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Abstract

Introduction: Salmonellosis has a significant impact on poultry health, while its clinical
symptoms are often nonspecific, making early detection in the field difficult.

Objective: This study aims to assess clinical manifestations, hematological responses,
pathological changes, and perform bacterial isolation as a basis for confirming the diagnosis of
salmonellosis.

Material and Methods: The sampling method used purposive sampling, based on visible
clinical symptoms. 50 broiler chickens from traditional markets of Surabaya, Indonesia.
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Isolation on SSA and XLD media. The organ samples taken were the digestive organs
(duodenum, jejunum, ileum, cecum, proventriculus) and systemic organs (liver, heart, lungs,
spleen, kidneys).

Results: Macroscopically, infected chicken organs showed hepatomegaly accompanied by
necrotic spots, splenomegaly, pulmonary congestion, nephritis, and enteritis in several
segments of the intestine. Histopathological examination revealed systemic lesions in the form
of hepatocellular degeneration and necrosis, white pulp hyperplasia in the spleen, pulmonary
congestion, renal tubular degeneration, and enteritis with inflammatory cell infiltration in the
jejunum, ileum, and cecum. Statistical analysis using the T-test on hematological parameters
showed a very significant difference, particularly marked by an extreme increase in the number
of leukocytes in the infected group. Infected chickens had white blood cell counts reaching
171.25x103%/uL, much higher than healthy chickens at 23.2x103/uL, confirming the,presence of
a severe systemic inflammatory response due to Salmonella infection.

Conclusion: Salmonellosis in broiler chickens causes significant clipical, hematological, and
organ lesion changes, with an extreme increase in leukeeytes and culture-biochemical results
confirming the presence of Salmonella, thus all findings consistentlyvalidate the diagnosis of
salmonellosis.

Keywords: Hematology, Histopathology, Leukocytosis, Poultry, Salmonellosis

1. Introduction

The poultry industry in Indonesia Asyone of the most developed livestock sectors and
contributes significantly to meeting the community's animal protein needs. Broiler chickens
(Gallus domesticus) play an important role in‘meeting these needs because they grow quickly,
are efficient in their use of feedsand produce meat at an affordable price [1]. However,
Salmonella sp. infectiongn poultry remains one”of the main obstacles in broiler chicken
production in Indonesia [2,3]. This infection not only causes economic losses due to reduced
growth performance/and increased mortality rates, but also poses a serious threat to public
health asit has the potential to.cause zoonotic diseases through contaminated poultry products
[4,5]«Several studies have reported relatively high rates of Salmonella sp. in various regions.
The prevalence of Salmonella sp. in the digestive tract of broiler chickens in Blitar Regency,
East Java Province, reached 32.26% [6], Meanwhile, traditional markets in Surabaya showed
Salmonella sp. contamination in 42.74% of broiler chicken meat samples [7]. The high
incidence rate indicates that the implementation of biosecurity, sanitation, and maintenance
management in broiler farms is still not optimal. This condition not only affects the health and
productivity of chickens but also increases the risk of Salmonella sp. transmission to humans
through the food chain [8,9].

Clinically, Salmonella sp. infection in poultry is characterized by varying symptoms
depending on the severity of the infection and the age of the infected chickens. One of the
characteristic symptoms, especially in young chickens, is the discharge of white, paste-like
feces known as white paste diarrhea [10]. This mechanism begins with the invasion of
Salmonella sp. bacteria into intestinal epithelial cells, causing mucosal damage and
inflammation (enteritis). This damage inhibits the intestine's ability to absorb water and
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electrolytes, leading to fluid accumulation in the intestinal lumen. In addition, Salmonella sp.
bacteria produce thermolabile enterotoxins and heat-resistant cytotoxins that exacerbate fluid
secretion and cause epithelial cell lysis. As a result, feces become soft and watery [11]. In severe
infections, Salmonella sp. bacteria can spread to the kidneys and liver, causing uric acid
excretion disorders, so that large amounts of uric acid are excreted through the cloaca along
with digestive waste. The combination of excess intestinal fluid, damaged epithelial tissue, and
uric acid deposits causes the feces to become thick and white resembling chalk. Therefore, this
disease is known as chalky feces or berak kapur in Indonesia.

