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Industry Summary: 
Influenza A is classified as a disease of major economic risk to US pork production due to the frequency 
of the outbreaks and high morbidity rate. After the 2009 pandemic of the H1N1 strain of influenza A 
virus (IAV), it is estimated that the pork industry lost over 1 billion dollars in revenue (6). Additionally, 
IAV is a zoonotic disease leading to public health concerns in swine handlers in intensive swine 
confinement operations. Hydrogen sulfide (H2S), a common stressor in such intense swine operations, is 
a known respiratory tract irritant that affects airways.  Studies in rats have shown that H2S exposure 
increases bacterial retention in the respiratory tract, thus aggravating respiratory disease. However, 
hitherto, no studies have been conducted to investigate whether this gaseous stressor increases the 
severity of IAV infection in pigs.  

The objective of this study was to identify the potential effects of low-level H2S exposure on IAV 
shedding and secondary respiratory infections in pigs. We hypothesized that low-level H2S exposure 
increases the severity of IAV infection. Thirty-five, 3-week-old crossbred pigs of mixed sex were 
randomly split into the following groups: Group 1 breathing air (BA)/non-challenged (NC); Group 2 
exposed to BA/challenged with IAV (C); Group 3 exposed to 0.5 ppm H2S/C; Group 4 exposed to 5 ppm 
H2S/C, Group 5 exposed to 50 ppm/ NC; and Group 6 exposed to 50 ppm/C. Pigs were exposed for 6 
hours each day, for 12 days total. After seven days, pigs were inoculated with approximately 3x105 
TCID50 H3N2 IAV. Results demonstrated significantly increased body temperatures in Groups 3 and 6 
compared to the BA/C group. H2S at 50 ppm with and without virus challenge had least weight gain 
compared to BA groups and groups receiving lower concentrations of H2S. Lung lesions were most 
severe in the 0.5 ppm/C and 50 ppm/C groups compared to the BA/C group. Pigs in the BA/non-
challenge group did not manifest any fever or lung lesions. H2S exposure caused pigs challenged with 
IAV to shed the virus earlier, thus widening the window of viral shedding. The implication of this latter 
finding is that H2S may increase transmission of IAV in a swine herd. Overall, H2S exposure at any level 
increased the severity of disease in pigs challenged with IAV. These results indicate that even at the 
lowest level of H2S tested in this study, this environmental stressor aggravated IAV infection in pigs.  
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Scientific Abstract:  
Hydrogen sulfide (H2S) is a toxic gas that affects the respiratory, cardiovascular and central nervous 
systems. It is commonly present and is an environmental stressor for both caretakers and pigs in intensive 
swine confinement operations. In low concentrations, it is an upper and lower respiratory tract irritant. 
Influenza A virus (IAV) is a zoonotic disease of public health significance. After the H1N1 2009 pandemic, 
it is estimated that the pork industry lost over 1 billion dollars in revenue. Studies in rats have shown that 
H2S exposure increases bacterial retention in the respiratory tract, thus aggravating respiratory disease. 
However, the effects of low-level H2S exposure on the pathogenicity of IAV in pigs have not been 
investigated. We hypothesized that repeated exposure to low concentrations of H2S,  increases the 
pathogenicity of IAV in pigs. To test this hypothesis, thirty-five 3-week old crossbred pigs of mixed sex 
were exposed via inhalation in a custom-made chamber to H2S concentrations ranging from 0 to 50 ppm 
for 6 hours daily for 12 days; five controls were exposed to breathing air (BA) and were challenged only 
with a placebo. Pigs were exposed either to BA or H2S for 7 days before intratracheal and intranasal 
challenge with approximately 3x105 TCID50 H3N2 IAV (C) or given placebo (NC) on day 0. The 
experimental design was as follows: Group1 BA/NC; Group2 BA/C; Group3 0.5ppm/C; Group4 5ppm/C; 
Group5 50ppm/NC; and Group6 50ppm/C. Data shows that pigs exposed to H2S at 50ppm had significantly 
lower growth rate compared to other groups. Pigs in Groups 3, 4, and 6 exhibited significantly more severe 
clinical signs compared to those in Group2 (BA/C). Group3 pigs exhibited the most severe clinical signs, 
including elevated body temperature. Pigs in Group6 (50 ppm/C) had the greatest percentage of IAV-
induced pneumonia both grossly and histologically. H2S, at any concentration used in this study, increased 
the severity of lung lesions i.e. necrotizing bronchiolitis and interstitial pneumonia. Another significant 
finding was that IAV titers in the nasal swab and lung lavage fluids were elevated in all H2S/C groups 
compared to BA/C, indicating that H2S exposure increased nasal shedding of IAV as well as lung viral 
load. Pro-inflammatory cytokine concentrations were lowest in Group6 suggesting a dose-dependent 
suppression of these cytokines by H2S.  Bacterial cultures for secondary infections in the lungs were 
negative. Overall, these preliminary results suggest that H2S, even at 0.5 ppm, increased IAV shedding and 
increased the severity of IAV lung infection in pigs. These results have significant public health significance 
considering IAV is a zoonotic disease.  
Introduction: 
Hydrogen sulfide (H2S), the gas with a rotten egg odor, is toxic to the respiratory, cardiovascular, and 
central nervous systems. Its toxicity depends on its concentration. In high concentrations (> 500 ppm) it 
has been known to cause workplace incidents, including mortality both in livestock and people.  In lower 
concentrations (< 50 ppm) H2S irritates the upper respiratory tract. H2S is common in intensive swine 
confinement housing units where it is produced in manure pits. 
 
