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Proliferation rates of circulating 
and intestinal immune cell subsets

Flow cytometry based analysis of the kinetics of 
the differential expression of immune cell subsets 
with respect to the proportions of CD45+ lymphoid 
cells, CD4+ and CD8+ T cells as well as of CD21+ 
B cells in the peripheral blood of weaned pigs over 
the 5 weeks of the in-feed treatment with CPL are 
shown in Table 4. 

With the exception of CD8+ T cells, the propor-
tions of lymphoid cell subsets tested were signifi-

cantly higher in the CPL-treated pigs than in the 
non-treated pigs between Day 28 and Day 35 of the 
experiment (Table 4). Moreover, on Day 21 of the 
experiment we recorded a significantly increased 
proportion of CD4+ T cells (P < 0.05). Interestingly, 
the proportions of either CD45+ lymphoid cells, 
CD4+ and CD8+ T cells or CD21+ B cells were sig-
nificantly lower in the experimental pigs before the 
treatment with CPL at Day 0 (P < 0.05, respectively) 
than in the non-treated pigs.

Distribution patterns and frequency of CD45RA+ 
cells within IFA and FA of the ileal PP from the CPL-

Figure 2. CD45RA+ lymphoid cells within interfollicular 
areas (IFA) of ileal mucosa of a pig from the clinoptilolite 
(CPL)-treated group after five weeks of the experiment; 
immunoperoxidase (IP) method, scale bar = 50 µm

Figure 1. CD45RA+ lymphoid cells within interfollicular 
areas (IFA) of ileal mucosa of a pig from the non-treated 
group after five weeks of the experiment; immunoper-
oxidase (IP) method, scale bar = 50 µm

Figure 3. CD45RA+ lymphoid cells within follicular areas 
(FA) of ileal Peyer’s patches (PP) of a pig from the non-
treated group after five weeks of the experiment; immu-
noperoxidase (IP) method, scale bar = 50 µm 

Figure 4. CD45RA+ lymphoid cells within follicular areas 
(FA) of ileal Peyer’s patches (PP) of a pig from the clinop-
tilolite (CPL)-treated group after five weeks of the experi-
ment; immunoperoxidase (IP) method, scale bar = 50 µm
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Table 5. Numbers of CD45RA+ naive lymphoid cells in interfollicular areas (IFA) and follicular areas (FA) of the ileal 
Payer’s patches (PP) of weaned pigs supplemented with CPL

Items Day Non-treated* CPL** % difference
CD45RA+ cells in IFA*** 35 15.60 ± 1.70 28.00a ± 3.01  12.40b

CD45RA+ cells in FA*** 35 504.80 ± 25.60  502.60 ± 31.70 –2.20

Change of the mean no. ileal 
CD45RA+ cellsa (%)

IFA 35 100 +1.79 95
FA 35 100   1.00 –0.4

*standard weaner diet only or the diet supplemented with 0.5% of CPL
**five pigs per group were euthanized and sampled on either Day 0 (data not shown) or Day 35, respectively
***number of the cells per μm2 of randomly selected 12 microscopic fields (average area of digital image field was 71 168.87 μm2) 
in each of five serial sections of mid ileum per pig
aincrease/decrease (%) of the mean values in CPL pigs vs. the mean values in non-treated pigs (100%)
bvalues differ significantly at P < 0.05

treated pigs on Day 35 of the experiment are shown 
in Figures 1 and 2 and Figures 3 and 4, respectively.

Densely distributed CD45RA+ naive lymphoid 
cells were observed in the lamina propria of intesti-
nal villi, within Lieberkühn’s crypts and in the ileal 
submucosa. These cells were rarely visible adjacent 
to the basal membrane of enterocytes, but were 
frequently present in the middle of villous lamina 
propria and in the IFA (Figures 1 and 2). CD45RA+ 
cells were noticed to be more numerous in the FA 
of the ileal PP (Figures 3 and 4).

Microscopic examination revealed an increased 
recruitment of CD45RA+ cells in the IFA, but not 
in the FA of the ileal PP of CPL-treated weaned 
pigs (Table 5). 

This observation was confirmed quantitatively 
using DIA within the IFA (28.00 vs. 15.60) (P < 
0.05). The values obtained within the FA (502.60 vs. 
504.80) were not significantly different (P < 0.05). 
The pigs supplemented with CPL had a significantly 
increased number of CD45RA+ cells in IFA (P < 
0.05) as compared to non-treated pigs on Day 35 
of the experiment. When these differences (CPL 
vs. non-treated) were expressed as the percentage 
of increase in the number of naive lymphoid cells 
tested, it was even more evident that their recruit-
ment was strongly stimulated in the IFA (by 79%) 
of the ileal PP by dietary CPL (Table 5). 

DISCUSSION

Considerable efforts have been devoted to un-
derstanding porcine post-weaning diarrhoea, in-
cluding attempts directed toward understanding 
the aetiology and the biology of pathogens, host 

resistance as well as therapy, in which antibiotics 
had a major role in the development and growth 
of the swine industry. By contrast, less is known 
regarding the prevention of this disease through 
dietary and non-dietary strategies because these 
problems have been overcome thus far by adding 
AGP and zinc and copper in feed (Thacker 2013). 
Before the EU ban on AGP (in 2006), this proph-
ylaxis was highly effective in early-weaned pigs, 
which are particularly prone to digestive disorders. 
Concerns about potential risks to human health 
include the possibility of AGP residues in meat 
(Vondruskova et al. 2010), unapparent carriage of 
anti-microbial drug-resistant bacteria, exchange of 
plasmids from antibiotic-resistant porcine bacte-
ria to human pathogens making them resistant to 
antibiotics, and further transfer of these naturally 
cloned new pathotypes to both animals and humans 
(Van der Fels-Klerx et al. 2011).

