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Introduction 
Salmonella is a causative agent of cross-infection between 
humans and animals (Ajmera and Shabbir, 2020). It is 
characterized as a Gram-negative, motile, hydrogen 
sulfide-producing, an acid-labile facultative intracellular 
bacterium (Ajmera and Shabbir, 2020). Globally, 
Salmonella enterica and Salmonella typhimurium 
represent the major causative agents of human 
Salmonellosis (Havelaar et al., 2015).
 The typing of Salmonella is important for the 
identification of the bacteria, tracing, epidemiological 
investigation, monitoring antibody susceptibility, food 
safety, and public health measures. Despite the low 
resolution, serotyping and multilocus sequence typing 

(MLST) analyses are considered the standard methods 
for typing Salmonella (Yan et al., 2021). Based on the 
phage typing method, Salmonella enterica subspecies 
enterica serovar Enteritidis (SE) phage type (PT) 1 
is a causative agent of human Salmonella infection 
in Sweden (Nygård et al., 2004), Canada (Khakhria 
et al., 1991), Italy (Vencia et al., 2015), and Finland 
(Lukinmaa et al., 1999). However, recently, a high-
resolution molecular typing method was established. 
It was core genome MLST. Such a method underwent 
whole genomic sequencing for accurate bacterial 
tracing (Yan et al., 2021).
Enteric pathogens, in general, and Salmonella in 
particular, attach and invade the intestinal epithelium. 
The infection brings on some adverse consequences 
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Abstract
Background: The studies about Salmonella infection in newly hatched chicks were not extensive.
Aim: The objective of this study was to determine the pathogenicity of Salmonella enterica subspecies enterica 
serovar Enteritidis (SE) phage type (PT) 1 in one-day-old specific pathogen-free (SPF) chicks.
Methods: Seventy, one-day-old SPF chicks, were divided into SE group (30 chicks), mortality group (10 chicks), both 
orally inoculated (1.0 ml) with SE PT1 (1 × 108 colony-forming unit per 1.0 ml), and one control group (30 chicks). 
The chicks were sacrificed at 6 and 12 hours, and days 1, 2, 3, 5, 7, 10, 14, and 21 post-inoculation (pi). Samples were 
collected for bacterial isolation, histological examination, and ultrastructural examination.
Results: Starting from day 2 pi, the body weight in the SE group significantly (p < 0.05) decreased. The SE isolation 
percentages from the liver, spleen, mid-intestinal content, cecal content, cecal tonsil, blood, and cloacal swab were 0.73, 
0.77, 0.33, 0.33, 0.36, 0.40, and 0.30, respectively. The isolation percentage in the liver was significantly (p < 0.05) 
higher than the blood and cloacal swab. The villi heights and crypt depths in the SE group were significantly (p < 0.05) 
greater and smaller, respectively. Ultrastructurally, erosion and necrosis were observed in the microvilli of the cecal 
tonsil. The bacteria were engulfed by macrophages at the interepithelial clefts of the M-like M cells. 
Conclusion: It was concluded that the inoculation of SE PT 1 in one-day-old chicks caused a systemic infection 
with diarrhea, a decrease in the body weight and villi height in the duodenum, jejunum, and ileum, and high bacterial 
loading in the liver with mild gross and histological lesions of organs, erosion, and necrosis of microvilli and low 
mortality. The bacteria entered the body system from the intestinal tract through the interepithelial clefts of the M-like 
M cells of the cecal tonsil.
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to the intestinal function and structure comprising a 
reduction in the length of the epithelial villi and damage 
in the intestinal crypts (Bellido-Carreras et al., 2019). 
This infection initiates activation of the natural killer 
cells accompanied by intraepithelial T cells. Then, 
it leads to macrophage infiltration and activation of 
dendritic cells. Also, there is a proliferation of T cells in 
the spleen and antibody release in the serum (Meijerink 
et al., 2021).
The studies, about this infection, in newly hatched 
chicks, were not extensive (McWhorter and Chousalkar, 
2019). Thus, the investigation of the infection, with 
light microscopy and scanning electron microscopy 
(SEM), would be expected to reveal some consequent 
influences on the function and architectural physique 
of the intestine. Moreover, it might uncover some 
details about the entry mechanism of the microbe and 
the defensive reaction of the host. The objective of this 
study was to determine the pathogenicity of SE PT 1 in 
one-day-old specific pathogen-free (SPF) chicks.

Materials and Methods
Salmonella enterica isolate
Salmonella enterica was isolated from the liver 
samples of commercial broiler chickens in Melaka, 
Malaysia. The method of isolation and identification 
was described by Kyung-Min et al. (2015). In brief, the 
samples were collected in Rappaport–Vassiliadis (RV) 
broth incubated at 37°C for 24 hours and then cultured 
on both xylose lysin deoxycholate (XLD) and brilliant 
green (BG) agar at 37°C for 24 hours. The suspected 
colonies of Salmonella were cultured on urease and 
triple sugar iron (TSI) biochemical test. Positive 
cultures from the biochemical test were then identified 
serologically by Salmonella poly-O antisera using slide 
agglutination test (SAT).
Phage typing
Positive SE colonies were characterized by phage 
typing at the Laboratory of Enteric Pathogens Center 
for Infections Institute, 61 Colindale Avenue, London, 
UK by the method described by Demczuk et al. (2003). 
A loopful of frozen nutrient broth was cultured on 
nutrient agar at 37°C for 24 hours. Positive colonies 
were incubated in blood agar (BA) culture at 37°C for 
24 hours. The colonies from BA were inoculated into 
3 ml of phage broth for 2 hours with vigorous shaking. 
The phage broth was then poured on a phage agar plate 
after the removal of excess broth. Next, bacteriophages 
were left overnight to dry at room temperature. The 
phage lysis pattern of cultures was evaluated according 
to Demczuk et al. (2003) scheme. It was identified that 
the three samples were SE PT 1.
Serotyping 
Salmonella polyvalent O (A–I, Vi) antiserum was 
used at room temperature. Some bacterial growth 
was emulsified and examined under light microscopy. 
Clumping, of Salmonella polyvalent O antiserum 

