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Abstract 

Introduction: Global pandemics are major contributors to human morbidity and 

mortality, economic downturn, and lost productivity. In extraordinary circumstances 

like the COVID-19 pandemic, we see a showcase of these staggering costs. It has been 

proposed that surveillance for emerging zoonotic diseases will be integral for controlling 

the next pandemic. In this pilot project, we employed a group of molecular assays to 

screen bioaerosol samples for evidence of viruses that might pose a zoonotic threat, and 

evaluate its advantages for future surveillance systems. 

 

Methods: Bioaerosol samples and swine farm characteristics were collected from eight 

farms in Northern Vietnam during the years of 2019 to 2021. We evaluated 256 

specimens for evidence of viral presence using conventional PCR/RT-PCR pan-species 

paramyxovirus and coronavirus molecular assays at the Duke One Health Laboratory. 

Amplicons that appeared to represent a targeted virus family were subsequently sent for 

sequencing, and returned sequences were then compared to the National Center for 

Biotechnology Information’s (NCBI) sequence database using the basic local alignment 

search tool (BLAST) algorithm. 
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Results: The farms surveyed in this study had an average temperature of 26.3oC and 

relative humidity of 65.0%. Among the 256 bioaerosol samples screened, two showed 

molecular evidence for paramyxoviruses (0.78%) and none were positive for 

coronaviruses. The BLAST search of the positive samples confirmed evidence of 

paramyxovirus presence and connected them to paramyxoviruses found in bats from 

China. 

 

Conclusions: Compared to previous understandings of viral presence on swine farms, 

the prevalences in our study were slightly lower than expected. This may suggest that 

the swine farms surveyed in this experiment had better biosecurity than other farms we 

have studied in nearby China. This work adds to multiple demonstrations that 

molecular studies of bioaerosol samples can be used to non-invasively screen for novel 

zoonotic pathogens within swine farm facilities. We believe this may be a valuable 

element for future global surveillance systems of emerging infectious diseases. 
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1. Introduction 

Worldwide pandemics are responsible for staggering costs to human morbidity and 

mortality, as well as global economies.1 Additionally, although smaller in scope in 

comparison to pandemics, epidemics can also cause great harm in these same aspects. 

Over the course of human history, hundreds of millions of people have died due to these 

viral outbreaks.2 Currently, it is estimated that the virus responsible for the COVID-19 

pandemic, SARS-CoV-2, has resulted in the deaths of more than 6.1 million individuals.3 

Researchers have calculated that the total economic cost of the COVID-19 pandemic in 

2020 alone, was more than $16 trillion USD.1 Even for a less widespread outbreak like 

the West African Ebola epidemic back in 2014, studies still determined that this tragedy 

resulted in the loss of over $53 billion USD for affected economies.4 Thus, it is in the best 

interest of the world’s countries, financially, morally, and practically to partake in novel 

virus detection for discovering pathogens before they reach pandemic levels. 

 

1.1 Respiratory Viruses 

A significant portion of zoonotic disease outbreaks have stemmed from respiratory 

viruses which require frequent animal and human contact that lead to pathogen 

spillover.5,6 A spillover event is largely defined as the transmission of a pathogen from 

animals to humans.7 The probability and scale of viral spillover depends on a variety of 

factors like the host reservoir, viral prevalence, number of exposures, and susceptibility 
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of humans to infection.7 Subsequently, viruses that do spillover to humans are often 

poorly acclimated, and thus, require time to become efficient at causing infection and 

spreading from humans to other humans.8–10 Because of these barriers, viruses must 

often undergo marked evolutionary change that may involve gene mutations, 

recombinations, and reassortments to adapt to and spread between people.11 

Additionally, another necessity is repeated exposure between the pathogen, animals, 

and humans for the virus to have enough time and instances to effectively interact with 

hosts and evolve.12 This leaves a window of opportunity for identifying a pathogen as it 

is acclimating between the jump from animals to humans. Early identification of 

spillover events may give health officials the knowledge needed to establish a course of 

action for controlling a disease threat before it becomes too widespread.13 For our work, 

the two main viruses of focus in this study were paramyxoviruses and coronaviruses. 

