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Abstract 

Background  Heterakis gallinarum (H. gallinarum) is a common poultry parasite that can be found in the ceca of many 
gallinaceous bird species, causing minor pathology and reduced weight gain. Most infections go unnoticed in com‑
mercial flocks due to the dependence on fecal egg counts, which are prone to false-negative diagnoses. Furthermore, 
there is a lack of research on gastrointestinal nematodes that use molecular identification methods, which could 
be essential for rapid diagnosis and developing efficient control approaches. As a result, the study aimed to look 
at the cause of mortality in layer chickens induced by H. gallinarum in Egyptian poultry farms using morphological, 
ultrastructural, and molecular characterization. Histopathological, immunohistochemical, and cell-mediated immune 
responses from damaged cecal tissues were also examined.

Results  Seventy bird samples from ten-layer flocks of different breeds (Native, white, and brown layers) suffering 
from diarrhea, decreased egg output, and emaciation were collected. Cecal samples were collected from affected 
and non-affected birds and were examined for parasitic diseases using light and a scanning electron microscope. 
The mitochondrial cytochrome oxidase 1 (COX1) gene was used to characterize H. gallinarum. Our results showed 
that the collected nematodal worms were identified as H. gallinarum (male and female), further confirmed by COX1 
gene amplification and sequence alignment. Gene expression analysis of the inflammatory markers in infected tissues 
showed a significant up-regulation of IL-2, IFN-γ, TLR-4, and IL-1β and a significant down-regulation of the anti-inflam‑
matory IL-10. The mRNA level of the apoptotic cas-3 revealed apoptotic activity among the H. gallinarum samples 
compared to the control group.

Conclusions  Our results implemented the use of molecular methods for the diagnosis of Heterakis, and this 
is the first report showing the tissue immune response following infection in layers: upregulation of IL-1β, IFN-γ, Il-2, 
and TLR-4, while down-regulation of anti-inflammatory IL-10 in cecal tissue, Cas-3 apoptotic activity and Nuclear 
factor-κB (NF-κB)activity with immunophenotyping of T-cells in Heterakis infected tissue.
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Background
Heterakis are small nematodes belonging to the family 
Heterakidae. Three Heterakis species have been detected 
in domestic birds, identified, and characterized (H. gal-
linarum, H. dispar, and H. isolonche). The size and shape 
of the male spicules are the only morphological features 
that set these species apart from one another [1]. Hete-
rakis gallinarum is found in waterfowl and gallinaceous 
birds such as chicken, turkey, and quail. Heterakis dis-
par is detected in geese and ducks, while H. isolonche is 
prevalent in ducks and identified in turkey, goose, prai-
rie fowl, and quail [2]. Heterakis has a direct life cycle 
in which the eggs are ingested by the host directly. Eggs 
excreted in feces develop into embryos in the environ-
ment within two weeks, or birds can be infected by eating 
earthworms, which identified as a mechanical transport 
host or paratenic host. The disease mainly affects chick-
ens housed in litter or with pasture soil contact [3, 4].

The parasites can cause gastrointestinal problems, ane-
mia, emaciation, and even death in poultry, resulting 
in significant economic losses for the poultry industry. 
Additionally, H. gallinarum is a vector for the protozoan 
Histomonas meleagridis, which causes histomoniasis 
(also known as blackhead disease) that induces massive 
pathological changes in the liver and the gut resulting 
in increased host mortality [5]. Heterakis gallinarum is 
a white, small, round cecal worm that causes minimal 
tissue reaction but, in heavy infection, results in typh-
litis accompanied by petechial hemorrhage and caecal 
mucosa thickening covered with bloody exudate [6, 7].

The prevalence of helminthic parasites has increased 
in layer farms due to floor housing systems [8, 9]. Many 
poultry populations are kept in conventional outdoor 
production systems [10–12].  Previous studies estimated 
a prevalence of up to 100% of parasitic infections in free-
ranging chickens as in Nigeria and South Africa [9, 13].

