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ABSTRACT 
The preclinical evaluation of vaccine candidates pursues to demonstrate their safety, for which toxicological studies 
are decisive, mandatory and highly regulated. Therefore, this work was aimed to assess the possible toxicity of the 
human cholera vaccine candidate vaxColer® by oral route, both locally at the level of the gastrointestinal tract and 
systemically. It was administered in Sprague Dawley rats of both sexes, with a human dose in a single oral admi-
nistration. The appearance of clinical signs was evaluated, together with body weight, food and water consumption 
parameters, and the anatomopathological study of all organs and organ systems of interest, with special emphasis 
on the gut. The morphometry of Peyer’s patches and mesenteric nodes were analyzed seeking for any signs of im-
munotoxicological effects. The results showed that vaxColer® is a non-toxic vaccine, with no local or immunotoxi-
cological effects in the animal model used, evidencing it is potentially safe and tolerable for human administration.  
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RESUMEN     
Estudio de tolerancia por vía oral e inmunotoxicológico de la vacuna contra el cólera humano vaxColer® 
en ratas Sprague Dawley. La evaluación preclínica de candidatos vacunales requiere de la demostración de la 
seguridad de los mismos, para lo cual los estudios toxicológicos son determinantes, al ser obligatorios y altamente 
regulados. El presente trabajo forma parte de la batería de estudios toxicológicos llevados a cabo a la vacuna con-
tra el cólera humano vaxColer® para demostrar su seguridad y tuvo como objetivo evaluar la posible toxicidad del 
candidato vacunal administrado por vía oral. Se utilizaron ratas Sprague Dawley de ambos sexos, a las cuales se les 
administró la dosis recomendada para uso humano de la vacuna en una sola administración por vía oral. Se evaluó 
la aparición de signos clínicos, peso corporal, consumo de agua y alimentos, estudios anatomopatológicos de todos 
los órganos y sistemas de interés; con especial énfasis en los relacionados con el sistema digestivo. Se realizaron 
estudios morfométricos de las placas de Peyer y ganglios mesentéricos en busca de efectos inmunotoxicológicos. 
Los resultados en su conjunto permitieron evidenciar que vaxColer® es una vacuna no tóxica, sin efectos locales 
ni inmunotoxicológicos en el modelo animal utilizado; lo que nos permite concluir que es potencialmente segura y 
tolerable para humanos.

Palabras clave: Pruebas de tolerancia local, vacunas contra el cólera, Vibrio cholerae, ratas Sprague-Dawley

Introduction
vaxColer® is a promising vaccine candidate to pre-
vent and to fight human cholera epidemics, especially 
in low income countries with weak health systems, 
poor water quality and where cholera has been de-
clared endemic [1, 2]. Current killed cell vaccines 
(Dukoral, Shanchol and Euvichicol) against Vibrio 
cholera available in the market, composed of the 
whole bacterium components, require of significant 
logistics for massive implementation, which becomes 
a significant barrier for its use in epidemics. Further-
more, booster immunizations are required every two 
or three years to maintain an adequate level of protec-
tion [3], thereby limiting their use, the fundamental 
costs of vaccination campaigns associated to vaccine 
distribution rather than manufacturing [4].

In this scenario, the Cuban vaccine against chol-
era vaxColer® is disruptive. It is a live, genetically 
attenuated vaccine composed of the V. cholerae O1 

El Tor Ogawa strain 638 in lyophilized form as key 
active pharmaceutical ingredient (API) against chol-
era [1, 2]. This strain is of the biotype, serogroup and 
serotype of the highest worldwide circulation, making 
of it a product of choice. Moreover, its live nature in 
the single dose administered through the same natural 
invasion route of the pathogen provides long-lasting 
immunological protection, resembling the natural in-
fection process, and thereby making unnecessary the 
use of a multi-dose regimen [4]. However, the evalu-
ation of the preclinical efficacy and safety in animal 
models is essential to demonstrate its innocuousness 
and to fulfill national and international regulatory re-
quirements for this type of product. Therefore, this 
work was aimed to evaluate the possible toxicity of 
the vaccine candidate, both locally at the level of the 
gastrointestinal tract, as well as immunotoxicological 
effects in Sprague Dawley (SD) rats.

