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Background: Piglet mortality is a real concern to the pig farmers. The major cause 
is due to the late maturation of the immune system and dietary changes in post-
weaned piglets. The potential role of probiotic and zinc in the stimulation of the 
immune system is well established. Hence, the present study was undertaken to 
evaluate alterations of T and B cells in the small intestine after dietary inclusion 
of probiotic and zinc in pre and post-weaned piglets. 
Materials and methods: A total of 18 healthy Large White Yorkshire (LWY) piglets, 
irrespective of sex obtained from 3 litters at the age-group of 20, 30 and 60 days. 
They were divided into a control group fed with basal diet and a treatment group 
fed with probiotic and zinc supplement along with the basal diet, consisting of 
three animals in each group. The piglets were weaned at 28 days of age. After 
sacrificing the animals at day 20, 30 and 60 from both the groups, the abdominal 
cavity was opened and small intestinal tissue samples were collected, processed 
and stained by indirect immunofluorescence technique. The slides were evaluated 
under the fluorescent light microscope. The data were statistically analysed.
Results: The different T and B cell subsets were recorded in the lining epithelium, 
core of villus, crypt area of lamina propria and Peyer’s patch area. The number 
of CD4+, CD8+, IgA+ and IgM+ cells was higher in the treated piglets than the 
control group of animals, irrespective of segments of intestine and age-group.
Conclusions: It can be concluded that the dietary supplementation of probiotic 
and zinc was found to be good additives as they can stimulate the immune re-
sponse in piglets, especially during the critical early post-weaning period. (Folia 
Morphol 2022; 81, 1: 82–90)
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INTRODUCTION
 Pre-weaning piglet mortality ranges from 5% 

to 35%, which causes major economic issues in pig 
production [18]. Similarly, weaning is a critical stage 
in pig production because the piglets have to face 
many challenges such as low feed intake, acute di-
arrhoea and body weight loss, which causes nutri-
tional, immunological and psychological disruptions 
[15]. The innate immune cells and gut-associated 
lymphoid tissue are not functionally developed until 
4–7 weeks of age [9]. Diet plays an important role 
in the maturation and modification of the gut-asso-
ciated immune system and the development of gut 
function [5]. Probiotics particularly lactic acid bacteria 
have beneficial effects on the health of the host [20]. 
These probiotics bacteria can able to induce natural 
and acquired immunity in healthy mice [10]. The 
beneficial effect of probiotics in respect of immunity 
was also recorded in sows and piglets [22]. In addi-
tion, zinc supplementation has been responsible for 
maintaining nonspecific defence mechanisms [21]. 
Kalita et al. [14] already described the probiotic and 
zinc effects on the small intestinal mucosal cells in 
piglets.

In this communication, we assessed the effects 
of probiotic and zinc supplementation in pre- and 
post-weaned piglets on the qualitative and quanti-
tative development of the gut-associated immune 
system by the use of the indirect immunofluorescence 
technique. The objective of the present study was to 
examine the effect of feeding probiotic (Lactobacillus 
acidophilus, Lactobacillus rhamnosus and Bifidobac-
terium longum) and zinc on T and B cells subsets that 
demonstrate the immune status in the small intestine 
of critical pre and post-weaned piglets. 

MATERIALS AND METHODS
The present study was conducted in the pig farm 

of the College, Central Agricultural University (I), Mi-
zoram, India. The Institutional Animal Ethics Com-
mittee ethically approved the animals used for the 
experiment. The experiment was carried out from 
February, 2017 to May, 2019.

Animals

The present study was conducted on eighteen 
healthy Large White Yorkshire (LWY) piglets, irrespec-
tive of sex at different stages of development as age-
group of 20, 30 and 60 days. Each of six numbers of 
these piglets was selected from three sows. The piglets 

were divided into control group (C) fed with basal diet 
and treatment group (T) fed with combined probiotic 
and zinc oral supplement along with the basal diet. The 
basal diet used in this experiment was in pellet form 
and formulated to provide the nutrient requirements 
as per National Research Council (NRC) [19]. The 
piglets were weaned at 28 days of age.

