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In recent years, antimicrobial (AM) use in poultry farming has been attracting attention
worldwide mainly due to AM resistance spreading. The role of AM prophylaxis in the
modulation of gut microbiota, as well as of gut health, is still not clearly understood.
Therefore, this study aimed to investigate the role of different prophylaxis protocols in
the modulation of the gut barrier in broilers by applying a histopathological approach.
Intestinal tissue samples were collected from a total of 240 male broilers (Ross 306),
reared and treated with different AM protocols. Haematoxylin and Eosin (HE) staining and
a multiple scoring system were used to evaluate the presence of lesions in ileum, cecum
and colon of treated broilers. Moreover, immunohistochemistry (IHC) was performed to
assess the expression of claudin-3 and ZO-1 proteins in intestinal tissues. The application
of a semi-quantitative scoring system was used in IHC stained samples. HE results
revealed that intestinal tissues were mainly characterized by epithelial detachment and
fusion of the intestinal villi, but also by the presence of lymphocytic infiltrate in the mucosa
and submucosa of AM-treated broilers. However, the IHC approach for the evaluation
of claudin-3 and ZO-1 proteins showed that their expression was not affected by the
different AM treatments. Nevertheless, the presence of intestinal lesions highlighted
by histopathology suggests that AM treatments could harm the gut health of broilers,
inducing an inflammatory response and consequent epithelial lesions. In order to clarify
the role of AM treatments in the modulation of gut barrier in broilers, further studies
are needed.

Keywords: antimicrobial, broiler, intestine, gut barrier, tight-junction, coccidiostat

INTRODUCTION

Broiler’s gut health has great importance for the poultry industry (1), in fact,
gastrointestinal ~disorders negatively affect growth performance, animal welfare and
mortality (1, 2). A complex intestinal barrier, composed of intestinal microbiota,
enteric epithelial cells (IEC) and mucosal immunity, is responsible for the defense
of the gut (3, 4). Gut microbiota plays a pivotal role to prevent invasion and

colonization by pathogenic microorganisms (4, 5). Perturbations of the intestinal
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with p-value < 0.05 (*p < 0.05; *p < 0.01; **p < 0.001; ***p < 0.0001).

FIGURE 3 | Statistical analysis of HE scores. Box plot graphs were generated for ileum (A,D,G), cecum (B,E,H) and colon (C,Fl). The data for the villi total scores
(A-C), the lymphocyte score in the mucosa (B,E,H) and the lymphocyte score in the submucosa (C,Fl) are, respectively, shown. Results were considered significant

Immunohistochemistry

Results for the expression of claudin-3 and ZO-1 proteins
evaluated by IHC in intestinal samples are summarized in
Figure 4. No significant differences between treated groups and
controls were revealed for both proteins. However, the coefficient
of variation in the ANOVA test for ZO-1 protein was high for all
groups (between 66.58 and 119%).

DISCUSSION

Gut health relies on the maintenance of the feeble balance
between the host, the intestinal microbiota, the intestinal
environment and dietary compounds. This balance can be
significantly affected by factors such as bird management, feed
quality and the environment. In this context also AMs use

Frontiers in Veterinary Science | www.frontiersin.org

March 2022 | Volume 9 | Article 830073



Cuccato et al.

Antimicrobial Effect on Broiler Intestine

FIGURE 4 | IHC results in the intestinal mucosa. Histological pictures of claudin-3 in ileum (A) and cecum (B) of AM-treated groups and in ileum (E) and cecum (F) of
K group. ZO-1 expression in ileum (C) and cecum (D) of AM-treated groups and in ileum (G) and cecum (H) of K group. IHC, 200x magnification.

