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M A J O R A R T I C L E

Are Swine Workers in the United States at Increased
Risk of Infection with Zoonotic Influenza Virus?
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Eileen L. Thacker,3 James A. Merchant,2 and Gregory C. Gray1
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Iowa State University, Ames; and 4Department of Pathobiological Sciences, School of Veterinary Medicine, University of Wisconsin, Madison

Background. Pandemic influenza strains originate in nonhuman species. Pigs have an important role in in-
terspecies transmission of the virus. We examined multiple swine-exposed human populations in the nation’s
number 1 swine-producing state for evidence of previous swine influenza virus infection.

Methods. We performed controlled, cross-sectional seroprevalence studies among 111 farmers, 97 meat pro-
cessing workers, 65 veterinarians, and 79 control subjects using serum samples collected during the period of
2002–2004. Serum samples were tested using a hemagglutination inhibition assay against the following 6 influenza
A virus isolates collected recently from pigs and humans: A/Swine/WI/238/97 (H1N1), A/Swine/WI/R33F/01
(H1N2), A/Swine/Minnesota/593/99 (H3N2), A/New Caledonia/20/99 (H1N1), A/Panama/2007/99 (H3N2), and
A/Nanchang/933/95 (H3N2).

Results. Using multivariable proportional odds modeling, all 3 exposed study groups demonstrated markedly
elevated titers against the H1N1 and H1N2 swine influenza virus isolates, compared with control subjects. Farmers
had the strongest indication of exposure to swine H1N1 virus infection (odds ratio [OR], 35.3; 95% confidence
interval [CI], 7.7–161.8), followed by veterinarians (OR, 17.8; 95% CI, 3.8–82.7), and meat processing workers
(OR, 6.5; 95% CI, 1.4–29.5). Similarly, farmers had the highest odds for exposure to swine H1N2 virus (OR, 13.8;
95% CI, 5.4–35.4), followed by veterinarians (OR, 9.5; 95% CI, 3.6–24.6) and meat processing workers (OR, 2.7;
95% CI, 1.1–6.7).

Conclusions. Occupational exposure to pigs greatly increases workers’ risk of swine influenza virus infection.
Swine workers should be included in pandemic surveillance and in antiviral and immunization strategies.

Influenza A viruses infect a wide variety of species,

including birds, pigs, humans, and horses. Pigs likely

play important roles in interspecies transmission. Hav-

ing receptors for both human and avian viruses, pigs

may serve as a mixing vessel host for creation of novel

reassortant progeny virus [1]. During the 1918 influ-

enza pandemic, the US swine population experienced

a widespread concomitant influenza epidemic, leading

some to suggest a common viral cause and to question

which species initiated the epidemics [2]. Although

thought to be rare, cross-species infections with influ-

enza A viruses have been documented from both pigs
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to humans [3, 4] and from humans to pigs [5, 6].

Recent reports indicate that the H5N1 avian influenza

epidemic in Asia has involved pigs on farms in China

[7, 8] and Indonesia [9]. Because pigs may play such

important roles in human influenza epidemiology, we

sought to serologically examine workers with occupa-

tional swine exposure, with a goal of identifying those

at highest risk of a zoonotic influenza infection.

METHODS

Study subjects. Four adult populations were studied

during the period of 2002–2004. Three populations

consisted of persons who were exposed to swine (farm-

ers, meat processing workers, and veterinarians or vet-

erinary technicians, hereafter called “veterinarians”);

the fourth population (control subjects) comprised vol-

unteers associated with the University of Iowa (Iowa

City) who had no occupational exposure to swine. All
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Table 1. Demographic characteristics of the population in a
study of zoonotic influenza virus infection.