Selection, dose and period of treatment

A mixture of probiotic bacteria consisted of Lac-
tobacillus acidophilus (0.65 × 109), Lactobacillus 
rhamnosus (0.4 × 109) and Bifidobacterium longum  
(0.2 × 109) reconstituted in 1 mL of normal saline 
solution, were orally administered to each treatment 
group of piglets individually from birth to 10 days, so 
that each animal received probiotic mixture at a final 
concentration of 1.25 × 109 colony forming unit/day 
[17]. The ZnO was given orally to the treatment group 
of piglets at the rate of 2000 ppm/day from birth to 10 
days of age [4]. The piglets of the control group were 
given the same volume of sterilised saline solution. 

Sample preparation

The experimental animals were anesthetised using 
diazepam at the rate of 2 mg/kg body weight followed 
by ketamine at the rate of 10 mg/kg body weight 
intravenously in the peripheral ear vein and then ex-
sanguinated the animals. The animals were sacrificed 
on days 20, 30 and 60 from both the groups. After 
sacrifice, the animal’s abdominal cavity was exposed, 
and parts of the small intestine were dissected out 
[12]. Tissue samples were taken immediately after 
sacrifice from the duodenum (5 cm caudal to the 
pylorus), jejunum (in the middle of the jejunum) and 
ileum (5 cm cranial to the ileocaecal valve). 

Monoclonal antibodies

The murine monoclonal antibodies (mAbs) reac-
tive with porcine leukocyte surface molecules, i.e., 
cluster of differentiation (CD) antigens or immuno-
globulin A (IgA) molecule on plasma cells, used as 
the primary antibodies (pAbs) to study in situ identi-
fication, distribution and quantification patterns of 
respective lymphoid and non-lymphoid cell subsets 
residing small intestine of experimental piglets are 
listed in Table 1.

Immunofluorescence

Different cell populations of the immune system 
were identified by indirect immunofluorescence (Indi-
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rect-IF) technique [22]. Briefly, small intestinal sections 
that had been cut to a thickness of 5 µm were depa-
raffinised, dehydrated and hydrated to water. After 
antigen retrieval in sodium citrate buffer (10 mM, pH 
6.0), the nonspecific binding sites were blocked by 1% 
bovine serum albumin (30 min at room temperature). 
Then, sections were flooded with a primary monoclo-
nal antibody (BIORAD, Table 1) at a dilution of 1:100 
and incubated overnight (4ºC). Sections were washed 
3 times (5-min each) with washing buffer (phos-
phate buffer saline mixed with 0.035% Tween 20) and 
stained with secondary antibody (anti-mouse IgG- 
-FITC) conjugated with FITC (Sigma-Aldrich, Table 1)  
at a dilution of 1:200 for 60 minutes at room temper-
ature. The excess secondary antibody was removed by 
washing the sections with a wash buffer 3 times for 
5 minutes each. Finally, the sections were mounted 
with mounting media (glycerol). The immunostained 
slides were visualised and photographed under the 
fluorescent light microscope at 400× magnification 
(Olympus BX 51, Japan).

Cells counts of the sections were performed at 
400-fold magnification. Histomorphometric analysis 
of targeted immunopositive cells was counted in  
10 fields (representing a tissue area of about 0.24 mm2)  
from each of the three sampled piglets per group 
[24]. Such counting included villus epithelium, crypt 
epithelium, villus and crypt lamina propria, submu-
cosa and Peyer’s patches. Results were expressed as 
mean counts per unit area. 

Statistical analysis

The data obtained were analysed using statistical 
package SPSS version 20. Differences in cell counts 
were accessed using the Student’s t-test and dif-
ferences between experimental groups by one-way 
ANOVA.

RESULTS
The distribution and number of CD4+, CD8+, IgA+ 

and IgM+ cells in the small intestine of control and 
treated piglets were analysed by indirect immunoflu-
orescence technique. 

