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Hendra virus and Nipah virus are considered to be emerging viruses and cause severe zoonotic diseases, which occur in humans who have had close contact with horses and pigs in Australia and Asia, respectively. Both viruses belong to the genus Henipavirus. Although there are large populations of horses and pigs in northern Nigeria, no previous studies in this region have investigated henipavirus sero-surveillance in horses and pigs using the gold standard test, the serum neutralization test (SNT). A total of 536 apparently healthy horses and 508 apparently healthy pigs were sampled in northern Nigeria in 2018. Serum samples were tested for Hendra virus and Nipah virus-specific antibodies using either the Henipavirus Luminex binding assays for horses or the Hendra virus Competitive ELISA and Nipah virus Indirect ELISA for pigs as initial screening tests, followed by the confirmatory Hendra and Nipah virus SNT for both species, according to accredited protocols at the Australian Centre for Disease Preparedness. Although some horse and pig samples crossed-reacted or reacted weakly in the screening test, confirmatory SNT for all of them proved negative. This study reveals the absence of Hendra and Nipah antibodies in horses and pigs in northern Nigeria, which is consistent with the absence of observable disease in the field. However, the continuous inter and intra-trans-boundary animal movement and trade in Nigeria calls for the continuous evaluation of the henipavirus status of susceptible animals to safeguard both animal and human health.
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Introduction

Viral diseases of humans and horses are emerging and reemerging, including diseases caused by henipaviruses, which emerged from wildlife hosts in the late 20th century (1). The Henipavirus genus comprises the zoonotic and highly lethal viruses, Hendra virus (HeV) and Nipah virus (NiV), within the family Paramyxoviridae (2). Cedar virus is also in this genus but is not known to cause disease. HeV and NiV have similar reservoir host preferences but different geographic ranges (3).

HeV was first isolated in 1994 from a disease outbreak involving 20 horses and two humans in the Brisbane suburb of Hendra, Australia (4). Since then, it is known to have caused sporadic and relatively small outbreaks with high mortality associated with equine and human infections (5). HeV infection is a serious emerging zoonotic disease, and human infection is acquired through contact with acutely infected horses (5, 6). A severe outbreak of febrile encephalitis in humans in Malaysia in 1998 led to the discovery of NiV, which was attributable to a concurrent disease outbreak in pigs (7). It is assumed that pig trading contributed to the spread of the outbreak between farms, including into Singapore (7, 8). A total of 265 human encephalitis cases with approximately 105 fatalities, all involving those associated with pig farming and slaughtering activities, occurred during the initial outbreak (9). This led to the culling of approximately one million pigs to control the outbreak (10).

HeV can experimentally infect cats, guinea pigs, and pigs (11). In the field, HeV infects horses and causes disease, and it has been identified in asymptomatic dogs on two occasions (12). HeV has been isolated from the uterine fluid and fetal tissues of a pregnant fruit bat, also known as a flying fox belonging to the genus Pteropus, implicating this species as a reservoir host (13). Humans become infected after close contact with HeV-infected horses. Similarly, humans became infected after close contact with NiV-infected pigs in the only Malaysian outbreak (7). Other species capable of becoming naturally infected with NiV include cats, horses, and dogs (7, 14). The presence of NiV neutralizing antibodies and the isolation of the virus from two species of fruit bats (Pteropus vampyrus and P. hypomelanus) indicates the reservoir host role of these bats in the transmission of NiV infection (7). HeV and NiV outbreaks are found in accordance with the geographical distribution of the natural reservoir species. HeV is found in Australia and NiV is found in Southeast Asia, with more recent outbreaks of NiV occurring in Kerala, India (15, 16).

Clinical signs associated with henipavirus infections in pigs can manifest as neurological disease syndromes such as trembling, twitches, muscle spasms, and uncoordinated gait, or as a respiratory syndrome with manifestations (8).

In horses, infections are characterized predominantly by respiratory syndrome with increased heart rate and fever, as well as sudden death. Neurological manifestations have also been reported (5). In Nigeria’s horse and pig populations, these clinical signs may occur covertly, but since the country does not have a diagnostic capacity for HeV and NiV, infections may go unnoticed or misdiagnosed.

Animal husbandry practices in Nigeria allow close contact between bat reservoirs and animals susceptible to henipaviruses (17). The vast majority of animal husbandry practices in Nigeria are extensive systems. Animals forage in the wild for food, encroaching on the natural habitat of bats and potentially putting these foraging animals at a higher risk of exposure to bat-associated pathogens. The proximity of humans to domestic animal viral amplification hosts will play a significant role in the dynamics of an enzootic virus outbreak.