 

1.1.1 Paramyxoviridae 

Viruses in the Paramyxoviridae family are single-stranded, negative-sense RNA 

viruses enveloped in helically symmetrical-shaped nucleocapsids.14 Some of the viruses 

in this group include parainfluenza viruses, respiratory syncytial viruses (RSV), human 

metapneumoviruses and notably, the measles and mumps viruses. Subsequently, many 

paramyxoviruses are known to cause upper and lower respiratory tract infections in 

people, especially children.14 Before the advent of the measles vaccine, it was estimated 
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that every year in the United States between 3 to 4 million people would be infected 

with the measles virus.15 Now, with a vaccine that has been administered worldwide, 

global deaths from measles has dropped by 73% between the years of 2000 to 2018.16 

Nonetheless, even with the vaccine, the WHO has reported that over 140,000 people 

around the world annually still die from the disease.16 Parainfluenza virus (PIV) is 

another high-profile pathogen that each year in the United States, infects about 2.5 

million children under the age of 2, and another 3.5 million people older than 2.17 

Additionally, RSV annually results in the hospitalizations of over 177,000 U.S. adults 

over the age of 65, and the deaths of 14,000 of those people.18 Thus, while this family of 

viruses includes more than just the listed ones, its importance in relation to human 

health is extremely preeminent. 

 

1.1.2 Coronaviridae 

Viruses in the Coronaviridae family are enveloped single-stranded, positive-sense 

RNA viruses with a spike protein that extends from the capsid.19 This group of viruses 

includes the severe acute respiratory syndrome (SARS) coronavirus, Middle East 

respiratory syndrome (MERS) coronavirus, and most notably, severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2). The SARS outbreak from 2002 to 2004 began 

when the first case was identified in China. This eventually led to over 8,000 infected 

individuals and over 750 deaths.20 The MERS outbreak in 2012 started after the first case 
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was identified in Saudi Arabia, and this situation has resulted in over 2,500 cases with at 

least 900 deaths.21 Lastly and most prominently, the COVID-19 pandemic due to the 

SARS-CoV-2 virus has significantly overshadowed the previous two outbreaks. The 

WHO has reported that almost 492 million people have been infected and over 6.1 

million people have died.22 Coronaviruses have greatly impacted humanity, especially in 

recent years, and surveillance of this viral family is a necessary precaution. 

 

1.2 Viral Surveillance of Zoonotic Pathogens 

To capitalize on the window of time it takes for viruses to adapt, the WHO, CDC, 

and other notable health organizations have proposed embracing the One Health 

concept and establishing a pre-pandemic surveillance system for viral detection.23,24 One 

Health, summarized succinctly, is described as having the goal of optimizing health for 

humans, animals, and the environment.25 The overarching idea that animals and 

humans are closely interconnected is a central pillar for this ethos, particularly since 

humans are routinely exposed to animals like pigs, cattle, and chickens that have the 

ability to carry viruses capable of spreading to humans.26 According to recent statistics, 

global meat production from livestock has increased three-fold in the last 50 years.27 The 

surge in industrialization of animal agriculture during this time has enhanced infectious 

disease spread between animals and humans.28 Viruses that are able to jump from 

animals to humans (or vice versa) are labeled as zoonotic pathogens,29 with literature 
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demonstrating that emerging diseases are significantly more likely to be associated with 

zoonotic pathogens than non-zoonotic ones.30 Thus, a focus should be placed on the 

greatest sources of zoonotic threats. As mentioned previously, many experts believe that 

respiratory pathogens pose the largest risk of zoonotic disease and widespread 

transmission between humans.31 This is partly due to the ability of these viruses to 

spread quickly through various methods like fomites, physical contact, droplets, and 

aerosolized particles.31 Microbes that are able to spread through airborne mechanisms 

can remain viable for significant periods of time in the air.32 Additionally, animals 

infected with viral diseases are capable of producing these aerosolized particles, further 

adding to the risk.33 Thus, studying the aerosols of animal species with a high 

probability of carrying such microbes, can be very valuable in understanding the 

evolution and emergence of novel virus threats to humans.6 

Systems focused on pre-pandemic surveillance have the ability to be targeted, cost-

efficient, and sustainable in helping mitigate future zoonotic respiratory virus threats. 

