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ABSTRACT
Hog cholera (HC) or classical swine fever is one of the highly contagious and devastating viral diseases of domestic pigs and wild boar. It causes great economic loss to the pig industries. The disease is endemic in North Eastern Region of India. Accurate diagnosis of the disease is very essential to adopt appropriate preventive measures. In addition to the clinical and postmortem changes, laboratory diagnostic tests are essential to confirm the HCV infection in pigs. The present study was undertaken to evaluate the efficacy of different immunological tests (FAT, S-ELISA and AGPT) for diagnosis of hog cholera in field samples. a total of nine outbreaks were attended. Free grazing Doom variety pigs (83) were found mostly affected and comparatively lesser number of cases were recorded in crossbred pig (27) and Hampshire pigs (10). Pigs at the age group of 1-4 months (44.16%) were found highly susceptible which was followed by 0-2 months (27.50%), > 8 months (15%) and 4-6 months (13.3%) of age group. Clinically affected pigs showed mostly high fever, anorexia, constipation, diarrhoea, conjunctivitis, hyperaemia of skin, incoordination of movements, abortion, stillbirth and fetal mummification. Altogether, 314 samples were processed for detection of HCV antigen. In direct FAT, 163 (51.91%) samples showed positive results, of which tonsillar tissue showed the highest percentage (67.12%) of positivity, while in mesenteric lymph nodes, leucocytes, spleen and kidney, the percentage positivity was less. In sandwich ELISA, 147 (46.81%) samples were found positive for HCV antigen, and tonsil showed higher percentage (56.16%) of positivity than other organs. Highest virus concentration (≥1:32) was detected in tonsil and lowest (34.52%) in spleen tissues. In AGPT, 19.74 percent samples were found positive for HCV antigen. Again, tonsilar tissue (35.60%) exhibited highest number of positive cases and lowest was recorded in mesenteric lymph nodes (12.16%). Statistically, the results of FAT and ELISA were comparable to each other for HCV antigen detection and were significantly (P < 0.05) different from that of AGPT. Tonsil was found to be the most suitable sample for HCV detection.
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INTRODUCTION:
	India has 14 officially recognized indigenous pig breeds and a population of 9.06 million pigs as per the 20th Livestock Census and 47% of them are in North Eastern India. It is also found that there has been a reduction of 11.95% in pig population as compared to the 19th Livestock Census (DAHD, 2019). Pigs are generally reared by socioeconomically disadvantaged people whose livelihood is affected if pigs die due to diseases. Hog cholera (HC) or classical swine fever (CSF) is one of the most fatal and highly contagious diseases affecting susceptible domestic and wild pigs causing up to 100% mortality and resulting in enormous economic loss to the pig husbandry of the North-East and southern parts of India (Singh et al., 2018, Patil et al., 2021). Hog Cholera (HC) is classified as a notifiable disease and formerly listed as a List A disease by WOAH (Old name OIE) and trans-boundary disease by FAO. The causative virus is a member of genus Pestivirus of the family Flaviviridae (Simmonds et al; 2017). The virus gets entry through oro-nasal route and localizes in tonsil, from where it disseminate to other target organs through lymphocytes. The disease has several forms (acute, subacute and chronic forms) apart from its classical form (Sarma et al; 2008; Khairullah et al., 2024). The milder form develops with a typical and less dramatic clinical signs with lower mortality rate. The chronic form causes reproductive disorders and birth of congenitally affected piglets (Lamothe-Reyes et al., 2023). Laboratory diagnosis is the best choice to confirm the Hog Cholera Disease. Detection of virus in whole blood and of antibodies in serum are the method choice for diagnosing Hog Cholera in live pigs whereas detection of Hog Cholera Viral (HCV) antigen in organ sample is the most suitable in dead pigs. Routinely used laboratory tests were successfully used to detect and titrates antigen or antibody against Hog Cholera Virus. The present study describes the outbreaks of CSF in different parts of North-Eastern region (NER) of India and the techniques used for detecting the HCV from clinical, post mortem as well as propagated cell cultured samples. 
MATERIAL AND METHODS
	All the samples were collected from suspected pigs reared in organized as well unorganized farms of NER of India. From clinically affected pigs approximately 5 ml blood was collected in anticoagulant (1 drop of 10% EDTA solution) added sterile centrifuge tube and processed in the laboratory for separation of buffy coat following the method described in the European Union Diagnostic Manual (European Commission; 2002). Pigs died of suspected Hog Cholera Virus were subjected to postmortem examination and samples (Kidney, MLN, spleen and tonsil) of approximately 8x8 cm size were collected without using any preservatives and brought to the laboratory in ice container. For preparation of cryo-section 2x2 cm size tissue samples were cut and snapped frozen in liquid Nitrogen for FAT test. Hog Cholera Virus antigen was detected in clinical as well as postmortem samples by fluorescent antibody techniques (FAT) as per the method described in the European Union Diagnostic Manual (EC; 2002), sandwich ELISA (S-ELISA) as per the method described by Sarma and Sarma (1996) and Agar gel precipitation test (AGPT) by Nandi et al., 2011. 
Field samples were processed for isolation of HCV in cell culture for that PK 15 cell line was obtained from National Center Cell Science (NCCS) Pune, India. The virus was isolated in PK 15 established cell line. Propagated Hog Cholera Virus in cell culture was detected by direct FAT and S-ELISA test. For FAT test four cytospots were prepared from each blood samples and 5 to 6 µ sized tissue section were prepared in cryostat machine and fixed in chilled acetone (-20oC) for 10 minutes. Both cytospots and tissue cryo sections were used for detection of HCV antigen with the help of 50 µl pig anti HCV FITC conjugate (1:10 dilution) and fluorescent microscope (Karl Zeiss, Germany). Cells exhibiting bright green fluorescence were identified as virus infected cell. For S-ELISA test leucocytes from blood samples and 20% tissues homogenate in sterile PBS were prepared. Rabbit anti HCV antibody was raised in two New Zealand white adult rabbit by injecting one ml Freund’s completes adjuvant (Sigma Chemical Laboratory, USA) emulsified lapinised HCV vaccine (IVRI, Izatnagar) on 0th, 10th and 30th day post primary injection. The antibody titre of the serum was detected by indirect ELISA (Sarma and Sarma 1998). Hyper immune serum showed more than 1000 ELISA titre was aliquoted in 1 ml vial for S-ELISA test. Pig anti HCV antibody raised by injecting 1 ml intramuscularly emulsified lapinised Hog Cholera Vaccine in pigs by the same method as described in the rabbit. Hyper Immune Sera sowing > 500 ELISA titre were aliquoted in 1 ml vial for S-ELISA test. For staining Ager gel slides, 0.1% Coomassie brilliant blue stain was used and precipitation band were recorded. Data obtained from the study were analyzed statistically as per the method described by Snedecor and Cochran 1994.









