

immunization.  

Immunization and serum collection 

The mice were divided into 4 groups (n = 7 per group) and were 

immunized orally with 3 doses at days 0, 14, and 28. The 

immunization doses of the regimens were as follows: OMV, 25 

µg/200 ml PBS; killed whole cells of V. cholerae (WC); 

commercial vaccine (Dukoral, Sweden); 5×10
8
 cell/ml and a 

complex of WC-OMV, at equivalent amounts. Before the oral 

immunization, each mouse was inoculated directly with sodium 

bicarbonate into the stomach via a needle for feeding purposes. 

The control (non-immunized) group received PBS and 

processed similar to the immunized mice during the experiment 

[14]. The blood samples from the immunized and the non-

immunized control mice were collected from the lateral tail 

vein on days 0, 7, 14, 21, 28, 35 and 42. The blood clot 

occurred at room temperature within 30 min. The samples were 

then centrifuged at 4ºC (6000 × g for 10 min). The serum 

samples were isolated and stored at -20°C.  

Vibriocidal assay 

The bactericidal assay was carried out as previously described 

with minor modifications [11, 15]. The assay was performed 

using the reference strain V. cholerae O1 El Tor (ATCC 14033) 

in the sterile polystyrene 96 well microtiter plate. The culture 

dilution was performed as suspension comprising 4x10
6
 

cells/ml. All mice sera were diluted 1:10 in PBS and then 

inactivated by heating for 30 min at 56°C. Guinea pig serum 

(purchased from Pasteur Institute of Iran) was used as an 

exogenous complement source. Each well of the plate contained 

25 μl of serially diluted serum (starting dilution 1:4), 12.5 μl 

bacterial suspension, and 12.5 μl of complement to the final 

volume of 50 μl. Controls included serum and bacteria, serum 

with complement and bacteria with complement. A serum 

sample as a known positive control (monoclonal or polyclonal) 

was allocated for each test. Ultimately, the components were 

added to each well and aliquots in 10 μl volumes were taken 

from the serum samples with bacteria and complement and 

transferred onto an LB agar plate. The LB agar plates were 

incubated for 18 h at 37°C (time zero). The microtiter plate was 

then incubated for 1 h at 37°C. After 1 h incubation, 10 μl 

aliquot was taken from each well and put onto an LB agar plate. 

The colonies were counted at times zero and 60 min (T1), 

following the incubation for 18 h at 37°C. As a standard 

method, the average number of CFUs at time zero was 

considered as 100%. Furthermore, the reciprocal of the serum 

dilution leading to ≥ 50% bactericidal capacity was reported as 
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the serum bactericidal titer. All the experiments were performed 

in triplicate. 

Statistical analysis 

For all of the statistical analyses, GraphPad Prism version 6 for 

Windows (GraphPad software, USA) and Student’s t-test were 

used and P-values of < 0.05 were considered as statistically 

significant.   

 

RESULTS  
 
V. cholerae cells were prepared from the late logarithmic phase 

of the growth to raise the yield and to remove the lysed cell 

residues. Detergent-extraction method with minor modification 

was considered as a useful tool for OMVs extraction from       

V. cholerae and increased the yield of the vesicles with 

spherical nanostructures with the size ranging from 20 to 300 

nm (Fig. 1). The electrophoretic pattern of V. cholerae OMVs 

by SDS-PAGE revealed protein bands, including 32, 40, 45, 55 

kDa (Fig. 2). The amounts of the membrane vesicle's protein 

was 1.27 mg/mL.  

We also investigated whether the V. cholerae OMVs and other 

vaccine regimens related to V. cholerae would induce 

vibriocidal antibodies in mice. The mice were orally immunized 

on days 0, 14, and 28 and the serum samples were collected on 

day 42 to measure the vibriocidal activities. The vibriocidal 

titers were achieved after immunization by vaccine regimens. 

An agar plate assay was applied to measure the antibody titers. 

The vaccine regimens showed significant responses against the 

negative controls. The bactericidal activity of WC-OMV 

vaccine regimen showed titers that were on average 2-fold 

greater than those immunized by OMV and WC alone, 

however, it was similar to responses of the mice immunized 

with Dukoral vaccine (Fig. 3).  