Discovering viruses early in the transmission process can save valuable time, and 

prepare public health experts for the necessary course of action. Recently, USAID’s 

Emerging Pandemic Threats (EPT) Program with projects like PREDICT, RESPOND, 

IDENTIFY, and PREVENT have been aimed at identifying and controlling emerging 

diseases.34 The most recent initiative, DEEP VZN, plans to do similar work in detecting 

unknown viruses with pandemic potential.35 However, while these efforts are certainly 
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steps in the right direction, common criticisms include high costs, where testing 

specifically at the human-animal interface should be more targeted, rather than broad 

viral testing of thousands of different animals.21 To hone in on what animals would be 

most efficient to screen, previous publications have shown that domesticated animals on 

farms are at high risk for emerging pathogens.36,37 Furthermore, the spillover risk from 

livestock, particularly the poultry and swine found on these farms, is notable.38 This 

study specifically focuses on the surveillance of swine farms, with the goal of expanding 

to other livestock in future work. The high density of swine farms, relatively unhygienic 

conditions, and biological nature of pigs themselves is what contributes to this spillover 

danger. Additionally, the production of pork itself has increased by billions of pounds 

over the last few decades, further intensifying this risk.39 We believe that conducting 

surveillance among domesticated animals like pigs, where instances of repeated human 

exposure are most prevalent, is a more efficient process than broadly testing a plethora 

of wildlife species. 

 

1.3 Emerging Disease Hotspots 

Understanding the value of proactive surveillance testing with animals for viral 

pathogens leads to the next question of where to specifically begin screening. Experts 

have pointed towards focusing on emerging disease hotspots as a means of logical 

surveillance and efficient resource allocation.13 In the context of infectious disease 
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epidemiology, emerging disease hotspots are geographic regions with elevated risk of 

viral incidence, prevalence, and emergence.40 Southeast Asia and West Africa are notable 

examples of such viral hotspots due to their ecology, geography, and biodiversity.40 

Densely populated regions in warmer climates, with frequent human encounters with 

animals at places like animal farms and animal markets are understood to be high risk 

areas for emerging diseases.41 To this end, it has been proposed that early surveillance at 

the human-animal interface in these geographic hotspots for emerging infectious 

diseases will be an effective strategy in novel virus identification and proactive 

pandemic preparation.10 One such benefit to this action is that controlling zoonotic 

spillover while human-to-human transmissibility is low, is more cost-effective than 

limiting human-to-human transmission itself.42 Thus, highlighting the need to discover 

viral threats early in the process before they have time to fully adapt to humans. 

Within Southeast Asia, Northern Vietnam specifically, is considered to be at high 

risk for disease emergence.43 This area borders China’s southern region, which is notable 

for containing many live animal markets or locations that are a liability for spreading 

infectious diseases.44 In fact, while the exact origin of COVID-19 is still yet to be 

determined, many arrows point towards an animal market in Wuhan, China to being 

the epicenter of the pandemic.45 Some of the main factors contributing to the dangers of 

live animal markets include the presence of high-disease risk animals, lack of proper 

hygiene standards, immense market size, and high animal density; all things that closely 
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relate to swine farm environments.46 Thus, the presence of such markets and proximity 

to China places this geographic area of Northern Vietnam at elevated risk. 

