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Introduction

Summary

A cross-sectional study was conducted to evaluate the transmission of swine
influenza through occupational exposure and to assess some risk factors for
zoonotic transmission in workers from commercial farms in Mexico. Seropre-
valence to swine influenza subtypes was determined by hemagglutinin inhibi-
tion assay and was higher in exposed (E), in comparison with unexposed (UE)
participants (P < 0.05). Percentages of seropositivity between UE and E were
28.57% and 19.35% to A/NewCaledonia/20/99 (HIN1), 68.25% and 33.87% to
A/Panama/2001/99-like (H3N2), 1.58% and 12.9% to A/Sw/England/163266/87
(H3N2), respectively. No antibodies were detected against A/Sw/Wisconsin/
238/97 (HIN1) in the UE subjects, and only 3.22% were positive in the E
group (P < 0.05). A significant association between elevated antibody titres to
swine influenza virus (SIV) H3N2 and the exposition to swine [OR 3.05, 95%
(CI) 1.65-5.64] and to geographic location [OR 8.15, 95% (CI) 1.41-47.05]
was found. Vaccination appeared as a protective factor [OR 0.05, 95% (CI)
0.01-0.52]. Farms with high number of breeding herd were associated with
increased anti-SIV antibodies in the E group [OR 3.98, 95% (CI) 1.00-15.86].
These findings are relevant and support the evidence of zoonoses in swine
farms and point out the need to implement preventive measures to diminish
the occurrence of the disease and the potential emergence of pathogenic reas-
sortant strains.

Since the first outbreaks in Mexico and the USA in Feb-
ruary—March 2009, a new influenza pandemic hit human

The influenza virus belongs to the Orthomyxoviridae fam-
ily and has a segmented RNA genome with negative
polarity. The virus has a double-lipid envelope derived
from cell host and an average diameter of 120 nm. The
classification of Influenza A viruses is based on the nature
of its surface glycoproteins, hemagglutinin (HA or H)
and neuraminidase (NA or N). At present, 16 H subtypes
and 9 N have been discovered in different species (Fou-
chier et al., 2005). Recognition of target cells in the spe-
cific host and the spread of infection are among
glycoproteins main functions (Thacker and Janke, 2008).
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population with high rates of transmission. The aetiologi-
cal agent was a particular swine originated influenza virus,
HIN1 (S-OIV), with a reassortant combination of swine,
human and avian gene segments. The HA, NP and NS
were from swine influenza, PB2 and PA were from Ameri-
can avian origin, and PB1 was from human origin. The
NA and M had an Eurasian avian—porcine origin. Based
on this evidence, a quadruple recombination of the virus
was assumed (Neumann et al.,, 2009; Smith et al., 2009).
Possible viral ancestors were circulating in commercial
farms in United States since 1998 (Zhou et al., 1999;
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Olsen, 2002; Vincent et al., 2009). The emergence of the
novel virus from a pig source highlighted that animal res-
ervoirs are a key source for the generation of pandemic
influenza strains, as also suggested for the pandemic events
in 1918 and 1957 (Belshe, 2005).

Swine influenza is a frequent disease in pigs and
important zoonoses. The pig has been implicated as the
intermediate host in the interspecies transmission and
reassortment of influenza strains (Webster et al., 1992).
The occurrence of human infections with pig influenza
viruses has been documented in people with close contact
to swine (Olsen et al., 2002; Ayora-Talavera et al., 2005;
Myers et al., 2006; Gray et al., 2007). The State of Sonora
is located in the north-western region of Mexico and is
the largest pork producer in the country; in our interest,
swine workers are a particular population with occupa-
tional exposition to SI, and they were evaluated in this
study to determine serological data and assess potential
risk factors involved in the transmission of the swine
influenza virus (SIV).

Materials and Methods

Study design and subjects

A cross-sectional study was conducted in 15 swine com-
mercial farms during the years 2007-2008. A total of 125
subjects participated in the study. They included 62 swine
workers (exposed, E) and 63 controls (unexposed, UE)
that were recruited from 3 cities (Hermosillo, Ciudad
Obregén and Navojoa). The persons from the E group
were all the workers of the selected farms that consented
to participate in the study. Unexposed controls were
involved in other activities not related to the swine indus-
try. Sample size was determined using the Cannon and
Roe (1982), designed to estimate the sample size required
at an expected prevalence rate of the disease. A 30% prev-
alence of swine disease was used to select the number of
hogs included in the study, and the confidence level was
established at 95%.

The study was reviewed and approved by the ethical
committee of Centro de Investigaciéon en Alimentacion y
Desarrollo (Research Center for Food and Development),
and informed written consent was obtained from all par-
ticipants. They completed a questionnaire adapted from
Gray et al. (2007), to obtain personal data such as age
and city of origin, and working conditions, such as use of
protective gear, exposure to swine, occurrence of flu-like
illness and biosafety measures in farms.

