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Abstract

Background: Very few case-control studies to assess the risk of hep-
atitis E virus (HEV) infection in meat workers have been published. 
Therefore, we sought to determine: 1) the association of HEV IgG 
seropositivity and the occupation of butcher; and 2) the sociodemo-
graphic, work, clinical and behavioral characteristics of butchers as-
sociated with HEV exposure.

Methods: We performed a case-control seroprevalence study of 101 
butchers (mean age: 38.50 ± 12.52 years) and 101 age-, gender- and 
residence-matched control subjects of the general population. Anti-
HEV IgG antibodies were determined using a commercially available 
enzyme-linked immunoassay. Bivariate and regression analyses were 
used to assess the association between HEV seropositivity and char-
acteristics of butchers.

Results: Anti-HEV IgG antibodies were found in 18 (17.8%) of the 
101 butchers and in 14 (13.9%) of the 101 control subjects (odds ra-
tio (OR): 1.34; 95% confidence interval (CI): 0.63 - 2.88; P = 0.44). 
Stratification by sex, age and area of residence (rural or urban) in 
cases and controls showed similar seroprevalences of HEV infection 
among groups. Bivariate analysis showed that HEV seroprevalence 
was associated with low education (up to 6 years), work place, senior-
ity, eating while working, a history of raising farm animals and na-
tional trips. However, further analysis by logistic regression showed 
that only the variable of national trips was associated with HEV ex-
posure (OR: 5.38; 95% CI: 1.02 - 28.16; P = 0.04). Concerning clini-
cal characteristics of butchers, no association between HEV exposure 
and health status, history of surgery or blood transfusion was found.

Conclusions: Results from this first age-, gender- and residence-

matched serosurvey of HEV infection in butchers in Mexico suggest 
that this population group does not have a higher risk for HEV infec-
tion than people from the general population. However, further stud-
ies to confirm the lack of association between HEV infection and the 
occupation of butcher are needed.
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study; Mexico

Introduction

Hepatitis E is one of the most frequent acute viral hepatitis 
worldwide [1]. This disease is caused by hepatitis E virus 
(HEV), an RNA virus of positive polarity [2]. About 20 mil-
lion cases of acute hepatitis E occur yearly [3]. Infections with 
HEV may also lead to fulminant hepatitis and chronic hepati-
tis [4]. HEV infection has also been associated with maternal 
mortality [5]. Transmission routes of HEV vary depending 
of the development of the country. In developing countries, 
transmission of HEV occurs mainly by ingestion of contami-
nated drinking water with human feces [6], whereas in de-
veloped countries, infections with HEV occur by zoonotic 
transmission or transfusion of contaminated blood products 
[6]. Other routes of HEV transmission include solid organ 
transplantation [7] and hemodialysis [8]. Infections with HEV 
have been demonstrated in several animals used for human 
consumption including, for instance, pigs [9], wild boars [10], 
deer [11], goats [12, 13] and sheep [14]. Seroreactivity to an 
agent antigenically related to the HEV was found in dairy 
cows in the United States recently [15]. Exposure to meat 
from infected animals might be a risk for HEV infections in 
humans [16-18].

Very few studies on the seroepidemiology of HEV ex-
posure in butchers have been reported. High seroprevalence 
of HEV exposure in butchers has been found, for instance, 
57.7% in China [14] and 76% in Burkina Faso [19]. How-
ever, there is a lack of age- and gender-matched case-control 
studies to assess the association between HEV exposure and 
a butcher occupation. Therefore, this study aimed to deter-
mine: 1) the association between anti-HEV IgG antibodies 
seropositivity and the occupation of butcher; and 2) the as-
sociation between HEV seropositivity and the work charac-
teristics of butchers.
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Materials and Methods