The effects of dietary CPL on growth performance 
parameters that we have determined, with the ex-
ception of either higher body weight gain or ADG 
in the CPL-treated pigs (P < 0.05) on Day 28 and 
between Day 21 and Day 28, respectively, of the 
experiment are predominantly in agreement with 
the findings of those authors who reported that 
the agent did not promote growth in weaned pigs 
(Shurson et al. 1984; Pearson et al. 1985; Paulsen and 
Oksbjerg 1995). Although not significant (P < 0.05), 
the slight increase in feed efficiency recorded during 
the entire experimental period could be indicative 
of improvement, but generally, our results are in not 
in agreement with authors who recorded improved 
performance parameters in pigs fed diets with CPL 
(Yannakopoulos et al. 2000; Alexopoulos et al. 2007; 
Defang and Nikishov 2009; Prvulovic et al. 2012). 
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The development of both innate and adaptive im-
munity at the mucosal intestinal surfaces is critical 
in preventing the potential harmful effects of heavy 
exposure to the intestinal pathogenic microbiota 
which is associated with a high incidence of diar-
rhoea during the weaning transition when pigs are 
subjected to major stressful events, making them 
highly sensitive to digestive disorders (Gallois et 
al. 2009). Although not significant (P > 0.05), the 
reduction in the sum of DSS in the CPL-treated 
pigs by 12.96%, could be rather ascribed to the high 
adsorption capacity of clay minerals than to its bac-
tericidal properties (Vondruskova et al. 2010; Hu 
et al. 2013). Although not significant, our finding 
on Day 35 of a lower average bacterial load in the 
jejunum (19 × 108 vs. 19 × 107 CFU/ml) in pigs sup-
plemented with CPL is in agreement with studies 
suggesting that CPL can reduce the counts of path-
ogenic bacteria in the gut of weaned pigs exposed 
to intestinal colonisation (Hu et al. 2013; Islam et 
al. 2014). We propose that the immunostimulatory 
effect of CPL on gut immunity, i.e. recruitment 
of CD45RA+ lymphoid cells in the ileal mucosa 
established a protective immune response as the 
diarrhoea score was more favourable in the CPL 
group at the end of the experiment. Much interest 
has been paid to the effects of CPL on systemic 
immune responses (Jung et al. 2010; Islam et al. 
2014), whereas reports dealing with effects of CPL 
on local intestinal immune responses in pigs are 
very scarce (Hu et al. 2013).

Since we did not find any data on the influence 
of dietary CPL on cellular immune responses ei-
ther within porcine peripheral blood or the GALT, 
we can only discuss our results in relation to our 
previous research obtained following a single per 
os administration of the synthetic immunomod-
ulators polyoxyethylene and polyoxypropylene 
(POE-POP) and levamisole (LEVA) as potential 
alternatives to in-feed AGP in the same model of 
weaned pigs (Valpotic et al. 2013; Valpotic et al. 
2014). Both agents strongly stimulated the recruit-
ment of circulating CD45+ lymphoid cells, CD4+ 
and CD8+ T cells, and CD21+ B cells of weaned 
pigs between Day 14 and Day 35 following the 
treatments. Dietary CPL also stimulated a signifi-
cant proliferation of CD45+ lymphoid cells, CD4+ 
T cells and CD21+ B cells, but failed to affect the 
proportion of CD8+ T cells. The proportion of the 
latter subset was slightly increased on Day 35 of 
the experiment, but we did not follow-up these pa-

rameters further. The immunomodulatory effects 
of dietary CPL are also controversial with respect 
to its influence on the cellular immune responses 
within the GALT compartments when compared 
to the effects of POE-POP or LEVA. These treat-
ments were shown to elicit significant increases in 
the number of CD45RA+ cells in both the IFA and 
FA of the ileal PP five weeks following the treat-
ments. The former observation is only in partial 
agreement with our present finding that the pigs fed 
with CPL supplement had significantly increased 
numbers of CD45RA+ cells only in the IFA on Day 
35 of the experiment.

However, these abilities of dietary CPL to stimu-
late both systemic and intestinal cellular immu-
nity may indicate the suitability of the agent as a 
natural in-feed additive with immunostimulatory 
properties. It may be particularly useful for improv-
ing gut health and targeting the GALT of weaned 
pigs, which is well known to promote a tolerogenic 
rather than a protective immune response (Bailey 
et al. 2005). 

CONCLUSIONS

Taking into consideration all the obtained data, 
it can be concluded that CPL: (1) did not improve 
performance in weaned pigs, but (2) showed poten-
tial to be effective as an immunostimulator for re-
cruitment of circulating and intestinal immune cell 
subsets, and thus, may probably improve resistance 
to enteric infections, resulting in a reduction in 
the incidence/severity of post-weaning diarrhoea. 
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