


Detection of Rabies Virus Antigen by Fluorescent Antibody Test and Rapid Immunochromatographic Assay in a Pregnant Goat from Salem, Tamil Nadu

Abstract
Rabies in small ruminants is underdiagnosed in India because a bite history is often absent and clinical signs may mimic metabolic disorders of late pregnancy. This study reports rabies in a pregnant doe confirmed by the fluorescent antibody test and supported by two complementary techniques. A doe at approximately 4.5 months of gestation was presented to the Veterinary Clinical Complex, Veterinary College and Research Institute, Salem, Tamil Nadu, with inappetence, aggression and recumbency. Blood and urine glucose were estimated ante-mortem. The doe exhibited aggression, biting, eye rubbing, continuous leg licking, yawning, bleating and sternal recumbency, with no reported dog-bite history and died on the day of presentation. Blood glucose was 103 mg/dL, accompanied by glucosuria. Postmortem brain tissue collected through the occipital foramen was examined using fluorescent antibody test (FAT), a rapid immunochromatographic lateral flow assay (LFA) and modified Van Gieson staining. FAT revealed apple-green intracytoplasmic fluorescence, the LFA showed distinct control and test bands and Negri bodies were identified by modified Van Gieson staining. Rabies was confirmed by FAT; the LFA result was concordant and the Negri bodies provided supportive evidence. Hyperglycaemia with glucosuria in an anorectic pregnant doe was observed in this case; however, this finding is non-specific, and its diagnostic value needs to be evaluated in a larger number of cases.The LFA offers rapid, field-level detection and can complement FAT, the gold standard method. 
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1. Introduction
Rabies is an acute, almost invariably fatal encephalomyelitis of all warm-blooded animals, caused by rabies virus (RABV), a negative-sense, single-stranded RNA virus and the prototype of the genus Lyssavirus, family Rhabdoviridae (Nurumal et al., 2022; Shams et al., 2025). The virus is shed in saliva and transmitted mainly through bites, scratches or licks on broken skin and mucous membranes. After entry, RABV travels along peripheral nerves to the brain, causes neurological disease, and then spreads to the salivary glands, where it is excreted in large amounts (Shams et al., 2025). Rabies exists as an urban cycle maintained by dogs and a sylvatic cycle maintained by wildlife such as foxes, jackals, mongooses and bats. In India, the free-roaming dog is the main source for humans and livestock (Nurumal et al., 2022; Kachhawaha and Tanwar, 2024).
Ruminants are considered dead-end hosts of rabies virus but constitute a substantial proportion of confirmed animal cases. A meta-analysis of 97 Asian studies (2010–2024) reported a pooled test-positive prevalence of 23% among tested animals, with positivity rates of 58.7% in cattle, 47.8% in sheep and 56.3% in goats among suspected cases (Shams et al., 2025). In Oman, 57.1% of suspected sheep and goats tested positive (Nurumal et al., 2022), while rabies accounted for 0.98% and 0.94% of zoonotic disease cases in goats and sheep, respectively, in Bangladesh (Hossain et al., 2023). In Jodhpur, India, 49 of 82 suspected animals (59.75%) were FAT-positive, with head pressing and continuous bleating reported in goats (Kachhawaha and Tanwar, 2024). In Wayanad, Kerala, 7 of 182 goat necropsies were rabies-positive, six involving females (Sachin et al., 2025). Punjab reported a stray cattle rabies incidence of 9.49 %, while only 31% of owners of animals with bite wounds consulted veterinarians (Gill et al., 2019). Rabies has also been confirmed in cattle and goats in Tamil Nadu, where most sequenced isolates belong to the Sri Lankan lineage (AravindhBabu et al., 2011). Bovine rabies without a known bite history has also been reported in the state (Naveenkumar et al., 2024).
