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ABSTRACT 
Experimental models of Vibrio cholerae infection in humans (challenge studies) allow evaluating the efficacy of chol-
era vaccine candidates before carrying out phase III trials. To improve the consistency between the challenge stud-
ies, models that use an inoculum prepared directly from a cryopreserved standardized bank have been validated. To 
evaluate the protection conferred by vaccine strains derived from the strains of the Latin American epidemic of 1991, 
a challenge test was developed with the toxigenic strain V. cholerae 3008, prepared from a fresh culture. The main 
objective of the present study was to evaluate the virulence of a cryopreserved bank of the V. cholerae 3008 strain, 
to validate its use in human challenge studies. The viability of the cryopreserved strain was 1.35 ± 0.15 × 109 c.f.u./ 
mL. The virulence of strain 3008 and the toxigenic controls N16961 and C7258 was evaluated in the cholera suckling 
mouse model of infection, confirming the death of 100 % of the inoculated animals. The administration of the bank 
together with two different antacid solutions it also caused a lethal effect in all the inoculated mice. These results indi-
cate that the freezing of V. cholerae does not affect its virulence and that the cryopreserved bank possesses adequate 
power in the model used. The results achieved, together with previous experiences, support the use of lots of V. chol-
erae 3008 cryopreserved for challenge studies in humans, as has been described for other El Tor and O139 strains. 
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RESUMEN 
Virulencia en ratones de un banco crioconservado de la cepa toxigénica Vibrio cholerae 3008 para  
emplearse como reto en estudios de eficacia de candidatos vacunales en humanos. Los modelos de infección 
experimental de Vibrio cholerae en humanos (estudios de reto) permiten evaluar la eficacia de candidatos vacunales 
de cólera antes de realizar ensayos fase III. Para mejorar la consistencia entre los estudios de reto se han validado 
modelos que emplean un inóculo preparado directamente de un banco estandarizado crioconservado. La protección 
conferida por cepas vacunales derivadas de las cepas de la epidemia latinoamericana de 1991, ha sido evaluada en 
un ensayo de reto con la cepa toxigénica V. cholerae 3008, preparada de un cultivo fresco. El presente estudio tuvo 
como objetivos preparar un banco de trabajo crioconservado de la cepa V. cholerae 3008 y evaluar su virulencia en 
ratones, para validar su empleo en estudios de reto en humanos. La viabilidad del banco crioconservado fue 1.35 ± 
0.15 × 109 u.f.c./mL. La virulencia del banco crioconservado y las cepas toxigénicas controles N16961 y C7258 se 
evaluó en el biomodelo de cólera del ratón lactante, confirmándose la muerte del 100 % de los animales inoculados. 
La administración del banco junto a dos soluciones diferentes de antiácido también provocó efecto letal en la totalidad 
de los ratones inoculados. Estos resultados indican que la congelación de V. cholerae no afecta su virulencia y que el 
banco crioconservado posee una adecuada potencia en el modelo utilizado. Los resultados alcanzados, conjuntamente 
con experiencias previas, avalan el empleo de lotes de V. cholerae 3008 crioconservados para estudios de reto en 
humanos, como se ha descrito para otras cepas El Tor y O139.
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Introduction
Cholera, the acute diarrheic disease caused by the 
enterotoxigenic bacteria Vibrio cholera, is a serious 
health problem of higher incidence in poor countries, 
war zones and disaster areas [1, 2]. The World Health 
Organization (WHO) recommends the application of 
the oral vaccines against cholera available, together 
with other prevention and health management mea-
sures [3]. Particularly, killed whole-cell oral cholera 

vaccines have been efficacious for at least five years 
in endemic zones [4], but failing to protect children 
younger than 5 years who are more affected by the dis-
ease [5]. Therefore, additional strategies have to be de-
veloped to protect this high risk population. In this set-
ting, live-attenuated vaccines emerge as an alternative 
to mimic the best possible innate immune response 
against the infection, thereby inducing a long lasting 