Infectious diseases in chickens, as salmonellosis and colibacillosis, are known to cause
widespread pathological changes in various organs due to the systemic nature of the infection
[12]. Salmonella sp. bacteria invade the intestinal mucosa, causing epithelial" damage, focal
necrosis, and inflammatory cell infiltration, which results in malabsorption‘and diarrhea [13].
In addition, the spread of bacteria through the bloodstream can cause lesions in the liver in the
form of hepatocyte fatty degeneration, congestion, and multifocal necrosis. The spleen usually
undergoes enlargement (splenomegaly) with white pulpsyperplasia as an immune response to
systemic infection. The kidneys also often show tubular degeneration, inflammatory cell
infiltration, and urate crystal accumulation associated withchalky stools due to increased uric
acid excretion. In severe cases, changes in the heart in'the form of fibrinous pericarditis and
congestion and edema in the lungs are also found as a result of a systemic inflammatory process
[14]. This pathological description shows that Salmonella infection in chickens is not limited
to the digestive tract, but also causes damage'to other vitalrorgans, making histopathological
examination important for understanding the pathogenesis'and severity of the disease, as well
as providing a scientific basis for the diagnosis, control, and prevention of this disease in the
poultry sector.

2. Materials and Methods
2.1. Study period and location

The study was conducted during Mei - November 2025. The sampling method used
purposive_sampling,’which,is the selection of samples based on visible clinical symptoms of
salmonellosis. 50 chickens were observed, 33 chickens with no salmonellosis clinical signs,
and47 chickens showed clinical symptoms of salmonellosis. The samples were live broiler
chickens“from the traditional markets of Benowo, Kenjeran, Dukuh Pakis, Krembangan,
Lakarsantri, “Mulyorejo, Petemon, Sukolilo, Tandes, and Wonokromo. These traditional
markets represent five regions of Surabaya, Indonesia, with five chickens from each region.
2.2. Hematological examination

Venous blood samples were collected into EDTA tubes for hematological parameter
analysis, including red blood cells (RBC), white blood cells (WBC), hemoglobin (Hb), packed
cell volume (PCV), and initial and final total plasma protein (TPP) measurements [15].
2.3. Isolation and identification Salmonella sp

Isolation and identification of Salmonella sp. is generally carried out through a series of
standard steps [6], including pre-enrichment in Buffered Peptone Water (M614-HiMedia®), to
recover bacteria that have undergone stress, followed by selective enrichment in Tetrathionate
Broth (M032-HiMedia®), to suppress the growth of interfering bacteria. The culture is then
inoculated onto Salmonella shigella agar selective medium (M108-HiMedia®), producing
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characteristic red or clear colonies with a black center due to H-S production, and Xylose Lysine
Deoxycholate Agar (CM0469-Oxo0id®), Salmonella colonies on XLD appear red with a black
dot in the center due to the formation of H-S. Suspected colonies were then confirmed through
Gram staining, biochemical tests using Triple sugar iron Agar (M021-HiMedia®), Simmon
Citrate Agar (M099-HiMedia®), Sulfide Indole Motility (M181-HiMedia®), Urea Agar Base
(M1125-HiMedia®), and methyl red - Voges—Proskauer (M070-HiMedia®). Salmonella
identification is characterized by typical biochemical results in the form of red-yellow TSIA
with positive H.S, SIM motility and negative indole, and negative urease
2.4. Histopathology

After finding the presence of Salmonella sp. bacteria, a necropsy wascarried out on all
samples. The organ samples taken were the digestive organs (duodenum; jejunum, ileum,
cecum, proventriculus) and systemic organs (liver, heart, lungs, spleen, kidneys). Small tissue
samples (1x1x1 cm) were taken and fixed using 10% Neutral Buffered Formalin (BNF)for 24-
48 hours before cutting and processing the tissue through stages of dehydration, cleaning, and
paraffin impregnation. The tissue was then embeddeds sectioned using a microtome at a
thickness of 4-5 um, mounted on glass slides, and stained .using Haematoxylin Eosin (HE)
staining to identify histological changes such as haemorrhage, .congestion, inflammatory cell
infiltration, and necrosis [16].
2.5.Statistical analysis

Data analysis in this research was carried out deseriptively, by identifying findings of
Salmonella sp. bacteria referring to the Indonesian National Standard, SNI 7388:2009.
Histopathological imaging was carried out descriptively by identifying changes in digestive
organs and systemic organs of chicken infected with salmonellosis by comparing the organs in
healthy chicken using the T-test.

