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ABSTRACT

Subclinical infections are common in the poultry industry such as Clostridium perfringens-induced necrotic enteritis
and Marek’s disease. This study aims to determine the prevalence of subclinical necrotic enteritis caused by C.
perfringens and Marek’s disease. For C. Perfringens, 100 blood samples from 20 intensive poultry broiler farms were
collected from June 2020 to September 2020 and analyzed. Upon examining intestinal samples, different degrees of
intestinal lesions were noticed, which varied from normal to severe necrosis based on a 0 to 3 scoring system. The
blood samples were investigated using an ELISA kit to detect the presence of antibodies against C. perfringens. Non-
significant difference was noticed between the different farms and different lesion scores. The prevalence of C.
perfringens in chickens in North Jordan flocks is 14.8%. A significant difference using the chi-square test (P=0.004)
was noted between infected and non-infected farms. Certain farms showed limited cases (1-2 cases), while others
showed higher infections. The prevalence of Marek’s disease was investigated in Amman’s municipality
slaughterhouse and suspected broiler farms located in the Amman region by histopathology and ELISA. For the
subclinical MD investigation, a total of 100 chickens from Amman’s municipality slaughterhouse were examined
where blood samples were tested for antibody presence by ELISA kit together with histopathology, for the clinical
MD investigation, 100 chickens from 10 broiler farms were examined by histopathology and ELISA. Blood samples
collected from clinical and subclinical cases and tested by ELISA showed a 70% prevalence of Marek's Disease. Of
the tissues collected from the slaughterhouse, 30% of the liver samples (average age of 35 days) showed pathological
changes. Microscopic examination of tissues showed pleomorphic cell proliferation in the spleen (23%) and liver
(20%). It was concluded that clinical and subclinical forms of C. perfringens infections and Marek's disease is
prevalent in Jordan.
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INTRODUCTION

Clostridium perfringens (C. perfringens) cause
subclinical necrotic enteritis, usually types A or C and
rarely type D. Outbreaks of necrotic enteritis (NE)
generally occur at 2 to 6 weeks. Duo to the subclinical
disease, there is chronic damage to the intestinal mucosa
of the chickens, which leads to impaired absorption of
nutrients, reduced weight gain, and decreased overall
performance. As a result of these factors, subclinical NE
causes substantial economic losses to the poultry
industry (Kaldhusdal et al. 2016; Emami and Dalloul
2021; Bastamy et al. 2022; He et al. 2022). These losses
are anticipated to be 2 billion dollars annually

(Svobodova et al. 2007; Wang et al. 2017; Khalique et
al. 2020).

The etiological agent of necrotic enteritis (NE) is C.
perfringens, which is a disease of chickens (broiler
breeders, commercial layers, broilers) and turkeys.
Diagnosis of NE is carried out when it results in mortality
and at post-mortem mucosal surface of the small intestine
appears roughened (Shojadoost et al. 2012). Poultry
farmers usually suffer from the greatest economic crunch
due to the subclinical form of NE, which results in
increased FCR and a lower growth rate (Tang et al. 2022).
The clinical form of NE is also sometimes seen in adult
and broiler breeder pullets, adult commercial layer and
pullets, and turkeys (Hardy et al. 2020).
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Acute and chronic necrotic enteritis cost over $2
billion annually (Wu et al. 2010). So many factors
enhance the occurrence of necrotic enteritis caused by C.
perfringens in poultry. Nutritional factors and coccidiosis
are among the most important determinants of NE
occurrence (Moore 2016; Bortoluzzi et al. 2019; Bueno et
al. 2023). Among other factors, aflatoxins in the feed
could enhance the NE occurrence (Samah et al. 2020;
Mehdizadeh et al. 2021). Dietary levels of animal
proteins and other cereal contents can affect necrotic
enteritis incidents. Cereal dietary components may be
more significant because cereals constitute a larger
portion of the diet (lji et al. 2019). Fatalities
accompanying NE differ depending on the degree of
necrotic enteritis severity (Kaldhusdal et al. 2016; Abd EI-
Hack et al. 2022; Du et al. 2023).