1. World Health Organization. Cholera 
vaccines: WHO position paper. Wkly Epi-
demiol Rec. 2017:92(34):477-500.

2. World Health Organization. Cholera [In-
ternet]. Geneva: WHO; 2019 [cited 2021 
Feb 17]. Available from: https://www.who.
int/news-room/fact-sheets/detail/cholera 

3. Clemens J, Shin S, Sur D, Nair GB, Hol-
mgren J. New generation vaccines against 
cholera. Nat Rev Gastroenterol Hepatol. 
2011;8(12):701-10.

4. Poulos C, Riewpaiboon A, Stewart JF, 
Clemens J, Guh S, Agtini M, et al. Costs of 
illness due to endemic cholera. Epidemiol 
Infect. 2012;140(3):500-9.

R
E
SE

A
R

C
H

How to cite (Vancouver style): 
Oliva-Hernández R, Infante-Bourzac JF, García-Imia L, García-Sánchez HM, Cedré-Marrero B, Sierra-González VG. Oral 
tolerance and immunotoxicology study of vaxColer® human cholera vaccine in Sprague Dawley rats. Biotecnol Apl. 2022; 
39(1):1211-7.

http://elfosscientiae.cigb.edu.cu/Biotecnologia.asp 

Publicación libre de costo  
para el autor
No article processing charges Biotecnología Aplicada 2022; Vol.39, No.1



Oliva-Hernández R, et al. Oral tolerance and immunotoxicology of vaxColer®

1212 Biotecnología Aplicada 2022; Vol.39, No.1

Materials and methods

Ethical and operational aspects, euthanasia 
and endpoint methods
All operations and tests were carried out complying 
with Good Laboratory Practices (GLP) es-tablished 
in the Standard Operating Procedures (SOP) pre-
pared by the Preclinical Department of the Finlay 
Institute of Vaccines (IFV) and approved by the 
Quality Assurance Department of the institution it-
self. Similarly, the test protocols were submitted for 
approval by the Institutional Committee for the Care 
and Use of Laboratory Animals (CICUAL) in agree-
ment with the ethical principles established for re-
search with laboratory animals [5, 6].

Euthanasia was carried in rats putting them under 
a Halothane atmosphere until the total loss of refle-
xes and exsanguination of each animal. The human 
endpoint was conceived to be carried out at any time 
during the study, in case that the animals would have 
lost more than 20 % of their body weight in one week 
as compared to the previous evaluation, have had im-
paired water and/or food ingestion, presented severe 
nervous deterioration limiting them from carrying 
out their physiological and social activities, or in the 
event of any injury or pathology incompatible with 
animal welfare and a good quality of life. All these 
procedures were carried out following the standards 
and guidelines of the European Union, the American 
Association of Veterinary Medicine, the Center for the 
State Control of Medicines and Medical Devices of 
Cuba, the guidelines for the care and use of laboratory 
animals, as well as animal welfare regulations [6-9]

Animals housing and handling
SD rats of both sexes from the National Center for 
the Production of Laboratory Animals (CENPALAB, 
Havana, Cuba), aged 6-7 weeks, were housed in 
Tecniplast® rat boxes (Model 1354G Eurostandard 
Type IV, 595 × 380 × 200 mm, 1820 cm floor area, 
PEI plastic and BPA-free) at the Animal Facility of 
the IFV Research Direction. The animals were pro-
vided with specialized sterile rodent food (ALYco®) 
and sterile water in 750 mL vial, both available ad 
libitum. The animal room was kept at a temperature 
of 22 ± 2 °C and a relative humidity of 55 ± 5%. 
These parameters were recorded daily in addition to 
maintaining 12-hour light and dark cycles. The ani-
mals were acclimatized for one week before the start 
of the experimental protocol, and thereafter randomly 
distributed in groups of ten, using the LABTOOL au-
tomatic randomization system, according to the IFV’s 
standard operating procedure for this purpose.