1. Kaper JB, Morris JG, Levine MM. Chol-
era. Clin Microbiol Rev. 1995;8(1):48-86.
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Fuchs GJ. Aetiological, clinical and epi-
demiological characteristics of a seasonal 
peak of diarrhoea in Dhaka, Bangladesh. 
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and consistency of results, it would be necessary to 
have a standardized cryopreserved bank of strain V. 
cholerae 3008 from which the challenge inoculum 
would be prepared, as has been done for other strains 
[16-18]. The possible detrimental effect of freezing on 
bacterial virulence should be also determined. Con-
sidering all these elements, this work was aimed to 
prepare a cryopreserved bank of the V. cholerae 3008 
and evaluate its virulence in mice, prior to its future 
use in challenge studies in humans.

Materials and methods

Strains and culture media
Bacterial strains used and their phenotypic and geno-
typic properties are summarized in the table.
Microorganisms were grown in the following culture 
media: Luria-Bertani broth (LB; 10 g/L tryptone, 5 g/L 
Yeast extract; 10 g/L Sodium chloride; pH 7.0), sup-
plemented with 1.5 g/L agar; and Tryptic Soy Broth 
(TSB; CASO Broth; Merck, Germany). LB reagents 
were purchased from Oxoid (United Kingdom).

Preparation of the cryopreserved bank of  
strain 3008 and control strains C7258, 
N16961 and 638
The cryopreserved bank of V. cholerae strain 3008 was 
prepared at the Finlay Institute of Vaccines through a 
normalized operating procedure (NOP), as previously 
described for the elaboration of a working seed lot for 
strain 638 [19]. In this case, the bank was prepared 
starting from a primary bank kept frozen since 1999, 
which was first incubated at 37 ºC static overnight. 
Subsequently, it was inoculated into 100 mL of TSB 
medium at 0.01 optical density at 600 nm (OD600 nm) 
and cultured at 37 ºC for 4 h under 200 rpm agitation. 
Then, 100 mL of culture and 100 mL of 30 % Glycerol 
solution in TSB were mixed, manually homogenized 
and fractionated in 1-mL cryopreservation vials (Ep-
pendorf, Germany). The quality control of the bank in-
cluded the evaluation of purity by Gram staining, mo-
tility and viability following NOP 048, NOP 12-176 
and NOP 12-160, respectively, of the Finlay Institute 
of Vaccines. Viability of the cryopreserved V. chol-
erae 3008 bank was determined in ten independent 
vials by serial dilutions in saline and plating in tripli-
cates of 10-µL aliquots of each dilution in LB plates, 
which were incubated at 37 ºC overnight. The working 
cell banks (WCBs) of the other three control strains 
C7258, N16961 and 638, were prepared by culturing 

immune response [5]. In Cuba, a joint Project coordi-
nated by the Center for National Scientific Research 
(CNIC), the Finlay Institute of Vaccines and the Insti-
tute of Tropical Medicine Pedro Kourí developed the 
oral live-attenuated cholera vaccine candidate CV638. 
It was generated from the strain V. cholerae 638 atten-
uated by genetic modification from the strain C7258 
(Serogroup O1, Biotipe El Tor, Serotype Ogawa), 
this last a clinical isolate from the Peruvian outbreak 
in 1991 [6, 7].  The attenuated strain V. cholerae 638 
and the CV638 candidate have been thoroughly evalu-
ated in pilot, Phase I and II clinical trials (http://reg-
istroclinico.sld.cu/trials/RPCEC00000172-En, http://
registroclinico.sld.cu/trials/RPCEC00000188-En), in 
Cuba and abroad, with around 650 subjects ages rang-
ing 5-65 years old vaccinated. Satisfactory results have 
been achieved attending to safety, reactogenicity, im-
munogenicity and protection against cholera [3, 7-11], 
but the efficacy of the CV638 candidate remains to be 
evaluated in order to obtain the sanitary registration in 
Cuba and for its use in vaccination campaigns to con-
tain future cholera outbreaks.