represented a positive result. Positive colonies were 
tested with monovalent group D antiserum. Positive 
growth of group D antisera was tested with H antisera 
by adding 1 ml of solid nutrient agar. The agar was 
melted by boiling water, and incubated in a water 
bath for 30 minutes at 45°C. 10 μl of heterologous H 
antiserum was added, shaken, and left to solidify. Heavy 
suspensions of the bacterial growth and normal saline 
were streaked and incubated overnight at 37°C. Using 
a loop, a speck of the bacterial growth was emulsified 
with normal saline. Then, 10 μl of H antiserum was 
mixed. Clumping was considered a positive result for 
SE (Vandepitte et al., 2003). 
Inoculum preparation
SE was cultured with nutrient broth on nutrient agar 
and incubated for 24 hours at 37°C. The cultures 
were transferred to BA, incubated for 24 hours at 
37°C, harvested, and suspended in normal saline, and 
eventually an inoculum of 1 × 108 colony-forming unit 
(cfu) per 1.0 ml was prepared.
SPF chicks
SPF embryonated chick eggs were incubated in Siam 
Incubator System, Thailand, and allowed to hatch. 
One-day-old chicks were provided with water and an 
antibiotic-free ration at all times.
Experimental design
Seventy, one-day-old SPF chicks were divided into three 
groups, namely SE group (30 chicks), control group (30 
chicks), and mortality group (10 chicks). Chicks in SE 
and mortality groups were infected orally with 1.0 ml 
of 1 × 108 cfu per 1.0 ml of SE while the chicks of the 
control group were not infected. Sampling was carried 
out on the SE group at hours 6 and 12, and on days 1, 
2, 3, 5, 7, 10, 14, and 21 post-inoculation (pi). Samples 
of liver, spleen, mid-intestinal contents, cecum, cecal 
tonsils, and cloacal swabs were collected and incubated 
in RV broth for 24 hours at 37°C for SE isolation. 
Mortality group chicks were not sacrificed but left 
either to record the pathogenicity of the microbe or to 
cause death throughout the trial when the chicks did not 
undergo any disturbance. Clinical signs, body weights, 
and gross lesions were recorded. Samples of liver, 
spleen, duodenum, jejunum, ileum, and cecum were 
fixed in 10% buffered formalin, embedded in paraffin, 
and processed for histopathological examination. Cecal 
tonsils were fixed in 2.5% glutaraldehyde cacodylate 
buffer, pH 7.2 at 4°C for ultrastructural examination by 
SEM.
Bacterial isolation
A loopful of RV broth was cultured onto XLD and BG 
agar and incubated for 24 hours at 37°C. The positive 
black colonies (due to the production of hydrogen 
sulfide) and rounded pink colonies from BG agar were 
then cultured onto TSI and urease for 24 hours at 37°C. 
The positive results from TSI were then transferred to 
BA and incubated for 24 hours at 37°C. The positive 

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com
S. Ahmad et al. Open Veterinary Journal, (2022), Vol. 12(6): 839–850

841

colonies were then tested by SAT using poly-O antisera 
(Kyung-Min et al., 2015).
Morphometric analysis by measurement of villi height 
and crypts depth
The intestinal segments from the duodenum, jejunum, 
and ileum samples were processed and stained with 
hematoxylin and eosin (HE). The tissues were examined 
under light microscopy (Motic BA410) connected with 
a camera (Motic Moticam pro 285A) for determination 
of the villi height and crypt depth using the software 
of motic images plus 2.0 ML. The villi heights and 
the crypt depths were measured from the tip to the 
crypt junction and from the base to the villi junction, 
respectively (Gava et al., 2015) (Fig. 1). Three readings 
were recorded for every collected sample.
Scanning electron microscopy
The cecal tonsil tissues were fixed in 2.5% 
glutaraldehyde cacodylate buffer for 12 hours. Then, 
the tissues were washed with 0.1 M sodium cacodylate 
buffer, fixed with osmium tetroxide for 2 hours at 4°C, 
and washed with 0.1 M sodium cacodylate buffer. The 
next step was dehydration with acetone and run for 
critical point drying. After that, the cecal tonsil tissues 
were mounted with double-sided tape or colloidal 
silver. Eventually, they were coated with gold sputter 
or coater samples and viewed under SEM (Mogana and 
Patchamuthu, 2016).
Statistical analysis
Using IBM Statistical Package for the Social Sciences 
Statistics 25 software, the technique of T-test 

(independent sample) was applied for the result of 
body weight. While for the result of SE isolation, when 
SE was isolated 1(3) (one positive sample out of three 
examined samples), 2(3), or 3(3), the percentages were 
considered 33%, 66%, or 100%, respectively. Hence, 
for the calculation, the values, of SE isolation, were 
considered 0.33, 0.66, or 1.00, respectively. Then, 
one-way analysis of variance (ANOVA) with repeated 
measures was applied. The level of significance was 
considered when p < 0.05.
Ethical approval
All experimental procedures were undertaken in 
accordance with the Research Policy on Animal Ethics 
of Universiti Putra Malaysia.

Results
Body weight
The body weight of the chicks in the SE group was 
fluctuating at the beginning of the experiment. Starting 
from day 2 pi till the end, every time there was an 
increase. The body weight in the SE group was lower 
(p > 0.05) in comparison with the control group before 
day 2 pi. However, it was also significantly lower (p < 
0.05) in comparison with the control group starting 
from day 2 pi till the end of the experiment (Table 1).
The body weight of the chicks in the control group 
increased continuously starting from hour 12 pi till 
the end of the experiment. Starting from day 5 pi 
till the end of the experiment, it was significantly 

Fig. 1. Villi height and crypt depth of the intestine of SPF 
chick. Black arrow (villi height) extending along the villi 
of the duodenum. Red arrow (crypt depth) extending from 
the base to the villi junction. Control group. Day 7 pi. HE 
staining. Bar = 4 μm (40×).

Table 1. Body weight of chick infected with S. enterica  
(SE PT 1) throughout the 21 days experiment.