These nematodes are the most significant gastrointesti-
nal parasites due to their species’ variety and widespread 
geographic distribution [8, 14, 15]. Geographical vari-
ation and flock hygienic measures affect the prevalence 
of H. gallinarum [8, 16, 17]. Poor management practices 
such as high stocking density, inadequate nutrition, cli-
mate, and bad litter conditions increased the H. galli-
narum burden [1, 4]. Additionally, the gold standard for 
identifying nematode infections in animals, is the micro-
scopic finding of nematode ova in feces, but now it is 
insufficient for diagnosing parasitic infections in poultry 
because H. gallinarum ova are nearly identical to those 
of Ascaridia galli [18]. Furthermore, due to the diurnal 
shifting pattern of H. gallinarum ova production, fecal 
egg counts are susceptible to erroneous negative diag-
nosis [19]. Therefore, when compared to microscopic 
detection of nematode eggs obtained from fecal samples, 

molecular diagnostic approaches may provide improved 
sensitivity and specificity for diagnosing H. gallinarum 
infection.

Limited studies on H. gallinarum pathogenesis, genet-
ics, and morphology have been conducted, however, 
’immuno-kinetics and cellular response to the infections 
remain unaddressed. Herein, this study aimed to record 
the presence of H. gallinarum infection in Egyptian poul-
try farms, with a reference to morphological, ultrastruc-
tural, and molecular examination of H. gallinarum, in 
addition to histopathological, immunohistochemical, and 
immune response characterization.

Methods
Case history; study areas and sample collection
The flocks were targeted and sampled because of a prob-
lem with Heterakis. A total of seventy suspected bird 
samples were collected in this field study from ten-layer 
flocks of different breeds (native, white, and brown lay-
ers) from two Egyptian governorates (Table 1). Suspected 
birds aged 181 to 560  days old, which suffered from 
emaciation, ruffled feathers, general weakness, diarrhea, 
and drop in the egg production. Cecal samples were col-
lected from seven infected birds in each farm (n = 70) and 
divided into three parts: one maintained in 70% alcohol 
(worm identification), another frozen for molecular assay, 
and the third preserved in 10% neutral buffered formalin 
for further analysis (histopathological investigation and 
immunohistochemistry). Samples were taken from five 
uninfected healthy control birds in each flock with a total 
of fifty control birds, following the identical collection 
procedure for the negative controls. As well as fecal sam-
ples from live birds in all flocks were collected to examine 
parasitic eggs.

Morphological identification of H. gallinarum
The collected worms of H. gallinarum were rinsed in 
phosphate-buffered saline (pH 7.2) and stored in 70% 
alcohol. Then, lactophenol was used for clearing worms 
before mounting them in gelatin. The characterization of 
H. gallinarum was performed based on morphological 
features using a light microscope (Olympus CX33, Olym-
pus, Japan), as mentioned previously [20].

Ultrastructural characterization of Heterakis gallinarum
Determination of H. gallinarum ultrastructure was per-
formed through a scanning electron microscope (SEM) 
as previously described [21]. In brief, worms were repeat-
edly rinsed in 0.9% saline. The collected worms were fixed 
with 2.5% glutaraldehyde, dehydrated with an ascending 
ethanol series, and dried in an Autosamdri-815 (Ger-
many) CO2 critical point dryer. In a sputter coater (Spi-
Module sputter Coater, UK), the adult was coated with 
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20 nm gold. Fifty specimens (5 worms from each flock) 
were imaged using a scanning electron microscope (JSM 
5200, Electron prob; Microanalyzer Jeol, Japan) at the 
Faculty of Agriculture, Cairo University.