 

1.4 Bioaerosol Sampling 

While there are many ways to conduct viral surveillance, this study specifically 

focuses on bioaerosol sampling for screening. Bioaerosol samplers have many 

advantages from being a form of minimally invasive surveillance to being small, 

portable, and easily assembled.47 The bioaerosol sampling used in our work incorporates 

a device designed to collect air, with a membrane filter to capture viruses. For the One 

Health goal of establishing a surveillance system across multiple regions that may have 

limited resources, such simple devices have the means to be extremely effective. 

Additionally, the use of bioaerosol samplers has the advantage of not disrupting swine 

production that other sampling techniques like snaring pigs to collect nasal secretions 

and blood suffer from.48 

 

1.5 Study Aims 

Currently, there is a gap in understanding of what is the most effective method for 

zoonotic viral surveillance. Previous studies have demonstrated the viability of 

bioaerosol sampling on swine farms in China.49 The goal of this study was to build on 

that and analyze bioaerosol samples from Vietnam for the presence of viruses in 
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Paramyxoviridae and Coronaviridae, two of the three main families of focus in USAID’s 

$125 million Discovery & Exploration of Emerging Pathogens — Viral Zoonoses (DEEP 

VZN) project launched in October of 2021 for detecting viral spillover from wildlife to 

humans.50 While our work is not directly connected with this program, it can be 

reasonably understood that some viral families, like Paramyxoviridae and Coronaviridae, 

are viewed as high-profile threats. As mentioned earlier, the viruses of focus in this 

initiative have great pandemic potential because of their ability to cause upper and 

lower respiratory infections and spread quickly through respiratory droplets. In 

addition, another aspect connected with high pandemic potential is having an RNA 

genome.51 RNA viruses inherently have higher mutation rates than DNA viruses and 

thus, can evolve more quickly in becoming efficient at human infection and 

transmission.52 We decided to investigate the Paramyxoviridae and Coronaviridae families 

because of these characteristics that they hold, as well as them being viruses we might 

expect to see circulating in the Northern Vietnamese region. 

This pilot study was a subset of a larger project focused on pathogen surveillance of 

pigs in Vietnam supported by Vysnova Partners and carried out in partnership between 

Duke University, the National Institute of Veterinary Research (NIVR) of Vietnam, and 

the International Livestock Research Institute (ILRI) in Vietnam. The project proposal of 

pathogen surveillance involved a sample collection period that concluded in 2021. These 

samples included environmental swabs, pig oral secretions, and bioaerosol samples; the 
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last of which this study focuses on. The analysis of this project’s results will include the 

data collected from this thesis sub-study. In addition to the screening of 

paramyxoviruses and coronaviruses, this larger work will also incorporate adenoviruses 

and enteroviruses. 
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2. Methods 

2.1 Setting 

The bioaerosol samples used in this study were collected from swine farms in 

Northern Vietnam from June 2019 to May 2021. This region of Vietnam is a monsoon-

influenced humid subtropical climate, and typically fluctuates around an average 

temperature of 23.6oC (74oF).53 North Vietnam’s winter season from November to April 

is typically cool and dry, with January to March being the coldest months.54 The hot and 

humid summer season normally transpires from May to October, and experiences the 

most rainfall. During this time, the wettest months of the year are from July to 

September.54 

 

2.1 Swine Farm Characteristics 

Survey data related to the conditions and characteristics of the farms, as well as 

swine themselves, were gathered during the bioaerosol sample collection. This included 

identifying aspects like specimen ID, farm ID, and date as well as number of swine in 

each enclosure, age of swine, type of swine, and health status of the swine. For the 

farms, data entries included the weather conditions, specifically temperature and 

relative humidity. 
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Figure 1: Map Depicting Sampling Locations (Red Stars). 

 

2.2 Bioaerosol Collection 

The specimens used in this study were bioaerosol samples collected on swine farms 

in Northern Vietnam. The sites seen in Figure 1, consisted of three farms in the capital 

city of Hanoi, two farms in Lào Cai Province, two farms in Bac Giang Province, and one 

farm in Quảng Ninh Province. Two person teams of collaborators traveled each month 

to the respective farms from 2019 to 2021 to carry out sample collection for three hours. 