Biological samples

Throat swabs and blood samples from E and UE individ-
uals were collected. The swabs were preserved in Hank’s
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medium supplemented with 10% glycerol and antibiotics
and kept at —70°C until processing. Blood samples were
collected in tubes without anticoagulant. Serum was sepa-
rated and stored at —20°C until processing.

Real time RT-PCR

RNA extraction of the samples was conducted using spin
columns QIAmp RNA mini kit (QIAGEN, Inc., Valencia,
CA, USA). Genomic RNA of SIV was detected by rRT-
PCR using QIAGEN® One Step RT-PCR Kit (QIAGEN,
Inc.), using previously described matrix gene target oligo-
nucleotides and 0.4 ul probe (Spackman et al., 2002). The
rRT-PCR conditions were one cycle at 50°C for 30 min,
one cycle at 95°C for 10 min, forty cycles at 95°C for
15 s and at 60°C for 10 s.

Hemagglutinin inhibition assay

Blood samples from E and UE individuals were collected
for the detection of antibodies against swine and human
influenza virus subtypes HIN1 and H3N2 by the hemag-
glutinin inhibition (HI) assay (Ayora-Talavera et al., 2005).
Based on their availability at our laboratory, four influenza
strains were used: A/NewCaledonia/20/99 (HIN1), A/Pan-
ama/2001/99-like  (H3N2), A/Swine/England/163266/87
(human lineage segments H3N2) and A/Swine/Wisconsin/
238/97 (HIN1). Samples with antibody titres 21 : 32 were
considered seropositive.

Statistical analysis

Descriptive analyses were used to compute the percent-
ages of the characteristics of the population and other
covariates. Chi-squared tests were used to examine differ-
ences in the selected characteristics by E/UE group. To
evaluate the possible associations between the presence of
the disease and some potential risk factors, the hemagglu-
tination inhibition assay antibodies against SIV were
independently used as the outcome variables and dichoto-
mized into positive versus negative presence of antibodies.
Crude and adjusted odds ratios (ORs) and 95% Confi-
dence Intervals (Cls) were calculated by bivariate logistic
regression analyses for each SIV (HINI or H3N2). The
analyses were conducted using the following as indepen-
dent variables in each bivariate model: E or UE to swine,
geographic location, smoking and received influenza vac-
cine. We also included seropositive for human influenza
as independent variables, to evaluate the effect of cross-
reactivity. An unadjusted model and a model adjusted for
age were developed for each of the dependent variables.
The confounding effect of age was included in the models
because the two groups were not matched according to
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age. For the ‘Geographic location’ variable, the ‘Ciudad
Obregon’ category was removed, because no subjects
tested positive to antibodies, and this issue distorted the
results. Analyses were conducted using Stata version 9.2
(StataCorp LP, College Station, TX, USA).

Results

Characteristics of the study subjects

Some demographic characteristics were evaluated in the
two studied groups, and other occupational features were
considered specifically in swine workers (Table 1). Study
participants were all men with a higher age in the E
group (P < 0.0001). There were some missing data for
age and smoking status, because some of the participants
did not provide those data on the questionnaire. There
were differences between the two groups in the variables
City of residence (P < 0.0001), live in a swine farm or
did in the past (P < 0.0001), the last contact with swine
(P <0.0001) and smoking (P < 0.05). The remaining
variables were similar statistically (P > 0.05).

Prevalence of influenza

No influenza viruses were detected by qRT-PCR. How-
ever, serological evidence of previous exposure to swine
and human influenza virus was found (Table 2). Geomet-
ric mean titres of antibodies to swine influenza (HINTI:
1.21 and 2.77; H3N2: 4.21 and 19.3) were significantly
different between UE and E groups, respectively (P <
0.05). Interestingly, only a person from the UE group was
positive for the swine influenza H3N2, and no antibodies
were detected for both the swine and human subtypes.
The E group had a lower percentage of seropositives for
human viruses in relation to the UE group. There was a
higher seroprevalence of H3N2 of human and porcine
origin in both groups (P < 0.05). Two persons in the E
group were positive for swine influenza HIN1 and one of
them was also positive for the same subtype of human
virus. Eight subjects in the E group tested positive for
swine influenza H3N2 and 5 of them were also positive
for human influenza H3N2. These data could indicate
cross-reactivity between viruses, although this issue can-
not be fully assured.