Time pi
Control group

(Mean ± SEM) g

SE group

(Mean ± SEM) g
Hour 0 pi 42.90 ± 5.00a,c 42.90 ± 5.00a,c

Hour 6 pi 42.90 ± 0.70a,c 38.90 ± 5.00a,c

Hour 12 pi 41.50 ± 2.20a,c 40.80 ± 1.90a,c

Day 1 pi 42.30 ± 6.00a,c 42.90 ± 2.00a,c

Day 2 pi 44.10 ± 2.90a,c 40.20 ± 0.70a,c

Day 3 pi 46.80 ± 3.50a,c 40.70 ± 1.30a,c

Day 5 pi 67.60 ± 5.40a,6 56.40 ± 1.20a,c

Day 5 pi 79.60 ± 2.00a,c 67.00 ± 2.00a,c

Day 10 pi 99.30 ± 6.60a,f 86.00 ± 1.70a,c

Day 14 pi 142.70 ± 5.10a,g 123.00 ± 2.00a,c

Day 21 pi 247.30 ± 15.50a,c 152.50 ± 11.30a,c

The value of body weight was expressed as mean ± standard error 
mean (SEM). 
The letters in the superscript before comma (a and b) indicates that 
the value was significantly different from other value in the same row. 
The letters in the superscript after comma (c, d, e…h) indicate that the 
value was significantly different from the previous value in the same 
column. The level of significance was accepted when p < 0.05.
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greater (p < 0.05) in comparison with the value in the 
time before (Table 1).
Clinical signs
In the SE group, at hour 6 pi, one chick was affected 
with diarrhea, then diarrhea was observed in all chicks 
from hour 12 pi till the end of the experiment. From 
day 2 pi till the end of the experiment, the chicks were 
affected by inappetence. From day 3 pi till the end of 
the experiment, there was a sign of ruffled feathers. 
From day 5 pi till the end of the experiment, there was 
stunting. In the mortality group, all the chicks were 
affected with diarrhea from hour12 till the end of the 
experiment. From day 3 pi till the end of the experiment, 
there were inappetence, ruffled feathers, and stunting.
No abnormal clinical signs were observed in the control 
group.
Gross lesions
In the SE group, at hours 6, 12 pi, and day 1 pi, gross 
lesions were not observed. From day 2 pi till the end of 
the experiment, mild airsacculitis and mild peritonitis 
were recorded in all chicks. Also, from day 2 pi until 
day 21 pi, congestion, in the liver and kidney, was 
observed in some chicks. One chick died on day 3 pi 
and another chick died on day 5 pi. Dead chicks were 
affected by dehydration.
In the control group, no gross lesions were recorded.
Bacterial isolation
Liver
In the SE group, SE was isolated at hours 6, 12 pi from 
the liver tissues (33%). On days 1, 2, and 3 pi, it was 
isolated 100%. On days 5 and 7 pi, it was isolated at 
33%. On day 10 pi, it was isolated 100%. On days 14 
and 21 pi, it was isolated at 33% (Table 2).

Spleen
In the SE group, SE was isolated at hour 6 pi (66%). 
At hour 12, days 1, 3, 5, 7, and 10 pi, it was isolated 
100%. On days 2, 14, and 21 pi, it was isolated at 33% 
(Table 2).
Blood
In the SE group, SE was isolated at hour 6 pi (33%). 
At hour 12 pi, it was isolated 66%. On days 1, 2, and 
7 pi, it was isolated at 66%. On days 3, 5, and 10 pi, it 
was isolated at 33%. On days 14 and 21 pi, it was not 
isolated (Table 2).
Mid-intestinal content
In the SE group, SE was isolated at hour 6 pi (33%). At 
hour 12 pi, it was isolated 100%. On day 1 pi, it was 
isolated at 33%. On day 2 pi, it was isolated at 66%. On 
days 5, 7, and 10 pi, it was isolated at 33%. On day 3 pi, 
it was not isolated (Table 2).
Cecal content
In the SE group, SE was isolated at hour 6 pi (100%). 
At hour 12 pi, days 1 and 2 pi, it was isolated at 66%. 
On days 7 and 21 pi, it was isolated at 33%. It was not 
isolated on days 3, 5, 10, and 14 pi (Table 2).
Cecal tonsil
In the SE group, SE was isolated at hour 6 pi (100%). 
At hour 12 pi, it was isolated 66%. On day 1 pi, it was 
isolated 100%. On days 2, 3, 5, 7, and 14 pi, it was 
isolated at 33%. On day 21 pi, it was isolated at 66% 
(Table 2).
Cloacal swab
In the SE group, SE was isolated at hours 6 and 12 pi 
(66%). On days 1 and 2 pi, it was isolated at 33%. On 
day 3 pi, it was isolated at 66%. On day 10 pi, it was 

Table 2. Isolation of SE from different tissues of chicks from hour 6 till day 21 pi. 

Sample Hr 6 Hr 12 Day 1 Day 2 Day 3 Day 5 Day 7 Day 10 Day 14 Day 21
Total 

positive 
tissues

Liver 2 (3) 2 (3) 3 (3) 3 (3) 3 (3) 2 (3) 2 (3) 3 (3) 1 (3) 1 (3) 22 (30)
Spleen 2 (3) 3 (3) 3 (3) 1 (3) 3 (3) 3 (3) 3 (3) 3 (3) 1 (3) 1 (3) 23 (30)

Intestinal 
contents 1 (3) 3 (3) 1 (3) 2 (3) 0 (3) 1 (3) 1 (3) 1 (3) 0 (3) 0 (3) 10 (30)

Cecum 3 (3) 2 (3) 2 (3) 2 (3) 0 (3) 0 (3) 1 (3) 0 (3) 0 (3) 1 (3) 11 (30)
Cecal tonsil 3 (3) 2 (3) 3 (3) 1 (3) 1 (3) 1 (3) 1 (3) 0 (3) 1 (3) 2 (3) 15 (30)