Molecular identification and sequencing of Heterakis 
gallinarum
The worm genomic DNA was obtained using a Wizard 
Genomic DNA Purification kit (Promega, Madison, WI, 
USA) from individual Heterakis sp. specimens (n = 10 
representing each farm). The polymerase chain reaction 
(PCR), which was conducted in a 25µL reaction mix con-
taining 1 µL of template, 1 µL of MyTaq DNA polymerase 
(Bioline, Meridian Life Science, Memphis, TN, USA), 5 
µL of 5X MyTaq buffer (10 pmol of each primer), and dd 
H2O, was carried out using the genomic DNA from each 
sample as a template. A negative control (RNA and DNA-
free water) was included in each PCR reaction to avoid 
any nonspecific contamination. The COX1 gene primer 
sequence used was COX1-R (5-AGT​TCT​AAT​CAT​AAG​
GAT​ATT​GGG​A-3) and COX1-F (5- TTT​CAT​ACA​GAA​
TAA​ATA​TCA​GGA​-3) [5]. The following PCR thermo-
cycling parameters were used: initial denaturation at 
94  C for 5 min; 35 cycles of 94  C for 30 s, 49  C for 45 s, 
and 72  C for 1 min; and finally, a final extension at 72  C 
for 10  min. Sanger sequencing of amplicons was per-
formed in both directions (forward and reverse) using the 
same amplification primers. Sequencing reactions were 
processed on an ABI 3730XL DNA sequencer (Applied 
Biosystems, Carlsbad, CA, USA). By using Bio-Edit, the 
unassembled sequence data were modified and exam-
ined [22]. The assembled sequences were analyzed and 

aligned using the BLAST tool found at (https://​blast.​ncbi.​
nlm.​nih.​gov/​Blast.​cgi) against other pertinent sequences 
that had been deposited in the GenBank. The GenBank 
database received the modified COX 1 sequences and 
assigned accession numbers. With 1000 bootstrap rep-
etitions, MEGA X’s maximum likelihood (ML) approach 
was employed to evaluate the COX1 sequences [23]. The 
following criteria were applied: Model: maximum com-
posite likelihood; substitutions: transversions + transi-
tions; lineage pattern: homogenous; rate of variation 
among sites: uniform. Trichostrongylus vitrinus was used 
as an outgroup.

Gene Expression analysis
The RNeasy mini extraction kit (Qiagen) was used to iso-
late the total RNA from the five pooled H. gallinarum 
infected cecal tissue samples from each of the ten farms 
(n = 50) in line with the manufacturer’s recommenda-
tions. Both concentration and purity were determined 
using spectrophotometry at 260 nm to select pure sam-
ples based on the 260:280 ratio. Subsequently, the com-
plementary DNA (cDNA) was made using a Revert Aid 
First Strand cDNA Synthesis Kit (Thermo-scientific, 
MA, USA) in accordance with the manufacturer’s direc-
tions after the DNA contamination was cleaned up with 
DNase I (Fermentas, Lithuania). According to previous 
publications, gallus sequences deposited in the GenBank 
were used to create primer sets for detecting the target 
genes’ mRNA levels (Table  2). The primers were con-
structed using the primer3 program. Applied Biosystems 
ABI Prism Step One Plus Real-Time PCR System was 
used to perform real-time PCR using SYBR Green PCR 

Table 1  History and location of samples collected

Number Province Flock number and breed Age Mortality (last 4 days) Additional notes

1 Qalyobia 7000 (white egg layer) 517 days 6,7,7,7 • Emaciation with diarrhea
• Anthelmintic drug from one month ago

2 Giza 12,100 (native layer) 270 days 12,10,11,12 • Drop in egg production
• Old litter (poor in quality and high stocking density)