Rabies is a major zoonosis. It causes about 59,000 human deaths each year, 95% of them in Asia and Africa, and over 3.7 million disability-adjusted life years are lost (Hampson et al., 2015; Shams et al., 2025). In India, about 5,726 human rabies deaths occur each year, according to ICMR–National Institute of Epidemiology estimates published in 2024, down substantially from an estimated 20,000 deaths a year two decades earlier. India also records about 9.1 million animal bites a year, over three-quarters of them by dogs (WHO India, 2024). Once clinical signs appear, the case-fatality rate is close to 100% in both humans and animals (Sodré et al., 2023). In Tamil Nadu, dog bites rose from 3,19,432 in 2021 to 4,80,483 in 2024, with 43 rabies deaths in 2024 and about 5.25 lakh bites and 28 deaths in 2025 up to mid-November (ETV Bharat, 2025). Salem district reported 45,102 dog bites from January to November 2025, the highest in the state, together with 4 rabies deaths (DT Next, 2026). The global economic cost is estimated at USD 8.6 billion a year, of which livestock losses form about 6% (Hampson et al., 2015). Although animal rabies is a notifiable disease under the Prevention and Control of Infectious and Contagious Diseases in Animals Act, 2009, gaps in surveillance and reporting may contribute to underestimation of the disease burden in livestock.
The objective of this study was to detect rabies in a pregnant doe with no history of dog bite, presented to Veterinary Clinical Complex (VCC), Veterinary College and Research Institute (VCRI), Salem, Tamil Nadu and to describe the findings of three post-mortem diagnostic techniques viz. fluorescent antibody test (FAT), a rapid immunochromatographic lateral flow assay (LFA) and modified Van Gieson staining alongside ante-mortem blood and urine glucose estimation.
2. Materials and Methods
2.1 Anamnesis and Clinical Examination
A 1.5-year-old pregnant non-descript doe weighing approximately 14 kg was presented to the Veterinary Clinical Complex (VCC), Veterinary College and Research Institute (VCRI), Salem, Tamil Nadu, with a history of inappetence and abnormal behavioural changes. Transabdominal ultrasonography revealed three live fetuses at approximately 4.5 months of gestation. The owner reported aggression, biting behaviour, excessive eye rubbing, continuous licking of the limbs, frequent yawning, bleating and recumbency. No history of a dog bite or known contact with a rabid animal was reported. The animal had not been vaccinated against rabies. A detailed clinical history was recorded and a clinical examination was performed, with particular attention to behavioural abnormalities and neurological manifestations. As rabies was suspected, handling was minimised, and appropriate personal protective equipment and isolation precautions were adopted to minimise potential exposure of personnel to infectious materials.
2.2 Estimation of blood and urine glucose
Blood glucose was measured ante-mortem using a handheld glucometer, and the result was expressed in mg/dL. Urine was collected and examined for glucose using Benedict's test. 
2.3 Necropsy and brain sample collection
The doe died on the evening of presentation. Necropsy was carried out with full personal protection (gloves, gown, face shield and goggles) by personnel with pre-exposure rabies vaccination. The head was disarticulated at the atlanto-occipital joint and brain tissue was collected through the foramen magnum with a plastic straw/tube (occipital foramen route), which samples the brainstem, cerebellum and hippocampus without opening the skull (Fig. 1).
[image: Fig. 1. Collection of brain tissue through the foramen magnum (occipital foramen route) using a plastic straw after disarticulation of the head.]
Fig. 1. Collection of brain tissue 
2.4 Fluorescent antibody test (FAT)
Impression smears were prepared from the cut surfaces of the brainstem, cerebellum and hippocampus using clean, grease-free glass slides. The smears were air-dried, fixed in cold acetone for 60 min and washed with phosphate-buffered saline (PBS; pH 7.5) for 5 min. The FITC-labelled anti-rabies nucleocapsid conjugate (lyophilised, adsorbed; Bio-Rad, Marnes-la-Coquette, France; Cat. No. 3572112; Lot 4K0080) was reconstituted in 3 mL of distilled water and centrifuged at 1,500 rpm for 5 min, and the supernatant was used for staining. Subsequently, 10 µL of the conjugate was applied to the smear, and the slides were incubated in a humid chamber at 37°C for 60 min. Following incubation, the slides were washed with PBS to remove unbound antibodies, air-dried, mounted with a drop of 50% glycerol saline and covered with coverslips. The smears were examined under a Nikon Eclipse Ni fluorescence microscope (Nikon Corporation, Tokyo, Japan) with a blue-excitation (FITC) filter set using a 40× objective. Appropriate positive and negative controls were included in the test.