Blood 1 (3) 2 (3) 2 (3) 2 (3) 1 (3) 1 (3) 2 (3) 1 (3) 0 (3) 0 (3) 12 (30)
Cloacal swabs 2 (3) 2 (3) 1 (3) 1 (3) 2 (3) 0 (3) 0 (3) 1 (3) 0 (3) 0 (3) 9 (30)

Total daily 
positive 
samples

14 (21) 16 (21) 15 (21) 12 (21) 10 (21) 8 (21) 10 (21) 9 (21) 3 (21) 5 (21) 102 (210)

Percentage 67% 76% 71% 57% 47% 38% 47% 42% 14% 23% 49%

SE was not isolated from chicks of the control group and chicks of hour 0 pi. Hr indicates hour pi. Parenthesized numbers indicate the number of 
chicks inoculated with the bacteria.
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isolated at 33%. It was not isolated on days 14 and 21 
pi (Table 2).
Statistical analysis for the result of isolation of SE from 
different tissues of chicks from hour 6 till day 21 pi
One-way ANOVA with repeated measures was applied 
on the result of the isolation of SE from different tissues 
of the chicks from hour 6 till day 21 pi to determine 
the overall mean and standard error of the mean for the 
isolation of SE 10 times in the liver, the overall mean 
for the isolation of SE 10 times in spleen, the overall 

mean for the isolation of SE 10 times in mid-intestinal 
content, and so on. There were significances (p < 0.05) 
for the differences obtained when the mean of the liver 
was compared with the mean of blood and also when 
the mean of the liver was compared with the mean of 
the cloacal swab (Tables 3 and 4).
Villi height
Duodenum
The villi height in the duodenum of the SE group was 
rising throughout the experiment. But there was a drop 

Table 3. Overall means and SEM for isolation of S. enterica (SE PT 1) 10 times from 
different tissues of chicks from hour 6 till day 21 pi.

Tissue Mean SEM
95% Confidence interval

Lower bound Upper bound
Liver 0.73 0.08 0.54 0.92

Spleen 0.77 0.10 0.54 0.99
Mid intestinal content 0.33 0.10 0.11 0.56

Cecal content 0.33 0.10 0.11 0.56
Cecal tonsil 0.36 0.12 0.10 0.63

Blood 0.40 0.08 0.21 0.58
Cloacal swab 0.30 0.09 0.09 0.50

When SE was isolated 1 (3), 2 (3), or 3 (3), the percentages were 33%, 66%, or 100%, respectively. For 
calculation, it was considered 0.33, 0.66, or 1.00, respectively.

Table 4. Comparison of overall means for isolation of S. enterica (SE PT 1) 10 times from different tissues with each other for 
chicks from hour 6 till day 21 pi. 

(I) tissue (J) tissue
Mean 

difference 
(I–J)

SEM
Sig.

95% Confidence interval for difference

Lower bound Upper bound

Liver

Spleen −0.04 0.09 1.000 −0.43 0.36
Mid intestine 0.40 0.11 0.113 −0.06 0.86

Cecal con 0.40 0.11 0.113 −0.06 0.86
Cecal tonsil 0.37 0.14 0.517 −0.20 0.93

Blood 0.33a 0.07 0.023 0.04 0.63
Cloacal swab 0.43a 0.09 0.016 0.07 0.80

Spleen

Liver 0.04 0.09 1.000 −0.36 0.43
Mid intestine 0.43 0.12 0.131 −0.08 0.95

Cecal con 0.43 0.12 0.131 −0.08 0.95
Cecal tonsil 0.40 0.16 0.768 −0.28 1.08

Blood 0.37 0.09 0.066 −0.02 0.76
Cloacal swab 0.47 0.11 0.054 −0.01 0.94

Mid-intestinal

Liver −0.40 0.11 0.113 −0.86 0.06
Spleen −0.43 0.12 0.131 −0.95 0.08

Cecal content 0.00 0.00 . 0.00 0.00
Cecal tonsil −0.03 0.11 1.000 −0.47 0.41

Blood −0.07 0.07 1.000 −0.34 0.21
Cloacal swab 0.03 0.10 1.000 −0.40 0.47

Contiuned
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on day 2 pi. The height was significantly (p < 0.05) 
greater than the height in the previous time of tissue 
collection of the same group at hour 6, days 1 and 2 
pi. The villi height in the SE group was significantly 
(p < 0.05) smaller than the height in the control group 
from day 2 pi till the end with the exception of day 7 
pi (Table 5).
The villi height in the control group was significantly 
(p < 0.05) greater than the height in the previous time at 
hour 6, days 1,3, 5, 7, 10, and 21 pi (Table 5).
Jejunum
The villi height in the jejunum of the SE group was 
rising every time apart from days 1 and 3 pi. The height 
was significantly (p < 0.05) greater than the height in 
the same group (SE) at hour 6 days 1 and 2 pi. The villi 
height in the control group increased every time apart 
from day 3 pi. The height was significantly (p < 0.05) 
greater than the height in the same group (control) at 

hour 6, days 1, 2, 3, 5, 10, and 21 pi. When the height 
value in the SE group was compared with the height in 
the control group, it was significantly (p < 0.05) smaller 
than the height in the control group on days 1, 2, 3, 5, 
and 10 pi (Table 6).
Ileum
The villi height in the ileum of the SE group was 
fluctuating, in other words, sometimes, it increased 
and sometimes it decreased in comparison with the 
measurement of the time before. However, only on 
day 2 pi, there was a significant (p < 0.05) increase. 
When the height value in the SE group was compared 
with the height in the control group, it was significantly 
(p < 0.05) greater in the control group only on days 
1 and 10 pi. The villi height in the control group 
increased significantly (p < 0.05) more than the height 
in the previous time in the control group only at hour 6, 
days 2, 10, and 21 pi (Table 7).

(I) tissue (J) tissue
Mean 

difference 
(I–J)

SEM
Sig.