Characteristic
Farmersa

(n p 111)

Meat
processing

workers
(n p 97)

Veterinarians
(n p 65)

Control
subjects
(np 79)

Sex
Male 61 (55)b 52 (54)b 50 (77)b 26 (33)
Female 50 (45) 45 (46) 15 (23) 53 (67)

Age, years
!25 1 (1) 15 (15) 2 (3) 12 (15)
25–39 11 (10) 32 (33) 11 (17) 41 (52)
139 99 (89) 50 (52) 52 (80) 26 (33)

Age, mean years 47.0b 39.5b 48.4b 35.3
Race/ethnicity

White 111 (100) 96 (99) 62 (97) 57 (72)
Black 0 (0) 1 (1) 2 (3) 18 (23)
Hispanic 0 (0) 5 (5) 1 (1) 2 (3)
Asian 0 (0) 0 (0) 0 (0) 1 (1)
American Indian 0 (0) 0 (0) 0 (0) 1 (1)
Pacific Islander 0 (0) 0 (0) 0 (0) 1 (1)

NOTE. Data are no. (%) of subjects, unless otherwise indicated.
a Participants indicated they lived on a farm or worked on a farm for �10

h each week in a leading swine-producing county. Individual swine exposure
was not quantified.

b Significantly different than controls at .a p .05

studies were conducted after institutional review board ap-

proval and with signed informed consent. Study participants

completed occupational risk factor questionnaires.

The Iowa farmers belonged to a large rural cohort [10] and

lived in a county that, in 1997, was ranked 91st nationally in

swine production. The meat processing workers were employed

by a pork-producing facility. The veterinarians were enrolled

while attending a conference of the Iowa Veterinary Medical

Association in the spring of 2004. Only veterinarians who re-

ported a history of exposure to pigs were included in analyses.

The meat processing workers, veterinarians, and control sub-

jects were only permitted to participate if they had no im-

munocompromising conditions, were 118 years of age, and

were not pregnant.

Laboratory methods. Serum samples were tested using a

hemagglutination inhibition (HI) assay [11] against 6 isolates

of recently circulating swine and human influenza A viruses,

consisting of 3 each of the H1 and H3 subtypes and including

A/Swine/WI/238/97 (H1N1), A/Swine/WI/R33F/01 (H1N2), A/

Swine/Minnesota/593/99 (H3N2), A/New Caledonia/20/99

(H1N1), A/Panama/2007/99 (H3N2), and A/Nanchang/933/95

(H3N2). A/Swine/WI/238/97 (H1N1) is a wholly classic swine

H1N1 virus, representative of the overall phylogenetic lineage

of viruses that have circulated among pigs in the United States

for at least 70 years [12]. A/Swine/WI/R33F/01 (H1N2) is a

reassortant H1N2 swine virus representative (unpublished data)

of the viruses that appeared among swine in the United States

in 1999. These viruses have classic swine H1 HA, NP, M, and

NS genes; human NA and PB1 genes; and avian PA and PB2

genes [13–16]. A/Swine/Minnesota/593/99 (H3N2) is represen-

tative of the triple-reassortant H3N2 viruses that appeared in

the swine population in the United States beginning in 1998

[17–19]. These viruses also have a mixture of human (HA, NA,

and PB1), classic swine (M, NP, and NS), and avian (PA and

PB2) influenza virus genes.

The Centers for Disease Control and Prevention HI serologic

protocol was followed. The 3 human antigen strains, swine

H3N2, and swine H1N2 were grown in embryonated chicken

eggs. Swine H1N1 was grown in Madin-Darby canine kidney

cells. Serum samples were pretreated with receptor-destroying

enzyme (1 part serum to 3 parts enzyme) from Vibrio cholerae

overnight, and they were then hemadsorbed with guinea pig

blood (for human strains) or turkey erythrocytes (for swine

strains). HI titer results are reported as the reciprocal of the

highest dilution of serum that inhibited virus-induced hem-

agglutination of a 0.5% (from guinea pigs) or 0.65% (from

turkeys) solution of erythrocytes. To examine potential con-

founding through cross-reactivity, HI titers from control an-

tisera were determined against the reference virus strains (e.g.,

antisera to swine H1 influenza virus was examined against hu-

man H1 virus).

Statistical methods. HI test results were first evaluated as

dichotomous outcomes (HI titers of �1:40 were considered to

be evidence of previous infection [20, 21]) and later as ordinal

outcomes, with the goal of examining the entire distribution

of antibody titer levels.

In dichotomous outcome examinations, the x2 statistic or 2-

sided Fisher’s exact test, with 95% CIs calculated for ORs, were

used. Geometric mean HI titers were also calculated for each

virus strain and compared by risk factor using the Wilcoxon

rank sum test, with normal approximation. Unconditional lo-

gistic regression was used to examine multiple independent

variables for their association with the outcomes. Covariates

with bivariate P values !.1 were considered for inclusion in all

logistic regression models.

