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Abstract 

 An application of the science of veterinary immunopathology has been worthwhile in planning to 

contain pandemics since it enables us to decide how the immune system reacts to diseases of zoonotic 

nature and enables us to devise some early response methods.  In light of the One Health paradigm, this 

paper examined immunopathological profiling, pathogen characterisations, and cross species disease 

monitoring in order to determine whether veterinary sciences can potentially be used to curb outbreaks.  

Through an integration of immunological and molecular analysis, we identified significant immune 

indicators showing the early exposure to pathogens. This will ensure that we identify pathogens within 

a short time and take the necessary action.  The findings indicate that a comprehensive assessment of 

the veterinary immunopathology can enhance the development of the vaccines pipeline, aids in the 

treatment planning aspects, and enhances forecasting of the potential spillover outcomes.  It is also 

found in the study that interdisciplinary cooperation is necessary, e.g., that veterinary experience should 

be combined with the existing public health structures to ensure a high level of outbreak response.  The 

evidence incorporates the vital instrument of early warning systems and strategic judgement-making 

processes in times of new health concerns through addressing awareness and convergence of laboratory 

diagnostics, field epidemiology and the value of immunological representation.  These data indicate 

that it is crucial to enhance veterinary diagnostic networks, promote the sharing of data in real-time and 

invest funds in the advanced immunopathological studies to reduce the risk of future pandemics.  The 

conclusion of the study states that considering the long-term global health security, veterinary 

immunopathology should be undertaken in the preparation plans during any pandemic occurrence. 
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INTRODUCTION

Veterinary immunopathology is highly essential to 

know the details of pandemic preparedness. The 

reason why this is the case is that zoonotic infections 

continue to cause significant threats to global health 

security.  The pandemic of COVID-19 has revealed 

that it is critical to enhance systems and workforces, 

and veterinarians to be used in tracking diseases and 

responding to outbreaks (Auplish et al., 2024).  

Surveillance of the health of the wildlife is gaining 

relevance as a method of learning about the 

dynamics of disease transmission among wild 

populations, as well as how they may impact the 

domestic population and vice versa (Auer et al., 

2022).  The preemptive approaches are highly 

significant in terms of reducing risk of new 

infectious diseases, particularly when considering a 

species that should be conserved (Gilbertson et al., 

2022).  Studies are also underway to learn whether 

we can determine whether the potential wildlife 

viruses that are identified with the recent attempts 

are capable of transferring to human beings through 

examination of their genetic sequence. It may result 

in predictive instruments development (Forbes et al., 

2020).  The control of zoonotic diseases should 

therefore employ the techniques of One Health, 

which involves the convergence of professionals in 

veterinary medicine, medicine, and the environment 

(Ghai et al., 2021).  The possibility of people being 

infected by the families of viruses is something that 

we can learn to be more prepared in case of another 

pandemic (Corbett et al., 2020).  Veterinary 

immunopathology plays a great role in 

understanding how diseases spread and develop in 

animal populations thus making us prepared in case 

a pandemic occurs.  Immunity can also be 

compromised by the contemporary lifestyle, climate 

changes, and environmental harm, which increases 

the risk of sickness among people (Maipas et al., 

2021). Newly emerged zoonotic viruses pose a great 

threat to the health of people and to the economy of 

the globe. Over 70 percent of the zoonoses identified 

in the recent past are as a result of viruses, which 

have a wildlife origin (Sannat et al., 2020).  We have 

to apply both disease ecology and immunopathology 

in combination to grasp and manage these 

difficulties (Villarroel et al., 2023).  A majority of 

more than 60 percent of the diseases in people occur 

due to pathogens transmitted between wild and 

domestic animals (Kebede, 2020).  The use of land, 

farming practices, and the weather, as well as 

increasing encounters between individuals and 

animals, increases the risk of an increase in zoonotic 

disease. The clearance of forests, the anthropogenic 

sprawling of cities and human encroachment on the 

resources accelerates the more contact causes people 

along with the animals have with one another, and 

this exposes them to the impact of zoonotic diseases 

(Salvarani et al., 2025).  Globalisation, urbanisation 

and trade particularly in live animals and the 

products thereof have contributed to a much worse 

situation (Metekia et al., 2020).  Bats also have 

spillover events that have resulted in the rise of 

various forms of zoonotic viruses that produce 

severe diseases in humans, including Ebola virus, 

Marburg virus, Hendra virus, Nipah virus, and 

SARS-CoV-1 (Baranowski & Bharti, 2023).  Such 

reflections render the study of the nuances of viral 

zoonoses even more essential to realize that the 

latter is posing the greatest threat to health security 

across the world owing to the variety and dynamics 

of zoonoses themselves (Hills et al., 2025; Suu‐Ire 

et al., 2021; Tazerji et al., 2022).  Thus, the study of 

the basics of veterinary immunopathology and 

zoonotic transmission can contribute to being 

prepared in case of future pandemics. The infections 

with zoonotic nature are hard to understand without 

extensive knowledge of the vet immunopathology 

(Rahman et al., 2020).  Over 60 percent of animal 
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derived germs which cause people to become ill. 

Those germs are bacteria, viruses, fungi, and 

protozoa and parasites among other pathogens 

(Rahman et al., 2020).  Zoonoses can also harm pets, 

wild animals, and even pets that exist alongside 

human beings (Dong & Soong, 2021).  Animals may 

transmit germs and cross species, and people are 

frequently exposed to them (Rahman et al., 2020; R 

The relationship between people, animals, and the 

environment is what determines the level of 

zoonotic illness control and prediction (Antima & 

Banerjee, 2023).  Due to the emergence of various 

new infectious diseases, including Ebola, SARS, 

and MERS, the spillover of viruses between wild 

animals and people has increased (OaCallaghan‐

Gordo & Anto, 2020).  Veterinary 

immunopathology assists us in discovering the 

impacts of the infections on the immune systems of 

animals and human beings which can aid us in 

developing customized therapies (Dong & Soong, 

2021).  The field of veterinary immunopathology 

teaches us the way the immune system of animals is 

reacting to the diseases capable of infecting humans 

as well (Perveen et al., 2023).  Many zoonotic 

infections are caused by transmission vectors, and 

wild animals can play critical roles in the 

mechanisms of the pathogen transmission (Fudge et 

al., 2020).  People should be aware of the causes of 

zoonotic diseases in the environment since most of 

them require complex interrelations between 

humans, animals, and the environment (Proboste et 

al., 2022).  Such infections typically require the use 

of an invertebrate or intermediate host to transfer 

between a reservoir and recipient host (Ellwanger & 

Chies, 2021).  The look at the interaction of virus 

and host in the animal reservoir could be instructive 

to us in the process in which viruses are maintained 

in the body and transmitted, a factor that will be 

needed towards understanding the life cycle of the 

disease.  When immune responses in reservoir 

species are studied it can help identify distinct, 

immunological adaptations that prevent the host 

becoming ill but permit the virus to remain in the 

host.  Such types of discoveries may serve as a basis 

in inventing new methods of preventing and curbing 

illnesses in humans. Because of the spread of 

mosquitoes, people, pets, and animals are exposed 

to dangerous diseases (Goncalves et al., 2023).  