Influenza A (IAV) is a disease of economic and significant public health significance to the pork industry. 
Of the three types of influenza virus, type A is a public health concern as it can pass between humans and 
swine. Outbreaks of IAV tend to have low mortality but can cause large economic losses due to decreased 
average daily weight gain (ADG). Common subtypes of IAV infections in swine and humans include H1N1, 
H3N2, and H1N2. The high mutation rate of the subtypes makes IAV outbreaks difficult to control and 
predict (2). Symptoms include fever, tissue necrosis and inflammation, along with coughing, anorexia, and 
conjunctivitis. Peak viral shedding occurs approximately two days after infection and typically concludes 
within eight days. 
  
Because H2S is commonly present in swine confinement houses, it likely plays the role of an environmental 
stressor. It’s commonly present in concentrations as high as 10 ppm, but concentrations may reach 50 ppm 
during certain activities such as power washing.  One study in rats indicated that H2S exposure increased 
retention of bacteria in the respiratory tract. Hitherto, there has not been any studies to investigate whether 



this environmental stressor impacts the severity of respiratory tract infections in pigs. In this study, we 
investigated whether low-level H2S exposure increases the pathogenicity of IAV in pigs.  
 
Objectives: 
Objective 1: Evaluate the clinical impact, severity of lung lesion, lung cytokine levels, and magnitude of 
shedding among pigs exposed to various levels of H2S and challenged with IAV in swine.  
Objective 2: Evaluate the impact that H2S exposure has on susceptibility of swine to secondary bacterial 
infections.  
 
Material and Methods: 
Animal Models: Thirty-five three-week old crossbred pigs of either sex negative for influenza virus and 
antibody were purchased from Midwest Research Swine (Princeton, MN). Prior to the start of the study, 
pigs were confirmed negative for IAV by PCR (VETMAX™-Gold SIV Detection Kit, ThermoFisher 
Scientific, Waltham, MA) and antibody (IDEXX AI MultiS-Screen, IDEXX, Westbrook, ME). Pigs were 
housed six per pen except for negative controls (BA/NC), which were housed five per pen, in the 
Livestock Infectious Disease Isolation Facility (LIDIF) of the Iowa State University College of 
Veterinary Medicine (Ames, IA). The pigs were provided feed and drinking water ad libitum. Initially, 
pigs were fed Heartland All-Natural Starter 2 for weaned pigs and gradually switched to Heartland CO-
OP ISU LAR custom feed. Feed and water intake were not recorded. 

H2S inhalation exposure: Freely moving pigs were placed in a whole-body inhalation exposure chamber. 
The chamber was designed to hold up to six pigs at a time. H2S exposure levels were monitored real-time 
using an RKI Eagle gas monitor. Oxygen level and temperature within the chamber were also monitored 
real-time using sensors.  The RKI 03 Series Single gas monitors were used to monitor H2S at 0.5 and 5 
ppm concentrations within the chamber. The RKI Eagle gas monitor was used for real-time monitoring of 
H2S at 50 ppm. 
Challenge Virus: The challenge virus was a A/swine/MO/73632LG/2014 H3N2 human-like IAV isolated 
in 2014 from clinically affected swine. The virus isolate was propagated in Madin-Darby Canine Kidney 
Cells (MDCK) as previously described (3). At 0 day post inoculation (DPI), pigs in each challenge group 
were inoculated simultaneously with 2 ml intratracheally and 1 ml intranasally of 1 × 105.0 50% tissue 
culture infective dose (TCID50) per ml. Non-challenge groups were inoculated with a placebo (cell culture 
media). Inoculation was performed under anesthesia following an intramuscular injection of a cocktail of 
xylazine (4 mg/kg), ketamine (8 mg/kg of body weight), and Telazol (6 mg/kg) (Zoetis Animal Health, 
Florham Park, NJ).  