RESULT AND DISCUSSION
 Altogether 9 outbreaks were recorded from different places of Assam, Arunachal Pradesh and Meghalaya states of North Eastern region during the study period and 120 affected pigs of different age groups were examined. Location of outbreaks and number of animals affected are shown in table-1. Clinical symptoms exhibited by pigs of different age groups naturally infected with hog cholera disease are shown in table-2.
TABLE 1. OUTBREAKS OF HOG CHOLERA RECORDED IN DIFFERENT PARTS OF THE NORTH EASTERN REGION OF INDIA 

	Sl. No.
	Places of outbreak
	Type of management
	Affected breed
	No. of affected pigs of different age groups (months)

	
	
	
	
	0-2
	2-4
	4-6
	>8
	Total

	
1.
	
Pathsala, Barpeta district, Assam
	
Free range
	
Doom variety
	
-
	
11
	
-
	
-
	
11

	2.
	Basistha, Guwahati, Kamrup Dist., Assam
	Free range
	Doom variety
	3
	10
	-
	-
	13

	
	
	Free range
	Crossbred 
(Local x Hampshire)
	1
	-
	5
	5
	11

	3.
	Kahilipara, Guwahati, Kamrup Dist., Assam
	Free range
	Doom variety
	7
	-
	-
	-
	7

	4.
	Khanapara, Guwahati, Kamrup Dist., Assam
	Free range
	Doom variety
	3
	15
	5
	2
	25

	
	
	Semi-intensive
	Hampshire
	-
	3
	1
	3
	7

	
	
	Semi-intensive
	Crossbred 
(Local x Hampshire)
	7
	2
	2
	3
	14

	5.
	Narengi, Guwahati, Kamrup Dist., Assam
	Free range
	Doom variety
	5
	6
	-
	-
	11

	
	
	Free range
	Crossbred 
(Local x Hampshire)
	1
	-
	-
	1
	2

	6.
	Bihpuria, Lakhimpur district, Assam
	Free range
	Doom variety
	5
	-
	-
	-
	5

	7.
	Haflong, NC Hills, Assam
	Free range
	Doom variety
	-
	-
	3
	-
	3

	
8.
	
Nirjuli, Arunachal Pradesh
	
Semi-intensive
	
Hampshire
	
-
	
-
	
-
	
3
	
3

	
9.
	