In this setting, the models of experimental infec-
tion with V. cholerae in humans, specifically in chal-
lenge studies, allow the evaluation of candidate vac-
cine efficacy against cholera before conducting phase 
III field trials in endemic areas [12]. Notably, those 
models have been accepted as evidence of protection 
for the registration of cholera vaccines by the Food 
and Drug Administration in US [13]. Challenge mod-
els have been developed, using toxigenic V. cholera 
serogroup O1 of biotype El Tor, as N16961 (Serotype 
Inaba, Bangladesh, 1975) and 3008 (Serotipe Oga-
wa, Argentina, 1992) [15], as virulent inoculum to 
evaluate efficacy against the infection by that biotype 
which is the prevalent in current outbreaks. In fact, 
strain 3008 was validated to estimate the protection 
conferred by biotype El Tor and Ogawa serotype vac-
cine strains derived from the Latin American epidem-
ics in 1991 [16].

In these models, the inoculum of the virulent strain 
is prepared directly from a fresh culture [12]. In fact, 
the use of a fresh inoculum implies a complex logis-
tic task in the 12 hours prior to its administration, to 
guarantee the adequate dose able to cause the disease 
in the expected number of volunteers without risk-
ing their lives (i.e., the potency of the inoculum). 
Besides, the use of a fresh inoculum could be a sig-
nificant source of variability if the trial is done at dif-
ferent moments or places simultaneously. In order 
to improve the consistency of challenge studies run 
at different moments, institutions or both, a strategy 
has been followed in which the challenge inoculum 
is prepared directly from a cryopreserved standard-
ized bank of V. cholerae O1 and O139 strains [16-
18]. Moreover, its use minimizes the differences in 
attack or severity rates of the disease. However, no 
challenge model has been developed with V. cholerae 
3008 using the inoculum directly prepared from a 
cryopreserved bank.

The estimation of the efficacy of the CV638 vac-
cine candidate through a challenge trial would require 
it run at different times and institutions, administering 
it to different groups of 20 volunteers each, therefore, 
guaranteeing its safety. To ensure the reproducibility 

3. Garcia L, Jidy MD, Garcia H, Rodriguez 
BL, Fernandez R, Ano G, et al. The vaccine 
candidate Vibrio cholerae 638 is protective 
against cholera in healthy volunteers. 
Infect Immun. 2005;73:3018-24. 

4. Bi Q, Ferreras E, Pezzoli L, Legros D, 
Ivers LC, Date K, et al. Protection against 
cholera from killed whole-cell oral cholera 
vaccines: a systematic review and meta-
analysis. Lancet Infect Dis. 2017;17 Suppl 
10:1080-8. 

5. Harris JB. Cholera: Immunity and pros-
pects in vaccine development. J Infect Dis. 
2018;218 Suppl 3:141-146. 

6. Robert A, Silva A, Benitez JA, Rodriguez 
BL, Fando R, Campos J, et al. Tagging a 
Vibrio cholerae El Tor candidate vaccine 
strain by disruption of its hemagglutinin/
protease gene using a novel reporter 
enzyme: Clostridium thermocellum endo-
glucanase A. Vaccine. 1996;14:1517-22. 

7. Benitez JA, Garcia L, Silva A, García H, 
Fando R, Cedre B, et al. Preliminary assess-
ment of the safety and immunogenicity of 
a new CTXPhi-negative, hemagglutinin/
protease-defective El Tor strain as a 
cholera vaccine candidate. Infect Immun. 
1999;67:539-45. 

8. Garcia L, Jidy MD, Garcia H, Rodriguez 
BL, Fernandez R, Ano G, et al. The vaccine 
candidate Vibrio cholerae 638 is protective 
against cholera in healthy volunteers. In-
fect Immun. 2005;73(5):3018-24. 