3. Results
3.1. Clinical examinations and necropsy

Clinical observations showed clear differences in clinical conditions between the two
groups of chickens (Figurexl). Clinical examination of the symptomatic group revealed typical
clinicalsigns of salmonellosispstch as dull feathers and yellowish-white diarrhea with a paste-
like.consistency: Some individuals showed dehydration and paleness of the comb and wattle.
In contrast, the healthy group of chickens did not show these symptoms. The chickens were
active, had a goeod appetite, healthy combs and neck pouches, clean cloacas, and normal
feathers.
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Necropsy examination (Figure 2) shows that in symptomatic chickens, the liver is generally
enlarged (hepatomegaly), changes color from yellowish to pale, and displays characteristic
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focal necrotic spots. The spleen appears enlarged (splenomegaly) and more fragile due to the
systemic inflammatory response. The heart shows congestion, and fibrin deposits are
sometimes found in the pericardium (pericarditis). The lungs appear congested and edematous,
while the kidneys appear swollen and lose their distinct corticomedullary borders. In the
digestive system, symptomatic chickens show changes in the intestinal wall, which appears
thickened with congestion and hemorrhagic spots, while in some cases mucosal necrosis or
pseudo-membranes are seen. The peritoneum shows ulceration or accumulation of a yellowish-
white exudate resembling caseous material.

Flgure 2. Anatomlcal Pathology Manlfestatlons in Chickens with Symptoms of Salmonellosis.
Liver (a), spleen (b), heart (c), lungs (d), kidneys (e), duodenum (f), jejunum (g), ileum
(h), cecum (i), Proventriculus (j)

3.2. Hematological examination

Blood testresults/(Table 1) show that the most striking indicator in chickens infected with
salmonellosis 1s a very high white blood cell (WBC) count, well above the normal range. This
valuedndicates acute inflammation and severe systemic infection, which is a typical response
to Salmanella infection. In contrast, healthy chickens had WBC counts that remained within
the physiologieal range. Red blood cell (RBC) and packed cell volume (PCV) parameters in
both groups were relatively normal, showing no signs of anemia or extreme hemoconcentration.
Hemoglobin (Hb) levels in both groups were slightly elevated above normal values. Initial Total
Plasma Protein (TPP) levels in infected chickens were higher than those in healthy chickens,
indicating dehydration or an increase in acute-phase proteins, which is common in bacterial
infections. However, final TPP measurements showed an increase in healthy chickens but a
decrease in infected chickens, which could indicate improved hydration status in sick chickens
or a decrease in inflammation, depending on the final clinical condition.

Table 1. Hematological examination of healthy chickens and chickens infected with
salmonellosis
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Hematological healthy chickens infected with Normal Value

examination chickens salmonellosis
RBC 2,72 x 10° 2,94 x10° 2,0--3,2 x 105/uL
WBC 23,2 x 103 171,25 x 103 12-30 x 10%/uL
Hb 10 12 5,18 — 9,30 g/Dl
PCV 31 32 22-35%
TPP initial 3,2 3,6 normal 0,5-1,5 g/dI
TPP final 3,9 3,4 normal 0,5-1,5 g/dI

Description: Red Blood Cells (RBC), White Blood Cells (WBC), Hemoglobin (Hb), Packed
Cell Volume (PCV), and measurement of initial and final Total Plasma Protein
(TPP).

3.3. Isolation and Identification Results

The results of the isolation and identification of Salmonella sp. (Figure 3) showed that on
XLD media, the colonies appeared red with a black dot in the center. On SSA media, they
showed typical round and transparent colonies with a black center due to the formation of HS.
Biochemical testing confirmed these findings, showing-a typical Salmenella pattern on TSIA
(red slant, yellow bottom, gas formation, and H-S), negative uirease results, SIM testing showed
positive motility, positive H.S, negative indole, and agpositive MR-VP pattern of MR and
negative VP. The combination of all these resultsyis consistent with the characteristics of
Salmonella sp., thus confirming that the isolate from the symptomatic chicken was identified

as Salmonella. -
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Figure 3. Salmonella sp. colony on Xylose Lysine Deoxycholate Medium (a), Salmonella

Shigella Agar medium~(b); Gram staining of Salmonella sp. using a microscope at
1000x magnification (c); Biochemical test results for Salmonella sp. (d).