Study design and populations studied

We performed an age- and gender-matched case-control study 
of 101 butchers and 101 people without an occupation of 
butcher. Inclusion criteria for butchers (cases) were: 1) people 
with occupation of butchers; 2) working in the municipality 
of Durango, Mexico; and 3) aged 16 years and older. Of the 
101 butchers, 17 were females and 84 males. Age in butchers 
varied from 16 to 71 (mean: 38.50 ± 12.52) years. Twenty-
five butchers were enrolled in rural areas and 76 in an urban 
area (Durango City). Inclusion criteria for the control group 
were: 1) people without occupation of butcher; 2) residence in 
the municipality of Durango; and 3) aged 16 years and older. 
Control subjects were matched with cases by age, gender and 
area of residence (rural or urban). Thus, the control group in-
cluded 17 females and 84 males with an age varying from 18 
to 71 (mean: 38.43 ± 14.13) years. Twenty-five controls were 
enrolled in rural areas and 76 in an urban area (Durango City). 
Age, sex and residence area were similar in cases and controls 
(P = 0.97, P = 1.00 and P = 1.00, respectively).

Sociodemographic, work, behavioral and clinical charac-
teristics of butchers

We obtained the sociodemographic, work, behavioral and 
clinical characteristics of butchers with a standardized ques-
tionnaire. The sociodemographic characteristics included age, 
sex, birthplace, residence, education and socioeconomic sta-
tus. Work characteristics included work place (butcher shop 
or abattoir), seniority (years working in the meat industry), 
frequency (number of days a week) of contact with raw meat, 
use of masks, gloves and goggles, history of splashes at face 
with raw meat or blood, eating when working and injuries 
with sharp material at work. Behavioral characteristics in-
cluded consumption of untreated water, unpasteurized milk, 
unwashed raw fruits and vegetables, ham, salami or sausages, 
raw or undercooked meat and type of meat consumed (pork, 
boar, turkey, chicken, duck, beef, venison, lamb, goat, rabbit, 
horse, or other). In addition, a history of raising farm animals, 
frequency of eating away from home (in restaurants or fast 
food outlets), soil contact, type of flooring at home and na-
tional or international traveling was recorded. Clinical char-
acteristics included health status, and history of surgery, organ 
transplant, or blood transfusion.

Detection of anti-HEV IgG antibodies

Serum was obtained from a 3-mL blood sample of each partici-
pant. Sera were kept frozen at -20 °C until analyzed. Detection 
of anti-HEV IgG antibodies was performed by using the com-
mercially available enzyme immunoassay kit “AccuDiag™ 
HEV IgG ELISA” (Diagnostic Automation Inc., Woodland 
Hills, CA, USA). All assays were performed following the 

manufacturer’s instructions.

Statistical analysis

Data were analyzed with the software SPSS version 20 and 
Epi Info version 7. The sample size was calculated using the 
following values: a power of 80%, a 95% two-sided confi-
dence level, a 1:1 ratio of cases and controls, a 36.6% out-
come in unexposed group [20] and an odds ratio (OR) of 2.5. 
The result of this calculation was 86 cases and 86 controls. 
For age matching, we used the Student’s t-test. The Pearson’s 
Chi-squared test was used for matching of gender and area 
of residence and to compare the HEV IgG seropositivity rate 
in cases and controls. In addition, the Pearson’s Chi-squared 
test or the two-tailed Fisher’s exact test (for values < 5) were 
used to assess the association between the characteristics of 
butchers and the presence of anti-HEV IgG antibodies. Logis-
tic regression analysis with the Enter method was used to as-
sess further the association between HEV seropositivity and 
sociodemographic, work and behavioral characteristics. Only 
characteristics that obtained a P value < 0.05 in the bivariate 
analysis were analyzed by logistic regression. We calculated 
the OR and 95% confidence interval (CI), and a P value less 
than 0.05 was considered as statistically significant.

This study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects as 
well as with the Helsinki Declaration. The Ethical Commit-
tee of the Faculty of Medicine and Nutrition in Durango City, 
Mexico approved this study. Cases and controls were informed 
about the aims, purposes and procedures of the study before 
enrollment. All cases and controls voluntarily accepted to par-
ticipate in the study.