Two NIOSH BC251 two-stage aerosol samplers were set up at each farm site during each 

monthly visit. During each collection period, each bioaerosol sampler yielded specimens 

consisting of three particle sizes. These pumps vacuumed air into a sampler, where 

particulate matter 4µm and greater was collected on the sides of a 15ml conical tube. 

Particulates that were 1µm to 4µm were captured in a 1.5ml conical tube, and 

particulates < 1µm were captured by a filter in the cassette of the sampler. The 

centrifugal force created from air that flows through the conical tube is what adheres the 

Lào Cai 

Bac Giang Quảng 
Ninh Ha 

Noi 
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particulate matter onto the sides of the collection tubes. After collection, the specimens 

were labeled and preserved in a portable cooler until processing. 

 

2.2 Sample Processing  

Collected bioaerosol specimens were processed at the National Institute of 

Veterinary Research in Hanoi, Vietnam. Each viral sample consisted of the combined 

particulates from the 15ml tube, 1.5ml tube, and filter cassette. Likewise, potential virus 

was solubilized through a solution of phosphate buffered saline (PBS) and 0.5% bovine 

serum albumin – Fraction V (BSA) added to each of the tubes. After this addition, the 

two tubes were then vortexed and both solutions were pipetted into a sterile 2.0ml 

cryovial tube labeled with specimen number, sampling site, and date. For the filter 

cassette, the filter paper within was first dry vortexed in a 50ml Falcon tube. After this, 

1.5ml of sterile PBS and 0.5% BSA was added to the tube and vortexed once again. The 

final mixture was then added to the previously labeled cryovial tube, and this was done 

for each of the specimens. All of these samples were stored in a -80oC freezer, and 

shipped to the Duke University One Health Laboratory on dry ice for further processing. 

 

2.3 Molecular Assays  

Once at Duke University, the samples were prepared for molecular analysis. This 

work consisted of viral RNA purification and isolation, followed by pan-assay PCR 
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analysis for positive samples, and sequencing of positive bands. Pan-species assays can 

essentially screen for a wide breadth of species within a viral family. Polymerase Chain 

Reaction or PCR is a molecular process that can make multiple copies of a nucleic acid. 

The purification and isolation of RNA from the bioaerosol samples was done using 

QIAGEN’s QIAamp Viral RNA Mini Kits in accordance with the manufacturer’s 

instructions. These kits incorporate silica-based membranes that bind RNA with 

centrifugation. First, the sample is lysed under denaturing conditions to inactivate any 

RNases and ensure only viral RNA remains. A buffer is then added to provide optimum 

binding of the RNA to the QIAamp membrane, after which, the sample is then loaded 

onto the QIAamp mini spin column. Viral RNA binds to the membrane in the spin 

column, and contaminants are purified from the sample using two different wash 

buffers. The purified RNA is then eluted from the membrane in a RNase-free buffer for 

molecular study use. This final product is free of any proteins, nucleases, inhibitors, and 

other contaminants.55 

 

2.3.1 Paramyxoviruses 

Extracted viral RNA was first tested for paramyxovirus presence using Thermo 

Fisher’s SuperScript III One-Step RT-PCR System with Platinum Taq DNA Polymerase 

kit. Table 1 shows the forward and reverse primers that were used in this assay. The 

expected product size for positive samples was 121 base pairs. The specific PCR 
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conditions started at 55oC for 50 mins, followed by 94oC for 2 minutes, a denaturation 

phase at 94oC for 15 seconds, annealing at 41oC for 30 seconds, and extension at 68oC for 

60 secs, for a total of 40 cycles. The final extension was held at 68oC for 5 minutes, and 

the full detailed protocol can be seen in a previously published paper concerning the 

assay.56 

 