Risk factors for swine influenza

Table 3 shows the odds ratios and 95% confidence inter-
vals (CI) for elevated antibodies against the SIVs HINI1
and H3N2. A significant association between elevated
antibody titres to SIV H3N2, and the exposition to swine
[OR: 3.05, 95% (CI) 1.65-5.64] and to geographic loca-
tion [OR 8.15, 95% (CI) 1.41-47.05] was found when
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Table 1. Characteristics of the exposed and unexposed subjects
included in the study

Exposed, Unexposed,
Variables n (%)n =62 n (%)n = 63 P-Value*
Age, years
15-29 15 (24.2) 31(49.2) 0.000
30-49 26 (41.9) 12 (19.0)
50-65 15 (24.2) 5(7.9)
Missing 6 (9.7) 15 (23.8)
Mean age 38.1 32.8
City of residence
Hermosillo 21 (33.9) 31 (49.2) 0.000
Cd. Obregon 21 (33.9) 32 (50.8)
Navojoa 20 (32.2) -
Live in a swine farm or did in the past
Yes 23 (37.1) 0 0.000
No 39 (62.9) 63 (100)
Years worked in swine farms
Never 0 63 (100) 0.491
<1 11(17.7) -
1-10 32 (51.6) -
>10 19 (30.7) -
Use personal protection equipment when work with swine
B, C, HD, G 8(12.9) - -
B, C 44 (71.0) -
B 10 (16.1) -
Shower
At entry and egress 24 (38.7) - -
of the farm
Never 3(4.8) -
Only at entry or egress 35 (56.4) -
Production stage in which the subject works
Farrowing 19 (30.6) - -
Weaning 24 (38.8) -
Fattening 19 (30.6) -
When was the last contact with swine?
Never 0 33 (52.4) 0.000
>1-12 month 3(4.8) 28 (44.4)
<7 days 59 (95.2) 2(3.2)
Smoke
No/Quit smoking 39 (69.2) 53 (84.1) 0.013
Yes 8(12.9) 10 (15.9)
Missing 15 (24.2) 0
Received influenza vaccine
Yes 22 (35.5) 17 (27.0) 0.179
No/Unsure 40 (64.5) 46 (73.0)

B, boots; C, coverall; G, gloves; HD, hands disinfection.
*42 test.

adjusted for age. These results may relate to the swine
density of the farm and the number of breeding herds
[OR 3.98, 95% (CI) 1.00-15.86]. In addition, vaccination
appeared as a protective factor [OR 0.05, 95% (CI) 0.01—
0.52] for the presentation of the H3N2 virus. There were
no risk factors associated with elevated antibody titres to
SIV HINI. These results could be related to the fact that
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Table 2. Seroloprevalence of human and swine influenza per exposed/unexposed group

HIN1, n (%)

H3N2, n (%)

Groups Swine Human Both Swine Human Both
Exposed, n = 62 2 (3.22) 12 (19.35) 1(1.61) 8(12.9) 21 (33.87) 5 (8.06)
Unexposed, n = 63 0 (0) 18 (28.57) 0 (0) 1(1.58) 43 (68.25) 0 (0)
Total, n =125 2 (1.60) 30 (24) 1(0.8) 9(7.2) 64 (51.2) 5 (4)

H1N1, A/NewCaledonia/20/99 and A/Sw/Wisconsin/238/97; H3N2, A/Panama/2001/99-like and A/Sw/England/163266/87.

Table 3. Odds ratios and 95% confidence intervals (Cl) for elevated hemagglutination inhibition assay antibodies (enrollment sera) against swine

influenza viruses

Swine H1N1 Swine H3N2
Independent variables Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR
subgroups (%) n (95% ClI) (95% Cl) (95% Cl) (95% Cl)
Exposed to Swine 125
Yes (49.6) 62 - 1(0.14-6.87) 9.18 (1.11-75.79)* 3.05 (1.65-5.64)*
No (50.4) 63 Reference Reference Reference Reference
Geographic location 72
Hermosillo (72.2) 52 - 2.03 (0.35-11.84) 4 (0.95-16.83) 8.15 (1.41-47.05)*
Navojoa (27.8) 20 Reference Reference Reference Reference
Smoking 110
No/Quit smoking (80) 88 4.14 (0.24-68.98) 3.89 (0.22-66.29) 1.39 (0.63-3.05) 2.15(0.49-9.41)
Yes (20) 22 Reference Reference Reference Reference
Received influenza vaccine 125
Yes (31.2) 39 0.44 (0.02-7.33) 0.49 (0.02-8.54) 0.10 (0.02-0.55)* 0.05 (0.01-0.52)*
No/Unsure (68.8) 86 Reference Reference Reference Reference
Human influenza HIN1 125
No (76) 95 3.24 (0.19-53.45) 3.92 (0.21-71.61) 455 (1.13-18.21)* 4.96 (0.99-24.64)
Yes (24) 30 Reference Reference Reference Reference
Human influenza H3N2 125
No (48.8) 61 0.95 (0.05-15.57) 1.12 (0.06-20.65) 1.20 (0.30-4.75) 1.23 (0.24-6.25)
Yes (51.2) 64 Reference Reference Reference Reference