95% Confidence interval for difference

Lower bound Upper bound

Cecal

Liver −0.40 0.11 0.113 −0.86 0.06
Spleen −0.43 0.12 0.131 −0.95 0.08

Mid intestinal con. 0.00 0.00 . 0.00 0.00
Cecal tonsil −0.03 0.11 1.000 −0.47 0.41

Blood −0.07 0.07 1.000 −0.34 0.21
Cloacal swab 0.03 0.10 1.000 −0.40 0.47

Cecal tonsil

Liver −0.37 0.14 0.517 −0.93 0.20
Spleen −0.40 0.16 0.768 −1.08 0.28

Mid-intestinal con. 0.03 0.11 1.000 −0.41 0.47
Cecal tonsil 0.03 0.11 1.000 −0.41 0.47

Blood −0.03 0.11 1.000 −0.47 0.41
Cloacal swab 0.07 0.11 1.000 −0.39 0.52

Blood

Liver −0.33a 0.07 0.023 −0.63 -0.04
Spleen −0.37 0.09 0.066 −0.76 0.02

Mid-intestinal cont. 0.07 0.07 1.000 −0.21 0.34
Cecal content 0.07 0.07 1.000 −0.21 0.34
Cecal tonsil 0.03 0.11 1.000 −0.41 0.47

Cloacal swab 0.10 0.10 1.000 −0.32 0.51

Cloacal swab

Liver −0.43a 0.09 0.016 −0.80 −0.07
Spleen −0.47 0.11 0.054 −0.94 0.01

Mid-intestinal cont. −0.03 0.10 1.000 −0.47 0.40
Cecal content −0.03 0.10 1.000 −0.47 0.40
Cecal tonsil −0.07 0.11 1.000 −0.52 0.39

Blood −0.10 0.10 1.000 −0.51 0.32

Based on estimated marginal means.
a The mean difference is significant at the 0.05 level. 
Sig. stands for significance. When Salmonella was isolated 1 (3), 2 (3), or 3 (3), the percentages were 33%, 66%, or 100%, respectively. For 
calculation, it was considered 0.33, 0.66, or 1.00, respectively.
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Crypt depth
Duodenum
The crypt depth in the duodenum of the SE group was 
significantly (p < 0.05) greater than the depth in the 

duodenum of the control group at hour 6 and day 7 
pi. The crypt depth in the SE group was significantly 
greater than the previous value in the same group (SE) 
at hours 6, 12, days 2, 3, 10, 14, and 21 pi. The crypt 

Table 5. Villi height in the duodenum of chicks infected 
with S. enterica (SE PT 1) from hour 0 till day 21 pi.

Time Control group 
(Mean ± SEM, μm)

SE group  
(Mean ± SEM, μm)

Hour 0 91.80 ± 3.50a,c 91.80 ± 3.50a,c

Hour 6 272.00 ± 38.00a,d 250.00 ± 36.00a,d

Hour 12 280.00 ± 20.00a,d 306.00 ± 60.00a,d

Day 1 577.00 ± 176.00a,e 386.00 ± 14.00a,e

Day 2 621.00 ± 22.00a,e 346.00 ± 14.00b,f

Day 3 645.00 ± 70.00a,f 385.00 ± 47.00b,f

Day 5 891.00 ± 50.00a,g 545.00 ± 159.00b,f

Day 7 721.00 ± 50.00a,h 645.00 ± 56.00b,f

Day 10 960.00 ± 122.00a,i 543.00 ± 209.00b,f

Day 14 1,116.00 ± 61.00a,i 640.00 ± 141.00b,f

Day 21 1,234.00 ± 41.00a,j 776.00 ± 130.00b,f

The value of villi height was expressed as mean ± standard error 
mean (SEM).
 The letters in the superscript before comma were different (either a 
or b), which indicated that the value was significantly different from 
other values in the same row. When the letters in the superscript after 
the comma were different (c, d, e…j), it indicated that the value was 
significantly different from the previous value in the same column. 
The level of significance was accepted when p < 0.05.

Table 6. Villi height in jejunum of chicks infected with S. 
enterica (SE PT 1) from hour 0 till day 21 pi. 

Time Control group 
(Mean ± SEM, μm)

SE group  
(Mean ± SEM, μm)

Hour 0 117.00 ± 14.00a,c 117.00 ± 14.00a,c

Hour 6 192.00 ± 41.00a,d 228.00 ± 91.00a,d

Hour 12 230.00 ± 37.00a,d 243.00 ± 25.00a,d

Day 1 360.00 ± 31.00a,e 203.00 ± 10.00a,e

Day 2 470.00 ± 62.00a,f 275.00 ± 47.00b,f

Day 3 343.00 ± 14.00a,g 262.00 ± 15.00b,f

Day 5 473.00 ± 64.00a,h 318.00 ± 84.00b,f

Day 7 485.00 ± 48.00a,h 444.00 ± 37.00b,f

Day 10 670.00 ± 31.00a,i 493.00 ± 86.00b,f

Day 14 693.00 ± 90.00a,i 505.00 ± 177.00b,f

Day 21 908.00 ± 99.00a,j 772.00 ± 155.00b,f

The value of villi height was expressed as mean ± standard error 
mean (SEM).
When the letters in the superscript before comma were different 
(either a or b), it indicated that the value was significantly different 
from other values in the same row. When the letters in the superscript 
after comma were different (c, d, e…j), it indicated that the value was 
significantly different from the previous value in the same column. 
The level of significance was accepted when p < 0.05.

Table 7. Villi height in ileum of chicks infected with S. 
enterica (SE PT 1) from hour 0 till day 21 pi. 

Time Control group 
(Mean ± SEM, μm)

SE group  
(Mean ± SEM, μm)

Hour 0 119.00 ± 6.00a,c 119.00 ± 6.00a,c

Hour 6 234.00 ± 44.00a,d 214.00 ± 112.00a,c

Hour 12 248.00 ± 48.00a,d 211.00 ± 25.00a,c

Day 1 240.00 ± 8.00a,d 200.00 ± 26.00b,c

Day 2 296.00 ± 54.00a,e 293.00 ± 20.00a,d

Day 3 360.00 ± 115.00a,e 286.00 ± 63.00a,d

Day 5 428.00 ± 193.00a,e 328.00 ± 90.00a,d

Day 7 335.00 ± 77.00a,e 362.00 ± 64.00a,d

Day 10 579.00 ± 9.00a,f 330.00 ± 26.00b,d

Day 14 553.00 ± 155.00a,f 436.00 ± 92.00a,d

Day 21 782.00 ± 37.00a,g 520.00 ± 285.00a,d

The value of villi height was expressed as mean ± standard error 
mean (SEM). 
When the letters in the superscript before comma were different 
(either a or b), it indicated that the value was significantly different 
from other values in the same row. When the letters in the superscript 
after comma were different (c, d, e…g), it indicated that the value 
was significantly different from the previous value in the same 
column. The level of significance was accepted when p < 0.05.