2.3.2 Coronaviruses 

The same extracted samples of RNA were then also tested for coronaviruses using 

Thermo Fisher’s SuperScript III One-Step RT-PCR System with Platinum Taq DNA 

Polymerase kit. Table 1 shows the pan-coronavirus universal primers that were used in 

the assay to specifically target the polymerase gene, with the ability to detect all 

members of the coronavirus genus. The protocol consisted of two rounds of PCR with a 

final expected size of about 600 base pairs. The exact primers and PCR conditions for 

both rounds can be seen in a published paper on the molecular assay.57 

 
Table 1: Pan-Species Primers Used in Assays 

Pan-Assay Primer Name Primer Sequence 

Paramyxovirus 
PMX1 
PMX2 

5’- GARGGIYIITGYCARAARNTNTGGAC -3’ 
5’- TIAYIGCWATIRIYTGRTTRTCNCC-3 

Coronavirus 
pan-CoV_F 
pan-CoV_inF 
pan-CoV_R 

5’- CCAARTTYTAYGGHGGITGG-3’ 
5’- GGTTGGGAYTAYCCHAARTGTGA-3’ 
5’- TGTTGIGARCARAAYTCATGIGG-3’ 
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2.3.3 Positive Amplification 

All PCRs used BioRad’s C1000 Touch Thermal Cycler. To ensure that the assay was 

properly prepared and that there was no contamination, a positive control and negative 

control were incorporated into each test. Potential amplicons from the assays were then 

loaded into agarose gels and run with gel electrophoresis to observe for fluorescence of 

bands. Samples that displayed visible bands, were excised from the gel, packaged, and 

sent off for sequencing and further characterization through the sequencing company, 

Eton Bioscience. Returned sequences were then BLASTed against the NCBI’s sequence 

database for nucleotide comparison, and subsequent results were recorded. 

 

2.3 Ethical Approval  

Ethical approval was granted through Duke Institutional Review Board (IRB), 

International Livestock Research Institute (ILRI), and Institutional Animal Care and Use 

Committee (IACUC). 
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3. Results 

Table 2: Swine Farm and Bioaerosol Sample Collection Characteristics 

 Average Range 
Air Temperature (oC) 26.3 17.9 – 33.0 
Relative Humidity (%) 65.0 32.2 – 94.0 
Start Time of Collection 9:26 AM 7:24 AM – 2:38 PM 
Length of Collection (Minutes) 180.3 180.0 – 185.0 
Number of Pigs in Each Enclosure 17.3 10 – 30 
Age of Pigs (Weeks) 11.5 7 – 20 

 
Table 3: Count for each Production Type of Pig 

 

 
 

3.1 Swine Farm Characteristics 

The average air temperature during bioaerosol collection was 26.3oC with a relative 

humidity of 65.0%. Temperatures ranged from 17.9oC to 33.0oC and relative humidity 

from 32.2% to 94.0%. Additionally, the average time that bioaerosol collection began was 

at 9:26 AM with a mean length of 180.3 minutes. Some bioaerosol collections started as 

early as 7:24 AM and others as late as 2:38 PM. The length of collection ranged from 180 

minutes to 185 minutes. For swine, the average number of pigs in each farm enclosure 

was 17.3, with an average age of 11.5 weeks. Some pens had only 10 pigs while others 

had as much as 30. Additionally, the range of pig’s ages varied from 7 to 20 weeks old. 

Production Type of Pig: Number of Pigs Percentage 
Breeding Sow 8 0.7% 
Weaned Pig 99 8.7% 
Finisher 1,034 90.6% 
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Lastly, the majority of the pigs studied (90.6%) were categorized as “finishers”, while 

only 8.7% were weaned pigs, and 0.7% breeding sows. 