C. perfringens have a significant role in human
foodborne disease, as well as in poultry diseases that are
not foodborne (Miyamoto et al. 2006). C. perfringens
enteritis has been reported in most areas of the world and
can adversely affect poultry production systems, resulting
in necrotic enteritis (Hermans and Morgan 2007). This
study aims to investigate the presence of subclinical
necrotic enteritis caused by C. perfringens infection by
testing blood samples of apparently healthy chicken with
antibodies against C. perfringens and estimating the lesion
score caused by this kind of subclinical infection in the
northern part of Jordan.

Marek’s disease is a common avian infection in
chicken flocks worldwide (Birhan et al. 2021). The
Herpes virus is an etiological agent which has three
serotypes (Stamilla et al. 2020). In chicken, Marek’s
disease virus (MDV) causes a variety of pathological
signs and symptoms in poultry (Lopez et al. 2019; Khan et
al. 2021). Marek's disease has three sequential phases;
early cytolytic infection, latent infection, and secondary
cytolytic infection that is followed by immuno-
suppression, and tumor development (Islam et al. 2001;
Gimeno and Schat 2018).

The visual lesions of Marek’s disease were classified

into three classes as per histological criteria i)
reticulosarcoma or lymphosarcoma-like lesions, ii)
lymphogranulomatous type of lesions, and iii)

lymphoblastoid lesions (Khan et al. 2021). According to
Sun and Cui (2007), once Marek’s disease occurred will
increase vulnerability to other diseases or may also lead to
the death of the bird. Khan et al. (2021) reported the
proliferation of infected liver cells that were more
prominent in the interlobular connective tissue,
particularly around the small blood vessels.

At necropsy, gross lesions of Marek’s disease
included lymphomas and hepatomegaly, lymphomas in
various organs (liver, spleen, kidneys, lungs, ovary, heart,
nerves, proventriculus, skin), bursa of Fabricius and
thymus atrophy (Mete et al. 2016; Othman and Aklilu
2019). Histopathological examination of the affected
organs shows polymorphism, fibroblasts, lymphoblasts,
lymphocytes, and penetration of tumorous cells arranged
in constrained or verbose form, first degeneration then
necrosis of liver parenchymal cells, shrinkage of the
hepatic ducts and vacuolar degeneration (Witter et al.
2005; Nabinejad et al. 2013, Mete et al. 2016). Time of
virus exposure along with the bird’s age, genetic factors,
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and immune response can influence the clinical
expression of Marek’s disease and lymphoma presence.
Broiler chicks of all ages are vulnerable to Marek’s
disease, but the occurrence of lymphomas is minimal in
old-age birds (Abreu et al. 2016).

Though in advanced stages/clinical form, gross
lesions are sufficient for the diagnosis of Marek's disease,
however, for subclinical disease, researchers have used
various tests for the diagnosis of Marek's disease
including ELISA, PCR, real-time PCR, ¢PCR,
histopathology, and immunohistochemistry (Mete et al.
2016; Gall et al. 2018; Tambiev et al. 2021; Zelnik 2021;
Akhila et al. 2022; Viet Thu et al. 2022). Every technique
has its own merits and demerits. Kumar et al. (2016)
reported ELISA, particularly dot-ELISA proved to be a
specific, rapid, and inexpensive technique for detecting
Marek's disease virus.

MATERIALS AND METHODS

Animal Ethics

The Scientific Research Council of the University of
Jordan approved the experiment's protocols vide number
(135/2022). Animals were reared and treated per the EU
Directions 2010/63/EU.

Samples Collection

This study was conducted in northern Jordan. Five
birds (age 30 days) were randomly selected from 20
broiler farms. All the farms had no history of vaccination
against C. perfringens. Blood samples for C. perfringens
were collected using EDTA tubes, blood was centrifuged,
and plasma was kept at -20°C refrigerator until testing;
lesion scoring was done after blood collection and
sacrificing of the chicken humanly.