can lead to different negative consequences primarily for the
gut microbiota (20, 21), but even more interestingly, AMs can
modulate the host transcriptome in different intestinal tracts
and other organs, e.g., liver and skeletal muscle (15-17). It is
well-known that AM-induced dysbiosis can negatively influence
host physiology and predispose to infectious diseases, but also
to other disorders as well as metabolic disease or inflammation
(4, 21, 22). However, few studies have focused their attention
on the role of prophylactic and therapeutic doses of AM in
broiler gut health. In this study, we investigated the status of
the gut barrier through the application of a multiple scoring
system in HE stained samples. In treated broilers, we found
that the main intestinal lesions were characterized by detached
or fused epithelia. Moreover, a severe and diffuse lymphocytic
infiltrate was found in the mucosa and submucosa of ileum,
cecum and colon of AM-treated broilers. These findings suggest
that AM use in broilers has a direct impact on the gut barrier.
The presence of villi damage and lymphocytic infiltrate in AM-
treated animals presumes the presence of a trigger stimulus
that induces the pathological process. It is widely known that
specific enteric pathogens induce an inflammatory response
in the broiler intestine (7, 23). However, also gut dysbiosis
can induce the production of pro-inflammatory cytokines and
initiate the inflammatory cascade (4, 7). All administered AM
have broad-spectrum activity and the gut microbiota in ileum
and cecum were negatively affected in alpha and beta metrics
by AM treatments (18). It is well-known that a healthy gut
microbiota is a crucial part of the intestinal barrier and thus, for
the defense of the host. Normally, microbe-associated molecular
patterns (MAMPs) of the gut microbiota do not induce any
activation of the pattern recognition receptors and consequently

do not initiate a pro-inflammatory response, keeping a controlled
homeostasis of the intestine (4, 6). As already demonstrated
in our previous work (18), the AM treatments induced a
dysbiosis status in the ileal and cecal microbiota, that was
not recovered at the end of the rearing cycle. The presence
of an altered microbiota in treated broilers may have led to
break the balanced homeostasis between gut microbiota and
host, inducing the activation of the pro-inflammatory cascade.
Moreover, these results support the hypothesis that AM effects
are not only related to the gut microbiota, but directly involve
the animal host and its tissues (24). Intriguingly, AMX and
THP groups showed the most significant differences in all the
scores analyzed. In those groups, broilers were fed without
adding DCZ to the diet, but they received a coccidiosis vaccine
(coarse spray; Hypracox, Amer, Spain) to ensure protection
against these protozoa. The difference between groups with and
without DCZ suggests a possible role of this molecule in the
regulation of gut health. Moreover, statistical analysis revealed
a significant increase of inflammatory infiltrate in mucosa and
submucosa of DCZ treated broilers. Actually, these results were
unexpected since DCZ is supposed to be active only against
coccidia and other protozoa, even if the mechanism of action
of DCZ is still not clearly understood (25). A recent study
demonstrated that DCZ has a dose-dependent antibacterial
activity against Staphylococcus aureus, Enterococcus faecalis, and
Streptococcus agalactiae (26). This latest discovery suggests that
probably DCZ has a broader spectrum of action than the
sole anticoccidial activity. In parallel, this study wanted to
evaluate the effects of AM prophylaxis on the expression of
TJ proteins. Enteric pathogens, e.g. Escherichia coli, Salmonella
enterica, Campylobacter jejuni and Clostridium perfringens, have
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the ability to target T] components and to exploit the so-increased
paracellular pathway reaching other extra-intestinal organs (7).
Recently, dysbiosis has been suggested to play a role in the
regulation of T] proteins (8, 21). In our case, no statistically
significant differences were shown in the expression of claudin-
3 and ZO-1 proteins. Maybe, our not significant results could be
due to the semi-quantitative scoring employed by pathologists on
the sections stained using diaminobenzidine-hydrogen peroxide
solution. It is demonstrated that in some cases T proteins can be
regulated also by changing their location in the cells (7). Using
immunofluorescence (IF), Roxas et al. (27) demonstrated that
enterohemorrhagic E. coli infected mice showed a redistribution
of claudin-3 and occludin in the enterocytes. Although
our results do not confirm the abovementioned studies,
a possible role in the regulation of TJ by AM-induced
dysbiosis may not be excluded. Further studies are needed to
better clarify the role of dysbiosis and inflammation of TJ
expression, probably by IF and quantifying with a High-Content
Screening System.

In conclusion, this study has associated AM prophylaxis
use with the presence of histopathological lesions, while TJ
proteins expression would seem unaffected by the use of AM.
However, the published literature suggests that dysbiosis and
inflammation can have a role in TJ regulation. In poultry
farming, gut health is considered of great importance for
production performance, understanding the mechanisms of gut
barrier dysfunction may allow future prevention of the serious
sequelae of bacterial translocation and sepsis in veterinary
medicine. The morphological alterations reported in this work
are additional findings, that taken together with our previously
published results on zootechnical parameters, transcriptional
alterations and gut microbiota (17, 18) will allow to better
clarify the role of antimicrobial prophylaxes on the modulation
of gut health. Thereby, further studies are needed to better
understand the activity of AM against the intestinal barrier and
T] regulations.
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