9. Fando R. Obtención, caracterización y 
evaluación de cepas atenuadas de Vibrio 
cholerae para fines vacunales. Tesis en 
opción del título de doctor en Ciencias 
Biológicas. Ciudad de La Habana: Uni-
versidad de la Habana; 2004. 

10. García H, Thompsom R, Valera R, 
Fando R, Fumane J, Jani I, et al. A single 
dose of live-attenuated 638 Vibrio cholerae 
oral vaccine is safe and immunogenic in 
adult volunteers in Mozambique. Vac-
cimonitor. 2011;20:1-8. 

11. Valera R, Garcia H, Valera R, Diaz M, 
Jidy MD, Mirabal M, et al. Randomized, 
double-blind, placebo-controlled trial to 
evaluate the safety and immunogenicity 
of live oral cholera vaccine 638 in Cuban 
adults. Vaccine. 2009;27:6564-9. 

12. Shirley DA, McArthur MA. The utility 
of human challenge studies in vaccine 
development: lessons learned from chol-
era. Vaccine (Auckl). 2011;2011(1):3-13.

13. Levine MM, Chen WH, Kaper JB, Lock 
M, Danzig L, Gurwith M. PaxVax CVD 
103-HgR single-dose live oral cholera 
vaccine. Exp Rev Vaccines. 2017;16 Suppl 
3:197-213.

Table. Vibrio cholerae strains used for establishing a 
cryopreserved bank of the toxigenic strain V. cholerae 
3008

Strains Characteristics

3008 O1, El Tor, Ogawa,  
toxigenic reference strain

N16961 O1, El Tor, Inaba
C7258 O1, El Tor, Ogawa

VC638 C7258Δ ctxAB, mshA–, 
hap::celA+

Origin [ref.]

Argentina, 1992

Perú, 1991
Bangladesh, 1975

Robert et al. [6]

[6] Robert A, Silva A, Benitez JA, Rodriguez BL, Fando R, 
Campos J, et al. Tagging a Vibrio cholerae El Tor candidate 
vaccine strain by disruption of its hemagglutinin/protease 
gene using a novel reporter enzyme: Clostridium thermocellum 
endoglucanase A. Vaccine. 1996;14:1517-22.
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them similarly but on LB medium and, once reaching 
the 1.0 OD600 nm, cells were collected by centrifugation 
at 3000 × g in an Eppendorf centrifuge (Eppendorf, 
Germany) for 8 min. Then, the cell pellet was resus-
pended in LB supplemented with 15 % glycerol broth 
and cell concentration was adjusted to 1.0 OD600 nm, 
and fragmented into 1-mL cryopreservation vials (Ep-
pendorf, Germany). Then, viable cells were counted in 
seven ten-fold serial dilutions down to 10–7 and 10 µL 
of each dilution plated in triplicates on LB solid me-
dium, and incubated at 37 ºC overnight.

Housing and handling of laboratory animals
Virulence and colonization tests were run in male 
and female suckling Balb/c mice, 2 to 5 days old 
with weighing 1.5-2.0 g, purchased from the Na-
tional Center for Laboratory Animal Production, 
Cuba. They were acquired with both the genetic and 
sanitary quality certifications. Ten suckling and two 
mother mice were distributed per box (Tecniplast, 
Italy). Animals were housed and handled following 
the institutional protocols issued by the Institutional 
Committee for the Care and Use of Laboratory Ani-
mals at CNIC, Record number 003/2016. Animals 
were handled according to the Ethical Guidelines 
for the Handling of Laboratory Animals (Habana, 
Cuba, 1992), the Sanitary and Environmental Safety 
Principles for Non-Clinical Good Laboratory Prac-
tices (Regulation No.39/04 of the Center for the State 
Control of Medicines, Equipment and Medical De-
vices, Cuba), and the related NOPs of the Center of 
Natural Products, CNIC, Cuba (UGC/PNT/CEI/008 
and UGC/PNT/CEI/022).