CD4+ lymphocytes

The CD4+ T lymphocytes were located in the core 
of the villus (Fig. 1A), crypt area of the lamina propria 
(LP) (Fig. 1B) and Peyer’s patch (PP) area (Fig. 1C) 
of the small intestine in both the group of piglets. 
However, these lymphocytes were concentrated in 
the core of the villus and crypt area of the LP in the 
duodenum as the PP were found to be absent in this 
segment of the intestine. The CD4+ T lymphocytes 
were highly concentrated in the crypt area, followed 
by the PP area and the core of the villus (Fig. 1D). 
These lymphocytes were not observed in the epithe-
lium. The total number of CD4+ T lymphocytes exhib-
ited an increasing trend in LP and PP areas towards 
the higher age in both the groups. In the LP area of 
the current study, the number of cells expressing the  
CD4 co-receptor was increased significantly at day  
60 (p < 0.05) in the duodenum; at day 20 (p < 0.01), 
day 30 (p < 0.05) and day 60 (p < 0.01) in jejunum; 
and day 30 (p < 0.01) and day 60 (p < 0.01) in 
the ileum of piglets fed with probiotic and zinc in 
compared to the control group of piglets (Fig. 2A). 
Similarly, in PP area of this study showed a significant 
increased (p < 0.01) in CD4+ immunopositive cells at 
day 20, day 30 and day 60 in the jejunum of treated 
piglets (Fig. 2B).

CD8+ lymphocytes

The immunopositive CD8+ cells were consistently 
present within the epithelium (Fig. 3A), the core of LP 
(Fig. 3B) and the crypt area (Fig. 3C) of the intestinal 

Table 1. List of primary antibodies and secondary antibody conjugates (conjugated with FITC) used for immunofluorescence  
identification/localisation and morphometric quantification of T and B cell subsets in the small intestine

Antibody Isotype Antibody specificity Cytochrome Target cells/Molecules Origin

Primary

MIL 17 IgG2b CD4a None Helper T lymphocytes Bio-Rad Laboratories, USA

MIL 12 IgG2a CD8a None Cytotoxic T lymphocytes Bio-Rad Laboratories, USA

K61 1B4 IgG1 IgA None IgA+ plasma cell Bio-Rad Laboratories, USA

K52 1C3 IgG1 IgM None IgM+ plasma cell Bio-Rad Laboratories, USA

Secondary

Goat anti-mouse IgG- FITC IgG Mouse IgG FITC Mouse IgG Sigma-Aldrich, USA
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Figure 1. CD4+ T lymphocytes in 30-day-old treated piglets; A. Core of the villus (arrow) in duodenum; B. Crypt lamina propria area (arrow) of 
jejunum (Indirect-IF method, ×400); C. Peyer’s patch area (arrow) of ileum; D. Rich population (arrow) in the crypt area of ileum (Indirect-IF 
method, ×100). 

Figure 2. Localisation of T lymphocytes in the small intestine of control and treatment group of piglets (*p < 0.05, **p < 0.01); A, B. CD4+  
T lymphocytes in lamina propria (LP) and Peyer’s patch (PP) area; C, D. CD8+ T lymphocytes in LP and PP area.
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Figure 3. CD8+ T lymphocytes in 20-day-old treated piglets (Indirect-IF method, ×400); A. Lining epithelium (arrow) of duodenum; B. Core of 
lamina propria area (arrow) in duodenum; C. Crypt area (arrow) of jejunum; D. Peyer’s patch area (arrow) of ileum.

Figure 4. IgA+ B lymphocytes in 60-day-old treated piglets (Indirect-IF method, ×400); A. Crypt area (arrow) of duodenum; B. Core of lamina 
propria (LP) area (arrow) in jejunum; C. Peyer’s patch area of ileum; D. Lining epithelium and LP area along with their secretions (arrow) in 
jejunum.
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Figure 6. IgM+ B lymphocytes in treated piglets; A. Predominant location in the crypt area (arrow) of 60-day-old jejunum (Indirect-IF method, 
×100): B. Crypt area (arrow) in 60-day-old duodenum (Indirect-IF method, ×400); C. Peyer’s patch (PP) area (arrow) in 30-day-old ileum;  
D. Core of the villi (arrow) in 30-day-old jejunum (Indirect-IF method, ×100).