3 Giza 17,500 (white egg layer) 195 days 8,8,9,10 • High stocking density
• Drop in egg production

4 Qalyobia 6000 (baladi) 245 days 8,9,7,9 • Bad litter condition and high humidity
• Drop in egg production

5 Qalyobia 7500 (brown egg layer) 349 days 3,2,5,5 • Diarrhea and emaciation

6 Qalyobia 6000 (baladi-native layer) 163 days 6,3,6,6 • High humidity

7 Qalyobia 4500 (white egg layer) 354 days 4,3,5,4 • Bad litter condition
• Use of anthelmintic drug from 3 months ago

8 Qalyobia 3500 (white egg layer 560 days 4,7,8,8 • Emaciation with diarrhea
• Drop in egg production

9 Giza 6000(Brown egg layer) 210 days 8,6,8,8 • Bad litter condition
• Drop in egg production

10 Giza 8000(white egg layer) 181 days 4,6,6,7 • High density, diarrhea

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Master Mix (Thermo-scientific, MA, USA) to estimate 
the relative expression of the selected genes. Amplifica-
tion of the cDNA was performed by 40 cycles composed 
of: denaturation (95  °C for 30  s), annealing (58  °C for 
30 s) and extension (72 °C for 30 s). Samples were tested 
in duplicates. The reference gene β-actin was employed 
for sample standardization purposes. The expression of 
genes studied in this work was evaluated using a distinct 
pool of cDNA derived from five non-infected birds cecal 
which previously screened for parasites. The expres-
sion levels of interleukin-1 beta (IL-1β), interleukin-10 
(IL-10), Interferon-gamma (IFN-γ), Intelukin-2 (IL-2), 
Caspase-3 (cas-3), and Toll receptor 4 (TLR-4) were 
measured. The 2ΔΔCt method was used to analyze genetic 
expression data [24].

Histopathological examination
The collected ceca were preserved in 10% neutral buff-
ered formalin, then processed by washing in water and 
dehydrated using ascending grades of alcohol, then 
cleared with xylene and embedded in paraffin wax and 
sectioned, stained with hematoxylin and eosin (H&E). 
The tissue section was examined under a Leica Micro-
scope linked to the Leica camera. The cecal H&E-stained 
areas were scanned at 200 X using a scanning digital 
camera (Basler, Germany) connected with a CX33 light 
microscope (Olympus, Tokyo, Japan).

Immunohistochemical staining
Immunohistochemistry was conducted on the cecal tis-
sue section for immunophenotyping and inflamma-
tory cell characterization. The paraffin-embedded tissue 
section was dewaxed in xylene and then dehydrated by 
descending grades of alcohol. Antigen retrieval was 
performed by PT link apparatus, and then blocking of 

endogenous peroxidase was performed; later, the cecal 
tissue sections were overnight incubated with primary 
antibodies against Nuclear factor-κB (NF-κB) (sc-8008, 
Santa Cruz Biotechnology), Caspase-3(sc-7272, Santa 
Cruz Biotechnology), CD-4 (sc-19641; Santa Cruz Bio-
technology) and CD-8 (sc-1181; Santa Cruz Biotechnol-
ogy) at a dilution of 1:200 were incubated overnight at 
4    C in a humid chamber. Afterward, the HRP-labelled 
detection kit (Bio SB, USA) was used as manufacturer 
instructions to develop the positive reaction. Negative 
control slides were obtained by slipping out of the pri-
mary antibody stage.

Statistical analysis
Gene expression data were statistically analyzed using an 
unpaired t-test using GraphPad Prism version 8.0.0 for 
Windows after checking for normality and homogene-
ity of the data, GraphPad Software (San Diego, Califor-
nia, USA). A P-value was considered significant when 
P ≤ 0.05.

Results
Gross finding
H. gallinarum worms were detected in the cecal lumen, 
the worms were small and slender (Fig.  1A). The cecal 
mucosa was congested in all examined cases; in some 
cases, the mucosa was eroded and ulcerated (Fig.  1B). 
Corrugation of the cecal mucosa and hemorrhage were 
also noticed (Fig. 1C). The intensity of infection per sin-
gle chicken was 25–55 (40.6 ± 9.3).