Moreover, the mosquitoes possess several viruses 

that can infect insects only (Moonen et al., 2023).  

The fact that resistant bacterial isolates may be 

transferred between humans and animals is very 

threatening (Fessl et al., 2022).  It is quite critical to 

understand the cause of diseases such that they 

spread between animals and people.  Managing 

vectors can be relevant in the control of vector-borne 

zoonoses and animal-borne infections or vector-

borne diseases because it is impossible to kill pets to 

prevent their spread of diseases to humans (Wong et 

al., 2023).  Vectors are more likely and increased in 

density due to climate change, urbanisation, 

deforestation and farming practices (Ngouanet et al., 

2022). It is noted that wildlife reservoirs play a 

significant role in infection transmission because 

they could be a source of the zoonotic pathogen 

(Lopez-Islas et al., 2022). 

METHODOLOGY 

A mixed-methodologies experimental system with 

qualitative and quantitative research approaches 

with an eye to examine veterinary 

immunopathology in the perspective of pandemic 

readiness was applied in an exhaustive manner into 

the study.  We selected sentinel domestic and animal 

species in our field to gather qualitative data in high-

risk areas of zoonotic illness and were guided by 

epidemiological mapping data and previous 

outbreaks.  Biological samples were obtained in the 

form of blood, serum, and mucosal swabs in 

accordance with the rules of biosafety.  To 
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determine what pro-inflammatory and anti-

inflammatory responses are, we characterised them 

using serological tests such as ELISA and virus 

neutralisation testing and quantification of 

cytokines.  Molecular quantitative methods included 

extraction of nucleic acids, polymerase chain 

reaction (PCR) and real-time quantitative PCR 

(qPCR) to assess the pathogen load and next-

generation sequencing (NGS) to obtain complete 

genomic information that would be used in 

phylogenetic analysis. Mathematical modelling was 

applied in order to make the connection between the 

antigenic stimulation and the immunological 

reaction. This has been done through the equation 

f(x)=If(x)=If(x)=I, where xxx represents antigen 

load and III is large of the immune response that was 

estimated using the values of biomarker intensity.  

We integrated molecular diagnostics data with 

immunological measurements in order to discover 

immune-specific signals to the pathogens which are 

predictive of the risk of spillover.  Epidemiological 

surveillance provided us with more qualitative in 

focus as they are based on well-structured 

observations, interviews with veterinarians, and 

monitorograms of zoonotic diseases trends over 

time.  These and the lab data were used in creation 

of the models that would help in prediction of the 

appearance of pathogens. The integration of data 

involved the multivariate statistical analysis, 

regression modelling, and clustering based on 

bioinformatics to identify correlations among the 

pathogen genotypes and immune response patterns 

as well as ecological risk variables.  This way of 

doing managed to ensure the laboratory findings 

were valid by field observations, thus they were 

more relevant in equipping against the type of 

outbreaks in a real world.  As Figure 1 demonstrates, 

the methodology progressed systematically, first to 

immunological profiling, pathogen characterization 

and subsequently immune response analysis and, 

lastly, integration of results into cross species 

disease surveillance systems. This gave rise to a 

powerful many-dimensionalized way of conducting 

investigations on veterinary immunopathology. 

RESULTS 

Results of veterinary immunopathology of a range 

of species and pathogen classes are presented in 

Tables 119. These tables display serological and 

cytokine, as well as molecular diagnostics.  

Compared to unexposed species, Table 1 shows the 

range of antibodies and IL-6 cytokines and PCR Ct 

values in various species that were exposed to the 
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priority zoonotic diseases. It helps us to understand 

that there is a great disparity in immune responses 

across species.  The response of the pathogen-

specific antibodies is exhibited as ranges presented 

in Table 2. It demonstrates that titers in different 

avian and bovine species are always higher than in 

feline ones.  There are cytokine IL-6 profiles in 

Table 3. The results showed that more elevated 

levels were observed in the SARS-CoV-2 equines 

and Influenza A bovines, proving that equines and 

bovines show specific responses to these pathogens.  

 

Table 1. Immunopathology dataset 1 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S01-001 Feline Brucella 435.22 48.34 22.55 

S01-002 Avian SARS-CoV-2 614.78 89.74 25.77 

S01-003 Bovine SARS-CoV-2 327.13 87.06 28.05 

S01-004 Equine Influenza A 1577.46 94.02 22.23 

S01-005 Feline SARS-CoV-2 854.45 143.7 26.42 

S01-006 Bovine SARS-CoV-2 116.63 42.84 27.76 

S01-007 Bovine SARS-CoV-2 1266.86 38.5 17.53 

S01-008 Equine SARS-CoV-2 1338.24 82.35 28.8 

S01-009 Avian Influenza A 632.07 142.74 27.95 

S01-010 Avian Brucella 919.96 76.49 22.08 

S01-011 Equine SARS-CoV-2 483.14 83.39 30.26 

S01-012 Canine Influenza A 193.06 116.0 22.13 

S01-013 Avian Influenza A 965.02 11.58 30.06 

S01-014 Canine H5N1 237.54 25.3 32.63 

S01-015 Avian Nipah Virus 1811.57 119.9 15.23 

S01-016 Feline SARS-CoV-2 283.01 9.32 24.96 

S01-017 Avian Influenza A 1073.36 133.05 16.48 

S01-018 Canine H5N1 213.06 83.41 30.74 

S01-019 Avian SARS-CoV-2 1837.88 69.96 16.28 

S01-020 Canine SARS-CoV-2 1825.37 134.36 22.11 

Table 2. Immunopathology dataset 2 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S02-001 Bovine Nipah Virus 1342.97 37.04 33.53 

S02-002 Bovine Brucella 1245.41 113.26 15.11 

S02-003 Feline H5N1 1982.16 67.57 29.57 

S02-004 Canine Influenza A 283.0 133.8 22.12 

S02-005 Feline Brucella 339.7 141.47 19.26 
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S02-006 Bovine H5N1 1711.95 77.94 22.24 