Evaluation of virulence in the suckling  
mice model
Virulence was assessed in the cholera infection model 
in suckling mice, with some modifications [20]. Inoc-
ulums were prepared from working cell banks staring 
with a 1:100 dilution in phosphate buffered saline so-
lution (PBS; 8 g/L sodium chloride, 1.44 g/L sodium 
hydrogen phosphate; 0.2 g/L potassium chloride; 0.24 
g/L potassium hydrogen phosphate, pH 7.4) supple-
mented with Evans Blue dye (0.001 g/L). All the com-
ponents were acquired from AppliChem (Germany). 
The dilution applied to the WCBs guarantees ~5 × 105 

c.f.u. in 50 µL, the WCB dilution was further diluted 
10 and 100 times, respectively. The cryopreserved cell 
banks of the toxigenic strains V. cholerae C7258 and 
N16961 were used as controls, the latter as challenge 
strain in a challenge model in human volunteers [16]. 
Moreover, the attenuate strain V. cholerae 638 was 
employed at a single dose of 106 c.f.u. as innocuous-
ness control for inoculation procedure. 

The number of viable cells was determined by se-
rial dilutions down to 10-5 followed by plating in LB 
medium. A polyvinyl cannula was coupled to a sterile 
1-mL syringe and the inoculation was done intragas-
trically. Groups of ten mice each were inoculated and 
kept with their mothers, their survival followed every 
24 h for a week. The animals were separated from 
their mothers 3 h before inoculation and they were 
returned 3 h later. Data were analyzed with the aid of 
the GraphPad Prism software, version 5.0.1 (2007), 
and the Kaplan-Meier curves were estimated, together 

14. Levine MM, Black RE, Clements ML, 
Nalin DR, Cisneros L, Finkelstein RA. 
Volunteer studies in development of vac-
cines against Cholera and enterotoxigenic 
Escherichia coli: A review. In: Holme JH T, 
Merson MH, Mollby R, editors. Acute en-
teric infections in children. New prospects 
for treatment and prevention. Elsevier/
North-Holland: Biomedical Press; 1981. 
p. 443-59.

15. Tacket CO, Kotloff KL, Losonsky G, 
Nataro JP, Michalski J, Kaper JB, et al. Vol-
unteer studies investigating the safety and 
efficacy of live oral El Tor Vibrio cholerae 
O1 vaccine strain CVD 111. Am J Trop Med 
Hyg. 1997;56(5):533-7.

16. Sack DA, Tacket CO, Mitchell BC, Sack 
RB, Losonsky GA, Shimko J, et al. Valida-
tion of a volunteer model of Cholera with 
frozen bacteria as the challenge Infect 
Immun. 1998;65(5):1968-72.

17. Cohen MB, Giannella RA, Losonsky 
GA, Lang DR, Parker S, Hawkins JA, et al. 
Validation and characterization of a human 
volunteer challenge model for cholera by 
using frozen bacteria of the new Vibrio 
cholerae epidemic serotype, O139. Infect 
Immun. 1999;67(12):6346-9. 

18. Pitisuttithum P, Cohen MB, Phonrat B, 
Suthisarnsuntorn U, Bussaratid V, Desakorn 
V, et al. A human volunteer challenge 
model using frozen bacteria of the new epi-
demic serotype, V. cholerae O139 in Thai 
volunteers. Vaccine. 2001;20(5-6):920-5. 

19. Del Puerto CA, García HM, Cedré 
B, Año G, Morales T, Alfaro A, et al. 
Sistema de lotes de siembra de la cepa 
vacunal Vibrio cholera 638. Vaccimonitor. 
2004;13(1):21-7.

20. Angelichio MJ, Spector J, Waldor 
MK, Camilli A. Vibrio cholerae intestinal 
population dynamics in the suckling 
mouse model of infection. Infect Immun. 
1999;67(8):3733-9. 

with the median survival time for each group which 
were compared by the Log-rank test.

