


Impact of Co-Infections on Peste Des Petits Ruminants Vaccine Efficacy: Insights from  an Outbreak in Sheep and Goats in Andhra Pradesh, India
ABSTRACT
Aim: To study the interaction between Peste des Petits Ruminants virus (PPRV), gastrointestinal helminthic infestation, and secondary bacterial infections in PPR vaccinated sheep and goats.
Place and Duration of study:  Manimeswaram village, Krishna District, Andhra Pradesh, India during February 2023. 
Methodology:  20 lambs aged 4-6 months died in a flock of 250 animals with symptoms of pyrexia, diarrhea, and anorexia. RT-PCR targeting the N gene of PPRV confirmed viral presence in samples from six clinically affected animals and necropsy tissue from one. A multifactorial analysis was conducted on samples from two flocks: the affected flock, exhibiting illness and mortality, and a control flock that appeared healthy. 
Results: PPR antibodies were detected in most animals from both flocks, indicating adequate vaccine response. However, PPRV, gastrointestinal helminths, and secondary bacterial infections were present in the affected flock but absent in the control flock. Clinical illness was observed only in animals positive for both PPR virus and gastrointestinal helminths infections, while animals free of parasitic infestation remained asymptomatic. Statistical analysis showed a significant negative correlation (r = -0.479) between parasitic infestation and animal health, whereas the correlation between PPR virus presence and animal health was not significant. A stronger negative correlation (r = -0.624) was observed between co-infection with parasites and PPR virus and animal health. These findings suggest PPR virus alone had a limited direct impact on health and mortality, whereas co-infection with parasites significantly worsened outcomes. Mortality was highest in 4 to 8 month old lambs, likely due to delayed vaccination.
Conclusion: The findings of the study  emphasize the importance of effective anthelmintic treatment prior to PPR vaccination and highlight the necessity of vaccinating lambs soon after maternal immunity declines to enhance disease control.
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INTRODUCTION
Peste des Petits Ruminants (PPR) is a highly contagious viral disease primarily affecting small ruminants, particularly sheep and goats. The disease is caused by the PPR virus (PPRV), species Morbillivirus caprinae, under genus Morbillivirus within the family Paramyxoviridae. The disease is characterized by fever, respiratory distress, diarrhea, and erosive stomatitis often resulting in mortality. High morbidity and mortality rates in susceptible flocks lead to significant economic losses for producers (Diallo et al. 2007). PPR is endemic in many parts of Africa, Asia, and the Middle East, and efforts to control the disease through vaccination have proven to be a key strategy in reducing outbreaks (Banyard et al. 2010). The introduction of live attenuated vaccines has led to a significant reduction in the incidence of Peste des Petits Ruminants (PPR) in many regions; however, outbreaks continue to occur, even among vaccinated populations. Vaccination against PPR has been effective in inducing immunity; however, several factors can compromise the success of these vaccination programs. The cold chain infrastructure, animal identification issues, timing of the vaccination, the quality of the vaccine, and health status of the animal while conducting vaccination play a major role in the success of a vaccination program (Pambudi et al. 2022).
In healthy animals the live-attenuated PPR vaccine is known to provide strong humoral and cellular immune responses, leading to long-lasting immunity. Research indicates that these vaccinated animals can remain protected against PPR for extended periods, often up to three years or more, without significant side effects or transmission of the virus to unvaccinated animals (Milovanović M et al. 2023). Whereas in immunocompromised animals a significantly reduced immune response to PPR vaccinations is observed, which can lead to lower efficacy of vaccines against diseases. Morbidity and mortality rates can be significantly elevated in immunocompromised populations, where the disease may manifest more aggressively than in healthy animals. Immunocompromised animals are also more prone to secondary bacterial infections, such as Pasteurellosis, or other respiratory infections, which can complicate the clinical picture of PPR and further reduce the chances of recovery, leading to the death of animals due to bronchopneumonia.
Co-infections with parasites or bacteria, along with factors such as malnutrition and environmental stressors, can compromise the immune response in livestock, leading to increased disease susceptibility despite vaccination (Liana et al. 2019). Gastrointestinal helminthic infections, in particular, modulate the host immune system by impairing responses to non-parasite antigens (Nussenzweig. 1982). Concurrent helminth and enteric viral infections may increase the number of susceptible target cells, thereby enhancing viral replication and pathogenesis (Desai et al. 2021). Notably, gastrointestinal parasitic infections, which are widespread in many developing regions, have been implicated in exacerbating susceptibility to viral diseases such as peste des petits ruminants (PPR) (Coop and Kyriazakis. 2001). However, the interplay between parasitic burden and vaccine efficacy in ruminants remains poorly understood. and warrants further investigation.