Table 8. Crypts depths in duodenum of chicks infected with 
S. enterica (SE PT 1) from hour 0 till day 21 pi. 

Time Control group 
(Mean ± SEM, μm)

SE group  
(Mean ± SEM, μm)

Hour 0 14.00 ± 2.00a,c 14.00 ± 2.00a,c

Hour 6 26.00 ± 3.00a,d 41.00 ± 10.00b,d

Hour 12 24.00 ± 1.00a,d 26.00 ± 1.00a,e

Day 1 32.00 ± 3.00a,e 37.00 ± 4.00a,e

Day 2 32.00 ± 5.00a,e 28.00 ± 4.00a,f

Day 3 36.00 ± 8.00a,e 36.00 ± 3.00a,g

Day 5 43.00 ± 12.00a,e 39.00 ± 6.00a,g

Day 7 36.00 ± 6.00a,e 46.00 ± 1.00b,g

Day 10 42.00 ± 4.00a,e 34.00 ± 5.00a,h

Day 14 50.00 ± 5.00a,f 42.00 ± 4.00a,i

Day 21 55.00 ± 4.00a,f 54.00 ± 4.00a,j

The value of crypt depth was expressed as mean ± standard error 
mean (SEM). 
When the letters in the superscript before comma were different 
(either a or b), it indicated that the value was significantly different 
from other values in the same row. When the letters in the superscript 
after comma were different (c, d, e…g), it indicated that the value 
was significantly different from the previous value in the same 
column. The level of significance was accepted when p < 0.05.

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com
S. Ahmad et al. Open Veterinary Journal, (2022), Vol. 12(6): 839–850

846

depth in the control group was significantly (p < 0.05) 
greater than the previous value in the control group at 
hour 6, days 1 and 14 pi (Table 8).
Jejunum
The value of the crypt depths in the jejunum of the SE 
group was significantly (p < 0.05) greater than the value 
in the control group on day 7 pi. The crypt depth value in 
the SE group was significantly (p < 0.05) greater than the 
previous value in the SE group at hour 6 and day 21 pi. The 
crypt depth value in the control group was significantly 
(p < 0.05) greater than the previous value in the control 
group at hour 6, days 1, 10, 14, and 21 pi (Table 9).
Ileum
The value of the crypt depths in the ileum of the SE 
group was significantly (p < 0.05) smaller than the value 
in the control group at hour 12 pi. The crypt depth value 
in the SE group was significantly (p < 0.05) greater 
than the previous value in the SE group at hours 6, 12, 
and day 3 pi. The crypt depth in the control group was 
significantly (p < 0.05) greater than the previous value 
in the control group at hour 6, and day 21 pi (Table 10).
Microscopic lesions
In the liver, there was mild heterophilic infiltration 
and fatty degeneration at hour 6 pi. Then at hour 12 pi, 
there was congestion. On days 1, 2, and 3 pi, there was 
mild to moderate congestion, fatty degeneration, and 
heterophilic infiltration. On days 5, 7, 10, 14, and 21 
pi, there were necrosis, inflammatory cell infiltration, 
and congestion.
In the spleen, there was congestion at hour 6 and 12 
pi. Then on days 1 and 2 pi, there were heterophilic 

infiltration and congestion. On days 3, 5, and 7 pi, there 
were heterophilic infiltration, edema, and congestion. 
On days 10, 14, and 21 pi, there were some hyperplasia 
and edema.
In the bursa of Fabricius, at hours 6, 12, days 1, 2, and 3 
pi, there were degeneration and congestion. From day 5 
pi until the end of the experiment, there were congestion, 
necrosis, and thickening in the interfollicular area.
In the duodenum, at hours 6 pi, there were mild 
heterophilic infiltration and congestion. At hour 12 
pi, there were congestion and necrosis. On days 1, 2, 
3, and 5 pi, there were more heterophilic infiltration, 
congestion, and necrosis. On days 7, 10, 14, and 21 pi, 
there were inflammatory cell infiltration and necrosis.
In the jejunum, at hours 6 and 12 pi, there were heterophilic 
infiltration and congestion. On days 1, 2, and 3 pi, necrosis 
was observed. On days 5, 7, 10, and 21 pi, the same 
previous lesions persisted. In the ileum, at hours 6 and 
12 pi, there was mild heterophilic infiltration. From day 
1 pi till the end of the experiment, there were heterophilic 
infiltration, congestion, and necrosis.
In the cecum, at hours 6 and 12 pi, there was mild 
heterophilic infiltration in the lamina propria. On days 1, 2, 
and 3 pi, some mild congestion and moderate heterophilic 
infiltration in the lamina propria were recorded. On days 
5, 7, 10, 14, and 21 pi, necrosis was detected. On day 
5 pi, moderated heterophilic infiltration, congestion, and 
necrosis in the lamina propria were detected. On days 7, 
10, 14, and 21 pi, moderated heterophilic infiltration in 
the lamina propria and muscular layer beside necrosis of 
the epithelial cells.

Table 9. Crypts depths in jejunum of chicks infected with S. 
enterica (SE PT 1) from hour 0 till day 21 pi. 