Proportional odds modeling [22] was used to examine the

entire spectrum of serologic test results for associations with

potential risk factors. Final multivariable models were designed

using a saturated model and manual backwards elimination.

RESULTS

Demographic characteristics and seroprevalence. Farmers,

meat processing workers, and veterinarians were older than

control subjects and were more likely to be male and white

(table 1). In dichotomous comparisons, farmers had much

greater odds than did control subjects of being seropositive

(titer, �1:40) against both the swine H1N1 virus (17.4% vs.
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Table 2. Geometric mean titers of antibodies against swine
viruses.

Study population

Geometric mean titer,
by virus

Swine
H1N1

Swine
H1N2

Swine
H3N2

Farmers 10.3a 12.5a 22
Meat processing workers 6.2 6.8 54
Veterinarians 8.9a 11.3a 28.3
Control subjects 5.1 5.6 37.9

a The geometric mean titers for farmers and veterinarians was found to
differ from that for control subjects by the Wilcoxon rank sum analysis with
normal approximation.

Table 3. ORs for increased serologic response against swine influenza virus by hemagglutination inhibition assay, determined by
proportional odds modeling.

Population

Virus

Swine H1N1 Swine H1N2 Swine H3N2

Unadjusted
OR (95% CI)

Adjusted OR
(95% CI)a

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)b

Unadjusted
OR (95% CI)

Adjusted OR
(95% CI)c

Occupation
Farmer 32.7 (7.6–139.8) 35.3 (7.7–161.8) 15.9 (6.8–37.1) 13.8 (5.4–35.4) 0.4 (0.3–0.7) 0.4 (0.2–0.8)

Meat processing worker 7.5 (1.7–33.6) 6.5 (1.4–29.5) 3 (1.2–7.3) 2.7 (1.1–6.7) 1.5 (0.9–2.6) 1.5 (0.9–2.6)
Veterinarian 23.1 (5.2–102.4) 17.8 (3.8–82.7) 13 (5.3–31.8) 9.5 (3.6–24.6) 0.6 (0.3–1.1) 0.8 (0.4–1.5)

Age: years 1 (1–1.1) 1 (1–1) 1 (1–1.1) 1 (1–1) 1 (1–1) 1 (1–1)
Sex: male vs. female 3.3 (1.9–5.5) 2.9 (1.6–5.2) 2.7 (1.8–4.2) 2.3 (1.4–3.7) 1.1 (0.7–1.5) 1.2 (0.8–1.8)
Human influenza strain

H1N1 1.8 (1.1–3) 2.8 (1.6–5) 1.8 (1.1–2.8) 2.7 (1.6–4.5) … …
H3N2 Panama … … … … 5.6 (3.8–8.5) …
H3N2 Nanchang … … … … 44.6 (24.6–81) 45.5 (25–83.1)

Vaccine historyd

Received 2003 flu
vaccine …e …d

2.1 (1–4.4) …d
3.6 (2–6.7) …d

Received 1976 swine
flu vaccine …e …d

12.2 (3.6–41.7) …d
2.9 (0.9–9.4) …d

NOTE. To satisfy the proportional odds assumption, swine H1N1 and H1N2 titers of 11:80 were combined into 1 category, as were swine H3N2 titers of
11:320. Values shown in boldface are statistically significant.

a , by score test.P p .23
b , by score test.P p .53
c , by score test.P p .27
d Variable available for veterinarians and control subjects only.
e Does not meet proportional odds assumption.

0%; OR, 22.9; 95% CI, 3.9–�) and the swine H1N2 virus

(20.7% vs. 1.3%; OR, 20.7; 95% CI, 2.5–172.1). Veterinarians

also had increased odds of being seropositive for the swine

H1N1 virus (10.9% vs. 0%; OR, 12.8; 95% CI, 1.9–�) and the

swine H1N2 virus (19.1% vs. 1.3%; OR, 18.1; 95% CI, 2.3–

138.8). Meat processing workers had no increased odds of se-

ropositivity against any swine virus (data not shown). All 3

exposure groups had a high prevalence of antibodies against

the swine H3N2 isolate, but none of these prevalence values

were significantly different than the controls’ (data not shown).

None of the exposure groups demonstrated increased odds of

seropositivity against any of the human strains (data not

shown).