 

3.2 Bioaerosol Samples 

A total of 256 bioaerosol samples were preserved and studied, of which, two 

showed positive bands consistent with a paramyxovirus screen (0.78%), and none for the 

pan-coronavirus assay. As mentioned earlier, the paramyxovirus assay produced 

amplicons of 121 base pairs and the coronavirus one, about 600 base pairs. Sequencing of 

the positive samples was successful, and BLAST results showed 100% identity to 

paramyxoviruses found in bats from China (Tables 4 and 5). 

Number of Viral Positive by Pan-Species Assay 

 

Figure 2: Graph depicting viral positives for each pan-assay. 
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Table 4: BLAST Results for 1st Paramyxovirus-Positive Bioaerosol Sample 

Name Similarity Location Year Accession Number 
Bat paramyxovirus 100.0% China 2016 MZ328289.1 
Bat paramyxovirus 100.0% United States of America 2016 OK210085.1 
Feline paramyxovirus 100.0% Japan 2018 LC431581.1 
Bat paramyxovirus 89.5% Brazil 2007 MZ753809.1 

 

Table 5: BLAST Results for 2nd Paramyxovirus-Positive Bioaerosol Sample 

Name Similarity Location Year Accession Number 
Bat paramyxovirus 100.0% China 2013 KX343068.1 
Bat paramyxovirus 100.0% China 2013 KJ641657.1 
Bat paramyxovirus 100.0% China 2011 KC154054.1 
Bat paramyxovirus 100.0% United States of America 2017 OK210080.1 
Bat paramyxovirus 100.0% Cameroon 2018 MT063595.1 
Rodent paramyxovirus 94.12% Zambia 2011 AB844341.1 
Rodent paramyxovirus 94.12% Zambia 2011 AB844340.1 
Rodent paramyxovirus 94.12% Zambia 2010 AB844426.1 
Rodent paramyxovirus 94.12% Germany 2010 HQ660185.1 
Rodent paramyxovirus 88.89% United Kingdom 2009 KF006252.1 
Bat paramyxovirus 88.89% United States of America 2017 OK210083.1 
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4. Discussion 

Viral surveillance for emerging infectious diseases will be a key investment for 

future pandemic preparation. Previous studies have demonstrated that bioaerosol 

sampling is an effective method of viral surveillance, particularly on swine farms.48,58 

Our study employed this same non-invasive bioaerosol sampling strategy to evaluate 

swine farms in Northern Vietnam for evidence of paramyxoviruses and coronaviruses. 

Our preliminary results showed evidence of paramyxoviruses, but none for any 

coronaviruses. The low prevalence of positive samples for paramyxoviruses (0.78%) 

seems to indicate that the sampled farms have lower amounts of circulating virus than 

may be expected. However, the sequencing of samples and indication that the 

paramyxoviruses share genetic similarity to paramyxoviruses found in bats from China 

suggest that it is possible that these bats could have brought the virus down from China 

to Vietnam. Some studies have suggested that bats can transfer viruses through fecal 

matter that then comes in contact with swine.59 We predict that may have been the case 

for our study. 

In regard to the survey collection of farm attributes, the average temperature of 

26.6oC and relative humidity of 65.0% are both rather high values. Previous studies have 

shown that both temperature and relative humidity are highly influential on the nature 

in which a virus is aerosolized.60 One study found virus transmission of influenza 

through aerosolization was optimized at temperatures < 20oC and relative humidities 
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between 20 – 40%.61 It is believed that cooler temperatures have more of an effect on 

infected hosts in that lower temperatures increase the viscosity of nasal mucous layers. 