Human infection with HeV and NiV can occur via exposure to infectious urine, saliva, or nasopharyngeal fluid from infected horses and pigs (5). This study investigated the presence of henipavirus antibodies in horses and pigs in seven states in Nigeria and could provide useful insight into the epidemiology of the disease in Nigeria and the sub-Saharan African region in general. As many clinical cases of human HeV and NiV infection have occurred via close contact with infected horses and pigs and/or their tissues, the results of this study will inform the henipavirus infection risk of sub-Saharan African animal handlers and those involved with animal necropsies (7, 18–21). In this study, sero-surveillance of henipaviruses was conducted in horses and pigs in seven states of Nigeria using screening tests, followed by confirmatory serum neutralization tests (SNT), to determine the health status.



Materials and methods

Using convenience sampling, a cross-sectional study was carried out on horses. Verbal consent was obtained from the horse owners. Horses (all adults) were sampled from stables, including horse racing stables in Kaduna (Kaduna State), Suleja (Niger State), Gombe (Gombe State), Keffi (Nasarawa State), and Abuja (Federal Capital Territory; FCT). In total, 536 apparently healthy horses were sampled between January and June 2018. Table 1 contains the locations and numbers of animals sampled for this study. Figure 1 shows the sampling locations. Blood (5 ml) was collected via jugular venipuncture from restrained horses and transported to the laboratory where sera were separated by centrifugation at 5,000g for 10 min. The harvested sera were siphoned using a sterile Pasteur pipette and transferred into 2 ml cryovials where they were kept at −20°C until transported to the Australian Centre for Disease Preparedness (ACDP) for testing. Sera from horses were screened using NiV and HeV Luminex binding assays, which use soluble G (glycoprotein) as the binding antigen (22). All reactors were subsequently tested by the NiV and/or HeV SNTs.


Table 1 | Species, sampling numbers, locations, and dates.






Figure 1 | Map of Nigeria showing the states (pink) (Federal Capital Territory, Niger, Nasarawa, Kaduna, Gombe, Plateau and Benue) and locations where horses and pigs were sampled.



Market-weight adult pigs were sampled at slaughterhouses prior to slaughter. Using convenience sampling, the abattoirs in Makurdi (Benue State) and Jos (Plateau State) were visited twice weekly between the months of March to June 2018. In total, 508 pigs were sampled (Table 1; Figure 1). Blood samples were collected from the cranial vena cava of the pigs presented for slaughter. After transportation to the laboratory, the blood was centrifuged at 5000g for 10 min for separation of serum. Harvested sera were kept at -20°C until transported to ACDP for testing. Sera from pigs were screened using NiV iELISA and HeV bELISA (23, 24). The NiV iELISA used a whole virus NiV antigen, whereas the HeV bELISA used a soluble G antigen fromHeV and a monoclonal antibody (mAb 1.2). All reactors in either ELISAs were subsequently tested by the NiV and/or HeV SNTs.


Henipavirus luminex binding assays

The Henipavirus Luminex binding assays have been described previously (22). For example, HeV and NiV soluble G proteins were first coupled to individual microsphere sets (25). Then, a predetermined number of coupled magnetic beads (Fisher Biotech Pty Ltd, Australia) were added to each well of a 96-well Nunc™ Microwell™ microplate (Thermo Fisher Scientific), covered in foil and placed on a plate shaker for 30 min. The plate was washed with 3× Phosphate Buffered Saline with Tween® 20 (PBST) using a magnetic binding plate so the beads did not disappear (bind to the magnetic plate). The test sera were diluted 1:100 in 2% skim milk and 100 µl added to each well. The plate was covered in foil and placed on the plate shaker for 30 min. Following incubation, the plate was washed with 3× PBST (as above), and 100 µl per well of biotinylated Protein G (Pierce, Rockford, USA) and biotinylated Protein A (Pierce, Rockford, USA) was added to each well. The plate was covered in foil and placed on the plate shaker for 30 min. Next, 100 µl of streptavidin-phycoerythrin (Qiagen, Pty Ltd, Australia) was added to each well. The plate was read using a Bio-Plex Protein Array System integrated with Bio-Plex Manager Software (Bio Rad Laboratories, Inc., CA, USA). Results were recorded as median fluorescence intensity (MFI) and transformed as a percentage relative to the MFI for the positive control to yield a percentage positive (%P) value. Results greater than 5%PI and greater than 1,500 MFI were considered positive. Results of less than 5%PI and less than 1,500 MFI were negative. Results that were either greater than 5%PI or greater than 1,500 MFI in duplicate wells were considered indeterminate. Indeterminate and positive samples were then tested in the SNT.