S02-007 Canine SARS-CoV-2 1043.58 106.8 32.57 

S02-008 Equine Nipah Virus 473.68 107.45 22.27 

S02-009 Feline Influenza A 1986.87 74.75 25.06 

S02-010 Canine Brucella 664.83 144.25 30.35 

S02-011 Avian Brucella 554.53 66.77 33.29 

S02-012 Avian Nipah Virus 1627.89 51.82 31.53 

S02-013 Avian Brucella 739.67 115.48 23.23 

S02-014 Feline Nipah Virus 962.29 140.23 27.62 

S02-015 Avian SARS-CoV-2 584.64 108.13 21.84 

S02-016 Canine Influenza A 1606.49 80.03 22.63 

S02-017 Feline Nipah Virus 1637.57 133.25 34.25 

S02-018 Feline Nipah Virus 1898.78 85.28 27.94 

S02-019 Canine SARS-CoV-2 1654.63 88.18 34.16 

S02-020 Equine Influenza A 1054.52 62.12 31.07 

Table 3. Immunopathology dataset 3 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S03-001 Canine Nipah Virus 328.3 115.28 24.65 

S03-002 Bovine Nipah Virus 684.35 14.25 15.52 

S03-003 Equine Brucella 1627.41 126.95 25.11 

S03-004 Feline SARS-CoV-2 828.03 105.43 33.36 

S03-005 Bovine H5N1 878.17 69.66 19.14 

S03-006 Bovine Nipah Virus 856.75 57.54 33.51 

S03-007 Bovine Influenza A 1584.92 79.83 20.55 

S03-008 Feline SARS-CoV-2 1441.45 71.31 18.52 

S03-009 Canine Nipah Virus 95.08 122.21 34.81 

S03-010 Feline Influenza A 665.75 50.86 28.85 

S03-011 Equine H5N1 1147.4 127.35 30.04 

S03-012 Equine Influenza A 1508.91 75.95 17.32 

S03-013 Canine H5N1 1238.77 83.32 16.72 

S03-014 Bovine SARS-CoV-2 446.54 124.79 28.31 

S03-015 Avian H5N1 1324.58 80.63 21.59 

S03-016 Avian Influenza A 1342.24 25.68 22.23 

S03-017 Bovine Brucella 1748.59 48.83 25.52 

S03-018 Canine SARS-CoV-2 1631.89 122.02 23.49 

S03-019 Equine Brucella 779.54 51.33 31.4 

S03-020 Canine Brucella 196.64 8.08 26.43 
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The distributions of PCR Ct have been depicted in 

Table 4. The decreased value of Ct was associated 

with increase in antibody titer, which tied to the 

belief that there is an inverse correlation between the 

virus levels and rate of immune clearance.  Table 5 

indicates the frequencies of pathogens to multiple 

species. The influenza A covered the maximum 

number of species as hosts, whereas the Nipah virus 

infections affected the minimum number of species. 

Table 6 reveals the process of declining titer levels 

of antibodies across time after coming into contact 

with the infection. The reduction of most species is 

dramatic after 120 days. 

Table 4. Immunopathology dataset 4 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S04-001 Canine Influenza A 119.73 23.3 16.29 

S04-002 Equine SARS-CoV-2 496.09 15.98 33.88 

S04-003 Bovine Nipah Virus 461.8 104.41 18.26 

S04-004 Bovine Nipah Virus 402.41 142.33 26.84 

S04-005 Canine Influenza A 666.43 50.77 34.01 

S04-006 Equine Influenza A 520.03 132.06 22.34 

S04-007 Canine H5N1 781.97 106.23 15.43 

S04-008 Avian Nipah Virus 1283.69 56.67 25.41 

S04-009 Equine SARS-CoV-2 484.91 136.16 21.14 

S04-010 Bovine Influenza A 320.56 59.58 31.66 

S04-011 Avian Brucella 1175.14 127.77 33.59 

S04-012 Canine H5N1 735.76 111.35 17.58 

S04-013 Avian Nipah Virus 962.11 106.35 31.62 

S04-014 Canine H5N1 749.59 102.08 30.74 

S04-015 Avian Nipah Virus 212.18 16.6 28.79 

S04-016 Feline SARS-CoV-2 543.17 11.47 28.01 

S04-017 Bovine Nipah Virus 142.44 18.8 33.75 

S04-018 Equine SARS-CoV-2 1862.34 36.53 19.72 

S04-019 Bovine Influenza A 510.48 122.02 24.63 

S04-020 Canine SARS-CoV-2 1631.26 19.56 33.55 

Table 5. Immunopathology dataset 5 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S05-001 Feline SARS-CoV-2 1694.58 140.53 27.87 

S05-002 Bovine SARS-CoV-2 1251.44 50.09 17.68 

S05-003 Equine SARS-CoV-2 1148.22 73.78 18.53 

S05-004 Bovine Nipah Virus 767.92 14.02 21.38 

S05-005 Avian Influenza A 1397.32 44.92 34.12 
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S05-006 Feline Nipah Virus 1641.53 37.77 19.53 

S05-007 Bovine Influenza A 1855.0 141.74 32.81 

S05-008 Bovine Influenza A 61.18 59.7 33.65 

S05-009 Avian Brucella 1455.09 60.67 16.7 

S05-010 Equine Brucella 1350.77 48.79 31.23 

S05-011 Bovine SARS-CoV-2 439.54 33.29 34.89 

S05-012 Feline H5N1 1408.5 111.77 22.05 

S05-013 Avian H5N1 1172.06 139.46 24.68 

S05-014 Feline Nipah Virus 1180.46 104.21 29.84 

S05-015 Equine Brucella 175.79 66.51 22.46 

S05-016 Avian SARS-CoV-2 395.63 87.12 15.7 

S05-017 Canine H5N1 715.98 36.17 18.05 

S05-018 Equine H5N1 1236.97 27.77 21.43 

S05-019 Equine Nipah Virus 431.18 126.19 17.35 

S05-020 Canine SARS-CoV-2 287.02 127.53 22.19 

Table 6. Immunopathology dataset 6 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S06-001 Canine H5N1 1114.1 82.23 22.71 