This is one of the reasons why influenza is more likely to spread during cooler and drier 

months.62 In regard to relative humidity, at low percentages, water from exhaled 

bioaerosols evaporates quickly, while at high temperatures, respiratory droplets absorb 

more water and rapidly fall from the air. Another study found that dried SARS-CoV 

virus maintained viability on smooth surfaces at 22 to 25oC and relative humidities of 40 

– 50%. This stability was lost as temperatures and humidity percentages rose. Thus, the 

combination of these factors indicates that the high average temperature and relative 

humidities seen on the sampled farms could have caused aerosolized droplets to absorb 

water and settle from the air, so as not be detected by the samplers. Another likelihood 

is that the low positivity prevalence could mean that there was simply less circulating 

virus in the swine population. Furthermore, added biosecurity was transpiring on 

Vietnamese swine farms during the collection periods, due to an African Swine Fever 

outbreak in the region.63 Overall, the bioaerosol sampling conditions were less than ideal 

for viral viability, since drier conditions would have been preferred over the high 

relative humidity. Collection during lower humidity conditions would be more optimal, 

and continued surveillance will be necessary to watch if an increase in these numbers 

becomes evident. 
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Pre-pandemic viral surveillance is a pivotal step forward for global proactive 

pandemic prevention and disease mitigation. The purpose of this study was to evaluate 

the effectiveness of using bioaerosol samples to detect viruses in swine, and serve as an 

early warning system for potential pandemic pathogens. This study detected evidence of 

paramyxovirus presence in bioaerosol samples on swine farms in Northern Vietnam, 

highlighting the ability of non-invasive bioaerosol sampling for viral detection. 

 

4.1 Limitations 

This pilot study had a number of limitations. First, we were unable to measure the 

amount of genomic material collected in the aerosol sample during processing. Thus, we 

were unable to verify if the amount of material collected was enough for detection in our 

molecular assays. A previous study using some of the bioaerosol samples from these 

farms found no evidence of influenza D, but did detect influenza A within live bird 

markets in the same geographic region, while using the same assays and protocols.64 

Additionally, our assays did not provide information regarding virus viability. This is 

because “positive” PCR results in general, only indicate the detection of viral RNA, but 

do not necessarily illustrate the presence of viable virus.65 

Furthermore, during the shipping process of specimens from Vietnam to the United 

States of America, the cold chain was compromised, which may have impacted the 

integrity of the samples received. Ultimately, the study did not account for all common 
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respiratory virus families and therefore we may have missed critical circulating 

pathogens. We had hoped to incorporate a pan-enterovirus and pan-adenovirus assay 

into our analysis, but the shipping delays and issues mentioned above reduced the 

available timeline for our work. Lastly, due to COVID-19 restrictions, we were unable to 

receive and study correlating swine oral secretion samples and swine worker samples 

from the study’s farms to screen for presence of viruses in alternative sample types. 

 

4.1 Future Work 

Future work will expand the types of specimens screened to include oral secretions, 

environmental samples, and human samples. Additionally, broadening the type of 

animals to encompass more than just swine, will be the next step in comprising the wide 

range of animals that pose zoonotic risk to humans. Finally, future endeavors should 

incorporate additional assays for other high-profile viral families to ensure coverage of 

the pathogens with greatest pandemic potential. 
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5. Conclusion 

Respiratory viruses have dramatically impacted mankind historically, and 

especially presently, with the current COVID-19 pandemic. Many experts have 

expressed how unprepared the world was for SARS-CoV-2, and how we will continue to 

be for future pandemics unless systems are put into place to properly mitigate risks. 

Our project plays a key role in the long-term goal of developing such surveillance 

systems for screening samples and identifying novel viruses with pandemic potential. 

This study is one of the first of its kind to incorporate a One Health approach and 

employ bioaerosol sampling to detect viral presence on swine farms in Vietnam. Our 

findings showed low viral presence of paramyxoviruses and no presence of 

coronaviruses from the surveyed farms. This work exemplifies the overarching One 

Health mission, an initiative that looks to collaboratively integrate local, national, and 

global health related infrastructures to create better health outcomes for animals, 

humans, and the environment. It is inevitable that a future virus will mutate with the 

potential of becoming the next pandemic. We recommend that in order to preemptively 

discover these viruses, countries should adopt a One Health approach and develop a 

global system of surveillance using pan-assays to more quickly screen for noteworthy 

pathogens. 
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