Time Control group 
(Mean ± SEM, μm)

SE group  
(Mean ± SEM, μm)

Hour 0 10.00 ± 1.00a,c 10.00 ± 1.00a,c

Hour 6 29.00 ± 7.00a,d 35.00 ± 4.00a,d

Hour 12 30.00 ± 1.00a,d 26.00 ± 1.00b,d

Day 1 24.00 ± 2.00a,e 21.00 ± 2.00a,d

Day 2 27.00 ± 2.00a,e 26.00 ± 1.00a,d

Day 3 29.00 ± 5.00a,e 29.00 ± 1.00a,d

Day 5 36.00 ± 7.00a,e 29.00 ± 1.00a,d

Day 7 27.00 ± 2.00a,e 42.00 ± 1.00b,d

Day 10 42.00 ± 4.00a,f 37.00 ± 2.00a,d

Day 14 40.00 ± 4.00a,g 37.00 ± 3.00a,d

Day 21 49.00 ± 6.00a,h 50.00 ± 5.00a,e

The value of crypt depth was expressed as mean ± standard error 
mean (SEM).
When the letters in the superscript before comma were different 
(either a or b), it indicated that the value was significantly different 
from other values in the same row. When the letters in the superscript 
after comma were different (c, d, e…g), it indicated that the value 
was significantly different from the previous value in the same 
column. The level of significance was accepted when p < 0.05.

Table 10. Crypts depths in ileum of chicks infected with S. 
enterica (SE PT 1) from hour 0 till day 21 pi. 

 Control group 
(Mean ± SEM, μm)

SE group  
(Mean ± SEM, μm)

Hour 0 10.00 ± 1.00a,c 10.00 ± 1.00a,c

Hour 6 32.00 ± 1.00a,d 28.00 ± 3.00a,d

Hour 12 30.00 ± 5.00a,d 20.00 ± 5.00b,e

Day 1 24.00 ± 1.00a,d 24.00 ± 1.00a,e

Day 2 25.00 ± 2.00a,d 25.00 ± 2.00a,e

Day 3 29.00 ± 8.00a,d 32.00 ± 2.00a,f

Day 5 37.00 ± 6.00a,d 32.00 ± 2.00a,f

Day 7 32.00 ± 2.00a,d 31.00 ± 3.00a,f

Day 10 34.00 ± 4.00a,d 38.00 ± 7.00a,f

Day 14 33.00 ± 5.00a,d 38.00 ± 3.00a,f

Day 21 45.00 ± 4.00a,e 47.00 ± 9.00a,f

The value of crypt depth was expressed as mean ± standard error 
mean (SEM). 
When the letters in the superscript before comma were different 
(either a or b), it indicated that the value was significantly different 
from other values in the same row. When the letters in the superscript 
after comma were different (c, d, e…g), it indicated that the value 
was significantly different from the previous value in the same 
column. The level of significance was accepted when p < 0.05.

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com
S. Ahmad et al. Open Veterinary Journal, (2022), Vol. 12(6): 839–850

847

Dead chicks
On days 3 and 5 post-challenged, severe infiltration of 
inflammatory cells, congestion, and multiple areas of 
focal coagulative necrosis were observed in the hepatic 
tissue of the dead chicks. Also, increased lymphocytic 
activity was recorded in the spleen tissue. The intestine 
was severely autolyzed. The bursa of Fabricius tissue 
was congested and infiltrated by heterophils. The 
interfollicular tissue was thickened, whereas, the 
lymphoid follicles were invaded by focal areas of 
necrosis.
Scanning electron microscopy
Hours 6 and 12 pi
There was some roughening in the microvilli of the cecal 
tonsils and macrophage engulfment of some individual 
or bacterial clusters near the interepithelial clefts.

Day 2 pi
The microvilli surface was affected by erosion and 
necrosis. Bacterial infiltration through the erosions and 
bacterial engulfment by the microphage were observed 
(Figs. 2–4).
Days 5, 7, and 21 pi
There were necrosis and sloughing of the microvilli 
of the cecal tonsil’s surface. Some individual bacteria 
were detected approaching the M-like M cells of the 
microvilli of the cecal tonsils (Fig. 5).

Discussion
The study demonstrated that the oral inoculation of 
1.0 ml of SE PT 1 with a dose of 1 × 108 cfu/1.0 ml 
in one-day-old SPF chicks resulted in a moderate 
infection. In addition, some morphometric alterations 
were detected in the villi height and crypt depth of 
the intestine. The technique for typing Salmonella in 
this study, phage typing, is a phenotypical technique 
that has been applied for a long time. It is a rapid and 
low-cost technique (Mohammed, 2017). Whereas 
the technique itself necessitates specialized phage 
collections and bacterial strains for propagation. 
Thus, it is solely carried out in a limited number of 
laboratories (Bertrand et al., 2012). It was reported 
that the use of temperate phage 1, from the phage 
typing conducted by Ward et al. (1987), resulted in the 
conversion of PTs 1–20 (Rankin and Platt, 1995). In 
general, such a technique is unstable due to its limited 
reproducibility (Bertrand et al., 2012).
There were 2 (6%) dead chicks. However, in a study 
conducted by Lima et al. (2016), it was found that the 

Fig. 2. Cecal tonsil of SPF chicks. Control group, cecal tonsil 
microvilli. Day 2 pi. SEM. Bar = 2 μm.

Fig. 3. Cecal tonsil of SPF chicks. SE group. Hour 12 pi. 
Cecal tonsil. Salmonella enterica (SE PT 1) (white arrow) 
attacked by macrophage (black arrow). SEM. Bar = 5 μm.

Fig. 4. Cecal tonsil of SPF chicks. SE group. Microvilli 
necrosis (black arrow). Macrophage approaching the S. 
enterica (SE PT 1) (white arrow). SEM. Bar = 2 μm.
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mortality rate, in one-day-old chicks experimentally 
infected with different strains of SE, was 69.5%. Also, 
in an outbreak of Salmonella in many poultry farms in 
four states in Nigeria, the mortality rate was ranging 
from 40% to 80% (Mshelbwala et al., 2017). While, 
in a study, conducted by Fernández et al. (2001), one-
day-old chicks were inoculated with SE PT 4, and the 
mortality rate was 23%.
The huge difference in the mortality rate between the 
chicks in this study and the chicks in other cited studies 
could be attributed to the differences in the virulence 
of different SE PTs (Dhillon et al., 2001), and different 
serovars (Cheng et al., 2019).
The body weight value, of the chicks in this study, 
was significantly (p < 0.05) smaller in the SE group 
than the body weight value in the control group from 
day 2 pi till the end of the experiment. On day 21 pi, 
the body weight in the control group reached a peak, 
which was greater by 39% than the body weight in the 