Morphological identification and ultrastructural 
characterization of H. gallinarum
Fecal examination and identification were performed to 
exclude the presence of any other parasites. Therefore, 

Table 2  Primer sets for detecting the mRNA levels of the target genes

Gene Accession no Primer sequence (5′→3′) Tm (oC) Amplicon (bp) References

IL-1B NM_204524.2 F: GCC​TGC​AGA​AGA​AGC​CTC​G
R: GAC​GGG​CTC​AAA​AAC​CTC​CT

58 203 [51]

IL-10 NM_001004414.4 F: ATG​GCA​GCT​TAA​CGT​TCG​GT
R: ATG​GCA​AAT​GCA​GAG​CCA​GA

58 440 [52]

IL-2 NM_204153.2 F:TGC​AGT​GTT​ACC​TGG​GAG​AAG​TGG​T
R: ACT​TCC​GGT​GTG​ATT​TAG​ACC​CGT​

58 140 [53]

TLR-4 NM_001030693.2 F: ATG​TCC​TCT​TGC​CAT​CCC​AA
R: TCT​CCC​CTT​TCT​GCA​GAG​TG

58 158 [51]

IFN-γ NM_205149.2 F: AGC​TGA​CGG​TGG​ACC​TAT​TATT​
R: GGC​TTT​GCG​CTG​GATTC​

58 259 [51]

CAS-3 NM_204725.1 F: TTG​AAG​CAG​ACA​GTG​GAC​CA
R: GTT​CAA​GTT​TCC​TGG​CGT​GT

58 177 [52]

β-ACTIN NM_205518.1 F: AGA​GGC​TCC​CCT​GAA​CCC​CAA​AGC​
R: CTG​GAT​GGC​TAC​ATA​CAT​GGC​TGG​

58 94 [52]
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the collected nematode worms were identified as H. gal-
linarum male and female; this nematode was medium 
in size; the female was 13.5 ± 0.619 mm in length, while 
the male was 10.28 ± 1.49  mm in length. The male pos-
terior end had a circular precloacal sucker measuring 
63.33 ± 1.75  µm in length and was surrounded by 12 
pairs of papillae. The male had two unequal spicules: the 
long one measured 1359 ± 95.45 µm, while the short one 
measured 549.8 ± 3.08 µm. The eggs in the feces were oval 
or bean-shaped with a thick shell and were smooth, with 
69.002 ± 2.19 µm in length and 37.55 ± 0.74 µm in width 
(Figs. 1 and 2).

Molecular identification and sequencing of H. gallinarum
The COX1 gene was successfully amplified from the 
current parasite using the pairs of primers COX1-F and 
COX1-R [5] and yielded about 894 bp. The sequence was 
submitted to the GenBank database with the accession 
number OQ354765. The AT content of this sequence is 

65.44%, the GC content is 34.56%, and the average base 
composition of the sequence is 22.5% (A), 12.4% (C), 
22.2% (G), and 42.9% (T). The alignment analysis proved 
that this parasite belongs to the genus Heterakis and 
has been identified as H. gallinarum. The BLAST analy-
sis of the current accession number OQ354765 showed 
99.57–97.05% similarity to H. gallinarum (ON514033, 
LC592848, KP308360, OL457533), 87.77–87.56% similar-
ity with that of H. indica (LC592875, LC592872), 87.88% 
similarity to that of H. beramporia (LC592867), 87.83% 
similarity to that of H. isolonche (FJ009625), and 86% 
identity to that of Ascaridia galli (KT613900, KT613901).

The construction of phylogenetic analysis based on the 
maximum likelihood method of the COX1 gene revealed 
two major clades (Fig. 3). All sequences of H. gallinarum 
were grouped with the current sequence to form a mono-
phyletic group in the first clade with 100% bootstrap 
value. The second clade grouped other sequences of H. 
beramporia, H. isolonche, H. indica, and Ascaridia galli.