3.4. Histopathology Results

Histopathological examination of the organs (Figure 4) revealed lesions typical of systemic
infection. The liver showed hepatocyte degeneration, sinusoidal congestion, and diffuse
infiltration of mononuclear and heterophilic inflammatory cells, accompanied by multifocal
necrosis in the form of small white foci consistent with focal necrotic hepatitis. The spleen
showed white pulp hyperplasia and severe congestion in response to immune stimulation. The
heart showed muscle fiber degeneration and mild inflammatory cell infiltration in the
myocardium. The lungs showed vascular congestion and heterophilic infiltration in the
peribronchial tissue. The kidneys showed tubular degeneration, congestion, and inflammatory
cell infiltration in the interstitium. In the digestive organs such as the jejunum, ileum, and
cecum, enteritis lesions were seen in the form of epithelial desquamation, heterophilic and
lymphocytic infiltration in the lamina propria, and focal necrosis in the crypts.
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235 Histopathological evaluation results (Table 2) showed differences in lesion severity
236  between healthy chickens and chickens infected with salmonellosis in various organ segments,
237  including hemorrhage, congestion, inflammatory cell infiltration, and necrosis. In the liver,
238 infected chickens showed significantly higher levels of necrosis compared to healthy chickens,
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while hemorrhage and inflammatory cell infiltration parameters increased but not significantly.
In the duodenum, there was a significant increase in the degree of necrosis and hemorrhage in
infected chickens, indicating more severe mucosal damage due to Salmonella infection. In the
jejunum, inflammatory cell infiltration was significantly increased in infected chickens
compared with healthy chickens, indicating a strong local inflammatory response, although
necrosis and hemorrhage increased but not significantly. In the ileum, inflammatory cell
infiltration was also significantly increased, while hemorrhage approached the threshold of
significance, indicating a tendency for more severe tissue damage in the distal gastrointestinal
tract. In the cecum, inflammatory cell infiltration was significantly increased, indicating that
the cecum is a site of Salmonella predilection, although the degree of necrosis did not differ
significantly.

Table 2. Standard deviation of the number of histopathological lesions, in healthy<broiler
chickens and chickens infected with salmonellosis that eXperienced hemorrhage,
congestion, inflammatory cell infiltration, and neerosis.

Chickens
Healthy infected with ~ Significance
Chicken Salmonellosis
Liver Hemorrhage 2.40+£1.34 3.40+0.89 0.20
Congestion 0 0 0
Infiltration of 2.40+0.54 2.0+£0.00 0.14
Inflammatory Cells
Necrosis 2.80£1.09 5.60£1.67 0.014*
Lungs Hemorrhage 3.67£1.15 10.00£0.00 0.001*
Congestion 0 0.33+£0.57 0.37
Infiltration of 1.33+0.57 4.00£0.00 0.001*
Inflammatory Cells
Necrosis 2.00+0.00 6.67+1.15 0.002*
Heart Hemorrhage 0 3.67£1.15 0.005*
Congestion 0 0 0
Infiltration of 0 2.67+£0.57 0.001*
InflammatoryCells
Necrosis 0 6.67£1.15 0.001*
Spleen Hemorrhage 0.67+£0.57 2.331£2.30 0.29
Congestion 0 0.33+£0.57 0.37
Degeneration 0.33+£0.57 3.67+£0.57 0.002*
Necrosis 0 6.00+0.00 0.001*
Kidneys Hemorrhage 0.67+0.57 2.33+2.30 0.29
Congestion 0 0 0
Infiltration of 0.33+0.57 3.67+0.57 0.002*
Inflammatory Cells
Necrosis 0 6.67+1.15 0.001*
Duodenum  Hemorrhage 4.20+1.09 6.60+3.20 0.15
Congestion 0.00+0.00 0.60+1.34 0.34
Infiltration of 2.80+0.83 3.40+0.54 0.21
Inflammatory Cells
Necrosis 5.60+0.89 7.60+0.89 0.008*
Jejunum Hemorrhage 3.00+0.00 4.60+0.89 0.004*