Experimental design, route of administration, 
dose and volume of vaxColer®
Seven- to eight-week-old male and female, specific 
pathogen-free (SPF) Sprague-Dawley (Cenp: SPRD) 
rats were used from CENPALAB. Animals were in 
acclimation for seven days and further examined for 
suitability before starting the assay. The rats were 
housed in groups of five animals per plastic cage 
(TECNIPLAST, Type IV, 595×380×200 mm floor 
area 1820 cm2) in a room under The studies were de-
signed taking into account the guidelines issued by the 

International Conference on Harmonization (ICH), 
the European Medicines Agency (EMA), and the 
World Health Organization (WHO) [10-17]. The test 
substance was the vaccine candidate against human 
cholera vaxColer® whose API is the attenuated strain 
638 V. cholerae O1 biotype El Tor serotype Ogawa. 
It is presented in the form of a lyophilized tablet, its 
composition previously reported [18]. It was admin-
istered through the oral route and the dose proposed 
to be used in humans (1-5 × 109 c.f.u.) in 2 mL. It has 
been previously considered that the applied dose sup-
ports the evaluation of vaccine safety with a satisfac-
tory margin [18]. 

Animals were distributed in nine groups of 20 rats 
each (10 male/10 female), corresponding to Control 
animals (SSF), or administered with Placebo (0.9 % 
physiological saline) or vaxColer®, one group for 
each euthanasia time point (3, 7 or 14 days). A group 
of sentinel animals receiving vaxColer® was included 
(euthanized on day 21), in order to assess the reversi-
bility of any reported adverse events. Treatment was 
applied with a curved, blunt-tipped cannula (measure: 
16 × 3” (76.2MM) W/3, China) designed for oral ad-
ministration in rats.

Non-immunized animals were included in the as-
says, which received 0.9 % physiological saline or 
placebo solutions in the same volume. This allowed a 
better control of the immunization conditions, as well 
as the occurrence of any possible potential adverse 
effect during the experiment.

Clinical observations, body weight, food and 
water consumption
The animals were subjected to clinical examina-
tion twice a day during the first 72 h and then daily 
throughout the experiment. Inspections were started 
at the administration of the product, and data was re-
corded. Upon inoculation, the animals were weighed 
and that data was taken as referential for any possible 
variations during the study. All animals were weighed 
weekly, and data for each animal were recorded both 
by group and treatment.

Food and water consumption were established by 
subtracting the remaining at the end of the day from 
the starting amounts (500 g of food and 750 mL of 
water), on alternate days, as previously reported [19]. 
Technical and precision scales (Sartorius, Germany) 
were used, depending on the case, for weighing the 
animals and food.

Histopathological studies
The possible occurrence of any pathological mani-
festation was performed following the euthanasia as 
programmed in the experimental design. Necropsy 
was performed according to Fiette and Slaoui tech-
nique [20]. All organs were examined and samples 
were taken from the entire digestive tract (tongue, 
esophagus, stomach, small intestine, large intestine, 
submaxillary and mesenteric lymph nodes and Pey-
er’s patches). Samples of those organs and tissues 
were taken when any alteration was detected during 
the macroscopic inspection.

Histopathological studies were routinely perfor-
med as described [19]. Briefly, samples were fixed in 
4 % neutral Formalin and, after processing, they were 
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embedded in paraffin, cut at a 3-4-µm thickness and 
Hematoxylin-Eosin stained. Observations were made 
using conventional Leyca and Olympus microscopes 
(DMLB and CH-2 models, respectively, Germany). 
Pictures and micrographs were taken using a profes-
sional Canon PowerShot digital camera (China) atta-
ched to the microscope.