2.5 Lateral flow assay (LFA)
Rabies antigen was detected using the Anigen Rapid Rabies Ag Test Kit (Bionote, Inc., Hwaseong-si, Republic of Korea), following the manufacturer’s instructions. Each kit comprises a test device, sample tube, assay diluent tube, disposable swab and disposable dropper. All components were brought to room temperature (15–30°C) before use. About 1 g of pooled brain tissue, including brainstem, was placed in the sample tube and rubbed against the tube wall with the swab until a smooth paste formed and the swab was coated. The swab was then inserted into the assay diluent tube and mixed until the sample dissolved. Using the dropper, four drops of the supernatant were added vertically, one drop at a time, to the sample well (S). The result was read at 5–10 min; readings after 20 min were not considered valid. The appearance of a band at the control line (C) indicated a valid test, while the presence of bands at both the control (C) and test (T) lines indicated the detection of rabies antigen.
2.6 Modified Van Gieson staining
Brain impression smears were fixed in absolute methanol and stained by Williams’ modification of Van Gieson’s stain for the detection of Negri bodies (Arulanandam et al., 2020; Harikrishnan et al., 2025). Saturated alcoholic solutions of basic fuchsin and methylene blue were used as stock solutions, and the working solution was freshly prepared by mixing 3 drops of basic fuchsin and 7 drops of methylene blue in 10 mL of distilled water. The fixed smears were flooded with the working solution. The slides were rinsed, air-dried and examined under an oil-immersion objective for the presence of intracytoplasmic Negri bodies in neurons.
3. Results
Rabies was confirmed by FAT, with concordant LFA and modified Van Gieson staining results, and the clinical and biochemical findings were consistent with the furious form of the disease.
3.1 Clinical findings
The doe showed progressive inappetence for five days. On the fifth day it became aggressive, biting at objects and people and rubbing and scratching its eye against the floor, and by that evening it was in sternal recumbency and unable to stand. At presentation on the sixth day, the doe showed intermittent yawning, frequent bleating and continuous licking of its own leg, with a distended abdomen due to advanced pregnancy. It died under observation on the evening of presentation.
3.2 Blood and urine glucose
Blood glucose concentration was 103 mg/dL, exceeding the typical adult goat reference range of approximately 50–75 mg/dL and glucosuria was detected on urinalysis, indicating concurrent hyperglycaemia and urinary glucose excretion.
3.3 Fluorescent antibody test
Brain impression smears showed bright apple-green, dust-like intracytoplasmic particles and larger oval-to-round fluorescent inclusions against the background, typical of rabies nucleocapsid antigen (Fig. 2). 
[image: Fig. 2. FAT on brain impression smear showing apple-green fluorescent dust-like particles and larger intracytoplasmic inclusions of rabies virus antigen.]
Fig. 2. FAT on brain impression smear
3.4 Lateral flow assay
The rapid test devices developed distinct coloured bands at both the control (C) and test (T) lines, indicating the presence of rabies virus antigen in the brain suspension (Fig. 3).
[image: Fig. 4. Close-up of the LFA device showing distinct bands at the control (C) and test (T) lines — positive for rabies antigen.]
Fig. 3. LFA device showing distinct bands at the control (C) and test (T) lines
3.5 Modified Van Gieson staining
Neurons showed round to oval, sharply defined, magenta-red intracytoplasmic Negri bodies 
4. Discussion
The doe in the present study showed the furious form of rabies, which progressed rapidly to paralysis and death within about six days of the first sign. Aggression, biting, self-directed licking and rubbing, yawning and abnormal bleating match earlier descriptions of caprine rabies in India, where continuous bleating, aggressiveness, anorexia and pica were reported as the leading signs (Kachhawaha and Tanwar, 2024). In contrast, paralytic rabies in goats may begin with vague signs before nervous signs appear (Moreira et al., 2018).