For clinically Marek’s Disease, poultry farms with
some signs such as anorexia, weight loss, diarrhoea,
drooping of the limb, and torticollis, a total of 100 alive
chickens were randomly selected from 10 broiler farms
for histopathology and ELISA examination. Additionally,
broiler meat production in Amman’s municipality
slaughterhouse in Jordan is about 30,000 chicken/day,
which was used to study subclinical Marek’s Disease. For
subclinical Marek’s disease investigation, a total of 100
chickens were randomly selected for the collection of
blood samples and tissue samples such as liver and spleen,
Organs were processed for histopathology and serum
harvested from blood was used for ELISA.

Blood samples for Marek’s disease were collected
before slaughter, via wing veins. About 3.5mL of blood
was collected containing ethylenediamine tetra-acetic acid
(EDTA). Tissue samples were preserved in 10% formalin
and transported to Jordan’s university histopathology lab.
Tissue specimens were 100 each of liver, spleen, and
sciatic plexuses, which were labelled with complete
information. Sample size was determined according to
Nabinejad (2013).

ELISA Assay for C. Perfringens

The kit used in this experiment was bought from
Abbexa Ltd (Cambridge, United Kingdom). This kit is
based on sandwich enzyme-linked immune-sorbent assay
technology. A 96-well plate has been pre-coated with an



antibody specific to C. perfringens. Controls or test
samples were added to the appropriate wells and
incubated at 37°C for 30 min. Free components are
washed away with a wash buffer. HRP conjugated
detection reagent is added to the wells. TMB substrate is
used to visualize HRP enzymatic reaction. TMB is
catalyzed by HRP to produce a blue color product that
changes into yellow after adding an acidic stop solution.
The intensity of the color yellow is proportional to the C.
perfringens  amount  bound on the plate.
Spectrophotometrically, OD absorbance is measured at
450 nm in a microplate reader, and the occurrence of C.
perfringens is determined.

ELISA Assay for Marek’s Disease

The kit used for Marek’s disease in this experiment
was bought from Shenzhen Lvshiyuan Biotechnology Co.,
Ltd. The Avian Marek's disease antibody ELISA Kit is
based on an indirect enzymatic immunoassay (Indirect
ELISA). The purified MDV antigen is coated on plates.
When testing, added the diluted serum sample, after
incubation, if the serum sample contains specific
antibodies against MDV, they will bind to the antigen
coated on plates. Washed the unbound antibodies and
other components. Then added a specific enzyme
conjugate, which will combine the antigen-antibody
combination on plates. After incubation and washing,
discarded the uncombine enzyme conjugate; added the
TMB substrate. On appearing a colorimetric reaction,
added stop solution, measured OD value by a
spectrophotometer (450 nm).

Lesion Scoring for Clostridium perfringens Infection

The small intestine was scored for lesions from 0 to
4, where 0 refers to no necrotic enteritis (healthy
manifestation), and 4 refers to a blood-filled intestine with
perforation on the epithelial layer. Two experienced
personnel performed lesion scoring, which had zero
knowledge of the disease being tested in birds (Gharib-
Naseri et al. 2019).

Histopathological Examination

Classical lesions were taken for histopathological
preparation. Hematoxylin and Eosin staining was used to
demonstrate the developmental stages in the cecum.
Tissues sampled were fixed in 10% neutral buffered
formalin, sectioned at 4-5um thicknesses, and stained with
hematoxylin-eosin stain (Hayajneh et al. 2020). Tissue
samples were processed for histological sections using
hematoxylin and eosin staining techniques. Stained slides
were examined under a microscope for the description of
histopathological lesions (Nabinejad et al. 2013).

Statistical Analysis

The collected data for C. perfringens infection were
coded and maintained in an Excel spreadsheet, which was
later transported to SPSS wversion 20 (SPSS Inc.
Chicago). The data were analysed by chi square test. The
collected data for Marek’s disease was analysed by SPSS
version 17 (SPSS Inc. Chicago) by repeated measures
analysis (RMA). Repeated measures of ANOVA were
applied. The treatments and noted variables were
dependent on each other. The variations among group
means were judged significant at the P value at P<0.05.
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RESULTS AND DISCUSSION

Clostridium Perfringens Infection

The prevalence of C. perfringens in chickens in North
Jordan flocks was 14.8%. Some farms showed zero
prevalence of cases, which could be due to the
management system applied in these farms. Comparing
the lesion score between infected farms with the non-
infected farms and the infected farms with each other
revealed significant differences using the chi-square test
(Table 1). Individual farms showed limited cases (1-2
farms), while others showed higher infections (Table 2).