Histopathological evaluations were blinded, to 
comply with sample identification masking according 
to standard requirements in preclinical toxicological 
safety studies. Then findings were registered in the 
primary data logs and, once the study was finished, 
data coding was opened, and the results interpreted 
accordingly.

Evaluation of immunotoxicological effects
The effects caused by the cholera vaccine candidate 
vaxColer® on the immune system were evaluated 
following FDA, WHO and the OECD criteria for 
Type I immunotoxicological studies [17, 21-23]. Gut 
lymphoid organs were macroscopically inspected, 
the presence of Peyer’s patches throughout the small 
intestine (starting in the duodenum and ending in the 
distal ileum, ileo-secal junction) and its size estab-
lished. The analysis was complemented with mor-
phometry of histological structures of the mesenteric 
nodes and Peyer’s patches, in which the presence 
of lymph nodes, germinal centers (GC), secondary 
subcapsular follicles (SSF; B lymphocyte zone) and 
secondary paracortical foclicles (SPF; T lymphocyte 
area) was quantified, through the calculation of the 
total area of these structures. For this, ImageJ soft-
ware [24] was used. Mean values of the difference 
between vaccinated groups with respect to control 
and placebo groups were calculated, upon euthana-
sia as described in the experimental design at 3, 7, 14 
and 21 days post-inoculation. The last three Peyer’s 
patches identified on each animal were taken in the 
intestinal segment of the ileum, from the ileo-secal 
junction towards the jejunum at each time point.

Statistical analyses
Statistical analyses were performed using the R sys-
tem, version 3.1.0 (2014-04-10). Statistical differenc-
es were established for p ≤ 0.05 for all comparisons. 
The variables used for statistical interpretation were: 
body weight, average consumption of drinking wa-
ter and food, respectively, histopathological findings 
and morphometry immunotoxicological studies. In all 
cases, the measures of central tendency and dispersion 
(mean, standard deviation, maximum and minimum 
values) were estimated as descriptive properties.

Normality assumptions by Kolmogorov-Smirnov 
and Shapiro-Wilk tests, and homogeneity of varian-
ces by Levene’s test, were verified for each sex. When 
satisfied, a parametric analysis of variance (ANOVA) 
was applied. If they did not meet criteria, the nonpara-
metric alternative (Kruskal Wallis test) was used. Mo-
reover, when required, paired comparisons were made 
in consecutive time intervals, using the paired t-test or 
the Wilcoxon test, depending on whether the assump-
tion of approximation by a normal distribution was 
fulfilled. In those cases, in which differences between 
groups were detected globally, the LSD multiple com-
parisons test or Dunn’s test were applied, depending  

on whether the distributional assumptions were fulfi-
lled. Data from histopathological studies were analy-
zed through the construction of crossed classifica-
tion tables, with the associated test of independence 
(Fisher’s exact test).

Results and discussion
The gastrointestinal tract has a great regeneration ca-
pacity, because of being covered by a mucosal layer 
with an intense proliferative activity [25]. In a previ-
ous study, the potential acute toxicity and the immu-
nogenicity of the vaxColer® human cholera vaccine 
candidate was tested, with not any histopathological 
alterations reported in rats, two weeks after its in-
oculation [18]. Nevertheless, concerns on mild local 
lesions that may have occurred at the early stages 
following the inoculation and which would have 
been healed at the time of necropsy still remained. 
Therefore, in this study, animals were euthanized and 
samples taken after 3, 7, 14 and 21 days following 
the inoculation of one dose of the vaccine candidate 
vaxColer®. Then, samples were analyzed for clini-
cal observations, macroscopic and histological mor-
phometric studies of gut-associated lymphoid organs 
(mesenteric nodes and Peyer’s patches).

Clinical observations, body weight, water and 
food consumption
Consistent with the previously reported immunoge-
nicity and acute toxicity study [18], in this assay, no 
animal died or clinical signs revealing adverse reac-
tions were observed in animals inoculated with the 
vaxColer® vaccine candidate.