Figure 5. Localisation of B lymphocytes in the small intestine of control and treatment group of piglets (*p < 0.05, **p < 0.01); A, B. IgA+  
B lymphocytes in lamina propria (LP) and Peyer’s patch (PP) area; C, D. IgM+ B lymphocytes in LP and PP area.
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mucosa in both the groups. Moreover, their presence 
was also revealed in the PP area of jejunum and ile-
um (Fig. 3D). The total number of CD8+ cells in the 
current study showed an elevated pattern as per the 
age advancement in both groups. In the LP area, the 
number of CD8+ cells significantly increased at day 20 
(p < 0.01) and day 30 (p < 0.05) in the duodenum; 
at day 20 (p < 0.05) and day 30 (p < 0.05) in the 
jejunum; and at day 20 (p < 0.01) in the ileum of the 
treatment group of piglets (Fig. 2C). Similarly, in the 
PP area of treated piglets, their number increased sig-
nificantly at day 20 (p < 0.01) and day 30 (p < 0.05) in 
the jejunum and, day 20 (p < 0.01), day 30 (p < 0.05)  
and day 60 (p < 0.05) in the ileum (Fig. 2D).

IgA+ lymphocytes 

IgA expressing plasma cells were predominantly 
found in the LP of the crypts (Fig. 4A) irrespective of 
group and age. However, their presence was also ob-
served in the cores of the villi (Fig. 4B) and the PP area 
(Fig. 4C). Some of the IgA+ cells were also observed 
in the epithelium along with their secretion in the LP 
area (Fig. 4D) of treated piglets. In all experimental 
animals, the largest populations of these immuno-
globulin containing cells were found in the duode-
num, followed by jejunum and ileum in the LP area. 
However, these counts were more in the ileum than 
jejunum in the PP area of this study. The total number 
of IgA+ cells was increased with the advancement of 
age in both the control and treatment groups of pig-
lets under study. In the LP area, the mean number of 
IgA+ cells was significantly increased (p < 0.01) in all 
age-groups of the duodenum and significantly higher 
(p < 0.05) at day 20 of jejunum in the treatment 
group of piglets than in the control group (Fig. 5A). 
Similarly, in the PP area of the present study, these 
immunopositive cells were increased significantly  
(p < 0.05) at day 20 and day 30 in the jejunum and 
day 20 in the ileum (Fig. 5B). Furthermore, dietary 
inclusion of probiotic and zinc showed significantly 
higher (p < 0.01) IgA+ cells at the PP area of day 60 
in jejunum and ileum (Fig. 4C).

IgM+ lymphocytes

The IgM+ containing cells were predominantly 
located in the LP region of the crypt area (Fig. 6A, B)  
followed by the PP area (Fig. 6C) and the core of 
the villi (Fig. 6D) irrespective of group and age. The 
IgM+ cells were increased as per the advancement of 
age in both groups. The number of these cells varied 

depending upon segments of the small intestine and 
age-groups in the LP area. However, in the PP area, 
they were more predominantly located in the ileum 
than jejunum irrespective of group and age. In the LP 
area of the current study, the mean number of IgM+ 
cells was significantly increased (p < 0.01) in the 
treatment group of piglets irrespective of segments 
of the small intestine (Fig. 5C). Furthermore, in the PP 
area, these cells were significantly higher (p < 0.01) 
in the treated piglets at day 20 of jejunum and day 
60 of the ileum (Fig. 6D). In addition, in the treated 
piglets, they were increased significantly (p < 0.05) 
at day 30 of the jejunum (Fig. 6D).