OR, odds ratio; 95% Cl, 95% confidence interval; —, no values were calculated; *P < 0.05; Data adjusted by age.

there were only two positive samples in the E group.
Antibodies to human influenza did not increase the risk
for swine influenza for any of the two subtypes. Three of
22 (13.63%) smokers and 6 of 88 (6.81%) non-smokers
tested seropositive to H3N2 SIV (data not shown); how-
ever, the ORs did not increase, probably due to the small
sample size in the smokers’ category.

Discussion

The present work was carried out in the largest State pro-
ducer of pork in México (Sagarpa, 2011), and considering
that swine workers are a confined population with
increased probabilities to acquire swine flu (Olsen et al.,
2002; Myers et al., 2006; Gray et al., 2007). We evaluated
some demographic characteristic, health status and vacci-
nation in farms to identify risk factors that could explain

the serological data. Other studies that evaluate risk fac-
tors in swine workers have reported elevated odds for
farmers of SIV HIN1 [OR 54.9, 95%, (CI) 13.0-232.6]
and HIN2 [OR 13.5, 95%, (CI) 6.1-29.7] in the United
States (Gray et al., 2007) and to HIN1 in Luxembourg
(OR 2.3, 95% CI 1.1-5.0) (Gerloff et al., 2011). We found
our results in concordance with the mentioned studies,
only for the H3N2 virus. In agreement with a previous
report (Gray et al., 2007), vaccination appeared as a pro-
tective factor [OR 0.22, 95% (CI) 0.07-0.70]. The results
of our study are the first evidence of SIV transmission
and risk factors among swine workers and pigs in
México.

The seropositivity observed in the E group was higher
for H3N2 SIV than for HINI1 SIV, this could be
explained by the fact that swine workers are more
frequently in contact with the H3N2 virus, which is the
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predominant circulating subtype in swine commercial
farms from Sonora (G. Lopez-Robles, unpublished
results). We also observed that the E group had higher
seroprevalence of SIV than the UE group, and these data
are consistent with the study reported by Gray et al.
(2007) but not with the data reported by Gerloff et al.
(2011). A possible explanation for these results is the fact
that the Gerloff et al. study was carried out after the pan-
demic event, and apparently there is cross-reactivity
among pandemic A/HINI1 and SIV viruses, as the afore-
mentioned and other authors have reported (Kyriakis
et al., 2009).

Also, some characteristics of farms such as geographic
location [OR 3.48, 95% (CI) 1.21-9.97], and number of
breeding herd on the farm [OR 3.98, 95% (CI) 1.00—
15.86], were associated with increased anti-SIV antibodies.
The new industrial organization method for animal pro-
duction in crowded swine farms has been argued to
increase disease infections and to enhance the circulation
of swine pathogen and transmission in the animal-human
interface (Graham et al., 2008). This form of food pro-
duction is not likely to change in the mid-term. There-
fore, and as mentioned by other researchers (Gray and
Kayali, 2009), we emphasize the urgent need for SIV
occupational E workers to receive annual immunizations
and educational prevention as part of the public health
programs. Furthermore, it is important to improve work
conditions, specially the use of protective equipment.
Only 12.9% of farmers answered affirmatively that they
used gloves during swine manipulation, which agrees with
Gray et al. (2007), they observed that 14% of the workers
wore gloves; although it was not possible to find any
association in our study, it has been demonstrated by
others as a risk factor for SI transmission (Ramirez et al.,
2006).

In the analysis of our overall findings, we acknowledge
that one of the limitations in this study was the small
sample size. The generalization of our results is limited to
Mexican workers. All the subjects worked in the farms
that accepted to participate were included in the study;
however, the UE subjects were not randomly selected,
which may introduce a selection bias. It would be inter-
esting to evaluate the seroprevalence with a higher sample
size of our population and to use a more recently North
American swine H3N2 strain. A primary strength of this
study is that the results for SIV transmission and the risk
factors for swine workers are the first evidence on this
issue in México. The technique used to hemagglutinin
inhibition assay was equally applied to both E and UE
groups, taking care of the quality control; therefore,
observation bias was minimized.

Our findings are relevant and support the evidence of
zoonoses in swine farms and point out the need to imple-
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ment preventive measures such as vaccination and to
diminish the occurrence of the disease and the potential
emergence of pathogenic reassortant strains. It is also
important to promote the inclusion of susceptible groups
in the prevention strategies and immunization protocols
for influenza.
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