The owner reported no dog bite, which is common in ruminant rabies and should not lower suspicion. Goats graze unsupervised, bites at night go unseen and small wounds are hidden by the coat, while stray dogs, jackals and mongooses are all possible sources in rural Tamil Nadu. A similar absence of bite history was described in a recent bovine case from the state (Naveenkumar et al., 2024).
This matters because goats and sheep are kept in close contact with people, often inside or next to the household, and are handled daily by women and children. About 61% of human pathogens are zoonotic, and most small-ruminant zoonoses spread through close contact (Hossain et al., 2023). Although ruminants are dead-end hosts, a rabid goat sheds virus in saliva and can transmit it by biting, as this doe did, or when saliva enters wounds or mucous membranes during feeding, oral drenching, examination of the mouth for a suspected foreign body, or slaughter of a sick animal. In a single household, one rabid goat can therefore expose the owner, family, neighbours who help restrain it and the veterinarian.
The risk is increased because rabies in ruminants is easily misdiagnosed. Early signs such as anorexia, depression, bleating, salivation and recumbency are non-specific, and paralytic rabies in a goat has been treated initially as a non-specific illness (Moreira et al., 2018). In the present case, listeriosis was unlikely because there was no unilateral facial paralysis or circling, and polioencephalomalacia because there was no blindness, opisthotonus or star-gazing. Tetanus and plant or organophosphate poisoning were considered less likely given the absence of rigidity, wounds or toxin exposure, and enterotoxaemia, although it can cause glucosuria, has a different course and behavioural signs. Under-reporting in Asia is further driven by poor awareness, lack of reliable tests and the absence of post-mortem examination of suspicious deaths (Shams et al., 2025). In India, rabies is not notifiable and most owners do not consult a veterinarian after a bite (Gill et al., 2019), so animals that die without a brain test are recorded, if at all, under another diagnosis.
Pregnancy adds a further layer of confusion. In a doe in late gestation, inappetence, abdominal distension and recumbency first suggest pregnancy toxaemia, hypocalcaemia, dystocia or impending parturition. These conditions invite hands-on care such as drenching with propylene glycol or dextrose, oral calcium, hand-feeding, vaginal examination and assisted delivery, each of which brings unprotected hands into contact with saliva, often over several days. This doe was aggressive and biting for at least a day before presentation, so the owner and family may have been at risk of exposure before rabies was suspected. The glucose findings helped to separate these possibilities. Pregnancy toxaemia usually shows hypoglycaemia and ketonuria, whereas this doe had hyperglycaemia and glucosuria, and aggression and biting are not expected in hypocalcaemia. Hyperglycaemia and glucosuria are not specific to rabies, since stress, enterotoxaemia and other brain lesions can produce them, but in a pregnant ruminant with acute behavioural change they are a cheap bedside clue that should prompt isolation and the use of gloves from the first examination.
As ante-mortem confirmation of rabies in animals is not reliable, observation and post-mortem brain testing remain essential. FAT, the WOAH- and WHO-recommended gold standard test, gave a definitive result within a few hours but needs a fluorescence microscope, conjugate and trained staff. The LFA agreed with FAT and gave a result within 5–10 minutes with no equipment, which makes it suitable for field units and peripheral laboratories, although positive LFA results should still be confirmed by FAT where possible. Modified Van Gieson staining provided morphological evidence through Negri bodies. It is cheap and simple but less sensitive, so a negative result would not rule out rabies. Collection of brain tissue through the foramen magnum avoided opening the skull and reduced aerosol and splash exposure for the prosector. FAT confirmed the diagnosis, and the concordant LFA and Negri body findings provided supporting evidence.
5. Conclusion
Rabies was confirmed in a pregnant doe with no bite history by FAT, with concordant LFA and modified Van Gieson staining findings. Pregnancy can mask rabies as metabolic disease, while the hyperglycaemia with glucosuria seen here is non-specific and needs evaluation in more cases. Suspected ruminants should be isolated, handled with gloves and confirmed by FAT after death, and exposed people given prompt post-exposure prophylaxis. Dog and livestock vaccination, notifiable status for animal rabies and farmer awareness are needed to reduce this risk.
.
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