Hendra virus competitive blocking ELISA

A HeV competitive blocking ELISA as described previously (23) was used to assess the sera for the presence of antibody against HeV. Briefly, Nunc™ Maxisorp™ 96 well ELISA plates (Thermo Fisher Scientific) were coated with 50 µl of 4.4 ng HeV-soluble G tetramer antigen (26) diluted in PBS. Plates were incubated at 37°C on a plate shaker for 1 h. The plates were blocked with 50 µl of casein blocking buffer (Sigma Aldrich) diluted 1/10 in ddH20 (BB). Following 30 min on a plate shaker at 37°C, the plates were washed 3× PBST. The test sera were diluted 1/5 in BB and 50 µl added to each well. The plates were incubated at 37°C on a plate shaker for 1 h. Then, mAb 1.2 (27) diluted 1/500 in BB was added. Plates were incubated at 37°C for 30 min on a plate shaker. Next, the plates were washed 3× PBST, and 50 µl of goat anti-mouse IgG HRP conjugate (Jackson ImmunoResearch Laboratories, Inc.) diluted ½,000 in BB was added to all wells. Plates were again incubated at 37°C for 30 min on a plate shaker. The plates were developed with 50 µL of 3,3´5,5´-tetramethylbenzidine (TMB) substrate (Sigma Aldrich) added to each well. After 8–10 min, the plates were stopped by adding 50 µl per well of 1 M sulfuric acid (Ajax Finechem). Plates were read at 450 nm using a plate reader and the results were calculated as percentage inhibition of the mAb wells. A cut off value of ≥33% inhibition was used as a positive result.



Nipah virus indirect ELISA

An indirect ELISA was used to assess for antibodies against NiV (23). Firstly, cell lysates of NiV-infected cells (Ag) and Vero mock uninfected cells (Mock) were prepared using detergent treatment and irradiation, diluted in PBS, and used to coat NUNC Maxisorp 96 well ELISA plates (Thermo Fisher Scientific) using 50 µl per well in rotating columns of two. The plates were incubated at 37°C for 1 h on a plate shaker. The sera were inactivated using a 1:5 dilution in PBSA containing 0.5% Tween 20 and 0.5% Triton X-100 solution and heat-inactivated at 56°C for 30 min. Then 25 µl of Vero mock diluted 1:100 in PBS was added to 25 µl of the diluted heat inactivated sera. This was incubated at room temperature for 30 min. Next, 450 µl of blocking solution (5% v/v normal chicken sera and 5% w/v skim milk in the required volume of PBS) was added to each tube of pre-treated sera (final dilution of 1:100) and incubated for 30 min at room temperature. The ELISA plates were washed 4× PBST and 100 µl of blocking solution was added to each well. The plates were incubated at 37°C for 30 min on a plate shaker. The plates were washed 4× PBST and 100 µl of the pre-treated sera was added to each well. The plates were incubated at 37°C for 1 h without a plate shaker (stationary). The ELISA plates were washed 4× PBST and protein A/G conjugate diluted in PBST and 1% skim milk powder was added 100 µl/per well except the blank wells. The plates were again incubated at 37°C for 1 h without shaking. Following incubation, the plates were washed 4× PBST and 50 µl of TMB substrate was added to each well. The color development was stopped after 10 min by adding 50 µl of 1 M sulfuric acid. The plates were read at 450 nm using a plate reader. The optical density (OD) results were used to calculate an OD ratio which equaled the average OD sample against NiV antigen divided by the average OD sample against Vero mock antigen. Results are shown in Table 2. Samples with an OD value (NiV antigen) <0.2 were negative. Samples with an OD value (NiV antigen) between 0.2 and 0.5 were weak reactors except when the OD ratio was less than 2.0, in which case they were non-specific reactors. An OD value (NiV antigen) >0.5 and an OD ratio >2.0 were positive. All reactors and positives were then tested in the NiV SNT.


Table 2 | Serology results for horses in the screening (HeV sG Luminex and NiV sG Luminex) and confirmatory (HeV SNT and NiV SNT) assays.





Serum neutralization test

The SNTs were performed as previously described (23). These tests are conducted at BSL4 at ACDP. Serial doubling dilutions of sera from 1/2 to 1/4,096, were carried out in singlicate in a final volume of 50 μl/well in 96 well plates. To this, 50 μl of 100 TCID50 units of virus (HeV or NiV) was added and incubated for 30 min at 37°C. Following incubation, 100 μl of Vero cells at 2 × 105 cells/ml were added to each well on the 96-well plate, and the plate was incubated for 3 days at 37°C, 5% CO2 in a humidified incubator. Serum antibody titers are determined as the highest dilution at which there is complete neutralization of the virus and the absence of a cytopathic effect (CPE).