Chickens

Healthy infected with ~ Significance
Chicken Salmonellosis
Congestion 0.60£1.34 0.00+0.00 0.34
Infiltration of 1.80+0.83 3.20+0.83 0.029*
Inflammatory Cells
Necrosis 5.20+2.28 7.20+1.09 0.11
lleum Hemorrhage 4.20+1.09 6.20+3.56 0.26
Congestion 0 0 0
Infiltration of 1.80+0.44 2.60+0.54 0.035*
Inflammatory Cells
Necrosis 5.60+0.89 6.80+1.78 0.21
Caeca Hemorrhage 3.40+0.89 4.60+0.89 0.067*
Congestion 0.60+1.34 0.60+1.34 1.00
Infiltration of 2.00+0.00 3.60+0.54 0.00*
Inflammatory Cells
Necrosis 4.40£167 2.80+£1.09 0.11
Proventriculus Hemorrhage 0.67+£0.57 6.67+2.88 0.024*
Congestion 0 0 0
Infiltration of 0 5.33+2.30 0.016*
Inflammatory Cells
Necrosis 0 2.67+2.51 0.018*
254
255 4. Discussion
256 Clinical observations in both groups of chickens showed differences between chickens with

257  salmonellosis symptoms and healthy chickens. Chickens infected with salmonellosis will show
258  clinical signs characteristic of Salmonella infection, such as lethargy, anorexia, dull feathers,
259  and a yellowish-white, paste-like diarrheas This'is amanifestation of systemic disorders caused
260 by the colonization and multiplieation of/Salmonella bacteria in the gastrointestinal tract and
261  visceral organs [17]. Pale comb andrneck pouch, along with signs of dehydration, indicate
262  perfusion disorders and electrolyte imbalances, which often occur in cases of severe enteric
263 infection J18]. These findings are consistent with the pathogenesis of salmonellosis, in which
264  bacterial toxins cause epithelial damage, absorption disorders, and local and systemic
265 inflammation. Healthy chickens show no clinical symptoms, with normal activity, good
266  appetite, and healthy physical condition. This difference confirms that clinical manifestations
267 can be an important indicator in detecting cases of salmonellosis early on before further
268  examination is carried out.

269 Necropsy examination revealed macroscopic lesions found in infected chickens reflecting
270 the systemic pathogenesis of Salmonella, which tends to spread through the bloodstream
271  (septicemia). These findings reinforce that Salmonella not only attacks the digestive tract, but
272  also causes damage to vital organs. Hepatomegaly with pale to yellowish discoloration and the
273  presence of focal necrosis spots are characteristic findings resulting from bacterial invasion into
274  the liver parenchyma, causing hepatocellular degeneration and inflammatory processes.
275  Splenomegaly accompanied by tissue fragility indicates hyperplasia and activation of lymphoid
276  tissue as an immune response to acute infection [19]. Changes in the heart in the form of
277  congestion and fibrinous pericarditis indicate involvement of the heart serosa due to the spread
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of bacteria or toxins. Congestion and edema in the lungs indicate impaired gas exchange and
inflammation that can occur secondary to systemic infection [17]. Swollen kidneys and loss of
corticomedullary boundaries indicate nephritis or tubular degeneration commonly seen in
severe septicemia. In the digestive tract, thickened intestinal walls, congestion, bleeding, and
the presence of mucosal necrosis or pseudomembrane formation reflect acute inflammation and
epithelial damage due to bacterial colonization. Lesions in the duodenum, jejunum, ileum, and
cecum indicate that the infection has spread widely throughout the gastrointestinal tract.
Congestion and exudation of the ventricle and proventriculus also contribute to digestive
disorders due to mucosal damage and local inflammatory responses [19-21].

The hematology test results showed changes in the blood profile consistent with systemic
infection due to Salmonella. Chickens infected with salmonellosis experienced severe
leukocytosis, indicates acute inflammation and systemic infection, whereas healthy chickens
have normal WBC counts. The increase in white blood cell count reachedsmore than five times
the upper limit of normal values. This severe leukocytosis reflects an acute Immune response
to invasive bacterial infection, in which neutrophils andsheterophils are usually the dominant
fraction in response to bacterial proliferation [22].