Nine miles. Dist. Ribhoi, Meghalaya
	
Free range
	
Doom variety
	
1
	
6
	
-
	
1
	
8

	
	Total
	
	
	33 (27.50%)
	53 (44.16%)
	16 (13.30%)
	18 (15.00%)
	120



Table 2.  CLINICAL SYMPTOMS EXHIBITED BY PIGS OF DIFFERENT AGE GROUPS NATURALLY INFECTED WITH HCV
	Age group (months)
	No. of affected animals
	No. of animals showing clinical symptoms of

	
	
	High fever
	Anorexia/
Inappetance
	Conjunctivitis
	Hyperaemia 
of skin
	Diarrhoea
	Constipation
	Incoordination
	Abortion, fetal mummification, stillbirth

	0 - 2
	32 
	26
(81.25)
	30
(93.75)
	20
(62.50)
	15
(46.87)
	26
(81.25)
	6
(18.75)
	-
	-

	2 - 4
	51
	45
(88.23)
	50
(98.03)
	43
(84.31)
	42
(82.35)
	22
(43.13)
	10
(19.60)
	10
(19.60)
	-

	4 - 8
	21
	14
(66.67)
	16
(76.19)
	20
(95.23)
	16
(76.19)
	10
(47.61)
	11
(52.38)
	15
(71.42)
	-

	> 8
	16
	10
(62.50)
	6
(37.50)
	12
(75.00)
	10
(62.50)
	8
(50.00)
	8
(50.00)
	14
(87.50)
	5
(31.25)

	Total
	120
	95
(79.16)
	102
(85.00)
	95
(79.16)
	83
(69.16)
	66
(55.00)
	35
(29.16)
	39
(32.50)
	5
(4.17)