Exposure paradigm: The Experimental design and the exposure paradigm are summarized in Table 1 and 
Figure 1 respectively. Pigs were exposed to breathing air (BA) or H2S by inhalation for six hours daily, 
for a total of 12 days. On the 7th day (0 DPI) after the start of exposure, the pigs were anesthetized and 
inoculated with placebo (NC) or A/swine/MO/73632LG/2014 H3N2 as described above(C). Pigs were 
humanely euthanized with a lethal dose of pentobarbital and necropsied at DPI 5. Postmortem samples 
collected included bronchoalveolar lavage fluid (BALF), and sections of major organs including lung, 
distal trachea, nasal turbinate, heart, and brain. Additional samples included serum, nasal swabs, urine, 
and ocular fluids. 



 
Table 1: Experimental design 
 

 
Figure 1. H2S exposure, influenza A virus challenge, and sample collection paradigm for the 
study.  
 
Clinical Observations: Clinical observations, including body temperature as well as coughing, 
anorexia and lethargy, respiratory distress, and eye irritation, were collected following the 
guidelines shown in Table 2. Body temperature was taken before exposure. Additionally, 
coughing scores were quantified and averaged during exposure.  

Parameter Score 0 Score 1 Score 2 Score 3 

Coughing · Normal · Coughing mild, 
occasional · Coughing moderate, often · Repetitive, productive 

cough 

Anorexia/Lethargy · Normal 

· Moderate activity · Ambulatory but slow 
movement · Inactive, laying down 

· Normal abdominal fill · Stands around, inactive · Gaunt/flank is tucked 
up/flat 

· Mild interest in feed · Mildly gaunt, tucked flank · No interest in feed 

Respiratory 
Distress · Normal · Mild but increased 

respiration when active 

· Moderate increased 
respiration at rest 

· Severe, constant, 
dyspnea, abdominal 
breathing 

· Mild dyspnea when active · Open-mouth breathing 

Eye Irritation/ 
Lacrimation · Normal 

· Mild eye irritation with 
minimal redness 

· Moderate eye irritation 
with redness 

· Severe eye irritation with 
redness 

· Mild discoloration in 
medial canthus 

·  Moderate, light stain in 
medial canthus 

· Severe, dark, linear stain 
in medial cantus 

 
Table 2. Parameters used to score the pigs daily for clinical observations. 



Microbiology: Nasal swab (NS) (Nylon Minitip Flocked Dry Swabs, Copan Diagnostics, Murrieta, CA) 
specimens were used for virus isolation, as previously described (4). Bronchoalveolar lavage fluid 
(BALF) and virus isolation-positive NS were subjected to virus titration in MDCK cells as previously 
described (4). Virus titer was calculated for each sample as TCID50/ml according to the method of Reed 
and Muench to evaluate the level of virus replication (5). NS and BALF samples were also used to 
assess the presence of Streptococcus suis, Pasteurella multocida and Haemophilus parasuis 
collected at DPI 5. Samples were submitted to the Iowa State University Veterinary Diagnostic 
Laboratory (ISU VDL) for analysis using validated cell culture techniques. 

Lung Cytokine Assays: The BALF samples collected on DPI5 were centrifuged at 400 x g for 15 minutes 
at 4̊ C to pellet cellular debris. Serum samples were collected on DPI 0 and 5 and were also tested for 
cytokines. Cytokine concentrations for IL-1B, IL12p40, IL-4, IL-6, IL-8, IL-10, TNFa, IFNg, IFNa, and 
TGF-b were determined by Swine Cytokine Magnetic 9-plex Panel [ProcartaPlex Multiplex 
Immunoassay] performed according to the manufacturer’s recommendations (ThermoFisher Scientific, 
Waltham, MA). 