Table 1: The prevalence of Clostridium perfringens in chickens
in North Jordan flocks

Value df P value
Pearson Chi-Square 15.1432 4 0.004
Likelihood Ratio 17.227 4 0.002
Linear-by-Linear Association 13.414 1 0.000
N of Valid Cases 100

a5 cells (50.0%) have an expected count of less than 5. The
minimum expected count is 1.48. The P-value is considered
significant if P<0.05.

Table 2: Gross necrotic enteritis lesions in duodenum, jejunum,
and ileum as a result of Clostridium perfringens infection in
birds

Lesion score % birds affected

0 0
1 16
2 16
3 4

In Jordan, diagnosis of necrotic enteritis is usually
carried out on gross lesions as isolation and identification
of the causative agent is a time-consuming and expensive
process. The prevalence of C. Perfringens of this study
are higher than the results of the study conducted by
Roussan et al. (2009), where the prevalence of C.
continuum in broiler flocks in the southern and northern
areas of Jordan were 4.7 and 7.1%, respectively,
Roussan’s results were based on intestinal swabs collected
from 170 broiler flocks and tested by PCR, which was
statistically significant. The results of this study are truly
positive because vaccination against necrotic enteritis is
not routinely done in Jordan. According to Gharaibeh et
al. (2010), 67 C. perfringens isolates were obtained from
155 broiler chicken flocks.

The present study was conducted from July to
September (summer months), and the prevalence of
subclinical NE was found to be 14.8%. This result agrees
with results from Roussan et al. (2009) in Jordan, who
investigated the prevalence of Clostridium colinum, and
Datta et al. (2013) in Canada and (Timbermont et al.
2011) in Germany, who found that this type of infection is
more common in the summer season, during the summer
times the bedding is wetter than in other seasons.

Application of such ELISA protocol to detect
subclinical necrotic enteritis is well-thought-out a
supportive tool to investigate the health status of poultry
birds and evaluate the effectiveness of anti-clostridial
drugs for clostridial infection control (Duff et al. 2019;
Posthaus et al. 2020). Using ELISA could result in better
diagnosis of NE and then control of subclinical clostridial
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Fig. 1 (a-d): Microphotographs showing various degenerative changes in the liver collected from Marek’s disease affected chickens.
a) Starting of the lesion (arrow) and b-d) visceral form of Marek’s disease in liver showing lymphomatous lesions, mainly consisting
of lymphoblasts, and small to medium-sized lymphocytes proliferation in the area (arrows). H and E; X40. H and E; X40.

Table 3: Macroscopic lesion scoring system

Lesion Score
No observed lesions 0
Necrosis/ulceration 1
Necrosis Stripes (2 to 3cm long) 2
Diffused necrosis (characteristic for field cases) 3

Table 4: Prevalence of clinical and subclinical Marek’s disease
in Jordanian poultry
Clinical Status

Source of blood samples collected
Broiler Farms (n=100) Slaughterhouse (h=100)

No. % No. %
Clinical 100 70 100 70
Subclinical 100 70 100 70

enteritis in broilers as the provision of data by ELISA will
help anti-clostridial drugs to control subclinical NE by
improving FCR and better weight gain (Edvardsen et al.
2020).

In the past, a subclinical form of NE has increased
prevalence, and this might be due to the ban on
antimicrobials used as growth promoters in poultry feed.
In this form of NE, no obvious clinical signs are observed.
There is slow but significant mortality (Du and Guo
2021). There is chronic enteritis that causes substantial
mucosal damage that ultimately results in production
losses anticipated to poor digestive assimilation and
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absorption of nutrients, thus leading to decreased weight
gain and increased FCR (Timbermont et al. 2011; Wang
et al. 2017). There is a consensus that the subclinical
form of the disease is more important than the clinical
form because it may persist in broiler flocks without overt
clinical manifestation, moreover, because of the large
hidden economic costs associated with subclinical
necrotic enteritis (Olkowski et al. 2008; Skinner et al.
2010; Kumar et al. 2021).