   Figures in parenthesis indicate percentages


From the above table it was found that among the affected breeds of pigs, free grazing Doom variety of pigs (characterized as “Niang Megha” breed of pig by breed registration committee of NBPGR New Delhi on 14th May2012) was mostly affected with hog cholera. High incidence of hog cholera in free grazing pigs recorded in the present study indicated that Niang Megha variety of pigs was not regularly vaccinated. Besides, they can easily pick up infection from the infected pigs as well as from virus mixed swill. On the other hand, intensively reared pigs were regularly vaccinated and hence they were protected from the natural infections. Comparing the percent mortality among different age groups of pigs, the most affected age groups were weaned and grower pigs. However, preweaned pigs were less affected. In case of unvaccinated herd, pigs beyond 2 months of age remain free from HCV specific antibody and these age groups of pigs were most vulnerable to the natural infection of HCV. Similar observation was also made by Murugan et al., 2024, where unvaccinated pigs of 3 months and above were negative for HCV antibody. Interestingly, preweaned piglets were found less affected, which indicated that passive antibody protected the newborn from HCV infection. Ma et al., (2025) stated that colostral antibody specific to HCV reached peak between 9-24 hours after consumption of colostrum and persisted up to 3 months. In the present study, the naturally infected pigs showed high fever (41-42C), anorexia, constipation and conjunctivitis. Most of the unweaned piglets (0-2 months) died within a short period. Affected piglets showed for a brief period high fever (81.25%), anorexia (93.75%) and diarrhoea (81.25%). Both grower and adult pigs showed conjunctivitis (85.11%), incoordination (79.46%), hyperaemia of skin (69.34%) and constipation followed by diarrhoea (50%). Again in 31.25 per cent pregnant sows, abortion, fetal mummification and stillbirth were recorded. Similar clinical symptoms were also recorded by other workers (Murugan et al., 2024; Ganges et al., 2020; Blome et al., 2017). The present findings were also supported by Dutta et al. (2003) in their reports on hog cholera outbreaks. Barman et al., (2003) also recorded variation in clinical symptoms in hog cholera outbreak in a regularly vaccinated herd, where immunized animals failed to exhibit typical clinical symptoms.
Detection of Hog Cholera Viral Antigen - Various diagnostic techniques like FAT, ELISA and AGPT were used for detection of HCV antigen in clinical as well as in postmortem samples.
 Fluorescent antibody technique (FAT): In the clinical samples, leucocytes separated from the buffy coat were found most suitable for demonstration of HCV antigen. Further, method used in the present study yielded high concentration of leucocytes and the technique was found simple and could be performed in a laboratory having minimum facilities. Cytospots prepared from the cell suspension contained homogenous cells. Cells stained with polyvalent FITC conjugated anti-HCV antibody showed brilliant green fluorescence in positive cases and non-specific fluorescence was very less. Solarzano (1962) also viewed that infected leucocytes could give more precise and reliable results in FAT. Again, there was less interference with other cells in buffy coat preparations. Among the tissue samples with existing preservation facilities tonsil, lymph nodes and kidneys were found suitable for preparation of cryosections. However, it was difficult to retain better orientation of the sections from spleen. In cryosections FAT can facilitate to pinpoint the location of virus infected cells and type of cells involved. In the present study, HCV infected samples showed presence of bright green fluorescent cells at different histocompartmental areas of the tissue samples. Tonsil and lymph node showed high numbers of positive cells in the follicles as well as in parafollicular areas. In spleen, stained cells were concentrated in the white pulp areas. However in kidney, less numbers of fluorescent cells were demonstrated. Comparing the percent positivity in FAT, highest number of samples was found in tonsil (67.12%), followed by mesenteric lymph nodes (52.70%) and leucocytes (50.00%). However, comparatively less number of samples was found positive in spleen (45.24%) and kidney (43.28%). As Ganges et al., 2020 stated that in first viraemic phase almost all lymphoid organs including tonsil, mesenteric lymph nodes and spleen were infected and propagated to highest concentrations. On the other hand, the virus probably does not invade the parenchymatous organs until late in the viraemic phase. Present study also justified frequent demonstration of virus in the lymphoid organs than that of kidney.
 Sandwich ELISA: Sandwich ELISA (S-ELISA) was used for detection of viral antigen in leucocytes as well as in the postmortem tissue samples. Results of the test showed that preblocking step prior to addition of antigen was essential to eliminate the non-specific binding of the proteins. Again, 5 per cent LAH was not sufficient to block the non-specific reaction. However, Sarma and Sarma (1996) performed the S-ELISA without preblocking and using 3 per cent LAH. Barman et al. (2001) also used 10 per cent horse serum as a blocking buffer for demonstration of enterotoxigenic Escherichia coli (ETEC) antibody in bovine milk by indirect ELISA. Further, horse serum and LAH are devoid of Pestivirus specific antibodies. A volume of 50 l tissue suspension was found to be optimum for demonstration of the HCV antigen present in the samples. Screening of the various samples by S-ELISA showed highest percentage of positivity in tonsil followed by mesenteric lymph nodes, kidney, leucocytes and spleen. Again, the virus concentration in the sample (Table 3) was found higher in tonsil followed by mesenteric lymph nodes and kidney, Spleen and leucocytes contained comparatively low titer. Hog cholera virus prefers to propagate in the lymphoid tissues and Ganges et al., 2020 clearly stated that virus concentration was higher in tonsil and mesenteric lymph nodes. Similar observation was also made by Sarma and Sarma (1996), where ELISA titre was found to be higher in tonsil followed by spleen, lymph node, kidney and brain.
TABLE 3. ASSAY OF HOG CHOLERA VIRAL ANTIGEN TITRE IN THE CLINICAL AS WELL AS IN POSTMORTEM SAMPLES BY SANDWICH ELISA

	Type of 
sample
	No. of
samples positive
	No. of samples showing reciprocal HCV titre

	
	
	2
	4
	8
	16
	 32

	Leucocytes
	7
	-
	6
	1
	-
	-

	Tonsils
	41
	8
	14
	6
	3
	10

	Mesenteric lymph nodes
	37
	15
	14
	1
	1
	6


	Spleen
	29
	11
	12
	1
	2
	3

	Kidney
	33
	12
	13
	1
	2
	5

	Total
	147
	46
(31.29)
	59
(40.13)
	10
(6.80)
	8
(5.44)
	24
(16.32)


    Figures in parenthesis indicate percentages
Agar gel precipitation test: Soluble antigens of HCV react with specific antibodies and in optimum conditions visible opaque precipitating bands appear between the wells of antigen and antibody in gel medium (Molnar, 1954). For HCV antigen detection, 0.9 per cent Agarose gel was prepared in two different buffers (PBS, pH 7.4 and Veronal buffer, pH 8.6). Veronal buffer (VB) was favoured for development of thin and sharp precipitation bands in positive control as well as in infected test samples. However, no precipitating bands could be demonstrated in the gel prepared in PBS. Again, test run at different temperatures showed varied results. Incubation done at 4C resulted in the development of sharp and thin precipitating bands in control and test samples even after 24hours of incubation. Darbyshire (1962) also demonstrated precipitating band after overnight incubation at 4C. Precipitating line also appeared after 1½ hour incubation at 37C by Darbyshire (1962). Overnight incubation at 37C or at room temperature (RT) did not result in appearance of clear bands. Agar gel precipitation test could demonstrate HCV antigen in 19.74 per cent samples. However, highest number of positive samples was recorded in tonsil followed by spleen, kidney and mesenteric lymph nodes. No precipitating antigen could be demonstrated in leucocytes. Demonstration of low percentage of positive samples by AGPT indicated that the test required high concentration of antigen in the samples. The study showed that AGPT failed to demonstrate antigen in leucocytes but 35.61 per cent tonsilar tissue indicated the presence of viral antigen. Agar gel precipitation test, however, was a simple test and could be performed in any laboratory having minimum facilities. Sarma and Sarma (1998) also observed almost similar findings. 
TABLE 4. DETECTION OF HCV ANTIGEN IN THE CLINICAL AND POSTMORTEM SAMPLES BY SANDWICH 
                ELISA, FAT AND AGPT
	Type of samples
	No. of samples tested
	No. of samples positive in