S06-002 Equine Nipah Virus 1585.84 26.99 23.15 

S06-003 Feline Nipah Virus 1492.73 121.66 20.7 

S06-004 Avian SARS-CoV-2 1454.19 94.0 15.02 

S06-005 Canine Nipah Virus 1605.76 41.14 23.69 

S06-006 Canine H5N1 1769.7 62.38 26.75 

S06-007 Bovine SARS-CoV-2 1652.13 86.21 25.46 

S06-008 Equine Brucella 646.59 85.6 28.62 

S06-009 Equine Influenza A 1503.48 85.06 16.76 

S06-010 Feline Nipah Virus 807.03 72.04 27.58 

S06-011 Equine Nipah Virus 965.85 102.25 30.59 

S06-012 Canine H5N1 1434.59 133.13 18.93 

S06-013 Equine Brucella 762.0 74.56 24.64 

S06-014 Avian Brucella 1858.14 65.33 22.53 

S06-015 Avian H5N1 1477.76 41.45 15.95 

S06-016 Equine SARS-CoV-2 525.48 142.21 21.33 

S06-017 Bovine Nipah Virus 1375.35 147.55 27.98 

S06-018 Canine Nipah Virus 166.18 85.02 20.13 

S06-019 Avian Influenza A 1719.76 84.73 24.07 

S06-020 Avian Nipah Virus 1007.84 72.27 17.61 
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Table 7 shows the relationship between the levels of 

the antibodies, cytokine and how these are 

interconnected with Ct values. The relation between 

antibody titers and IL-6 were moderately positive 

(r=0.46r=0.46r=0.46, p<0.05p<0.05p<0.05).  Table 

8 reveals seropositivity frequencies based on 

location and indicates where the spread of the 

pathogens is most likely to occur in peri-urban 

livestock settlements.  Comparison of immune 

responses and immune responses post-vaccination 

are noted in Table 9. Levels of antibodies were 

significantly elevated in the groups that were 

vaccinated and lower in IL-6 amounts as compared 

to the unvaccinated controls ( p<0.01 p<0.01 

p<0.01). 

Table 7. Immunopathology dataset 7 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S07-001 Avian Influenza A 1904.93 100.26 15.79 

S07-002 Equine Influenza A 730.07 42.57 16.91 

S07-003 Feline Influenza A 589.2 63.75 30.98 

S07-004 Feline H5N1 920.69 101.75 23.05 

S07-005 Avian Influenza A 1917.93 68.73 28.65 

S07-006 Equine Nipah Virus 400.17 118.35 25.04 

S07-007 Bovine Influenza A 328.3 104.27 22.94 

S07-008 Equine SARS-CoV-2 212.84 111.82 30.72 

S07-009 Canine Brucella 1117.11 75.97 34.03 

S07-010 Canine SARS-CoV-2 654.91 143.33 20.16 

S07-011 Bovine H5N1 601.3 27.29 25.4 

S07-012 Avian H5N1 1845.94 99.12 32.36 

S07-013 Bovine Influenza A 895.02 85.82 24.19 

S07-014 Avian H5N1 866.58 130.94 17.2 

S07-015 Bovine Influenza A 1973.14 25.83 30.98 

S07-016 Feline SARS-CoV-2 1597.46 69.95 24.96 

S07-017 Canine Influenza A 719.44 100.59 18.94 

S07-018 Feline Influenza A 635.66 100.95 32.52 

S07-019 Avian Brucella 1032.71 126.59 20.36 

S07-020 Avian Brucella 1265.35 82.22 19.74 

Table 8. Immunopathology dataset 8 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S08-001 Feline SARS-CoV-2 1540.11 26.89 23.09 

S08-002 Avian H5N1 1880.67 82.74 31.46 

S08-003 Equine Brucella 673.4 19.56 26.74 

S08-004 Equine H5N1 893.33 111.02 29.13 
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S08-005 Canine Nipah Virus 576.78 141.25 25.21 

S08-006 Bovine SARS-CoV-2 1612.06 141.78 31.6 

S08-007 Feline Nipah Virus 1294.57 59.34 29.41 

S08-008 Bovine Nipah Virus 183.95 91.38 32.33 

S08-009 Bovine SARS-CoV-2 1227.11 100.99 19.07 

S08-010 Avian SARS-CoV-2 1601.37 79.03 20.97 

S08-011 Equine H5N1 112.42 73.28 24.52 

S08-012 Feline Brucella 938.12 6.29 24.87 

S08-013 Canine H5N1 1590.84 14.84 27.15 

S08-014 Feline H5N1 1977.76 68.05 31.38 

S08-015 Avian Brucella 1188.73 67.57 25.55 

S08-016 Equine Influenza A 125.88 31.95 33.78 

S08-017 Canine Brucella 920.52 81.81 29.47 

S08-018 Feline Brucella 416.94 91.87 18.58 

S08-019 Canine Nipah Virus 1272.76 109.53 27.39 

S08-020 Bovine Influenza A 469.87 49.43 26.25 

Table 9. Immunopathology dataset 9 

Sample ID Species Pathogen Antibody Titer 

(AU/mL) 

Cytokine IL-6 

(pg/mL) 

PCR Ct Value 

S09-001 Avian Brucella 1316.6 98.83 24.96 

S09-002 Bovine Influenza A 1728.62 97.52 23.29 

S09-003 Feline Brucella 1943.15 71.95 19.29 

S09-004 Equine Nipah Virus 411.81 12.69 19.33 

S09-005 Avian Influenza A 524.08 10.59 19.65 

S09-006 Feline SARS-CoV-2 1753.13 29.58 29.58 

S09-007 Bovine Influenza A 1817.24 120.21 23.32 

S09-008 Canine H5N1 1528.64 28.58 26.68 

S09-009 Equine H5N1 726.46 25.12 24.89 

S09-010 Bovine H5N1 953.89 56.17 23.6 

S09-011 Feline SARS-CoV-2 1240.55 75.25 29.7 

S09-012 Equine Influenza A 1017.75 106.17 26.12 

S09-013 Avian Influenza A 982.05 121.17 21.05 

S09-014 Bovine SARS-CoV-2 899.33 43.68 34.42 

S09-015 Avian Influenza A 1747.3 136.87 19.5 

S09-016 Feline H5N1 415.35 8.32 17.78 

S09-017 Bovine Nipah Virus 1390.96 59.39 27.3 

S09-018 Canine SARS-CoV-2 1421.88 33.95 24.84 

S09-019 Bovine Brucella 1854.14 54.71 18.66 
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S09-020 Canine Nipah Virus 126.94 69.4 17.19 

The data visualisations of figures, 2-12, make us 

comprehend the information.  The results of titers 

shown in figure 2 are a bar chart that indicates the 

average titers of each species. It proves the fact that 

the responses of the bird species were higher.  Figure 

3 displays the scatter plot correlating the levels of 

IL-6, with the titers of antibodies. The tendency is 

slightly on the increase.  In Figure 4, we have a 

hybrid bar-line graph that displays the mean values 

of antibodies titers and IL-6 of the sample groups. 