SE group. Such reduction in the body weight of the 
infected chicks might be due to profuse diarrhea. The 
significantly lower values of body weight in the SE 
group in comparison with the control group reflected 
the economic importance of SE infection with respect to 
commercial loss which could affect the farms' broilers.
In a research conducted by Alisantosa et al. (2000), the 
body weights in 15 groups of one-day-old SPF chicks 
were recorded on 14, 21, and 28 days pi of SE PTs 4, 8, 
and 23. It was found that in the majority of the groups, 
the average body weights were significantly lower than 
the uninoculated controls. Also, Dhillon et al. (1999) 
and Fernández et al. (2001) found a decrease in the 
body weights with percentages ranging from 10% to 
24% in Salmonella inoculated newly hatched chicks 
compared with uninoculated chicks.
Since the surface area of the small intestine is 
significantly enhanced by the presence of villi and 
microvilli (Kiela and Ghishan, 2016). So, the intestinal 
function can be evaluated with the villi height, cell area, 
and cell mitosis (Yamauchi et al., 1996). However, 
the villi are covered with columnar epithelial cells or 
enterocytes at the tip. These are mostly absorptive cells, 
whereas crypt cells are generally regarded as secretory. 
Furthermore, most of the nutrient transport occurs in the 
small intestine (Kiela and Ghishan, 2016). In this study, 
the villi height in the duodenum of the control group 
started to increase and became greater significantly (p < 
0.05) than the height of the villi in the SE group from 
day 2 pi till the end of the experiment apart from day 7 
pi. The villi height in the jejunum of the control group 
was greater significantly (p < 0.05) than the height of 
the villi in the SE group on days 1, 2, 3, 5, and 10 pi. 
In the ileum, the villi heights were greater significantly 
(p < 0.05) on days 1 and 10 pi than the height of the villi 
in the SE group.
The depth, of the crypt in the duodenum of the control 
group, was smaller significantly (p < 0.05) than the 
depth of the crypts in the duodenum of the SE group at 
hour 6 and day 7 pi. In the jejunum, the crypt depth, in 
the control group, was smaller significantly (p < 0.05) 
than the crypt depth of the SE group at hour 12 and 
day 7 pi. However, in the ileum, the crypt depth in the 
control group was also smaller significantly (p < 0.05) 
than the crypt depth in the ileum of the SE group at 
hours 6 and 12 pi.
The results of villi height and crypt depth in this study 
indicated that the intestinal absorption in the SE group 
decreased. In contrast, the secretion of crypts in the 
SE group increased. However, in one previous study 
conducted by Rebollada-Merin et al. (2020), in which 
7-day-old chicks were challenged with 3.3 × 105 cfu/
ml of the monophasic variant of colistin-resistant S. 
typhimurium, the duodenum villi heights were found 
slightly lower (539.81 μm) on day 7 of life, higher (896.95 
and 1,208.45 μm) on days 14 and 21 of life, respectively. 
The values obtained in the study of Rebollada-Merin 
et al. (2020), were also smaller than the values in the 

Fig. 5. Cecal tonsil of SPF chicks. (a) Control group on day 
5 pi. (b) SE group. Bacterial rod (black arrow) multiplying 
on microvilli surface of the Cecal tonsil upon M-like M cell 
(white arrow). Day 5 pi. SEM. Bar = 10 μm.
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control of the present study. In addition, in the study 
of Rebollada-Merin et al. (2020), the duodenum crypt 
depths were found greater (78.14, 93.91, and 128.09 
μm) on days 7, 14, and 21 of life, respectively. However, 
greater values in the study of Rebollada-Merin et al. 
(2020), in comparison with this study, were expected 
since the chicks in their study were challenged too late in 
comparison with the chicks in this study. 
In this study, SE was not isolated from the blood on days 
14 and 21 pi. It might be an indication of some clearance 
of the microbe from the blood. However, Buck et al. 
(2004) found that fimD mutant of SE PT 4 was present 
in the blood for 3 weeks after infection of laying hens 
(ISA Warren Brown) at the age of 19 weeks. Whereas, 
the wild-type parent strain of the microbe was cleared 
from the blood within the first 3 days. 
Using SEM, SE PT 1 was detected in the tissue of the 
cecal tonsil at hour 6 pi. The bacteria were engulfed 
by the macrophages at the interepithelial clefts of 
the M-like M cells of the cecal tonsil which might 
provide a suggestion about the route of entry of the 
bacteria from the intestine to the body system. The 
bacteria also caused some erosion and necrosis of the 
microvilli which definitely lead to the disturbance 
and decreased absorption of the feed materials and 
some reduction in the body weight of the chicks. 
The significant reduction in the body weight of the 
SE group in comparison with the control group might 
also be due to diarrhea and a decrease in villi heights 
of the duodenum, jejunum, and ileum.
The result of SEM supported some previous 
studies that M cells were the target cells invaded by 
Salmonella typhi and S. typhimurium (Jepson and 
Clark, 2001). Another action, induced by Salmonella, 
was programmed cell death in the macrophage (Bruno 
et al., 2009). Furthermore, Huang et al. (2020) reported 
that Salmonella crossed the intestinal epithelium. 
Then it was engulfed by some phagocytic cells such as 
dendritic cells and macrophages.
It was recommended in future studies to subtype the 
causative agent, SE PT 1, with a more sophisticated, 
stable, and accurate technique.

Conclusion
It was concluded that the inoculation of SE PT 1 in 1-day-
old chicks caused a systemic infection with diarrhea and a 
decrease in body weight and villi height in the duodenum, 
jejunum, and ileum, and high bacterial loading in the liver 
with mild gross and histological lesions of organs, erosion, 
and necrosis of microvilli and low mortality. The bacteria 
were engulfed by macrophages at the interepithelial clefts 
of the M-like M cells of the cecal tonsil and entered the 
body system from the intestinal tract.
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