This study investigates an outbreak of PPR in a vaccinated flock in Manimeswaram village, Krishna District, Andhra Pradesh, India, during February 2023. The objective was to explore the possible reasons for this outbreak despite reported vaccination, with a particular focus on the role of co-infections, including gastrointestinal parasites and bacterial pathogens, in influencing vaccine effectiveness. Additionally, the study aimed to determine why mortality was predominantly observed in 4–8-month-old lambs. Understanding these interactions is crucial for optimizing vaccination strategies and preventing future outbreaks in regions where small ruminants serve as a vital livelihood for rural communities
MATERIALS AND METHODS
Case History: In February 2023, a significant mortality event was reported in a flock of 250 animals in Manimeswaram village, Krishna district. Shepherds reported approximately 20 deaths within a 15-day period, with affected animals exhibiting weakness, anorexia, pyrexia and diarrhea, Notably, no clinical illness or mortality was reported in another flock in the same area, owned by a different farmer. Both flocks had been vaccinated with a live attenuated PPR vaccine three months prior. All animals had received fenbendazole and praziquantel as part of an anthelmintic program six months prior. The majority of mortalities occurred in lambs aged 4-8 months. Nasal, conjunctival, and buccal swabs, as well as whole blood samples, were collected from six affected sheep. Mesenteric lymph node and spleen samples were collected from one sheep during necropsy. All samples were subjected to reverse transcription polymerase chain reaction (RT-PCR) targeting the PPR virus nucleoprotein (N) gene for disease confirmation.
Confirmation of PPRV by RT-PCR:  RNA was isolated from  blood, nasal, buccal, conjunctival swabs and tissues using TRIzol reagent (Invitrogen, Thermo Fisher) and one-step RT-PCR was performed using the Prime Script™ One Step RT-PCR Kit  by Takara Bio. The primer sequences and thermal cycling conditions employed were as per methodology described in the WOAH Terrestrial Manual (2022).
Nucleoprotein (N) gene primer sequences used: 
NP3: 5’-GTCTCGGAAATCGCCTCACAGACT-3’
NP4: 5’-CCTCCTCCTGGTCCTCCAGAATCT-3’
The RT-PCR reaction mix contained 25 μL 2X Master mix, 1 μL each of forward and reverse primers (10 pmol/μL), 2 μL Primescript RT enzyme, 1 μLRNA template, and 20 μL nuclease-free water, totaling 50 μL. The thermal profile included cDNA synthesis at 50°C for 30 min, initial denaturation at 95°C for 15 min, then 40 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 1 min, followed by a final extension at 72°C for 5 min. PCR products were analyzed by electrophoresis on a 1.5% agarose gel in 1X TAE buffer with 0.5 μg/mL ethidium bromide and visualized under UV light.
Sampling plan for further investigation: To further investigate the etiological factors contributing to the PPR outbreak despite prior vaccination, a comprehensive, multidimensional study was conducted. This study involved sampling a total of 25 animals from both the affected (Group I) and healthy control (Group II) flocks, all of which had received PPR vaccination three months prior. Samples were collected from both clinically ill and apparently healthy animals, as well as from young and adult animals, to enable multifactorial analysis. Specimens collected from all animals included whole blood, serum,  nasal, ocular, oral swabs and fecal samples. Fecal samples were examined for intestinal parasites. Blood and nasal swab samples were processed for bacterial culture and hematological analysis. Serum was used for biochemical analyses and anti-PPRV antibody detection via cELISA. Nasal, ocular, oral swabs and blood were tested by immuno-capture ELISA for PPRV.
Methods: For detecting the immune status of the animal post-vaccination, competitive enzyme-linked immunosorbent assay (cELISA) utilizing monoclonal antibodies (MAbs) against either nucleocapsid protein (N) or viral attachment proteins (H) is the recommended test. For diagnosing PPRV in clinical cases, RT-PCR & immune capture ELISA are the recommended tests as they exhibit high specificity and sensitivity, with the capability to detect 100.6 TCID50 per well (WOAH. 2022).
For this multifactorial investigation in both flocks, ID Screen® (PPR Competition, ID Vet, Montpellier, France) competitive ELISA kit was employed to detect anti nucleoprotein antibodies following the manufacturer’s instructions. The optical density (OD) values were converted to Competition Percentage (S/N %) using the following formula S/N % = 100×(OD sample/OD negative control). The cut-off for seropositivity used was ≤50 percent as recommended by the manufacturer. For PPRV detection ID Screen® (PPR Sandwich ELISA test kit IDVet, CIRAD‐EMVT, Montpellier, France) Immune capture ELISA kit was used. The optical density value for each sample, which correlates with the quantity of PPR antigen in the sample, was converted to percentage positivity (P.P) calculated using formula P.P= 100x(OD of sample-OD of N.C)/ ( O.D of P.C- O.D of N.C,). The samples with P.P values ≥20% were considered positive for PPR virus. 
Fecal samples were examined by direct microscopy for internal parasites. Blood and nasal swab samples were cultured for bacterial identification. Hematological and biochemical analyses were conducted using automated and semi-automated analyzers, respectively. Descriptive statistics were used for data analysis. Spearman's rank correlation (SPSS v.20) was used to assess the relationship between PPRV presence/absence, parasitic infestation, and animal health status.
[bookmark: _GoBack]RESULTS AND DISCUSSION
Amplification of a 351 bp product specific to the PPRV nucleoprotein gene (N) by RT-PCR confirmed the presence of PPRV in the affected flock (Fig 1). This product was detected in blood, nasal, and buccal swab samples collected from the six clinically ill sheep, as well as in tissue samples obtained during necropsy.