Geometric mean antibody titers were elevated for the swine

H1N1 and swine H1N2 isolates for farmers and veterinarians

and were found to differ from the titers for control subjects

by the Wilcoxon rank sum test with normal approximation

(table 2).

Bivariate analysis. In bivariate analysis (data not shown),

among meat processing workers, none of the 38 possible risk

factors were found to be strongly associated with elevated HI

titers against any of the swine viral strains. Among veterinar-

ians, we examined 28 potential occupational risk factors (data

not shown) and found a positive association between self-

reported receipt of the 1976 swine influenza vaccine and ele-

vated HI titers against both swine H1N2 and swine H3N2

viruses. In addition, elevated HI titers against the swine H3N2

isolate were associated with having received a 2003–2004 in-

fluenza vaccination, as well as with the presence of others in

the household. Among all of the groups (farmers, meat pro-

cessing workers, veterinarians, and control subjects), elevated

titers against swine H3N2 were associated with having elevated

titers against human H3N2 strains, suggesting cross-reactivity.

The association was stronger for the Nanchang than for the
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Table 4. Hemagglutination inhibition titers of control serum samples to reference virus strains.

Antisera control

Titer, by reference influenza A virus

A/Swine/WI/238/97
(Swine H1N1 virus)

A/Swine/WI/R33F/01
(Swine H1N2 virus)

A/Swine/Minnesota/593/99
(Swine H3N2 virus)

A/New Caledonia/20/99 (human H1N1 virus)a 1:20 1:80 1:40
A/Swine/Indiana/1726188 (swine H1N1 virus)b 1:80 1:80 1:10
A/Panama/2007/99 (human H3N2 virus)a 1:5 1:5 11:640
A/Swine/Minnesota/593/99 (swine H3N2 virus)b 1:5 1:5 11:640
B/Sichuana 1:5 1:5 1:10
B/Hong Konga 1:5 1:5 1:5
Normal sheep seruma 1:5 1:5 1:5

a Sheep antisera.
b Swine antisera.

Figure 1. Trends in hog operations in the United States. Adapted from [23].

Panama strain. Multicollinearity was found between human

H3N2 Nanchang seropositivity and history of receiving the

2003 influenza vaccine.

Logistic regression analysis. Because of multicollinearity

between the Panama and Nanchang strains of human H3N2,

only 1 strain was included in logistic regression modeling for

swine H3N2 serology. The human H3N2 Nanchang isolate was

chosen because it had a stronger positive association with the

dependent variable. After adjusting for sex, age, and homolo-

gous human influenza strains, unconditional logistic regression

revealed that farmers had elevated titers against both the swine

H1N1 and H1N2 viruses (OR, 30.6 [95% CI, 4.3–�] and 16.0

[95% CI, 1.9–776.4], respectively), veterinarians had elevated

titers against the swine H1N2 virus (OR, 13.4; 95% CI, 1.5–

670.5), and meat processing workers had elevated titers against

the swine H3N2 virus (OR, 5.8; 95% CI, 1.7–23.0).

Proportional odds model. In the unadjusted proportional

odds model, ORs for antibodies against swine H1N1 and swine

H1N2 were elevated for all 3 exposure groups, compared with

control subjects (table 3). Multivariable proportional odds

modeling was then performed using data that were common

to the 3 exposure groups and control subjects. Age (as a con-

tinuous variable) and sex were forced into the proportional

odds models as potential confounders. Age was not found to

be statistically significant in any of the models. However, male

sex was associated with both swine H1N1 and swine H1N2

serologic outcomes. After controlling for confounders, ORs for

elevated antibody titers against the swine H1N1 and swine
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H1N2 strains continued to be elevated in all 3 exposure groups,

compared with control subjects. Farmers and veterinarians had

particularly high odds of elevated titers against swine H1N1

virus (OR, 35.3 and 17.8, respectively). Farmers and veteri-

narians also had markedly increased odds of elevated titers

against the recently circulating swine H1N2 virus (OR, 13.8

and 9.5, respectively). Meat processing workers had elevated

ORs for both swine H1N1 and H1N2 viruses (6.5 and 2.7,

respectively).