Results

Anti-HEV IgG antibodies were found in 18 (17.8%) of the 
101 butchers and in 14 (13.9%) of the 101 control subjects. 
Seroprevalence of HEV infection in butchers was similar to 
the one found in controls (OR: 1.34; 95% CI: 0.63 - 2.88; P = 
0.44). Stratification by sex, age and area of residence in cases 
and controls showed similar seroprevalences of HEV infection 
among groups (Table 1). Of the sociodemographic character-
istics of butchers, bivariate analysis showed that HEV sero-
prevalence was higher in butchers with low education (up to 
6 years) than those with higher education (more than 6 years) 
(P = 0.03) (Table 2). Other sociodemographic characteristics 
including age, sex, birthplace, residence and socioeconomic 
level did not show an association with HEV exposure. With 
respect to work characteristics, the variables of work place, 
seniority and eating while working showed P values < 0.05 
by bivariate analysis (Table 3). Whereas frequency of contact 
with raw meat, use of masks, gloves and goggles, history of 
splashes at face with raw meat or blood, and injuries with sharp 
material at work were not associated with HEV exposure (P 
value > 0.05). Concerning clinical characteristics of butchers, 
health status and history of surgery or blood transfusion were 
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not associated with HEV exposure. None of the butchers had 
had an organ transplantation. Of the behavioral characteristics, 
the variables of a history of raising farm animals and national 
trips were associated with HEV exposure by bivariate analy-
sis. Whereas the rest of behavioral characteristics of butchers 
including consumption of untreated water, unpasteurized milk, 
unwashed raw fruits and vegetables, ham, salami or sausages, 

raw or undercooked meat, type of meat consumed, frequency 
of eating away from home, soil contact, and type of flooring 
at home did not show an association with HEV exposure. A 
correlation of a selection of behavioral variables and HEV se-
roprevalence is shown in Table 4. Further analysis by using 
logistic regression of sociodemographic, work and behavioral 
characteristics of butchers with P values < 0.05 obtained by bi-

Table 1.  Stratification by Sex, Age and Residence in Butchers and Controls and Seropositivity to HEV

Characteristic
Cases Controls

Odds 
ratio

95% confi-
dence interval P value

No. of tested
Seropositivity to HEV

No. of tested
Seropositivity to HEV

No. % No. %
Sex
  Male 84 17 20.2 84 13 15.5 1.38 0.62 - 3.07 0.42
  Female 17 1 5.9 17 1 5.9 1.00 0.05 - 17.41 1.00
Age (years)
    ≤ 30 29 2 6.9 32 2 6.3 1.11 0.14 - 8.44 1.00
  31 - 50 52 10 19.2 45 6 13.3 1.54 0.51 - 4.65 0.43
  > 50 20 6 30.0 24 6 25.0 1.28 0.34 - 4.86 0.71
Residence
  Urban 76 12 15.8 76 4 5.3 3.37 1.03 - 10.99 0.06
  Rural 25 6 24 25 10 40.0 0.47 0.14 - 1.60 0.22

HEV: hepatitis E virus.

Table 2.  Sociodemographic Characteristics of Butchers and Seroprevalence of HEV Infection

Characteristic No. of subjects tested
Prevalence of HEV infection

P value
No. %

Age groups (years)
  30 or less 29 2 6.9 0.10
  31 - 50 52 10 19.2
  > 50 20 6 30.0
Gender
  Male 84 17 20.2 0.29
  Female 17 1 5.9
Birth place
  Durango State 92 15 16.3 0.15
  Other Mexican State 8 3 37.5
Residence place
  Durango State 99 18 18.2 1.00
  Other Mexican State 1 0 0.0
Educational level
  Up to 6 years 39 11 28.2 0.03
  > 6 years 61 7 11.5
Socio-economic level
  Low 35 9 25.7 0.08
  Medium 59 7 11.9

HEV: hepatitis E virus.
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Table 3.  Bivariate Analysis of Work Factors and HEV Seropositivity in Butchers