Fig1: Agarose gel electrophoresis of PPRV N gene specific RT-PCR.
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Lane 1,2, 3, 4: Nasal  swab    samples, Lane 5: Spleen sample, Lane 6:    Mesenteric     lymph node,  Lane 8: Positive control, Lane12: Negative control , Lane 7,9,11: No sample, Lane  10: 100 bp DNA  molecular weight marker 

The results of multifactorial analysis in both affected and healthy control flock both group-wise and individual animal-wise, are detailed in Table 1. Which includes PPR antibody testing, PPR antigen testing, internal parasitic examination, bacterial culture, hematology, and biochemical analysis, A comparison of the affected and control group is graphically represented in Figure 2.  The results indicated gastrointestinal helminths (Strongyles and Amphistomes) in most of the animals in the affected flock (Group I), but none in the control flocks (Group II). Anemia was observed in the majority of the ailing flock, as well as in some animals in Group II. Leukocytosis, lymphocytosis, and hypoproteinemia were observed in only a few animals of the ailing group. Salmonella and Staphylococcus aureus were identified from bacterial cultures in majority of animals in the ailing group. 
Table 1: Individual animal–wise and group-wise data showing all study parameters [image: ]
Fig 2: Graphical representation showing status of PPR antigen, antibody, parasitic infestation and   
           health status of animals 


                               
PPR antibodies were detected in both groups, except in one 3-month-old kid from Group II. Additionally, PPR antibodies were found in some 3–4-month-old lambs, which had not been vaccinated, possibly due to recent exposure to the PPR virus. PPRV antigen was detected in 7 out of 16 animals tested from the affected flock, whereas it was absent in the control flock.
Statistical analysis of the data revealed a significant negative correlation (r = -0.479, P ≤ 0.01) between parasitic infestation and the health condition of animals. In comparison, an even stronger negative correlation (r = -0.624, P ≤ 0.05) was observed between co-infection (presence of both parasites and PPR virus) and the health condition of animals. However, no significant correlation (r = 0.042) was found between the presence of the PPRV alone and the health condition of animals The results of statistical analysis are detailed in table 2 &3.








Table 2: Correlation analysis between presence /absence of PPR virus, parasitic infestation and 
               health Condition considering animals of all three groups.

	N=25
	Health condition
	PPR virus presence
	Parasitic infestation 

	Health condition
	1
	0.042
	-0.479*

	PPR antigen (PPRV) presence
	
	1
	-0.215

	Worm burden
	
	
	1


* Indicates correlation is significant at P= 0.01

Table 3: Correlation analysis between co infection of PPR virus, worm burden and health  
              condition 
	N=11
	Co -infection of PPRV and parasitic infestation