This simplifies comparisons of data on 

immunopathology.  The same graphs (Fig. 5-8) can 

be demonstrated again with other experimental 

subgroups, and this underpins the tendencies 

represented in multiple data sets.  Figures 912 follow 

hybrid plots with demonstrations of the direction of 

the immune markers over time with or without an 

infection and with or without a vaccine. This reflects 

the fact that immune responses are prolonged in 

certain species.  All these tables and figures indicate 

that veterinary immunopathology profiling is an 

effective method to monitor pathogens, explain 

immune responses, and establish the effectiveness of 

vaccines in circumstances requiring us to be 

prepared in case of a pandemic

 

Figure 2. Complex data visualization 2 

 

Figure 3. Complex data visualization 3 
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Figure 4. Complex data visualization 4 

 

Figure 5. Complex data visualization 5 

 

Figure 6. Complex data visualization 6 
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Figure 7. Complex data visualization 7 

 

Figure 8. Complex data visualization 8 

 

Figure 9. Complex data visualization 9 
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Figure 10. Complex data visualization 10 

 

Figure 11. Complex data visualization 11 

 

Figure 12. Complex data visualization 12 
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DISCUSSION 

All of this causes urbanisation, climate change, and 

wildlife trade to converge, and in the future, it will 

increase the possibility of new viral diseases 

emerging. It implies that some proactive measures 

should be undertaken (Chu & Lamers, 2024).  So 

that we can manage and halt zoonotic spillover, we 

must understand what it entails and the factors that 

influence cross-species transmission (Ellwanger & 

Chies, 2021).  Man-made barriers are constructed to 

separate animals and livestock but in most cases, 

keeping away diseases that can only infect wildlife 

(Bozzuto et al., 2021).  The prevention of the 

transmission of the diseases by mosquitoes is 

possible in numerous ways, including chemical, 

biological, mechanical, and pharmaceutical 

implementation (Onen et al., 2023).  These are 

means with the help of which you can prevent the 

further spread of zoonotic illness.  Some of the 

nonpharmacologic initiatives that will aid in 

containing an outbreak are containment, isolation, 

and quarantine. Nevertheless, vaccines will become 

the most significant means of converting the viral 

pandemic into epide-mic controlled disease 

(Meissner, 2022). Chemical use may not be easy 

since the mosquitoes may infest some compounds 

that may render them resistant.  The fact about 

climate change and diseases transmitted by 

mosquitoes demonstrates that it is crucially 

important to possess comprehensive plans.  The 

trend is that an alteration of temperature and rainfall 

patterns would result in the spread of mosquito 

vectors to new places, which will facilitate the 

manifestation of the disease in regions that have not 

been affected (Zhang et al., 2024).  The 

environment, including the destruction of forests 

and the construction of urban areas, creates novelties 

that affect mosquito presence and behavioral 

patterns between mosquitoes and people (Catano-

Lopez et al., 2022).  This is quite essential because 

there must be surveillance programs so that 

outbreaks of vector-brought diseases can be detected 

early.  Investigating zoonotic infectious diseases in 

wildlife is valuable in implementing interventions 

that will be used in regulating both animal and 

human health (Abrantes & Vieira‐Pinto, 2023).  The 

Zoonotic infection that does not produce severe 

symptoms might spread more as no one pays 

attention to it.  Sequencing the genomes of 

pathogens is quite significant in monitoring the 

evolution of the pathogen and subsequent 

transmission that can be useful in making 

interventions. Important diseases such as dengue 

should be stopped in the spread within the city (Telle 

et al., 2021).  The problem of dengue has increased 

significantly throughout the globe over the past 

several decades, and this illness has reached Europe 

(Wang et al., 2024). It is critical to use emerging 

surveillance and control approaches to stop the 

transmission of dengue and other Aedes-transmitted 

infections (Ho et al., 2023).  Such predictive models, 

based on long term climate, vector ecology, and 

multiple causes, will help predict the occurrence of 

dengue cases in terms of places and occurrence 

(Samal et al., 2020).  Targeted actions can be 

planned with the help of these kinds of models. Due 

to climate change, it is much simpler to spread 

diseases with the help of vectors (Majeed et al., 

2025; Nair et al., 2025; Onen et al., 2023).  In other 

regions, the warmer climate may tend to increase the 

ability of the disease-transmitting insects to spread, 

and in others, excessive heat or dryness may lead to 

the impossibility of transmission (Ebi & Hess, 2020; 

Hayashi et al., 2022).  Warmer temperatures will 

reduce the life cycle of a mosquito (Muhammad et 

al., 2022; Sadoine et al., 2024).  Increased 

temperatures also alter the frequency of bites by 

mosquitoes, the rate of virus transmission, and the 

habitat that mosquitoes can occupy (Douglas et al., 

2024; Francisco et al., 2020; Zhang et al., 2025).  
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Landscape and climate may influence the presence 

of mosquitoes and the occurrence rate of the dengue 

illness (Francisco et al., 2021).  The delivery of early 

warning systems and interception plans can be 

created through understanding how such 

environmental factors influence the transmission of 

dengue (Barboza et al., 2023).  

CONCLUSION 

This paper demonstrates the value of veterinary 

immunopathology in enhancing pandemic 

preparedness in terms of identification of diseases 

early, monitoring them between species, and 

conducting complete immunological profiling of 

zoonotic diseases.  Its outcomes demonstrate the 

necessity of investigating the interaction of 

pathogens with their hosts on the 

immunopathological level to determine spillover 

risks and target specific interventions.  The paper 

indicates that veterinary sciences do not serve only 

to keep animals healthy but are also a major 

component of One Health constructs, which seek to 

safeguard human health. This is demonstrated 

through integration of veterinary diagnostic, 

response mapping and pathogen molecular 

characterisation.  What we have found is that 

improved immunopathological understanding could 

lead to the identification of immunological 

biomarkers that can be deployed as the first line of 

defence, the development of more efficacious and 

less costly vaccines in animals and humans and 

more effective therapy regimes during novel 

epidemics.  On top of the report is the emphasis that 

in order to have the capacity to deal with a global 

pandemic, we must invest in coordinated networks 

such as between veterinary and human health 

sharing information in real-time and devote funding 

to cross-training to narrow the divide between 

clinical immunity and field epidemiology.  To sum 

it up, veterinary immunopathology will play a 

significant role in preparing a pandemic. It provides 

us with the science to be able to predict, prevent, and 

react to zoonotic threats fast and reliably and 

therefore the ultimate reduction of social and 

economic impacts of the pandemic on both humans 

and animals. 