Histopathological results show that chickens exhibiting'symptoms of salmonellosis suffer
extensive tissue damage consistent with systemic infection. “Liver lesions in the form of
hepatocyte degeneration, sinusoidal congestion, moponuclear and heterophil inflammatory cell
infiltration, and multifocal necrosis are characteristicypatterns of focal necrotic hepatitis
commonly seen in Salmonella infections due to hematogenous spread of bacteria [23]. The
findings of white pulp hyperplasia and severe congestion4n the spleen reflect strong immune
activation, consistent with the role of the spleen as a major target organ in bacteremia infection
[24]. Degeneration of cardiac muscle fibers and mild inflammatory infiltration of the
myocardium suggest systemic gffects of infection and possible involvement of endotoxin, as
reported in cases of acute salmanellosis in'poultry[25].

5. Conclusion

In conclusion, a field-oriented diagnostic approach to avian salmonellosis can utilize clinical
symptoms as a clinical sign'of Salmonella infection in broiler chickens. Salmonellosis in broiler
chickens ‘based on this study was proven to be infected with Salmonella sp. bacteria. The
infected ‘chiekens showed typical clinical lesions such as white paste-like feces, and the
chickens appeared pale and weak. This is consistent with the hematological test results, which
showed higher white blood cell counts in infected chickens than in healthy chickens. The
diagnosis was< confirmed by anatomical and histopathological changes, with necrosis,
congestion, and inflammatory cell infiltration in the systemic organs and digestive organs of
broiler chickens. Thus, this study confirmed the presence of Salmonella sp., and all findings
consistently supported the diagnosis of salmonellosis.

Ethical Considerations

Compliance with ethical guidelines

Animal ethical approval was obtained from the Research Ethics Commission of the Faculty of
Veterinary Medicine, Wijaya Kusuma Surabaya University, Surabaya, Indonesia, Ethical
clearance number 186 - KKE.



322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365

Data Avalilability
Data that supports the findings of this study are available in the results of research conducted
by researchers from the corresponding author upon reasonable request.

Funding
This research was funded by Universitas Gadjah Mada, Yogyakarta, Indonesia, with Funding
Postdoctoral Program 2025 (Grant No.: 1617/UN1/DITLIT/Dit-Lit/PT.01.00/2025).

Acknowledgment
The authors would like to acknowledge the UGM Research Directorate and UGM Reputation
Improvement Team toward World Class University for funding this research.

Authors’ Contributions

FJW and DAW played a role in the idea and led the research. FIW, EMW, AS, SCW, SL and
MDA assisted with sample collection and testing isolation dan identification baCteria. ORPAN,
AZ, DRS, and BAW assisted with necropsy and pathologycal diagnosis. FJW, DRS, and DAW
assisted hematology examination. FJW and DAW helped in“confirming all of diagnosis.
ORPAN and FMW help in reading the histopathology results. FIW, DAW, HNV and FMW
together wrote the article.

Conflict of Interest
The authors declare that they have no conflict of interest.

References

1. Ismail M, Cahyadi ER, Hardjomidjojo H. Risk Management of Poultry Disease in
Broiler Breeders and Traders indWest Java. J Manaj IKM. 2019;14(1):44-53. [DOI:
10.29244/mikm.14.1.44-53]

2. Candra AYR,"Wibisono FJ, Widodo ME, Mardijanto A, Yanestria SM. Quality Test
(Organoleptics, Eber) and Identification of Contaminants Salmonella Sp. on Chicken
From Traditional Markets in West Surabaya. J Trop Anim Vet Sci. 2022;12(1):99-106.
[DOI:10.46549/jipvet.v12i1.252]

3. Darmawan A, Muslimin L, Arifah S, Mahatmi H. Salmonella Spp Contamination In
Broiler Chicken Meat Werw Sold On Several Traditional Market In Makassar. Indones
Med Veterinus. 2020;9(2):168-76. [DOI: 10.19087/imv.2020.9.2.168]