Fig. 1  Upper left panel (A–C): gross finding associated with H. gallinarum infection: A) The cecal lumen of affected chickens was filled with small 
slender nematodes of H. gallinarum worms (Black arrow), B The cecal mucosa was congested and eroded (arrow), C Corrugation of the cecal 
mucosa with hemorrhage (Circle) was noticed beside numerous numbers of H. gallinarum worms (Black arrow). Upper right panel (D, E): H. 
gallinarum D) eggs and E) Oval or bean-shaped egg with a smooth, thick shell, containing larva, collected from feces. Lower panel (F–I): light 
microscopical micrograph of H. gallinarum adult male and female; F posterior end of male showing posterior sucker (s) and 2 unequal spicules (sp); 
G anterior end of male and female showing its lips.; H middle portion of adult female showing the eggs in the uterus.; I the anterior end of male 
and female with posterior bulb oesophagus
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Gene Expression analysis
Analysis of the transcript level of the inflammatory 
markers as IL-2, IFN-γ, TLR-4, and IL-1β showed sig-
nificant upregulation in H. gallinarum samples, while 
there was a significant downregulation of the anti-
inflammatory IL-10. Furthermore, the mRNA level of 

the apoptotic cas-3 revealed apoptotic activity among 
the H. gallinarum samples compared to the control 
negative (Fig. 4).

Histopathological changes
Examined H&E-stained sections revealed parasitic 
typhlitis with presence of H. gallinarum worm (Figs.  5 
and 6). Adult cecal nematode obstructed the intestinal 
lumen (Fig. 5A) that had an eosinophilic smooth cuticle, 
coelomyarian/polymyarian muscle, lateral alae, pseu-
docoelom, circular intestinal tract lined with columnar 
uninucleate cells that have brush border and a uterus 
containing developing ova. The cecal lining epithelium 
of some cases was desquamated with goblet cells hyper-
plasia (Fig. 5B). The lamina propria was heavily infiltrated 
with lympho-histiocytic cells and giant cells; hetero-
phils were also observed (Fig.  5C). The intestinal crypt 
exhibited cystic dilation (Fig. 5D). Furthermore, in heavy 
infection (Fig.  6A), the cecal lumen contained the adult 
H. gallinarum worm with desquamated epithelial cells 
admixed with mononuclear inflammatory cells. Necrosis 
of intestinal crypts was also detected (Fig.  6B). Ulcera-
tive and granulomatous typhlitis was noticed, which 
was characterized by complete epithelial sloughing with 

Fig. 2  Scanning electron microscopical micrograph of H. gallinarum adult male and female; A; B: anterior end of male and female showing its lips; 
C: posterior end of female showing long tail; D: middle portion of adult showing its cuticle, E: posterior end of male showing posterior sucker and 2 
unequal spicules; with its papillae

Fig. 3  Phylogenetic tree based on the maximum likelihood method 
using the COX1 gene of H. gallinarum 
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mononuclear inflammatory cells infiltration and hemor-
rhage in the lamina propria (Fig. 6C). Giant cells and his-
tocytes were observed in cecal lumen (Fig. 6D).

Immunohistochemical staining
Regarding the immune staining of Heterakis infected 
chickens, positive expression of nuclear factor kappa B 
(NF-κB) and caspase 3 was detected in both the lining 
epithelium of intestinal crypt and inflammatory cells 

Fig. 4  Bar charts representing the transcript levels of A IL-2, B IFN-γ, C IL-1β, D IL-10, E CAS-3 and F TLR4 genes. Values are presented as mean ± SD 
(n = 50) and * indicates the significant differences to the control group at P ≤ 0.05 
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in addition to the denuded epithelium. Chiefly, lamina 
propria was infiltrated with inflammatory cells of CD4 
T-lymphocytes and CD8T-lymphocytes (Fig. 7).