	
	
	FAT
	ELISA
	AGPT

	Leucocytes
	16
	8 (50.00)
	7 (43.75)
	0 (0.00)

	Tonsils
	73
	49 (67.12)
	41 (56.16)
	26 (35.61)

	Mesenteric lymph node
	74
	39 (52.70)
	37 (50.00)
	9 (12.16)

	Spleen
	84
	38 (45.24)
	29 (34.52)
	15 (17.85)

	Kidney
	67
	29 (43.28)
	33 (49.25)
	12 (17.91)

	Total
	314
	163 (51.91)
	147 (46.81)
	62 (19.74)


  Figures in parenthesis indicate percentages
Comparing the results of demonstration of HCV antigen (Table 4) in clinical as well as postmortem samples 51.91 per cent samples found positive in FAT, 46.81 per cent in S-ELISA and 19.74 per cent in AGPT. The results clearly suggested the FAT was the test of choice for detection of HCV antigen in leucocytes as well as in tissue samples. Further, FAT was found to be suitable for in-situ demonstration of HCV antigen. However, the test would require the costly fluorescent microscope. Sandwich ELISA could detect HCV antigen in comparable number of samples. The test was found suitable for demonstration of viral antigen as well as to determine the virus concentration. Wang et al; 2020 stated that fluorescent antibody test (FAT) and antigen capture antibody enzyme-linked immunosorbent assay (ELISA) are the well-established diagnostic tests of CSF globally. The result of S-ELISA was found in parallel with that of FAT result. Statistical analysis showed non-significant (P > 0.05) differences between the results of FAT and ELISA (‘t’= 1.34), while highly significant (P < 0.01) differences were recorded between FAT and AGPT (‘t’= 4.81) and also between S-ELISA and AGPT (‘t’= 5.49). It was clearly indicated that both FAT and ELISA were competitive to each other for HCV antigen detection. Statistical analysis also revealed that there was no significant difference between FAT and S-ELISA. 
SUMMARY 
Hog cholera is an important viral disease of pigs, causing high morbidity and mortality. The disease is endemic in the North Eastern Region of India. In addition to the clinical and postmortem findings, laboratory diagnostic tests are essential to confirm HCV infection in pigs.
 In clinical samples, leucocytes separated from the buffy coat was found most suitable sample for demonstration of HCV antigen. Among the tissue samples with existing preservation facilities, tonsil, lymph nodes and kidney were found suitable for preparation of cryosections. In spleen samples, it was found difficult to retain the better orientation of the sections. In the present study, highest percentage of positivity was recorded in tonsil by FAT, Sandwich ELISA and AGPT for HCV. Again, the highest concentration of HCV was found in tonsil ( 1: 32) followed by mesenteric lymph nodes (MLN) and kidney. Spleen and leucocytes showed comparatively low titre. The findings of the AGPT in various tissue samples and leucocytes revealed 19.74 percent positivity, while leucocytes failed to exhibit any visible precipitation band. The above results justified the observation of previous workers that the tonsil was the primary site of predilection for HCV infection.
[bookmark: _GoBack]CONCLUSION: Since the pig population is more in North Eastern Region of India and Hog cholera disease or Classical swine Fever (CSF) is endemic in these areas. Hence, for continuous monitoring and surveillance of Hog cholera disease, the Direct FAT was found quick, reliable, qualitative and sensitive test, while Sandwich ELISA was found quantitative and sensitive test. Leucocytes of live pigs and Tonsil and Mesenteric Lymph nodes were found suitable samples for CSF diagnosis. For prevention and control of CSF in NE Region, regular creating awareness programmes and opting vaccination schedule is necessary. To get disease free animal products and by-products for our nutrition is the main objective of research. More research on large number of samples is needed for standardization of newer test in future. 
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