Average values of live body weight between 
treatment groups and sexes are shown in figure 1. 
There were no significant differences in this parame-
ter between treatments or interactions between this 
factor and sex or time that would imply possible to-
xic effects. Females gained less weight over time than 
males, as expected due to its physiology [26, 27].

Regarding water and food consumption, no diffe-
rences were found among treatment groups in both 
sexes. Males showed a higher average consumption 
than females (44.1 mL of water for males and 35.3 mL 
for females, and 24.8 vs. 17.3 g, respectively) (Table 
1). Such behavior coincides with the one described 
for this species and category [26, 27], coincident with 
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candidate vaccine against V. cholerae. Each value represents the mean of 10 animals and 
error bars stand for the standard error of the mean of each group. Kruskal-Wallis statistical 
test (p < 0.05). A) Female. B) Male.

Control
Placebo
vaxColer®
vaxColer® 
centinnel animals

Females Males



Oliva-Hernández R, et al. Oral tolerance and immunotoxicology of vaxColer®

1214 Biotecnología Aplicada 2022; Vol.39, No.1

similar values registered at IFV facilities [18, 19]. In 
fact, those changes were consistent with the ones ob-
served in body weight for SD rats.

Anatomopathological studies 
The macroscopic anatomopathological study conduc-
ted at the different post-inoculation times did not show 
changes in any organ or tissue. The frequency of ap-
pearance of subcapsular secondary follicles was simi-
lar between all treatment groups and at all euthanasia 
time points, accounting for 47% of animals (Table 2; 
p ≥ 0.05), while histological studies of the digestive 
tract revealed the presence of GC and hyperplasia of 
LF in Peyer’s patches. These last were observed with 
similar frequency (81 %) in all groups and sexes (Ta-
ble 2; p ≥ 0.05) and in the mesenteric lymph nodes.

In our previous report [18], hyperplasia of the sub-
capsular secondary follicles was predominant in the 
mesenteric ganglia in the groups of animals receiving 
the vaxColer® candidate vaccine, an effect possibly 
related to the immune response against the inoculated 
bacteria. Despite, in this work, the analysis of a great-
er number of samples indicated that such response 
was higher in inoculated animals euthanized after 
three days, those animals showing a greater number 
of GC and LF at Peyer’s patches. This effect could 
be caused by the acute immune response to the vax-
Coler® vaccine candidate, since a consistently lower 
frequency of occurrence and number was found in all 
the later time points for vaccinated, placebo and con-
trol animals following euthanasia. A similar behavior 
was found for secondary subcapsular follicles. All 
these pointed out that the basal levels of lesions could 
be incidental and characteristic of the biomodel.

Mesenteric lymph nodes and Peyer’s patches are 
places of constant antigenic presentation, due to the 
extensive exposure of the digestive tract to exogenous 
particles. For this reason, it can be considered normal 
that a significant proportion of apparently healthy rats 
show signs of hyperplasia in organs and tissues of the 
intestinal mucosa-associated lymphoid system [28, 29].

Evaluation of immunotoxicological effects

Peyer’s patches
Peyer’s patches were both macroscopically and mi-
croscopically studied for immunotoxicological mani-
festations following the administration of the vaxCol-
er® vaccine candidate.

Regarding the macroscopic observations, a higher 
number and size of Peyer’s patches were detected in 
vaccinated animals of both sexes, three days after in-
oculation (Figures 2 and 3), with respect to placebo 
and control animals. In all the other time points, no 
differences were found in the number of these struc-
tures between groups, despite a slight tendency to in-
crease in vaccinated groups of both sexes. Differences 
were found in the size of Peyer’s patches between 
control and placebo males, seven days post-inocula-
tion. Furthermore, a transient increase in vaccinated 
males as compared to females was detected, three 
days after inoculation, these differences undetectable 
after 21 days.