Cross-reactivity. Serologic cross-reactivity between swine

and human viral strains was assessed through cross-testing of

reference antisera (e.g., swine antisera against H3 swine viruses

was tested by HI assay against human H3 viruses). Human H1N1

antisera showed some cross-reactivity against swine H1N1 and

H1N2 viruses, with HI titers of 1:20 and 1:80 respectively (table

4). Human H3N2 antisera demonstrated high cross-reactivity to

swine H3N2 virus, with HI titers of 11:640. These data supported

our need to control for antibodies against human influenza virus

that cross-react in swine influenza virus assays.

Validation. Although we conducted considerable internal

reliability testing of our HI assays, we also sought to validate

our work. We sent a sample of 30 blinded serum samples rep-

resenting all 4 study groups and various elevations in titers to

an independent influenza virus research laboratory. We found

80% agreement (within 1 titer) for swine H1N2 and 94% agree-

ment for swine H3N2. Because agreement was relatively low

(43%) when swine H1N1 virus grown in embryonated eggs

was used, we switched to a lower-passage H1N1 virus grown

in Madin-Darby canine kidney cells and repeated our assays of

the 30 serum samples. Because this interlaboratory agreement

was much improved at 70%, we repeated all study HI assays

using this lower-passage H1N1 virus grown in Madin-Darby

canine kidney cells. Study HI swine H1N1 data reflect these

repeated assays.

DISCUSSION

During the past 60 years, the US swine industry has changed

in composition from primarily small herds on family farms to

include immense herds in large, corporate facilities (figure 1).

The US pork industry now generates $11 billion annually and

employs an estimated 575,000 persons (2002 figures) [24]. Al-

though pork production facilities today are larger, fewer, and

more efficient and require fewer workers, it is estimated that,

nationwide, at least 100,000 workers work in swine barns with

live pigs (Dr. Liz Wagstrom, personal communication).

Iowa is the leading swine-producing state in the United

States, with 9300 farms [25] (2004 figure), raising 25 million

hogs per year [25] (a rate of 8.6 swine per human resident

[26]). Today’s large herds are maintained through the frequent

introduction of young swine into swine-producing facilities.

This constant influx of potentially pathogen-susceptible ani-

mals makes swine pathogen eradication difficult to achieve.

Therefore, swine influenza infections, which were formerly sea-

sonal (like human influenza infections), now have become en-

zootic, and swine influenza transmission occurs year-round in

much of the US swine industry. Although these influenza virus

infections among pigs are generally thought to be mild, they

provide a constant opportunity for zoonotic influenza virus

infections among humans who are occupationally exposed.

Continual swine influenza transmission in US swine herds also

provides the opportunity for human influenza viruses to mix

with swine or avian influenza viruses and generate novel prog-

eny viruses.

The potential for animal-to-animal transmission (reflected in

the basic reproductive number, R0) among pigs in a swine con-

finement operation will be much greater than on a traditional

farm because of the pigs’ crowding (resulting in prolonged and

more frequent contact). In addition, virus-laden secretions from

pigs may be more concentrated, and reductions in ventilation

and sunshine exposure may prolong viral viability. Thus, a con-

finement operation worker’s probability of acquiring influenza

virus infection may be increased, compared with that of a tra-

ditional swine worker, and certainly increased when compared

with the risk among non–swine workers exposed only to human-

to-human influenza activity. This risk is even greater if the virus

does not kill pig hosts and if new susceptible animals are fre-

quently introduced to the farm, sustaining transmission. Swine

workers may initiate epidemics by enhancing the mixing of viral

strains that may lead to reassortment and novel progeny influenza

viruses of pandemic potential. They may serve as a conduit for

a novel virus to move from swine to man or from man to swine.

One might envision that, once a novel virus is introduced into

a densely populated swine barn, the viral loads swine workers

would experience could overwhelm any partial immunity they

might possess. After work, they may readily communicate that

virus to their family members and neighbors. Similarly, they

might introduce a novel human virus to crowded swine popu-

lations, which could have tremendous economic impact on the

US agricultural industry. Recall that during the 1918–1919 hu-

man influenza pandemic, there were concomitant US swine herd

die-offs (likely from the virus) that caused much economic hard-

ship [27].

Human infections with swine influenza virus have been pre-

viously described. In 1988, swine influenza virus exposures at

a Wisconsin county fair led to infections in at least 50 swine

exhibitors and 3 of their family members, and infection resulted

in the death of a previously healthy woman who attended the

fair [28]. Although many swine influenza virus infections in

humans are likely mild or asymptomatic, the potential for a

virulent, highly communicable novel virus to move from swine

to man seems to be great.