4. Wibisono FM, Wibisono FJ, Effendi MH, Plumeriastuti H, Hidayatullah AR, Hartadi
EB, et al. A Review of Salmonellosis on Poultry Farms : Public Health Importance. Syst
Rev Pharm. 2020;11(9):481-6. [DOI: 10.31838/srp.2020.9.69]

5. Zelpina E, Walyani S, Niasono AB, Hidayati F. The impact of Salmonella sp. infection
in chicken meat and its products on public health. J Heal Epidemiol Commun Dis
[Internet]. 2020;6(1):25-34. [DOI: 10.22435/jhecds.v6i1.2771]

6. Wibisono FM, Faridah HD, Wibisono FJ, Tyasningsih W, Effendi MH, Witaningrum
AM, et al. Detection of invA virulence gene of multidrug-resistant Salmonella species
isolated from the cloacal swab of broiler chickens in Blitar district, East Java, Indonesia.



https://doi.org/10.29244/mikm.14.1.44-53
https://doi.org/10.46549/jipvet.v12i1.252
https://doi.org/10.19087/imv.2020.9.2.168
https://dx.doi.org/10.31838/srp.2020.9.69
https://doi.org/10.22435/jhecds.v6i1.2771

366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Vet World. 2021;14(12):3126-31. [DOI: 10.14202/vetworld.2021.3126-3131]
Wibisono FJ, Rahmaniar RP, Syaputra DE, Zuriya Z, Aziz KM, Ikeng LD, et al. Risk
Factors for Non-typhoidal Salmonella Contamination in chicken meat: A cross-sectional
study on Traditional Markets in Surabaya. Adv Life Sci — Int Q J Biol Sci AR.
2023;10(2):282-8. [DOI: 10.62940/als.v10i2.1793]

Koutsoumanis K, Allende A, Alvarez-Ordéfiez A, Bolton D, Bover-Cid S, Chemaly M,
et al. Role played by the environment in the emergence and spread of antimicrobial
resistance (AMR) through the food chain. EFSA J. 2021;19(6):1-188. [DOI:
10.2903/].efsa.2021.6651]

Ramtahal MA, Somboro AM, Amoako DG, Abia ALK, Perrett K,.Bester LA, et al.
Molecular Epidemiology of Salmonella enterica in Poultry in South Africa Using the
Farm-to-Fork Approach. Int J Microbiol. 2022;2022. [DOI: 10.1155/2022/5121273]
Shaji S, Selvaraj RK, Shanmugasundaram R. Salmonella Infectiomiin,Poultry: AsReview
on the Pathogen and Control Strategies. Microorganisms. 2023;11(1814):1-27. [DOI:
10.3390/microorganisms11112814]

Li Q. Mechanisms for the Invasion and Dissemination of Salmonella. Can J Infect Dis
Med Microbiol. 2022;2022:1-12. [DOI: 10.1155/2022/2655801]

Wibisono FJ, Candra AYR, Mardijanto A, Nussa ORPA, Kendek IA, Artha AC, et al.
Histopathological Diagnosis and Detection/ of Avian Pathogenic Escherichia Coli
Virulence Genes in Broiler Chickens in Indonesia. Arch Razi Inst J Vol. 2025;80(3):693—
701. [DOI: 10.32592/ARI1.2025.80.3.693]

Solfaine R, Rahmawati I, Desiandura K, Yuriska/ Study of Laboratory Diagnosis of
Colibasilosis Infection In Local Hen In Surabaya. J Appl Vet Sci Technol. 2023;4(1):33—
40. [DOI: 10.20473/javest.V4.11.2023.33-40]

Taunde PA, Bianchi M V., Mathai VM, De Lorenzo C, Gaspar BDCB, Correia IMSM,
et al. Pathological, microbielogical and immunohistochemical characterization of avian
colibacillosis in broiler chieckens.of mozambique. Pesqui Vet Bras. 2021;41:1-8. [DOI:
10.1590/1678-5250-pvb-6831]

AbouZeid, MAM, Nasef SA, Ali GIE, Hegazy AM. A Field Study on Biochemical
Changes ‘Associated with Salmonella Infection in Ducklings. J World’s Poult Res.
2020;10:250-62. [DOT: 10.36380/jwpr.2020.31]