In microscopic observations of intestinal Peyer’s 
patches through histological analyzes, hyperplasia 

was found in GC and LF. These structures showed a 
similar frequency of appearance among all treatment 
groups at all times points evaluated. Three days post-
inoculation, the number of GC and LF was signifi-
cantly higher in the vaccinated animals compared to 
the placebos and controls (Figures 4 and 5A-C). Simi-
larly, a higher number of GC and FL with hyperplasia 

Groups Water consumption (mL) Food consumption (g)
Female Female

Placebo

vaxColer®

p

35.2 ± 0.8 16.0 ± 1.3

35.4 ± 2.9 17.7 ± 0.8

0.6862 0.6690

Control

vaxColer®

Mean

34.5 ± 0.9 17.9 ± 0.6

36.3 ± 1.9 17.6 ± 0.3

35.3 ± 0.7 17.3 ± 0.9

Table 1. Mean values of water and food in SD rats 
of both sexes (mean ± SD) and p values between 
treatment groups*

Male Male

43.8 ± 2.6 24.3 ± 3.7

44.2 ± 3.4 25.5 ± 2.1

0.1646 0.4663

44.7 ± 3.5 24.7 ± 3.8

43.7 ± 1.9 24.5 ± 3.3

44.1 ± 0.5 24.8 ± 0.5

* Food and water consumption data were assessed on alter-
nate days and grouped by week to facilitate statistical analysis 
(Kruskal-Wallis statistical test; p ≥ 0.05).

Organ Findings Groups Female Male Total per group

Placebo

Placebo

30

30

30

30

60

60

76

42

90

46

83

44

Total × sex

Total × sex

100

100

100

100

200

200

82

51

82

44

  81‡

  47‡

Peyers’ 
patches

Mesenteric 
lymph 
nodes

Germinal centers 
and hyperplasia 

of lymphoid 
follicles

Hyperplasia of 
subcapsular and/

or paracortical  
secondary follicles

Control

Control

30

30

30

30

60

60

n n n
80

53

73

50

76

52

% % %

vaxColer®

vaxColer®

40

40

40

40

80

80

90

56

83

37

86

46

Table 2. Frequency of SD rats with germinal centers, and hyperplasia in Peyer’s patches 
lymphoid follicles and secondary subcapsular and/or paracortical follicles in mesenteric 
lymph nodes during the oral local tolerance assay of the vaxColer® vaccine candidate 
against cholera

n: number of animals. %: percentage. ‡General total of hystological findings. Fisher’s exact test (p 
< 0.05).

Figure 2. Small intestines of Sprague Dawley rats immunized with the vaxColer® candi-
date vaccine against V. cholera, extracted after euthanasia, three days post-inoculation, 
during a local tolerance assay through the oral route. A) Vaccinated animal. B) Control 
animal. a: upper small intestine (duodenum). b: end of the small intestine (ileum, ileo-secal  
junction). c: Cecum. Arrows indicate Peyer’s patches (PP) throughout the small intestines. 
A higher number of PP was detected that in vaccinated animals. C) Lumen of sectioned 
small intestine segments showing PP areas (circles), control animal. D) Placebo animal 
(administered with 0.9 % physiological saline). E) Animal immunized with vaxColer® 
candidate vaccine, respectively. Scale: 0-1 cm.
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was detected in vaccinated animals at seven, 14 and 21 
days post-inoculation (total animals per group), such 
differences not significant when compared to the other 
groups. Differences between female and male animals 
were evident only three and 21 days post-inoculation, 
with a significant average increase of these structures 
(p < 0.05) in females.

In the case of LF size, three and seven days post-
inoculation, their total area were wider in vaccinated 
animals of both sexes as compared to placebo and 
control groups. Particularly, vaccinated female rats 
showed an average total area of 0.466 mm2 at three 
days post-vaccination, and 0.490 mm2 at seven, and 
vaccinated males 0.506 mm2 and 0.590 mm2, re-
spectively. Average total area between placebos and 
controls of both sexes, 0.145 mm2 for females and 
0.183 mm2 for males, with no significant differences 
between them at any time (Figure 6). Three days post-
inoculation, differences were detected between vacci-
nated females and males, with a significant increase 
in the average total area of these structures in males, 
with no differences found at 21 days.