Histopathology: Lungs were evaluated, and percent surface affected with pneumonia calculated as 
previously described (6). Trachea and lung tissue samples were fixed in 10% buffered formalin, routinely 
processed, and stained with hematoxylin and eosin (H&E). Microscopic lesions were evaluated by a 
veterinary pathologist blinded to treatment groups, and scored according to previously described 
parameters (7). An individual composite score for each pig was computed for lung and trachea 
microscopic lesions. Influenza A virus-specific antigen was detected in lung tissues using a previously 
described immunohistochemical (IHC) method with minor modification (8). IHC scores were subjectively 
evaluated for each lung and trachea as previously described (7).  

Biomarkers for Hydrogen Sulfide exposure: Serum thiosulfate levels were determined by an HPLC 
method at the ISU VDL. Urine sulfate concentrations were determined by ion chromatography at the ISU 
VDL.  

Detection of nitrite species: Griess assay was performed as described in a previous publication (9). 
Briefly, nitric oxide (NO) secretion was measured (representing reactive nitrogen species (RNS)) by 
quantifying nitrite levels (oxidation product of NO) in BALF using Griess reagent (Sigma) and a sodium 
nitrite standard curve, prepared using a stock solution of 200 µM. The assay was performed in a 96 well-
plate by adding 100 µL of BALF in duplicate wells (n=5-6/group) along with Griess reagent (100 µL) and 
then absorbance was measured at 550 nm using SpectraMax M2 Gemini Molecular Device Microplate 
Reader. 

Statistical Analysis: Summary statistics were calculated for continuous variables from all groups to assess 
the overall quality of the data. Analysis of variance (ANOVA) with a p-value <0.05 considered 
significant (GraphPad Prism, GraphPad Software, La Jolla, CA) and was used to analyze all endpoints. 
Kruskal-Wallis test was used to analyze microscopic pneumonia and IHC scores. Body temperature was 
analyzed using a repeated measures ANOVA. Response variables shown to have a significant effects by 
treatment group were subjected to pair-wise comparison using Tukey-Kramer test or Dunn’s test with 
Bonferroni correction. For reactive nitrogen species, results (mean±SEM) were expressed as µM 



concentration of nitrite secreted, data was analyzed using student’s T-test and graphically represented 
(Prism, GraphPad, La Jolla, CA).  

 

Results: 
IAV antibody ELISA: Prior to the start of the exposure and subsequent challenge, all pigs were negative 
for IAV NP ELISA antibody. 
 
Clinical observations:  Average body temperatures on DPI 1, 3, and 5 are shown in Figure 2. Overall, 
there was a statistically significant increase in average body temperature in pigs challenged with IAV 
compared to non-challenged on DPI 1. On DPI 3, the mean body temperature for group 3 was 
significantly higher compared to group 1.  On DPI 5, the mean body temperature for group 2 was 
significantly higher than group 1. However, the mean body temperature for group 4 was significantly 
lower compared to group 2. No other statistically significant differences in body temperature were 
observed between groups.  

 
Figure 2. Pig body temperatures at DPI 1, 3, and 5.  
 
Average daily gain: Weight gain at DPI 0 and DPI 5 are shown in figure 3. Groups exposed to higher 
concentrations of H2S, regardless of challenge status, gained the least amount of weight while lower H2S 
concentration and breathing air pigs gained the most weight. On DPI 0, pigs from the 50 ppm/NC group 
had statistically lower weight gain than the BA/NC group. On DPI 5 the BA/C group had lower weight 
gain than BA/NC. 

 
Figure 3. Weight gain on DPI 0 and DPI 5.  
 
Clinical signs: Clinical signs, including coughing, respiratory distress and lethargy, showed a significant 
increase in H2S exposed groups compared to breathing air/NC and BA/C groups (Figure 4). Group 3 had 
the highest clinical scores for cough, lethargy, and respiratory distress among the challenged groups. 



Overall, H2S exposed groups challenged with IAV experienced significantly more respiratory distress 
and lethargy than the BA/C group. 

 
Figure 4. Average scores for coughing, respiratory distress, and lethargy.  Figures represent mean + SE. 
 
Microbiology: No viral shedding was detected on DPI 0 in any group. Mean virus titers for nasal swabs 
(NS) on DPI +3 showed a significant increase in groups 3, 4, and 6 compared to group 2 (figure 5A).  
Virus titrations in BALF at DPI +5 showed a significant increase in group 3 compared to group 2 (Figure 
5 B). No bacterial growth was found in BALF culture taken on DPI +5.  