	
Health condition
	
-0.624**


          **Indicates correlation is significant at P= 0.05
PPR vaccination significantly reduces mortality in sheep and goats. Similar findings have been reported in several previous studies on the effectiveness of PPR vaccination in controlling morbidity and mortality in these animals. Nuvey et al. (2022) observed mean protection rates of 94% against PPRV infection and 100% against PPR-associated mortality in goats under controlled experimental conditions (under clinical trials). In natural settings, the observed protection rates were 91% against PPRV infection and 31% against PPR-related mortality in both sheep and goats (Catley et al. 2009). In natural environments, animal health is likely to be negatively impacted by multiple factors such as high gastrointestinal helminth infestations, concurrent viral and bacterial infections, malnutrition, and various environmental stressors.
This study suggests that the presence of PPR virus, gastrointestinal helminths, and secondary bacterial infections contributed to mortality in the affected flock. Gastrointestinal parasites such as strongyles and amphistomes impair nutrient absorption, potentially leading to anemia and hypoproteinemia (Coop et al. 1996 and  Harvatine et al. 2023). Furthermore, animals in the affected group tested positive for PPR virus and secondary bacterial infections, including Salmonella and Staphylococcus aureus, which may have resulted in increased lymphocyte and leukocyte counts.
The mortality observed in vaccinated animals could be attributed to immunosuppression induced by parasitic infestations, making them more susceptible to PPRV infection and secondary bacterial complications. As reported by Desai et al. (2021), enteric helminth co-infection can exacerbate viral infections by enhancing their transmission and severity. Severe parasitic infestations may also induce physiological stress, triggering the release of cortisol, a glucocorticoid hormone that negatively impacts immune function (Fleming. 1997). However, the presence of PPR antibodies in all animals within the flock suggests an adequate vaccine response, indicating that clinical illness and mortality were unlikely due to inadequate or improper vaccination
Although PPRV antigen was detected in most affected animals, the clinical signs observed were not typical of classical PPR. Respiratory signs were not present in the flock. Instead, the only symptoms noted were pyrexia, weakness, hair loss, and occasionally diarrhoea, suggesting a possible shift in the disease pattern. In Andhra Pradesh, annual PPR vaccinations have been conducted for several years as part of the PPR Control Program (PPRCP). In 2023, the PPR Eradication Program (PPREP) was initiated, during which a baseline survey before actual vaccination was conducted to assess herd immunity levels. The survey determined that the pre-vaccination herd immunity in Andhra Pradesh was 63% (Unpublished data). This widespread vaccination coverage may have mitigated the severity of clinical manifestations, altering the typical presentation of PPR and preventing the occurrence of severe respiratory and gastrointestinal signs commonly associated with the disease. Vaccination strategies implemented in particular geographical locations can influence PPR epidemiology in general, and particularly the disease severity pattern. This is evident from the changing severity of gross lesions and clinical signs observed in Karnataka state, where vaccination is regularly carried out (Gomes et al. 2016 and Balamurugan et al. 2019). The affected flock (Group I) exhibited a mortality rate of 12.5% (20/250 animals). The observed morbidity and mortality in the affected flock may be attributed to immune suppression caused by co-infection with PPRV and parasites, which likely increased susceptibility to secondary bacterial infections, ultimately leading to fatal outcomes. The absence of PPRV infections in the control flock, despite its proximity to the affected flock, suggests that parasitic infestations play a crucial role in disease susceptibility and progression.
Although all adult animals in the flock were vaccinated, lambs and kids below four months of age were not covered at the time of vaccination, as they were born during a fresh lambing season. Consequently, no antibody response was detected in a three-month-old lamb, though a few unvaccinated lambs aged 3 to 4 months showed an antibody response, possibly due to viral circulation in the flock. The mortality observed in 4 to 8-month old lambs may be attributed to co-infection with PPRV and parasitic infestations.
Correlation analysis between animal health, PPRV presence, and parasitic infestations reveals critical interrelationships among these factors. A weak positive correlation (r = 0.042) between animal health condition and PPR virus status suggests that the presence of the PPR virus alone has a limited direct impact on health. However, a significant (P ≤ 0.01) negative correlation (r = -0.479) was observed between animal health and parasitic infestations, indicating that parasitic infestations are more likely to be associated with poor health. A stronger significant (P ≤ 0.05) negative correlation (r = -0.624) was found between co-infection with PPRV and parasites and overall health condition. These findings highlight the complex interplay between PPRV status, parasitic infestations, and animal health.
This study underscores the importance of deworming, in controlling mortality in sheep and goats affected with viral infections such as PPR and emphasizes the role of animal health in vaccine efficacy. Awa et al. (2000) reported similar findings in North Cameroon, identifying Peste des Petits Ruminants and gastrointestinal helminthosis as major causes of production losses in small ruminants. Their study suggested that annual PPR vaccination, combined with a strategic anthelmintic program, increased farmers' profit margins by 2–3 times in goats and 3–4 times in sheep. They recommended a national or regional campaign for PPR vaccination in small ruminants, coupled with strategic anthelmintic treatment, for effective disease control. Accordingly, incorporating deworming practices in sheep and goats prior to PPR vaccination could mitigate such issues in affected flocks.
In this study, despite administering anthelmintics, parasitic infestations were still observed. Since the anthelmintic treatment was given six months earlier, its efficacy may have diminished. Given the increasing prevalence of anthelmintic resistance, evaluating animals for sensitivity to anthelmintic drugs in the area may yield favourable outcomes.
Furthermore, mortality was predominantly observed in 4 to 8 month old lambs. Currently, under the PPR Eradication Programme (PPREP) in India, PPR vaccination is administered annually to all susceptible sheep and goats above three months of age. However, lambs and kids under three months, newly introduced into the flock during subsequent lambing seasons, remain unprotected until the next annual vaccination. This may explain the observed mortality in 4 to 8 month old lambs. Maintaining adequate reserves of the PPR vaccine at district level facilities or field veterinary institutions to vaccinate all new lambs and kids upon reaching four months of age would ensure proper vaccine coverage and better disease control.
CONCLUSION
In conclusion, this study highlights the significant impact of PPRV infection and gastrointestinal helminth infestations on animal health and mortality. The co-occurrence of PPRV and high parasitic infestation consistently results in compromised health and mortality, even in vaccinated flocks. The findings suggest the need for deworming with effective drugs prior to vaccination. Furthermore, this study emphasizes the importance of vaccinating lambs between annual vaccination rounds. The study’s results are limited by the sample size and the fact that it was conducted in a single flock, which may affect the generalizability of the findings.
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image1.tiff
2 384 . 5 6078 8 B8 10l