REFERENCES 

Abrantes, A. C., & Vieira‐Pinto, M. (2023). 15 years 

overview of European zoonotic surveys in wild boar 

and red deer: A systematic review [Review of 15 

years overview of European zoonotic surveys in 

wild boar and red deer: A systematic review]. One 

Health, 16, 100519. Elsevier BV.  

Antima, & Banerjee, S. (2023). Modeling the 

dynamics of leptospirosis in India. Scientific 

Reports, 13(1) 

Auer, A., Schweitzer, L., Kübber‐Heiss, A., 

Posautz, A., Dimmel, K., Seitz, K., Beiglböck, C., 

Riedel, C., & Rümenapf, T. (2022). Porcine 

Circoviruses and Herpesviruses Are Prevalent in an 

Austrian Game Population. Pathogens, 11(3), 305.  

Auplish, A., Vu, T. T. T., Ðuc, P. P., Green, A., 

Tiwari, H. K., Housen, T., Stevenson, M. A., & 

Dhand, N. K. (2024). Investigating the workforce 

capacity and needs for animal disease surveillance 

and outbreak investigation: a mixed-methods study 

of veterinary services in Vietnam. Frontiers in 

Veterinary Science, 11.  

Baranowski, K., & Bharti, N. (2023). Habitat loss 

for black flying foxes and implications for Hendra 

virus. Landscape Ecology, 38(6), 1605.  

Barboza, L. A., Chou-Chen, S. W., Vásquez, P., 

García, Y. E., Calvo, J. G., Hidalgo, H. G., & 

Sánchez, F. (2023). Assessing dengue fever risk in 

Costa Rica by using climate variables and machine 

learning techniques. PLoS Neglected Tropical 

Diseases, 17(1).  



 

36 | P a g e  
 

GOMAL JOURNAL OF AGRICULTURE AND BIOLOGY 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. 

GOMAL EDUCATION NETWORK (SMCPRIVATE) LIMITED 

 

Bozzuto, C., Canessa, S., & Koella, J. C. (2021). 

Exploring artificial habitat fragmentation to control 

invasion by infectious wildlife diseases. Theoretical 

Population Biology, 141, 14.  

Catano-López, A., Rojas-Díaz, D., & Vélez, C. M. 

(2022). The Influence of Anthropogenic and 

Environmental Disturbances on Parameter 

Estimation of a Dengue Transmission Model. 

Tropical Medicine and Infectious Disease, 8(1), 5.  

Chu, J. T. S., & Lamers, M. M. (2024). Organoids 

in virology. Npj Viruses, 2(1).  

Corbett, K. S., Edwards, D. K., Leist, S. R., Abiona, 

O. M., Boyoglu-Barnum, S., Gillespie, R. A., 

Himansu, S., Schäfer, A., Ziwawo, C. T., DiPiazza, 

A., Dinnon, K. H., Elbashir, S. M., Shaw, C. A., 

Woods, A., Fritch, E. J., Martinez, D. R., Bock, K. 

W., Minai, M., Nagata, B. M., … Graham, B. S. 

(2020). SARS-CoV-2 mRNA vaccine design 

enabled by prototype pathogen preparedness. 

Nature, 586(7830), 567.  

Dong, X., & Soong, L. (2021). Emerging and Re-

emerging Zoonoses are Major and Global 

Challenges for Public Health. Zoonoses, 1(1).  

Douglas, K. O., Payne, K., Sabino‐Santos, G., 

Chami, P., & Lorde, T. (2024). The Impact of 

Climate on Human Dengue Infections in the 

Caribbean [Review of The Impact of Climate on 

Human Dengue Infections in the Caribbean]. 

Pathogens, 13(9), 756. Multidisciplinary Digital 

Publishing Institute.  

Ebi, K. L., & Hess, J. (2020). Health Risks Due To 

Climate Change: Inequity In Causes And 

Consequences. Health Affairs, 39(12), 2056.  

Ellwanger, J. H., & Chies, J. A. B. (2021). Zoonotic 

spillover: Understanding basic aspects for better 

prevention. Genetics and Molecular Biology, 44.  

Feßler, A. T., Scholtzek, A. D., Schug, A. R., Kohn, 

B., Weingart, C., Hanke, D., Schink, A., Bethe, A., 

Lübke‐Becker, A., & Schwarz, Š. (2022). 

Antimicrobial and Biocide Resistance among 

Canine and Feline Enterococcus faecalis, 

Enterococcus faecium, Escherichia coli, 

Pseudomonas aeruginosa, and Acinetobacter 

baumannii Isolates from Diagnostic Submissions. 

Antibiotics, 11(2), 152.  

Forbes, K. M., Anzala, O., Carlson, C. J., Kelvin, A. 

A., Kuppalli, K., Leroy, E. M., Maganga, G. D., 

Masika, M., Mombo, I. M., Mwaengo, D., Niama, 

R. F., Nziza, J., Ogola, J., Pickering, B., Rasmussen, 

A. L., Sironen, T., Vapalahti, O., Webala, P. W., & 

Kindrachuk, J. (2020). Towards a coordinated 

strategy for intercepting human disease emergence 

in Africa. The Lancet Microbe, 2(2).  

Francisco, M. E., Carvajal, T. M., Ryo, M., 

Nukazawa, K., Amalin, D., & Watanabe, K. (2020). 

Dengue Disease Dynamics are Modulated by the 

Combined Influence of Precipitation and 

Landscapes: A Machine Learning-based Approach. 

bioRxiv (Cold Spring Harbor Laboratory).  

Francisco, M. E., Carvajal, T. M., Ryo, M., 

Nukazawa, K., Amalin, D., & Watanabe, K. (2021). 

Dengue disease dynamics are modulated by the 

combined influences of precipitation and landscape: 

A machine learning approach. The Science of The 

Total Environment, 792, 148406.  

Fudge, J. M., Boyanowski, B., Page, B., Liu, S., & 

Rogovskyy, A. S. (2020). Serological prevalence of 

six vector-borne pathogens in dogs presented for 

elective ovariohysterectomy or castration in the 

South central region of Texas. BMC Veterinary 

Research, 16(1).  

Ghai, R. R., Carpenter, A., Liew, A., Martin, K. B., 

Herring, M. K., Gerber, S. I., Hall, A. J., Sleeman, J. 

M., VonDobschuetz, S., & Behravesh, C. B. (2021). 