 
Figure 5. Viral shedding in NS at DPI 0, 3, and 5 and for BALF DPI 5. 
 
IAV Polymerase Chain Reaction: Mean BALF IAV PCR data showed a significant increase in viral 
counts by PCR in pigs challenged with virus and exposed to H2S than pigs exposed to breathing air and 
challenged with the virus (Figure 6A).  BALF fluids were collected on DPI 5. For nasal swabs, on DPI 3, 
results show a statistically significant higher number of IAV in pigs challenged with virus and exposed to 
H2S than pigs given BA and challenged with virus (Figure 6B). No statistically significant differences 
were observed between groups for DPI 5 for PCR on NS (Figure 6C) 
  



 
Figure 6. Viral count for BALF and NS on DPI 3 and 5 reported as log10 TCID50/ml of BALF or 
processed swab. 
 
Macroscopic and Microscopic Data: There were no statistical differences found for gross percent lung 
consolidation between challenged groups (data not shown). Microscopic lung lesions were significantly 
increased in pigs in groups 3 and 6 compared to the BA/challenged group 2 (Figure 7). Group 6 had the 
most severe lesions compared to group 2 as shown in figure 7.  
 

 
Figure 7. Average microscopic lung lesion scores. 
 
There were no significant microscopic lesions observed in turbinate, brain, and heart sections in any 
exposed and/or challenged group. Representative micrographs of histological lung lesions are shown in 
Figure 8. The micrographs show that pigs exposed to H2S and challenged with IAV had more severe lung 
histological lesions compared to pigs exposed to breathing are and challenged with IAV, consistent with 
the summary in Figure 7. Pigs in group 6 manifested extensive interstitial pneumonia and necrotizing 
bronchiolitis (Figures 8e and 8f). 



  

  

 
 

 
 

Immunohistochemistry: Overall, the trend of IHC results showed an increase in influenza A virus-specific 
antigen in pigs exposed to H2S and challenged with IAV compared to the group exposed to  breathing air 
and challenged with virus group (group 2), although only group 4 was statistically significant from group 
2 (Figure 9). This is consistent with data in Figures 7 and 8.  



 
Figure 9. Total immunohistochemistry score. Note a higher score in lungs of pigs exposed to H2S 
compared to the groups exposed to BA. 
 
Cytokines:  The data for pro-inflammatory cytokines performed on BALF collected on DPI 5 is 
summarized in Figure 10. Overall, exposure to H2S suppressed BALF cytokines, including IL-1β, IL-6, 
IL-8, IL-12p40, compared to group 2 (BA/C).  
 

 
Figure 10. Cytokine IL-1B, IL-6, IL-8, IL-12p40 protein concentrations in BALF on DPI 5. Overall, note 
that H2S-exposed pigs had lower BALF cytokine titers than pigs exposed to BA and challenged with 
IAV. 
 
Hydrogen sulfide biomarkers: H2S biomarkers were measured to demonstrate H2S uptake in pigs. 
Overall, pigs exposed to H2S excreted more sulfate in urine than pigs given breathing air (Figure 11). 
Urine sulfate was also detected in breathing air groups because food and water are additional sources of 
sulfate. All  H2S exposed groups were significantly different from the BA/NC control. Urine sulfate was 
not corrected for creatinine. No statistically significant differences were observed between groups for 
serum thiosulfate.  
 



 
Figure 11. Urine sulfate levels at DPI 5.  
 
Reactive Nitrogen Species(RNS) Compared to BA/NC control pigs, virus infected pigs exposed to 50 ppm 
H2S showed significantly higher concentrations of reactive nitrogen species in BALF. It appears that there 
was an interaction between the IAV and H2S which led to higher generation of RNS than either agent 
alone. 

 
Figure 12. 50 ppm H2S/C group had a significant increase in RNS compared to the BA/NC group 
(p<0.05).   
 
Discussion: 
This groundbreaking study has yielded some interesting results. For the first time, the effects of low-level 
H2S exposure on the pathogenesis of IAV in pigs has been investigated. Overall, pigs exposed to H2S 
and challenged with IAV exhibited significantly higher elevated body temperatures, more respiratory 
distress and lethargy, compared to those exposed to breathing air and challenged with the virus. Although 
results were not always statistically significant, a trend in results has emerged, i.e. H2S at any 
concentration examined in this study exacerbated the outcome of IAV infection.   
 