Siswandy S, Rahmi E, Masyitha D, Fitriani F, Gani FA, Zuhrawaty Z, et al. Histology,
Histomorphometry, and Histochemistry of the Liver of Free-Range Chickens (Gallus
gallus domesticus) During the Period Before and After Hatching. J Agripet.
2020;20(2):193-202. [DOI: 10.17969/agripet.v20i2.16011]

Tarig S, Samad A, Hamza M, Ahmer A, Muazzam A, Ahmad S, et al. Salmonella in
Poultry: an Overview. Int J multidiciplinary Sci arts. 2022;1(1):80-4. [DOI:
10.47709/ijmdsa.v1i1.1706]

Abd EI-Ghany WA.. Salmonellosis: A food borne zoonotic and public health disease in
Egypt. J Infect Dev Ctries. 2020;14(7):674-8. [DOI: 10.3855/jidc.12739]

ljaz A, Veldhuizen EJA, Broere F, Rutten VPMG. The Interplay between Salmonella
and Intestinal Innate Immune Cells in Chickens. Pathogens. 2021;10(1512):1-20.
[DOI: 10.3390/pathogens10111512]

Gad SA, Nasr ME, Abd El Wahab SA, Mostafa DIA. Chicken salmonellosis: An



https://doi.org/10.14202/vetworld.2021.3126-3131
https://doi.org/10.62940/als.v10i2.1793
https://doi.org/10.2903/j.efsa.2021.6651
https://doi.org/10.1155/2022/5121273
https://doi.org/10.3390/microorganisms11112814
https://doi.org/10.1155/2022/2655801
https://doi.org/10.20473/javest.V4.I1.2023.33-40
https://doi.org/10.1590/1678-5150-pvb-6831
https://doi.org/10.36380/jwpr.2020.31
https://doi.org/10.17969/agripet.v20i2.16011
https://doi.org/10.47709/ijmdsa.v1i1.1706
https://doi.org/10.3855/jidc.12739
https://doi.org/10.3390/pathogens10111512

410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431

21.

22.

23.

24.

25.

overview on transmission, pathogenesis, detection and control with special reference to
its hazard on human health. Anim Heal Res J. 2025;10(1):12-21. [link.
http://animalhealth.ahri.gov.eg/Files/File726067925.pdf]

Chen S, Xie Y, Guo D, Li T, Tan Z, Ran X, et al. Effects of Salmonella Typhimurium
infection on intestinal flora and intestinal tissue arachidonic acid metabolism in
Wenchang chickens. Front Mar Sci. 2025;1514115(January):1-16. [DOI:
10.3389/fmich.2025.1514115]

Thiam M, Zhang J, Wen J, Zhao G, Wang Q. Investigation of the Potential of Heterophil
/ Lymphocyte Ratio as a Biomarker to Predict Colonization Resistance and Inflammatory
Response to Salmonella enteritidis Infection in Chicken. Pathogens. 2022;11(72):1-15.
[DOI: 10.3390/pathogens11010072 ]

Bilal M, Azeem S, Aslam A, Abbas S, Riaz MI, Shahzad F, et al. Evidence of Salmonella
enterica in Pakistani backyard poultry breeds: isolation, molecularseharacterization and
pathology. Vet Ital. 2023;59(4):1-10. [DOI: 10.12834/Vetlt.2870.19149.3]
Shchebentovska O, Kostynuk A, Zaika S, Kovalova L, /Yevtukh L, “Holubtsova M.
Pathomorphological changes in the organs of chickens infectedispontaneously by the
species Salmonella pullorum on private farms in Chernivtsi region: Regul Mech Biosyst.
2021;8521(4):614-419. [DOI: https://doi.org/10:15421/0221.84]

Okafor S, lhedioha J, Ezema W. Experimental Salmonella” Gallinarum Infection in
Young Pullets : Correlation of Serum Biochemistry with Organ Pathology. Acta Vet
Eurasia. 2025;51(0090):1-12. [DOI: 10:5152/actavet:2025.24090v]



https://doi.org/10.3389/fmicb.2025.1514115
https://www.mdpi.com/2076-0817/11/1/72
https://doi.org/10.12834/vetit.2870.19149.3
https://doi.org/10.15421/022184