image2.emf
Sl.NoSpeciesAge PPR 

antibodies

PPR 

antigen 

(PPRV) 

 Parasitic 

infestation

Haematology Biochemical 

analysis

Bacterial 

Culture

Health 

condition

1 Sheep 6  

M

+ ve +ve Strongyles Leucocytosis Normal Salmonella, 

Staph.aureus 

Weak, loss 

of 

hair,cough

2 Sheep 1 Y + ve -ve Strongyles Anemia 

Leucocytosis

Normal -ve Weak 

3 Sheep 8M + ve -ve -ve Normal rangeNormal -ve Weak 

4 Sheep 8 M + ve -ve Amphistomes Anemia 

Leucocytosis,

Lymphocytos

is

Hypoproteine

mia

-ve Weak 

5 Sheep 14 

M

+ ve -ve Strongyles Anemia 

Leucocytosis

Normal Staph. aureus Very Weak, 

loss of hair

6 Sheep 5Y + ve -ve Strongyles Normal  Normal -ve Healthy

7 Sheep 2.5 

Y

+ ve -ve Strongyles Normal  Normal -ve Healthy

8 Sheep 4 M + ve +ve -ve Normal  Normal -ve Healthy

9 Sheep 4 M + ve +ve -ve Normal  Normal -ve Healthy

10 Goat 6 M + ve -ve -ve Anemia Normal -ve Healthy

11 Goat 3 M + ve +ve -ve Anemia Hypoproteine

mia

Salmonella,  

Staph.aureus 

Weak , 

unhealthy

12 Sheep 1 Y + ve -ve Strongyles Normal rangeNormal Salmonella,  

Staph.aureus 

Weak, loss 

of hair

13 Sheep 1 Y + ve +ve Strongyles Anemia 

Leucocytosis

Hypoproteine

mia

Salmonella, 

Staph. aureus

Weak 

14 Sheep 2 Y + ve +ve -ve Normal  Normal -ve Healthy

15 Sheep 1 Y + ve -ve Strongyles Normal  Normal -ve Healthy

16 Goat 1 Y + ve +ve -ve Normal  Normal -ve Healthy

17 Sheep 2 Y +ve -ve -ve Normal Normal -ve Healthy

18 Sheep 6 M +ve -ve -ve Normal Normal -ve Healthy

19 Goat 5 Y +ve -ve -ve Normal Normal -ve Healthy

20 Sheep 3 M -ve -ve -ve Anemia Normal  -ve Healthy

21 Sheep 6 M +ve -ve -ve Anemia Normal  -ve Healthy

22 Sheep 7 Y +ve -ve -ve Anemia Normal  -ve Healthy

23 Sheep 4 Y +ve -ve -ve Normal  Normal  -ve Healthy

24 Goat 5 Y +ve -ve -ve Anemia -ve Healthy

25 Sheep 4 M +ve -ve -ve Normal  Normal  Salmonella,  

Staph aureus 

Weak,

Cough 

Group I (Affected) 

Group II (Control) 