There are 3 developments that heighten our awareness of
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this threat. First is our new understanding of how common

these infections must be—thus, the importance of this report.

Second is the recent change in animal husbandry in the US

pork and poultry industries. Today, tens of thousands of sus-

ceptible pigs or poultry are housed in confinement facilities,

serving as a tremendous potential reservoir of susceptible an-

imals, whose dense populations may hasten viral mutation and

reassortment. The third development of concern is the sudden

emergence and rapid spread of very virulent H5N1 virus that

is now endemic in many parts of Asia and that has spread via

migrating birds to Russia. Fortunately, although this virus in-

fects swine, as yet, it is not readily transmissible between pigs

[29]. However, the H5N1 virus is readily transmitted among

domestic birds and waterfowl. Therefore, if migrating birds

were to introduce the virus to North American pork production

facilities, and if the virus were to prove to be efficient in trans-

mission, the resultant swine-to-human swine virus infections

could result in considerable human morbidity. Even with mod-

ern industry biosecurity measures, transmission would be dif-

ficult to control. Additionally, as much of the pork industry is

rural, detection of such a novel virus invasion could be delayed,

especially if the virus does not readily kill swine.

The elevated serologic responses to swine H1N1 virus among

farmers and veterinarians observed in this study are consistent

with a previous study of these occupational groups [20]. Our

study found seropositivity to swine H1N2 among farm workers

that had not been previously detected. All 3 swine exposure

groups had elevated titers against the swine H3N2 virus. Strong

association of this virus with human H3N2 virus (A/Nanchang/

933/95) suggests cross-reactivity between swine and human

strains, which was not unexpected, because the swine H3N2

virus HA gene is of human origin [17–19]. Although meat

processing workers were at increased risk for antibodies against

swine H1N1 and swine H1N2 virus, their ORs were lower than

those for farmers and veterinarians. We speculate that this may

be the result of limited exposure to live pigs.

Our study is unique, because to our knowledge, this is one

of the largest such serologic assessment to date of occupational

transmission of swine virus to human infections. Serologically,

we studied the antibody response to 2 recently emerged cir-

culating swine viruses in a state with year-round, active virus

transmission within swine herds. In addition, we controlled for

the confounding of serologic response to human influenza virus

as an explanation for increased serologic response to the swine

viruses and employed proportional odds modeling to better

discriminate the effect of potential risk factors to the swine

virus serologic outcomes.

This study has a number of limitations. There was a lack of

detailed exposure information for the farmer group, and the

study design did not allow us to determine whether individuals

developed clinical symptoms with seroconversion. It is possible

that the elevated titers compared by proportional odds mod-

eling do not correlate with infection. However, our exposed

populations had statistically significant evidence of swine virus

infection by both the proportional odds modeling and the more

traditional use of a titer cutpoint. Our choice of a �1:40 cut-

point is consistent with the literature [20, 21] but could also

be viewed as conservative. In prospective cohort studies, Fox

et al. [30] demonstrated that, among children, HI titers of �1:

20 against human H1 virus were protective and that almost

any titer detected among adults was evidence of protection. We

are presently conducting a large, prospective study of swine-

exposed workers to better understand occupational zoonotic

influenza infection.

We have documented evidence for swine influenza virus in-

fection among 3 different occupational groups with exposure

to pigs. Each of the 3 groups had antibody evidence of infection

with 2 different swine viruses, and their odds of elevated se-

rologic titers were much greater than those for control subjects.

Serologic risk factor data controlled for potential confounders,

such as serologic response to human influenza virus and vac-

cine. Study laboratory findings were validated by a blinded

external laboratory, and serologic assay results were corrobo-

rated by studies of virus-specific antisera. We argue that these

data are compelling evidence that swine influenza virus infec-

tions frequently occur among swine workers. It seems prudent

to consider swine workers for sentinel influenza surveillance

and routine human inactivated influenza vaccine immuniza-

tions. Additionally, in the event of heightened pandemic threat,

protection of swine-exposed workers with antiviral medications

and pandemic strain vaccines seems to be an important strategy

to limit the spread of influenza virus among human and sus-

ceptible domestic animals.
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