Discussion
Heterakis gallinarum has a direct oral-faecal life cycle 
[25]. The caeca of birds contain adult H. gallinarum. 
When a new host consumes an infectious larvated egg 
through contaminated food or water, the cycle is com-
pleted to form an adult in the large intestine. After hatch-
ing in the small intestine, the eggs mature into adults in 
the caecum (H. gallinarum) [26]. The transmission of 
these nematodes may be facilitated using earthworms 
as paratenic hosts, but this is not essential [25, 26]. This 
study described the detection of H. gallinarum in Egyp-
tian layer chicken flocks. The presence of nematodes in 
the caecum confirmed the preferred anatomical sites of 
H. gallinarum as previously mentioned [27–29]. Our 
study identified the impact of this nematode species as a 
probable cause of economic losses in poultry production 
as described before in South Africa, Thailand, Ghana, 
and Ethiopia [8, 30–33] according to several studies [17, 
34–38].

Nematodes are the most prevalent parasitic helminths 
affecting rural hens, causing financial losses, reduced egg 
production, weight loss, and increasing the expenses of 

medical care. Diminished veterinary care of layer chicken 
predisposes chickens to parasitic diseases. We believe 
that inadequate husbandry practices at the farm level, 
as exposure to contaminated litter, could be attributed 
to the high prevalence of the two nematode species in 
the hens [35, 39]. The widespread distribution of H. gal-
linarum supports its significance on sub-Saharan Afri-
can rural chicken production [30, 31, 40–42]. Heterakis 
nematodes represent a frequently encountered parasite 
in poultry that needs to be controlled [43]. Geographi-
cally and among flock management techniques, H. galli-
narum varies in incidence and typical worm burden. It is 
challenging to determine the optimal management strat-
egies for lowering H. gallinarum infection in chickens 
because a variety of farm management factors including 
feed, stocking density, pasture access, pasture rotation, 
climate, etc.) [30, 31, 40–42]. Poultry raised outdoors are 
more susceptible to parasite infection, particularly from 
parasites that have indirect life cycles and need an inter-
mediate  host. However, parasite species with fast gen-
eration cycles and direct life cycles, like H. gallinarum, 
are more likely to infect chickens maintained in closed 
houses at high densities.

When it comes to detecting H. gallinarum infections, 
molecular diagnostic methods might be more sensitive 
and specific than microscopic examination of nematode 

Fig. 5  Photomicrograph of intestine of infected bird (H&E). Sub-gross appearance in the center showing occlusion of the intestine lumen 
with adult H. gallinarum. A Cross section of adult parasite in the intestinal lumen with eosinophilic smooth cuticle, coelomyarian/polymyarian 
muscle surrounded by necrotic debris. B hyperplasia of goblet cells in the lining epithelium of intestinal villi. C lamina propria is infiltrated 
with numerous mononuclear cells and heterophilic cells. D cystic dilated intestinal crypts
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eggs extracted from faecal samples. Because the ova of 
H. gallinarum and A. galli are almost indistinguishable, 
microscopic examination of nematode eggs in feces—the 
gold standard for identifying nematode infections in live-
stock—is insufficient for diagnosing H. gallinarum infec-
tions in chickens. Additionally, because of the diurnal 
fluctuations in H. gallinarum ova production, faecal egg 
counts can lead to false negative diagnosis. To find out 
if H. gallinarum is present in a poultry facility, the diag-
nostic PCR offers a sensitive test that can separate H. gal-
linarum from A. galli. However, further investigation is 

required to determine whether faecal samples are a suit-
able way to diagnose H. gallinarum infections in individ-
ual birds [30, 31, 40–42].