Mesenteric ganglia
Microscopic observations were conducted in mesen-
teric ganglia, attending to the number and size of SSF 
and SPF. Regarding their number, histopathological 
findings indicated no differences in the frequency of 

Figure 3. Peyer’s patches and their total area in Sprague Dawley rats immunized with the vaxColer® candidate vaccine against V. cholerae, extracted 
after euthanasia post-inoculation, during a local tolerance assay through the oral route. A) Number of PP. B) Average PP total area macroscopically 
determined by morphometry. Each value represents the mean of ten animals and the error bar the standard error of the mean for each group. 
Statistical differences were assessed by the ANOVA statistical test (* p ≤ 0.05). † Differences between sexes.

Figure 4.  Number of germinal centers (GC) and lymphoid follicles (FL) with hyperplasia observed in Peyer’s patches (PP) in Sprague Dawley rats 
immunized with the vaxColer® candidate vaccine against V. cholerae, extracted after euthanasia post-inoculation during a local tolerance assay 
through the oral route. Each value represents the mean of ten animals and the standard error of the mean of each group. Statistical differences 
were assessed by the Kruskal-Wallis statistical test (* p ≤ 0.05*). † Differences between sexes.

Figure 5. Histological determinations in Sprague Dawley rats immunized with the vax-
Coler® candidate vaccine against V. cholerae after euthanasia post-inoculation during 
a local tolerance assay through the oral route. Microscopic observations of lymphoid 
follicles of Peyer’s patches of control (A, D), placebo (B, E) and vaccinated (C, E) animals, 
respectively. A-C) Females. D-F) Males. Arrows indicate hyperplasia towards the mucosal 
lumen in vaccinated animals (C). a. Mesenteric ganglia. b. Secondary subcapsular and 
paracortical follicles. c. Abundant plasma cells in the ileus. Tissue samples were staied 
with metatoxilin/eosin and images taken at 10× magnification.
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occurrence of SSF and SPF at mesenteric ganglia, at 
not any time point upon euthanasia. Curiously, vacci-
nated animals of both sexes showed a higher number 
of SSF than rats of placebo and control groups.

Otherwise, the number of these lymphoid struc-
tures was significantly higher in vaccinated females 
than in control animals at three and seven days post-
inoculation; also differing in this last evaluation time 
point with respect to placebo. No differences were 
found among groups at 14 days post-inoculation. Si-
milar results were found in vaccinated males, but with 
a significant increase in the number of these structures 
at three and seven days post-inoculation in respect to 
placebo and control groups. No differences were ob-
served at the other time points. Sex only influenced at 
three days after inoculation, with females presenting a 
lower number of SSF (Figure 7A), and no effect was 
detected on the number SPF at not any time point. 
In general, vaccinated females and controls showed 
a higher SPF number as compared to their placebo 
groups. This effect was also seen in males, with vacci-
nated and placebo animals showing a higher occurren-
ce of SPF (Figures 5D-E and 7B).

When performing the morphometric study of these 
lymphoid structures, it can be seen that, at 3, 7 and 
14 days after inoculation, the SSF had a greater total 
area in vaccinated animals of both sexes and they di-
ffered significantly from placebo and control animals. 
Nevertheless, placebo and control groups of both 
sexes showed no significant differences at any time. 

At 21 days post-inoculation, SSF in vaccinated ma-
les were significantly larger than in females (Figure 
8A). Otherwise, SPF did not differ between sex or 
treatment groups at any time, despite SPF average to-
tal area was higher in vaccinated animals (Figure 8B).