 

37 | P a g e  
 

GOMAL JOURNAL OF AGRICULTURE AND BIOLOGY 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. 

GOMAL EDUCATION NETWORK (SMCPRIVATE) LIMITED 

 

Animal Reservoirs and Hosts for Emerging 

Alphacoronaviruses and Betacoronaviruses 

[Review of Animal Reservoirs and Hosts for 

Emerging Alphacoronaviruses and 

Betacoronaviruses]. Emerging Infectious Diseases, 

27(4), 1015. Centers for Disease Control and 

Prevention.  

Gilbertson, M. L. J., Onorato, D. P., Cunningham, 

M. W., VandeWoude, S., & Craft, M. E. (2022). 

Paradoxes and synergies: Optimizing management 

of a deadly virus in an endangered carnivore. Journal 

of Applied Ecology, 59(6), 1548.  

Gonçalves, A. A. L. M., Dias, A. H. C., Monteiro, 

D. D. S., Varela, I. B. F., & Leal, S. da V. (2023). 

Blood meal survey reveals insights into mosquito-

borne diseases on the island of Santiago, Cape 

Verde. Frontiers in Tropical Diseases, 4.  

Hayashi, K., Fujimoto, M., & Nishiura, H. (2022). 

Quantifying the future risk of dengue under climate 

change in Japan. Frontiers in Public Health, 10.  

Hills, F. R., Geoghegan, J. L., & Bostina, M. (2025). 

Architects of infection: A structural overview of 

SARS-related coronavirus spike glycoproteins 

[Review of Architects of infection: A structural 

overview of SARS-related coronavirus spike 

glycoproteins]. Virology, 110383. Elsevier BV. 

https://doi.org/10.1016/j.virol.2024.110383 

Ho, S. H., Lim, J. T., Ong, J., Hapuarachchi, H. C., 

Sim, S., & Ng, L. C. (2023). Singapore’s 5 decades 

of dengue prevention and control—Implications for 

global dengue control. PLoS Neglected Tropical 

Diseases, 17(6).  

Kebede, A. (2020). Review of Emergence and 

Zoonotic Implication of Sars-Cov-2 (Covd 19) and 

its Associated Risk Factors. ARC Journal of Animal 

and Veterinary Sciences, 6(1).  

Lambert, S., Thébault, A., Rossi, S., Marchand, P., 

Petit, É., Toïgo, C., & Gilot‐Fromont, E. (2021). 

Targeted strategies for the management of wildlife 

diseases: the case of brucellosis in Alpine ibex. 

Veterinary Research, 52(1).  

López-Islas, J. J., Méndez-Olvera, E. T., Martínez-

Gómez, D., López‐Pérez, A. M., Orozco, L., Suzán, 

G., & Eslava, C. (2022). Characterization of 

Salmonella spp. and E. coli Strains Isolated from 

Wild Carnivores in Janos Biosphere Reserve, 

Mexico. Animals, 12(9), 1064.  

Maipas, S., Panayiotides, I. G., Tsiodras, S., & 

Kavantzas, N. (2021). COVID-19 Pandemic and 

Environmental Health: Effects and the Immediate 

Need for a Concise Risk Analysis. Environmental 

Health Insights, 15.  

Majeed, S., Akram, W., Sufyan, M., Abbasi, A., 

Riaz, S., Faisal, S., Binyameen, M., Bashir, M. I., 

Hassan, S., Zafar, S., Kucher, O., Piven, E. A., & 

Kucher, O. D. (2025). Climate Change: A Major 

Factor in the Spread of Aedes aegypti (Diptera: 

Culicidae) and Its Associated Dengue Virus. Insects, 

16(5), 513. https://doi.org/10.3390/insects16050513 

Meissner, H. C. (2022). Understanding Vaccine 

Safety and the Roles of the FDA and the CDC 

[Review of Understanding Vaccine Safety and the 

Roles of the FDA and the CDC]. New England 

Journal of Medicine, 386(17), 1638. Massachusetts 

Medical Society.  

Metekia, W. A., Ulusoy, B., & Hecer, C. (2020). 

One health and One medicine: A review of the 

literature [Review of One health and One medicine: 

A review of the literature]. Veterinary Medicine and 

Public Health Journal, 1(3), 91.  

Moonen, J. P., Schinkel, M., Most, T. van der, 

Miesen, P., & Rij, R. P. van. (2023). Composition 

and global distribution of the mosquito virome - A 



 

38 | P a g e  
 

GOMAL JOURNAL OF AGRICULTURE AND BIOLOGY 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. 

GOMAL EDUCATION NETWORK (SMCPRIVATE) LIMITED 

 

comprehensive database of insect-specific viruses. 

One Health, 16, 100490.  

Muhammad, V. I. M., Sahdan, M., & Setyobudi, A. 

(2022). The Influence of Climate on Mosquito 

Vector-Based Diseases in Kupang City. EAS 

Journal of Parasitology and Infectious Diseases, 

4(3), 23.  

Nair, G. A., Li, H., Schwenk, J., Martinez, K., 

Manore, C. A., & Xu, C. (2025). Increasing 

Mosquito Abundance Under Global Warming. Earth 

s Future, 13(6).  

Ngouanet, S. A., Wanji, S., Yadouleton, A., 

Demanou, M., Djouaka, R., & Nanfack-Minkeu, F. 

(2022). Factors enhancing the transmission of 

mosquito-borne arboviruses in Africa [Review of 

Factors enhancing the transmission of mosquito-

borne arboviruses in Africa]. VirusDisease, 33(4), 

477. Springer Science+Business Media.  

O’Callaghan‐Gordo, C., & Antó, J. M. (2020). 

COVID-19: The disease of the anthropocene. 

Environmental Research, 187, 109683.  

Onen, H., Luzala, M. M., Kigozi, S., Sikumbili, R. 

M., Muanga, C.-J. K., Zola, E. N., Wendji, S. N., 

Buya, A. B., Balčiūnaitienė, A., Viškelis, J., 

Kaddumukasa, M., & Memvanga, P. B. (2023). 

Mosquito-Borne Diseases and Their Control 

Strategies: An Overview Focused on Green 

Synthesized Plant-Based Metallic Nanoparticles 

[Review of Mosquito-Borne Diseases and Their 

Control Strategies: An Overview Focused on Green 

Synthesized Plant-Based Metallic Nanoparticles]. 

Insects, 14(3), 221. Multidisciplinary Digital 

Publishing Institute.  