In this experiment, weight gain was more influenced by H2S concentration than by IAV challenge. Pigs 
exposed to H2S at 50 ppm, the highest dose used, experienced the least weight gain. H2S-exposure is 
known to cause weight loss, but the mechanism is not known. We have seen similar results following 
acute exposure to high concentration of H2S in mice. It is probable that the weight loss is a result of 
reduced food intake, but unfortunately, food consumption was not measured in this study.  
 
Another interesting finding was that, overall, H2S caused pigs to shed higher numbers the virus in nasal 
swabs earlier (day 3) than pigs given breathing air and challenged with virus. The reason for this is 



unclear. We noted mild inflammation and loss of cilia of H2S exposed groups and whether this is the 
reason for higher viral shedding remains to be determined.  Titrations of IAV in NS and BALF samples 
combined with PCR results suggests a higher viral load in lungs of pigs exposed to H2S than those given 
breathing air. It is possible this may have contributed to the higher viral shedding on DPI 3. 
Unfortunately, lung viral loads were determined only once, on DPI 5, upon termination of the experiment. 
It would have been interesting to have comparable data on DPI 3.  The fact that viral loads were higher in 
in H2S exposed pigs is further supported by IHC results. It is not clear why pigs exposed to H2S had 
higher viral loads in lungs. This will be an interesting question to examine further in future studies. One 
possible hypothesis is whether H2S is immunosuppressive. This hypothesis is further supported by results 
of cytokine analysis in BALF. Overall, results of this study showed that H2S caused a dose dependent 
reduction in pro-inflammatory cytokines in BALF on DPI 5. Inflammation is essential for healing. It is 
possible that suppression of the pro-inflammatory cytokines is linked to higher viral loads in lungs and 
the broadened window of viral shedding at least early during the infection process.  
 
Results of the histologic findings were fairly conclusive. H2S at any level used in this study exacerbated 
lesion severity compared to pigs exposed to breathing air and inoculated with IAV. This translated 
clinically into respiratory distress and lethargy, which were also more severe in H2S-exposed pigs. 
Considering the level of pneumonia in pigs given H2S and challenged with IAV, it is likely that gaseous 
exchange was impaired, creating hypoxic conditions in pigs, thus leading to lethargy. Consistent with 
increased lung injury, we observed a significant increase in reactive nitrogen species (RNS) in pigs 
treated with 50 ppm and challenged with IAV. RNS cause tissue injury, and this may be one explanation 
for increased tissue damage in pigs exposed to both IAV and H2S. Clearly more work is needed to study 
reasons for the increased lung injury in pigs given both H2S and IAV. 
 
It is interesting that there was no growth of secondary bacteria in lungs of pigs on this study. This is likely 
because the pig environment in the LIDF facility where this experiment was conducted was “sterile” and 
does not recapitulate the field environment. This outcome of the study should therefore be interpreted 
with caution.  
 
Although this study has yielded some very interesting data, it had limitations, which impact the 
interpretation of the data. The limitations are as follows:  
1) the data has revealed trends, some of which did not rise to the level of statistical significance. This was 
because of wide variability in pig response at the low doses of H2S. To fix this, judging from this 
preliminary data, we need to add 3-4 more pigs per group. This will strengthen the data statistically. The 
wide variability in pig response is directly correlated with the low levels of H2S used in this study. Wider 
response is naturally expected from toxicological studies at low doses; 
2) Adding a 0.5 ppm H2S group without challenge and the 5 ppm H2S group without challenge would 
likely help with data interpretation; and 
3) it would have been appropriate to observe additional groups of pigs for up to 21 DPI to evaluate the 
reversibility of the pathology observed in this study and include an evaluation of the immune response. 
 
In conclusion, this ground-breaking study has yielded important novel data. We have shown that even 0.5 
ppm H2S, the lowest dose of H2S used in this study, can aggravate IAV infection in pigs. More work is 
recommended to understand the mechanisms by which H2S confounded IAV infection in pigs. 
Considering pigs are a good model for human diseases, results of this study suggest that low level H2S 
exposure may increase severity of IAV infection in humans as well. Considering that these results also 



show that H2S increased the window of viral shedding, which may increase spread of the disease between 
pigs and from pigs to people or vice versa, the public health implications of this study are significant and 
deserved additional follow up.  
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