Virulence and colonization assays of the  
cryopreserved bank of strain 3008 in  
the presence of antacid
For this, inoculums of ~ 5 × 103 c.f.u. were incubated 
in the presence of an antacid solution (22.2 g/L so-
dium bicarbonate, 6.6 g/L citric acid, 0.75 g/L tartaric 
acid, 0.3 g/L sodium stearyl fumarate) containing 
either 0.75 g/L polyvinylpyrrolidone (variant A) or 
0.75 g/L kollidon VA-64 (variant B) as agglutinating 
agent, as previously described. All the components 
of both antacid variants were purchased from Merck 
(Germany). The inoculum for the attenuated strain V. 
cholerae 638 consisted on 106 c.f.u., and it was used 
as innocuousness control.

After freezing, strain colonization was evaluated 
by inoculating five mice with V. cholerae 3008 and 
638 suspensions prepared on antacid variants A and 
B. Twenty-four hours later, mice were sacrificed and 
the intestines were extracted and homogenized [20]. 
The number of vibrio per intestine (total recovered 
c.f.u.) were quantified by viable cell counting in serial 
dilutions with PBS and extension on LB medium.

Results and discussion

Viability and quality control of the  
cryopreserved bank of strain 3008
Once evaluated bacterial concentration of the WCB, it 
was found of 1.35 ± 0.15 × 109 c.f.u./mL as expected 
(approximately 1.0 ± 0.15 × 109 c.f.u./mL), consistent 
with subsequent determinations. This guarantees that 
a single vial could suffice for the virulence of the chal-
lenge in more than 100 human volunteers, consider-
ing that the challenge dose could be ~106 c.f.u./mL 
during the trial [3].

Moreover, the colonies isolated from counting pla-
tes were homogeneous, round, smooth and translucid, 
consistent with the expected appearance of V. cholerae 
colonies. Microscopic analysis of Gram stainingdone 
to the bank as quality control revealed the presence of 
pure, comma-shaped Gram-negative bacilli cultures. 
Similarly, motility analysis evidenced the presence of 
constantly moving short colorless bacilli, consistent 
with V. cholerae performance.

Virulence of the cryopreserved bank  
of strain 3008
The number of viable cells determined in every dose 
administered to mice for virulence evaluation in the 
experimental suckling mice model was within the ex-
pected range for V. cholerae strains 3008 (~6.3 × 103; 
~7.6 × 104 and ~6.5 × 105 c.f.u.) and N16961 (~6.1 × 
103; ~8.4 × 104 and ~5.8 × 105 c.f.u.). That was not the 
case for V. cholerae strain C7258, with values an order 
higher than expected (~2.3 × 104; ~3 × 105 and ~3.8 × 
106 c.f.u.). Then, the experiment continued since via-
ble counts for each dose were determined a day after, 
hence, results were recorded and processed as valid. 

Survival analysis of inoculated mice indicated that 
there were no deaths in the control group receiving the 
control attenuated strain V. cholerae 638 (Figure 1).  
This corresponded to the attenuation of the strain 
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and the adequate inoculation procedure. Toxigenic V. 
cholerae strains 3008, C7258 and N16961 caused the 
death of all the animals inoculated with all the three 
evaluated doses (Figure 1A, 1B and 1C, respectively). 
Further comparison of the median survival time of 
the groups of mice inoculated with the three doses of 
strains V. cholerae 3008, C7258 and N16961 did not 
show any statistical differences (Log-rank; p = 0.3974;  
p = 0.6629 and p = 0.1553, respectively). Overall, the-
se results indicated that the lowest dose tested, pre-
pared directly from the cryopreserved bacteria, was 
enough as to cause a lethal effect in all the inocula-
ted animals, consistent with previous reports on using 
fresh culture inoculums [9].