There has been a growing interest in understanding 
the role of various immune molecules in the context of 
intestinal infections in poultry. One such group of mol-
ecules is interleukin cytokines, that play a crucial role in 
regulating immune responses. Interleukin-1 (IL-1) is a 
pro-inflammatory cytokine produced by various immune 
cells, including macrophages and monocytes. IL-1 is 
involved in activating the inflammatory cells, which is 

Fig. 6  Photomicrograph of intestine of a H. gallinarum infected bird (H&E). A sub gross appearance of intestine showing heavy infection with H. 
gallinarum. B intestinal lumen showing cross section of adult parasite associated with desquamated epithelial cells, inflammatory cells, and necrotic 
debris. C diffuse granulomatous typhlitis in the submucosa with necrosis of mucosal surface. D higher magnification showing histiocytic 
inflammatory cells with giant cells infiltration in cecal lumen
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a vital component of the innate immune response [44]. 
The injury of the cecal mucosa and numerous inflamma-
tory cell infiltration detected in several affected flocks is 
attributed to the presence of migrating larvae of H. galli-
narum and granuloma formation, as previously described 
[45]. The observed histopathological alteration of the 
intestinal mucosa comes in agreement with the patholog-
ical picture observed in naturally infected chicken [46]. 
Infection with H. gallinarum resulted in increased infil-
tration of CD-4 and CD-8 in the lamina propria and sub-
mucosa that could be attributed to tissue injuries induced 
by parasite irritation [7] that can influence the upregula-
tion of interleukin-2 (IL-2) as it plays a pivotal role in the 
host immune response. IL-2 is produced by activated T 
cells and stimulates the proliferation and differentiation 
of T cells and natural killer cells. In the context of poultry 
intestinal infections, IL-2 has been shown to play a role in 
the activation of T cells and the development of protec-
tive immunity [47].

Additionally, the activated CD4 and CD8 T cells 
detected in immune-histochemical findings upregu-
lated interferon-gamma (IFN-γ) expression, which 
leads to activation of macrophages and enhancing the 
expression of MHC class I and II molecules on antigen-
presenting cells. IFN-γ is thought to have a protective 

role in activating immune cells and enhancing the clear-
ance of pathogens [48]. Vis-à-vis, severe necrotic and 
ulcerative typhlitis leading to overexpression of nuclear 
factor kappa b (NF-κB) and caspase 3 markers as they 
have a crucial role in apoptosis and inflammation. As 
a master regulator of the inflammatory response in the 
intricate inflammatory network, nuclear factor kappa 
b (NF-κB) is essential for the host’s defence against 
pathogens and prevents cell death by inducing the over-
expression of proinflammatory genes. In addition, cas-
pase 3 activation have been linked NF-κB. Also, caspase 
3 is activated in response to various stimuli such as oxi-
dative stress and DNA damage. In the context of poul-
try intestinal infections, caspase 3 is concerned with 
regulating epithelial cell turnover and the clearance of 
infected cells [44]. Likewise, Toll-like receptors (TLRs) 
are a family of receptors that play a critical role in the 
recognition of pathogens by the innate immune system 
that increased in H. gallinarum infection [49–53]. On 
the other hand, interleukin-10 (IL-10) is considered an 
anti-inflammatory cytokine that suppresses pro-inflam-
matory cytokine production and reduces the immune 
response. IL-10 has been shown to play a protective 
role in intestinal infections by reducing inflammation 
and preventing tissue damage [54–56].

Fig. 7  Representative photomicrograph of cecum of H. gallinarum infected birds. Immunohistochemical staining (IHC) of intestine showing 
positive expression of different markers; A caspase-3, B NF-κb, C CD-4 and D CD-8
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Conclusions
The immune response to H. gallinarum infection in layer 
chickens involves a complex interplay of immune mol-
ecules, including interleukins, TLRs, IFN-γ, caspase 3, 
and nuclear factor kappa b (NF-κB) with immunophe-
notyping of CD4 and CD8 T-cells in Heterakis infected 
tissue. Understanding the function of these molecules in 
the context of poultry diseases may provide important 
insights into developing new strategies for preventing 
and treating this infection. A highly standardized infec-
tion study is proposed in future studies to rule out gene 
variations, age, immunization, and other factors affecting 
immune response.
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