These findings and differences seen were associa-
ted to the specific immune response against the live-
attenuated bacteria of the vaxColer® vaccine candi-
date formulation. This is reinforced by the fact that 
14 days after inoculation, there were no differences in 

Figure 6. Average total area of lymphoid follicles (LF) with hyperplasia observed in Peyer’s 
patches evaluated by morphometry in SD rats immunized with the vaxColer® candidate 
vaccine against V. cholerae. Each value represents the mean of 10 animals and the 
standard error of the mean of each group. Kruskal-Wallis statistical test p ≤ 0.05. * Dif-
ferences from the rest of the groups; † Differences between sexes. Local tolerance test of 
vaxColer® vaccine candidate against cholera in SD rats.

Figure 7. Number of lymphoid folicles in the gut of SD rats immunized with the vaxColer® candidate vaccine against V. cholerae. A) Secondary 
subcapsular follicles. B) Secondary paracortical follicles (PSF) observed in the mesenteric ganglia. Each value represents the mean of 10 animals 
and the standard error of the mean of each group. Kruskal-Wallis statistical test p≤ 0.05. * Differences from the rest of the groups; † Differences 
between sexes. Local tolerance test of vaxColer® vaccine candidate against cholera in SD rats.

Figure 8. Mean total area of secondary follicles in the gut of SD rats immunized with the vaxColer® candidate vaccine against V. cholerae. A) 
Subcapsular secondary follicles (SSF). B) Paracortical secondary follicles (PSF) in mesenteric ganglia assessed by morphometry. Each value repre-
sents the mean of 10 animals and the standard error of the mean of each group. ANOVA statistical test p≤ 0.05. * Differences from the rest of 
the groups; † Differences between sexes.
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the frequency of appearance and size of Peyer’s pat-
ches lymphoid structures. Furthermore, no differences 
were recorded either in sentinel vaccinated animals at 
21 days post-inoculation. On the other hand, a signi-
ficant number of apoptotic cells was detected in the 
mesenteric ganglia at 14 and 21 days post-inoculation.

Altogether, these evidences indicate that the proli-
ferative mechanisms for the generation of antibodies 
began to be established for the possible elimination of 
the threat produced by live V. cholerae cells, which 
could have been neutralized in a short period of time 
(3 to 7 days post-infection). It could be mainly re-
lated to the natural resistance of this species to the 
cholera disease. This apoptosis mechanism has been 
described for different diseases [30, 31], which in-
dicates that there was an adequate immune respon-
se and the absence of immunotoxicological effects. 
Consequently, the evaluated lymphoid organs were 
activated and shortly returned to their normal state 
(3 to 5 days), depicted by the presence of SSF and 
SPF as well as germinal centers and lymphatic folli-
cles in Peyer’s patches with a normal physiological  
state [30, 31].

Noteworthy, such an event does not occur in chro-
nic diseases of the digestive system such as cancer 
and poisoning, because all these lymphoid structures 
remain steadily activated for a long time [30, 34-36]. 
This also happens when a pathogenic agent passes 
through the digestive tract, causing the activation of 
the immune system associated with the intestinal mu-
cosa, which can remain activated for up to two weeks 
or more, depending on the pathogenic agent or antigen 

and its presentation to the immune system at the intes-
tinal mucosa [37, 38].

Overall, the methods used in this study to demons-
trate the tolerability and immunotoxicity of vaxCo-
ler® can be applied to other orally-administered pro-
ducts, supporting further research on their immune 
tolerability through analyzing their immunes respon-
ses [39]. This is fundamental for orally-administered 
vaccines, which remain attractive due to its multiple 
advantages (e.g., easy administration, simultaneous 
mucosal (IgAs) and systemic (IgG) responses), to 
complete their rigorous toxicological analytical bat-
tery and paving their way towards their clinical trials 
and the development of safer vaccines and drugs in 
general.

Conclusions
In summary, the results allow us to conclude that the 
human cholera vaxColer® vaccine candidate against 
is not toxic when administered through the oral route, 
as shown in SD rats following a single dose admin-
istration. It is well tolerated as it does not produce 
not any local or immunotoxicological effects, further 
complementing the previous acute and dose-repeat-
ed efficacy and toxicological studies [18]. All these 
makes vaxColer® a potentially safe product to be 
tested in humans.
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