Afterwards, the virulence of the different V. cho-
lerae strains was assessed by comparing the survival 
time median values of mice receiving equal doses. 
Only V. cholerae strains 3008 and N16961 doses  
~ 5 × 103 c.f.u. were compared since strain C7258 was 
inoculated at higher doses. Median survival values 
showed statistically significant differences (Log-rank, 
p = 0.0070) for mice receiving V. cholerae strain 3008 
(2 d median value) as compared to those inoculated 
with strain N16961 (3 d median value), since these 
last lived longer (up to five days, Figure 1), sugges-
ting that N16961 displayed a lower virulence at the 
dose tested.

For the ~ 5 × 104 c.f.u., the mean survival time va-
lues for mice receiving V. cholerae strains 3008 (2.5 d 
median value), N16961 (2 d median value) and C7258 
(1.5 d median value) did not show statistically signifi-
cant differences (Log-rank, p = 0.0788). The same re-
sult was obtained for the ~ 5 × 105 dose (strains 3008 
and N16961, 2 d median value each; strain C7258, 1 d 
median value; Log-rank, p = 0.1279).

Consequently, these results indicated that the viru-
lence of the three V. cholerae strains were equivalent. 
Moreover, the values obtained for the strain C7258, 
specifically for c.f.u. inoculum doses in the orders of 
104 and 105, coincide with those previously reported 
during virulence assessment in the experimental suc-
kling mice model with direct fresh culture inoculums 
[9]. Advantageously, this makes comparable the appli-
cations of fresh inoculums to those using preparations 
cryopreserved at –70 ºC as to assess the virulence of 
V. cholerae strains in this mice biomodel. Overall, our 
results indicate that freezing does not affect the viru-
lence capacity of the V. cholerae strains tested and that 
they display an adequate potency. Therefore, the V. 
cholerae strain 3008 inoculum directly prepared from 
a cryopreserved suspension could display a virulence 
similar to the inoculum prepared from a fresh culture 
[8, 21]. This is also consistent with the performance of 
other V. cholerae strains obtained from cryopreserved 
inoculums and tested in experimental infection mo-
dels in humans [16-18].

Virulence and colonization of the cryopreserved 
bank of strain 3008 in the presence of antacids
Validated cholera challenge models comprise ad-
ministering the virulent V. cholerae strain in a so-
dium bicarbonate buffered solution to neutralize the 
stomach acidity. This last is the main barrier inter-
fering with the adequate colonization and infection 
of the gastrointestinal tract by V. cholerae due to its  

sensitivity to acidic conditions [22]. Hence, the  
virulence of the V. cholerae 3008 cryopreserved cell 
bank was evaluated in the presence of two antacid so-
lutions, providing a final 1.33 % sodium bicarbonate 
concentration according to previous challenge studies 
[8]. A dose of ~ 5 × 103 c.f.u. was assayed, since it was 
the lower dose causing the death of all the inoculated 
animals. Viable cell counts were within the expec-
ted range, showing ~4.5 × 103 c.f.u. for V. cholerae  
strain 3008 with antacid solution variant A (containing  
0.75 g/L polyvinylpyrrolidone) and ~3.2 × 103 c.f.u. 
with variant B (0.75 g/L kollidon VA-64). Values for 
V. cholerae 638 were ~3.8 × 106 c.f.u. with antacid 
variant A and ~2.5 × 106 c.f.u. with variant B.