The results revealed a significant increase in vibriocidal 

antibody titers compared to the non-immune serum. The serum 

bactericidal titer was presented as the reciprocal of the serum 

dilution yielding  ≥ 50% decline in the CFU number compared 

to the number of CFU per well at T0 (Mean ± SD of three 

independent experiments; *P-value < 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. The extracted OMVs from clinical V. cholerae, examined by electron 
microscopy, contained nano-spherical materials with sizes ranging from 20 to 

300 nm. 

 

Fig. 2. OMVs were separated 

via 12% SDS- PAGE and 

Coomassie stained. Lane 1:  

Prestained protein molecular 
weight marker in kDa. Lane 2: 

OMVs of clinical  V. cholerae.  

 

Fig 3. Vibriocidal activity by different vaccine regimens-induced antibody, measured by agar plate assay.  Following immunization of the mice, the sera were 

collected on day 42. 
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DISCUSSION 

 
Cholera is still a global threat in the developing countries. In 69 

endemic countries of Asia and Africa, the incidence rate of the 

infection has been estimated to be 2.9 million cases resulting in 

95,000 deaths, annually (16). Iran has always been affected by 

cholera disease and one of the reasons is the special geographic 

position of Iran and its proximity to its endemic neighboring 

countries such as Afghanistan and Iraq. The first documented 

cholera outbreak in Iran began in 1821 in the south through the 

Persian Gulf [1]. Although cholera prevention programs have 

been initiated over the last decades by providing facilities such 

as safe drinking water, sanitation, rehydration therapy and 

antibiotics [17], more comprehensive strategies, such as 

developing vaccines which can be easily and affordably 

distributed to great populations at risk, are required. [11].  

Studies have revealed that anti-OMV antibodies are capable of 

preventing motility of various V. cholerae strains which 

indicate that the inhibition of motility contributes to the 

protection (18). It has also been reported that the purified 

OMVs have the ability to stimulate protective immune 

responses to infections and have the potential to be considered 

in vaccine development (19). Moreover, it has been shown that 

oral administration of purified OMVs in mice can induce 

protective immunity against colonization [4] and can be a 

valuable replacement to the parenteral administration, 

especially for the vaccines against gastrointestinal infections 

[20]. The use of detergent-extracted OMVs has also been 

proposed as a well-known approach for the development of 

N.meningitidis vaccine and removal of lipopolysaccharide 

(LPS) and decreasing the toxicity [21].  

In the present study, following preparation of V. cholerae 

OMVs by a detergent-extracted method, the efficiency of the 

orally administered cholera vaccines was tested. At first, an 

agar plate-based assay which is a sensitive, specific and reliable 

bactericidal assay was carried out [5, 8]. A serum bactericidal 

assay was characterized for the detection of vibriocidal 

antibodies against OMVs of V. cholerae O1 El Tor and other 

vaccine regimens by agar plate assay. Replicate assays of the 

sera showed minimal fluctuation on the agar plates and the 

vaccine regimens showed significant responses compared to the 

negative controls. We showed that when WC and OMVs from 

the clinical isolates were combined, they could induce the 

production of high-level bactericidal antibodies against            

V. cholerae O1 El tor Inaba after the third dose (i.e. two weeks 

later); however, no significant difference was observed with 

Dukoral vaccine. Recently, it has been revealed that the 

combination of inactive V. cholerae whole cells and purified 

CTB (rCTB) proteins of V. cholerae from Iranian strains 

increases the antibody responses in the rabbit[22].In the 

conventional vaccines such as Dukoral, the use of several 

strains and two different methods of inactivation make the 

vaccine complicated and expensive. In this research, in order to 

immunize mice, we used only an O1 Inaba serotype local strain 

and one method of strain inactivation. In conclusion, we have 

shown that immunization with dead whole-cell of a single strain 

of V. cholerae combined with OMV may offer a reasonable 

protection against cholera in mice which could be further 

evaluated as a low cost optimized vaccine against this disease. 
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