Marek’s Disease

Blood samples tested by ELISA for Marek's disease
showed 70% positive in clinical and subclinical samples,
even the same percentage was recorded in blood samples
collected from Slaughterhouse (Table 4). A chicken flock
with more than two months of age demonstrated
seroprevalence of Marek's disease to be 59.11% (Birhan
et al. 2021). Seroconversion and antibody titers were
continually increasing until day 84 after immunization (71
days after challenge) was detected only when chickens did
not develop Marek’s disease, in contrast, birds developing
Marek’s disease having borderline and short-lived
antibody titers (Zelnik et al. 2004). The high prevalence of
Marek’s disease through blood samples could be the result
of the good breeder vaccination quality which kept the
protection through serum antibodies and the broiler



Fig 2: Microphotographs of spleen showing the neoplastic foci
formation and depletion of lymphoid follicles from the germinal
centers (arrows). H and E; X40.

flocks, the use of recombinant vaccines against other viral
diseases in Jordan, that depend on Marek's disease virus
can also explain the high prevalence of Marek's disease
antibodies in the samples tested (Porter 2021).

In the present study, of the tissues collected from
slaughterhouses from Marek's disease-affected birds, 30%
of the liver samples (average age of 35 days) showed
pathological changes. Microscopic examination of tissues
showed pleomorphic cell proliferation in spleens (23%)
and livers (20%). Histopathologically, the liver (Fig. 1)
and spleen (Fig. 2) showed neoplastic cells and
pleomorphic neoplastic lymphoreticular cells. The lesions
in Fig. 1 are comparable with Marek’s disease and similar
to those described by Fodor et al. (2009). Vieira-Pinto et
al. (2003) reported that histopathology could be used to
confirm the presence of Marek’s disease. Marek’s disease
infection in vaccinated birds could be the result of poor
biosecurity (Fossum et al. 2009; Birhane and Fesseha
2020; Akhtar et al. 2023).

Vaccination failure, the existence of a pathogenic
Marek’s disease virus strain, or low genetic resistance to
Marek’s disease, seem to be risk factors (Buscaglia et al.
2004). Zelnik et al. (2004) reported the incidence of
Marek’s disease in vaccinated birds. The gross and
microscopic lesions observed in the current study are in
agreement with Marek’s disease lesions reported in the
published literature (Othman and Aklilu 2019).

In the present study, in some sections, lymphomatous
lesions were found (Fig. 1) which were mainly elongated
and small to medium-sized lymphoblasts and
lymphocytes. Tumor compositions are similar between
organs, but sometimes the involvement may vary
(Stamilla et al. 2020; Khan et al. 2021). Wen et al. (2018)
reported the existence of Marek’s disease virus in the
nucleus of lymphoid tumor cells in the liver with the
presence of Meg Protein. This protein is believed a major
factor that may lead to the development of tumors (Lee et
al. 2000).
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Conclusion

Necrotic enteritis, subclinical in nature, caused by
Clostridium perfringens, is substantially prevalent in
Jordan. These results provide evidence that enteritis
caused by C. perfringens should not be overlooked and
indicate that intervention strategies should be done; a
future study to determine the weight loss and economic
losses caused by such kinds of enteritis, with or without
the presence of other causes of enteritis such coccidiosis
should be made. Vaccination against Marek’s disease is
not routinely done in broiler flocks in Jordan, this study
proves the presence of subclinical disease in broiler flocks
in Jordan, clinical signs are not usually seen, for this
reason, it is recommended to either add measures to
eradicate the disease or vaccinate broiler flocks against
this disease and to reconsider vaccination of broiler
breeder flocks against this disease. Changing the chick’s
genetic strains, vaccination, and better biosecurity levels
are much needed to eliminate Marek’s disease virus.
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