Results


Results for horses

The results for 536 horses are shown in Table 3. Antibodies against G protein showed a reaction rate of 1.86% (10/536) for HeV and 0.56% (3/536) for NiV in the Luminex binding assay for antibodies against G protein from horse samples. All indeterminates and positives were negative when subjected to HeV and NiV SNT. Specific details of the individual horses, which were positive or indeterminate in the screening assays can be found in Table S2.


Table 3 | Serology results for pigs in the screening (HeV bELISA and NiV iELISA) and confirmatory (HeV SNT and NiV SNT) assays.





Results for pigs

The results for 508 pigs are shown in Table 3. Specific details of the individual pigs, which were positive, non-specific or weak reactors, can be found in Table S3. One pig from Markudi in Benue State tested positive in the HeV bELISA (percentage positive 0.2%; 1/508) but tested negative using the HeV SNT and was thus considered HeV antibody negative.

In the NiV iELISA, there were no positives but two were weak reactors (0.39%; 1/508) and 11 were non-specific reactors (2.17%; 11/508). Further investigation of these samples gave negative results when they were subjected to the NiV SNT.




Discussion

This was a large-scale surveillance study targeting seven states in Nigeria, with 1,044 animals sampled in total. With very low reactivity in the screening assays and no positive test results in the gold standard tests, the HeV and NiV SNTs, this study showed that there were no antibodies specific to HeV or NiV in the horse and pig sera collected from northern Nigeria (19). Olufemi et al. (17), reported 15.5% and 20.0% prevalence of henipavirus antibodies in the sera of horses and pigs from Zaria, Nigeria, using the HeV sG iELISA method. However, this study did not verify the performance characteristics of this screening assay, nor did they follow up with the confirmatory SNT, thereby shedding doubt on the reported seroprevalence. The Hendra bELISA used in the current study has diagnostic sensitivity (DSe) and diagnostic specificity (DSp) values of 100% (95% CI 95.3–100.0) and 99.5% (95% CI 98.8–99.8) (24).

A similar study conducted in Uganda between 2015 and 2016 reported that 2.1% of apparently healthy pigs sampled at a slaughterhouse were sero-reactive in at least one screening assay (HeV G and/or NiV G indirect ELISAs). However, none of the sera-neutralized viruses in the plaque reduction neutralization tests with either HeV or NiV, supporting the finding that neither HeV nor NiV was present, but suggesting the presence of other henipa-like viruses (9). The current Nigerian study has similar findings, with 2.8% of pigs being sero-reactive in at least one screening assay and none testing positive in the neutralization test.

Higher levels of sero-reactivity have been found in studies with bats. Using a Luminex multiplexed microsphere assay, Hayman et al. found that 22.0% and 39.0% of Ghanian fruit bats (Epomophorus gambianus and E. helvum) were seropositive for NiV and HeV, respectively (28).

In this study, the negative results from the confirmatory and gold standard HeV SNT and NiV SNT showed the absence of a prior HeV and/or NiV infection in the sampled horses and pigs from Nigeria using validated diagnostic tests. Caution should be exercised when using unvalidated screening tests, particularly in new populations. These screening tests give non-specific cross-reactions resolvable with the use of HeV and NiV SNTs at Laboratory Bio-safety-Level 4 Containment (PC4) (22).

Further investigations, such as Western blots using the henipavirus antigens, may help clarify the ELISA and Luminex results in the future. Atherstone et al. used Western blots as a confirmatory test after screening pig serum in ELISAs, and while some samples were positive in both screening and confirmatory tests, none of the sera-neutralized HeV or NiV in plaque reduction neutralization tests (9). This most likely supports the presence of antibodies against a closely related virus, as neutralizing antibodies should be present if exposed to a homologous virus.

The low seroprevalence was expected, especially as there has been no report of disease in either pigs or horses in Nigeria or in Africa. However, with bats, which might be carrying undescribed henipaviruses in parts of Africa, it is pertinent to monitor this situation, and we would recommend under-camp and under-roost surveillance. The risk to humans remains very low as we would expect to see disease in pigs and/or horses before we see disease in humans as these animals act as amplifying hosts.



Conclusion

Sero-surveillance is a convenient way of monitoring the health status of susceptible host species. The negative serology results for HeV and NiV SNTs in horse and pig sera sampled from seven states in Nigeria in 2018 showed the absence of HeV and NiV in Nigeria then. However, unrestricted transboundary movements of susceptible hosts highlight the need for continuing sero-surveillance of these and other viruses to monitor the risk of henipavirus disease in Nigeria and to safeguard both animal and human health.
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