In the control group receiving the attenuated stra-
in 638, all the animals survived for the seven days of 
the experiment (Figure 2). On the contrary, the stra-
in 3008 in the presence of either antacid killed all the 
animals 48 h upon administration (Figure 2). A me-
dian survival time of 2 d was found for both antacid 
variants, with no statistically significant differences 
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Figure 1. Kapplan Meier curves of survival over time of Balb/C suckling mice (10 mice per 
group) inoculated with different doses (c.f.u.) of Vibrio cholera strains. A) Control strain 
638 and challenge strain 3008. B) Control strains 638 and C7258. C) Control strains 638 
and N16961. Inoculums were prepared from cryopreserved bacterial suspensions. Data 
were processed with the aid of GraphPad Prism version 5.0.1 (2007). 
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Figure 2. Virulence and colonization of V. cholerae strains 638 and 3008 in the suckling 
mice model. Strains inoculums were prepared from the cryopreserved bank and coadmin-
istered with antacid solutions containing either 0.75 g/L polyvinylpyrrolidone (variant A) or 
0.75 g/L kollidon VA-64 (variant B). Data were processed with the aid of GraphPad Prism 
version 5.0.1 (2007). A) Kapplan-Meier curves of survival over time of Balb/C suckling 
mice (10 mice per group) inoculated with different doses (c.f.u.) of Vibrio cholera strains 
638 or 3008. B) Intestinal colonization in Balb/C suckling mice (N = 5), inoculated either 
with ~103 c.f.u. of the enterotoxigenic strain 3008 or ~106 c.f.u. de 638. Error bars stand 
for the standard deviation. 
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found neither between them (Log-rank, p = 0.3404) 
nor when compared to the group of animals receiving 
the same dose but in PBS (Log-rank; p = 0.8544). The-
refore, the virulence of the cryopreserved bank of the 
V. cholerae strain 3008 remained unaffected in the pre-
sence of both antacids. This indicates that these could 
be applied in future challenge studies in humans.

The biomodel used has also been well established 
to evaluate the colonization of V. cholerae, and it was 
found very useful to identify genes facilitating or con-
ditioning the intestinal colonization by V. cholerae of 
the human gastrointestinal tract [23-25]. In this study, 
strains 3008 and 638 completely colonized the intes-
tinal tract of the inoculated mice (Figure 2), reaching 
up to 106 c.f.u. This was in agreement with previous 
reports on the increase in the number of recovered 
c.f.u. in more than one order as compared to the initial 
inoculum for V. cholerae enterotoxigenic strains, 24 
h post-inoculation [20]. Similar results were attained 
for the V. cholerae strain C7258 inoculated at a similar 
dose (~1 × 103 c.f.u.) from a fresh culture [9].

Moreover, no statistically significant different were 
found in total c.f.u. counts for mice inoculated with 
strain 3008 neither in antacid solution A nor B, with 
no statistically significant differences attending to co-
lonization (Kruskal-Wallis; p = 0.3916). Therefore, it 
can be interpreted that the colonization by V. chole-
rae strain 3008 remained unaffected in the presence 
of antacid solutions A or B, and it was similar to that 
of the strain C7258 inoculated from fresh cultures. 
Therefore, it can be concluded that the virulence of 

the cryopreserved bank of the toxigenic V. cholerae 
strain 3008 was comparable to that of other reference 
strains (C7258 and N16961) and it was protected by 
the antacid solutions tested.

Conclusions 
In summary, the results presented herein evidenced, 
together with previous experiences with fresh culture 
of this biomodel, that cryopreservation did not affect 
the virulence of V. cholerae 3008. They support the 
testing of the cryopreserved bank of this strain in fu-
ture challenge trials in humans, as described for other 
V. cholerae strains such as El Tor and O139. There 
will be necessary to study the stability of viability 
and virulence of the cryopreserved bank over time, by 
using as specification of virulence its capacity to cau-
se death in all the suckling mice inoculated with 103 
c.f.u. of V. cholerae by the intra-gastric route in the  
subsequent five days. Overall, this is the first report on 
the virulence of a cryopreserved bank of the V. chole-
rae 3008 strain, for which an experimental challenge 
model in humans using it has not been established to 
date. The cryopreserved bank obtained could also be 
used in efficacy trials of the CV638 vaccine candida-
te, to improve the consistency and reproducibility of 
challenge trials conducted in different institutions and 
at different times.
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