Perveen, N., Muhammad, K., Muzaffar, S. B., 

Zaheer, T., Munawar, N., Gajić, B., Sparagano, O., 

Kishore, U., & Willingham, A. L. (2023). Host-

pathogen interaction in arthropod vectors: Lessons 

from viral infections [Review of Host-pathogen 

interaction in arthropod vectors: Lessons from viral 

infections]. Frontiers in Immunology, 14. Frontiers 

Media.  

Proboste, T., James, A., Castonguay, A. C., 

Chakma, S., Cortés-Ramírez, J., Donner, E., Sly, P. 

D., & Magalhães, R. J. S. (2022). Research and 

Innovation Opportunities to Improve 

Epidemiological Knowledge and Control of 

Environmentally Driven Zoonoses [Review of 

Research and Innovation Opportunities to Improve 

Epidemiological Knowledge and Control of 

Environmentally Driven Zoonoses]. Annals of 

Global Health, 88(1). Elsevier BV.  

Rahman, Md. T., Sobur, Md. A., Islam, Md. S., Ievy, 

S., Hossain, Md. J., Zowalaty, M. E. E., Rahman, A. 

T., & Ashour, H. M. (2020). Zoonotic Diseases: 

Etiology, Impact, and Control [Review of Zoonotic 

Diseases: Etiology, Impact, and Control]. 

Microorganisms, 8(9), 1405. Multidisciplinary 

Digital Publishing Institute.  

Røken, M., Forfang, K., Wasteson, Y., Haaland, A. 

H., Eiken, H. G., Hagen, S. B., & Bjelland, A. M. 

(2022). Antimicrobial resistance—Do we share 

more than companionship with our dogs? Journal of 

Applied Microbiology, 133(2), 1027.  

Sadoine, M. L., Zinszer, K., Liu, Y., Gachon, P., 

Fournier, M., Dueymes, G., Dorsey, G., Llerena, A., 

Namuganga, J. F., Nasri, B., & Smargiassi, A. 

(2024). Predicting malaria risk considering vector 

control interventions under climate change 

scenarios. Scientific Reports, 14(1).  

Salvarani, F. M., Oliveira, H. G. da S., Corrêa, L. M. 

P., Soares, A. A., & Ferreira, B. C. (2025). The 

Importance of Studying Infectious and Parasitic 

Diseases of Wild Animals in the Amazon Biome 

with a Focus on One Health [Review of The 

Importance of Studying Infectious and Parasitic 

Diseases of Wild Animals in the Amazon Biome 



 

39 | P a g e  
 

GOMAL JOURNAL OF AGRICULTURE AND BIOLOGY 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. 

GOMAL EDUCATION NETWORK (SMCPRIVATE) LIMITED 

 

with a Focus on One Health]. Veterinary Sciences, 

12(2), 100. Multidisciplinary Digital Publishing  

Samal, R. R., Gupta, S., & Kumar, S. (2020). An 

overview of factors affecting dengue transmission in 

Asian region and its predictive models. Journal of 

Applied and Natural Science, 12(3), 460.  

Sannat, C., Rawat, N., Gupta, A., Gumasta, P., & 

Hirpurkar, S. D. (2020). Emerging Trends of Viral 

Zoonoses: A Problem Needs Solution. International 

Journal of Current Microbiology and Applied 

Sciences, 9(1), 1523.  

Smith, M. J., VanderWaal, K., & Craft, M. E. 

(2022). Asymmetric host movement reshapes local 

disease dynamics in metapopulations. Scientific 

Reports, 12(1).  

Suu‐Ire, R., Obodai, E., Bonney, J., Bel‐Nono, S., 

Ampofo, W., & Kelly, T. R. (2021). Viral Zoonoses 

of National Importance in Ghana: Advancements 

and Opportunities for Enhancing Capacities for 

Early Detection and Response [Review of Viral 

Zoonoses of National Importance in Ghana: 

Advancements and Opportunities for Enhancing 

Capacities for Early Detection and Response]. 

Journal of Tropical Medicine, 2021, 1. Hindawi 

Publishing Corporation.  

Tazerji, S. S., Nardini, R., Safdar, M., Shehata, A. 

A., & Duarte, P. M. (2022). An Overview of 

Anthropogenic Actions as Drivers for Emerging and 

Re-Emerging Zoonotic Diseases [Review of An 

Overview of Anthropogenic Actions as Drivers for 

Emerging and Re-Emerging Zoonotic Diseases]. 

Pathogens, 11(11), 1376. Multidisciplinary Digital 

Publishing Institute.  

Telle, O., Nikolay, B., Kumar, V., Benkimoun, S., 

Pal, R., Nagpal, B. N., & Paúl, R. (2021). Social and 

environmental risk factors for dengue in Delhi city: 

A retrospective study. PLoS Neglected Tropical 

Diseases, 15(2).  

Villarroel, P. M. S., Gumpangseth, N., Songhong, 

T., Yainoy, S., Monteil, A., Leaungwutiwong, P., 

Missé, D., & Wichit, S. (2023). Emerging and re-

emerging zoonotic viral diseases in Southeast Asia: 

One Health challenge [Review of Emerging and re-

emerging zoonotic viral diseases in Southeast Asia: 

One Health challenge]. Frontiers in Public Health, 

11. Frontiers Media.  

Wang, Y., Yuansong, Y., Susu, L., Chen, L., Wu, 

Y., Wang, Y., Wang, Y., & Chang-fa, F. (2024). 

Progress and Challenges in Development of Animal 

Models for Dengue Virus Infection [Review of 

Progress and Challenges in Development of Animal 

Models for Dengue Virus Infection]. Emerging 

Microbes & Infections, 13(1). Taylor & Francis.  

Wong, M. L., Zulzahrin, Z., Vythilingam, I., Lau, Y. 

L., Sam, I., Fong, M. Y., & Lee, W.-C. (2023). 

Perspectives of vector management in the control 

and elimination of vector-borne zoonoses [Review 

of Perspectives of vector management in the control 

and elimination of vector-borne zoonoses]. Frontiers 

in Microbiology, 14. Frontiers Media.  

Zhang, X., Mei, H., Nie, P., Hu, X., & Feng, J. 

(2025). Future Climate Predicts Range Shifts and 

Increased Global Habitat Suitability for 29 Aedes 

Mosquito Species. Insects, 16(5), 476.  

Zhang, Y., Wang, M., Huang, M., & Zhao, J. (2024). 

Innovative strategies and challenges mosquito-

borne disease control amidst climate change 

[Review of Innovative strategies and challenges 

mosquito-borne disease control amidst climate 

change]. Frontiers in Microbiology, 15. Frontiers 

Media.  