DISCUSSION
In the present investigation, the CD4+ T lympho-

cytes were mainly concentrated in the crypt area fol-
lowed by the PP area (jejunum and ileum) and the core 
of the villus. The number of these cells was higher in 
piglets fed with probiotic and zinc than in the control 
group of piglets. In one of the previous studies, it was 
reported that the CD4+ T cells were mainly located 
in the lamina propria and played a central role in 
regulating the immune system [6]. From the present 
findings, it could be concluded that the probiotic 
and zinc might be the main influencing factor for the 
changes of CD4+ T cells. Increased CD4+ T cells in the 
treatment group could modulate the production and 
secretion of secretory IgA (SIgA) by secreting cytokines 
[3] and provide better and effective immunity to this 
group of piglets. The total number of CD8+ cells in 
the current study was higher in the treated group of 
piglets in all the segments of the small intestine. The 
higher number of CD8+ subpopulations present in 
the treatment group piglets might enhance defence 
against pathogens by cytotoxic CD8+ cells or mainte-
nance and enhancement of the epithelial integrity by 
gd CD8+ cells [7]. As per a previous study conducted by 
Galina et al. [8] probiotics have been found to increase 
(p < 0.05) the number of intraepithelial lymphocytes 
and the density of CD3+ cells in Peyer’s patches and 
lamina propria. The CD19 marker assists the expression 
of all B lineage cells [23] and a study proved that the 
supplementation of zinc showed a higher percent-
age of CD19+ lymphocytes in human [11]. However, 
analysis of the CD3+ and CD19+ lymphocytes was not 
performed in the present investigation.

In the present study, IgA expressing plasma cells 
were predominantly found in the LP of the crypts, 
irrespective of group and age. In addition, some of the 
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IgA+ cells were also observed in the epithelium along 
with their secretion in the LP area of treated piglets. 
In agreement with our findings, the other authors 
reported more populations of these immunoglobu-
lin containing cells in the LP area of the duodenum, 
followed by jejunum and ileum [2]. However, these 
counts were more in the ileum than jejunum in the 
PP area of this current study. The mean number of 
IgA+ cells was higher in the treatment group of piglets 
compared to control animals in all segments of the 
small intestine. The highly significant increase of IgA+ 
cells of the duodenum in all age-groups of treated 
piglets might be correlated with more immunoglob-
ulin-producing cells in the duodenum, which might 
ensure a fast reaction to potential pathogens [6]. The 
secretory IgA of gut mucosa was an antibody isotype 
specialised in mucosal protection that played an es-
sential role as the first line of defence and aided in 
regulating bacteria-host interaction [16]. The antigen 
uptake of probiotic bacteria in the treatment group 
of piglets of the present study could be carried out by  
M cells or might be sampled by dendritic cells. Further-
more, the microenvironment cytokines would favour 
the clonal expansion of IgA B lymphocytes, increasing 
the number of IgA-producing cells and their passage 
to plasmatic cells in the different intestinal tissue of 
the gut. The higher number of IgA+ cells present in the 
treatment group could be concluded with better mu-
cosal protection by boosting the immune system. In 
the current study, the number of IgM+ cells was found 
to be more in the PP area as compared to IgA+ cells, 
which was correlated with the findings of the previous 
study in pigs [2]. The more number of IgM+ cells in 
the PP area observed in the present study might be 
indicated that IgM was the first antibody to appear 
in response to initial exposure to an antigen [1].  
In the present observation, the mean number of 
IgM+ cells was higher in treated piglets irrespective 
of segments of the small intestine. In the previous 
study, it was documented that IgM bound to the 
polyimmunoglobulin receptor, which was an Fc re-
ceptor that facilitated the transcytosis of the soluble 
polymeric isoforms of IgA [13]. Polyimmunoglobulin 
receptor were mainly located on the epithelial lining 
of mucosal surfaces of the gastrointestinal tract. In 
this way, the IgM reached the mucosal surface and 
enhanced mucosal immunity. In the treatment group 
of the present study, an increased number of IgA+ 
cells provided the environment to bind with IgM+ 
cells by the pIgR and transported the IgM+ cells to 

the apical mucosal epithelial cell surface. This might 
lead to better mucosal immunity in the treatment 
group of piglets.

CONCLUSIONS
The findings of the present study indicate that 

dietary supplementation of probiotic and zinc posi-
tively affected immune response in piglets that might 
help in promoting intestinal health, and improving 
piglet growth in pre and post-weaned period of life. 
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