Characteristic No. of subjects tested
Prevalence of HEV infection

P value
No. %

Work place
  Butcher shop 51 3 5.9 0.006
  Slaughterhouse No. 1 18 5 27.8
  Slaughterhouse No. 2 32 10 31.2
Duration in the activity
  Up to 5 years 31 1 3.2 0.02
  6 to 10 years 23 6 26.1
  More than 10 years 40 11 27.5
Days a week with raw meat contact
  Up to 3 97 18 18.6 1.00
  4 to 7 1 0 0
Animals most frequently handled
  Cattle 94 18 19.1 0.98
  Pigs 35 7 20
  Chicken 6 1 16.7
Ever worked with raw meat in another city
  Yes 12 4 33.3 0.22
  No 84 14 16.7
Wearing gloves
  Yes 26 4 15.4 0.77
  No 69 14 20.3
Wearing mask
  Yes 47 10 21.3 0.56
  No 48 8 16.7
Wearing safety glasses
  Yes 7 0 0 0.34
  No 88 18 20.5
Splash of blood or raw meat at face
  Yes 74 13 17.6 0.76
  No 24 5 20.8
Injuries at work
  Yes 91 17 18.7 1.00
  No 7 1 14.3
Eating while working
  Yes 43 2 4.7 0.002
  No 55 16 29.1
Washing hands before eating
  Yes 88 18 20.5 0.20
  No 10 0 0
Raw meat consumption
  Yes 19 1 5.3 0.18
  No 79 17 21.5

HEV: hepatitis E virus.
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Table 4.  Bivariate Analysis of a Selection of Behavioral Factors and Seroprevalence of Infection With HEV in Butchers

Characteristic No. of subjects tested
Prevalence of HEV infection

P value
No. %

Raising farm animals
  Yes 72 18 25.0 0.003
  No 29 0 0.0
Traveled abroad
  Yes 33 9 27.3 0.06
  No 66 8 12.1
National trips
  Yes 58 15 25.9 0.006
  No 41 2 4.9
Goat meat consumption
  Yes 35 9 25.7 0.11
  No 62 8 12.9
Sheep meat consumption
  Yes 74 10 13.5 0.13
  No 26 7 26.9
Venison consumption
  Yes 30 8 26.7 0.10
  No 68 9 13.2
Skunk meat consumption
  Yes 1 1 100.0 0.17
  No 100 17 17.0
Ostrich meat consumption
  Yes 7 3 42.9 0.10
  No 94 15 16.0
Degree of meat cooking
  Raw 1 0 0.0 0.42
  Undercooked 9 3 33.3
  Well done 78 13 16.7
Sausages consumption
  Yes 96 15 15.6 0.13
  No 4 2 50.0
Ham consumption
  Yes 95 15 15.8 0.07
  No 3 2 66.7
Unwashed raw vegetables
  Yes 40 8 20.0 0.43
  No 57 8 14.0
Unwashed raw fruits
  Yes 64 13 20.3 0.31
  No 33 4 12.1
Untreated water
  Yes 69 11 15.9 0.57
  No 29 6 20.7
Frequency of eating out of home
  Never 9 2 22.2 0.55
  1 to 10 times a year 37 8 21.6
  > 10 times a year 52 7 13.5

HEV: hepatitis E virus.
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variate analysis showed that only the variable of national trips 
was associated with HEV exposure (OR: 5.38; 95% CI: 1.02 
- 28.16; P = 0.04) (Table 5).

Discussion

Hepatitis E is a zoonosis and contact with blood or flesh of 
animals with HEV infection may represent a risk for infection 
in humans. However, the magnitude of the association between 
occupational exposure to animal blood or flesh and HEV in-
fection has been scantily studied. Therefore, in this study, we 
aimed to determine the association between HEV seroposi-
tivity and the occupation of butcher in a sample of people in 
Durango, Mexico. We found a similar seroprevalence of HEV 
infection in butchers than in controls. Even stratification by sex, 
age and area of residence in cases and controls showed simi-
lar seroprevalences of HEV infection among groups. Results 
thus indicate that the occupation of butcher does not represent 
a risk for HEV infection in our setting. The lack of associa-
tion between HEV exposure and butcher occupation was un-
expected. Butchers have more contact with blood and flesh of 
animals for human consumption than people without this oc-
cupation. And blood and flesh from many animals for human 
consumption might have HEV. In fact, HEV infection has been 
demonstrated in backyard and slaughtered pigs in our region 
[21]. Pork is commonly handled by butchers in our region. 
The seroprevalence (17.8%) found in butchers is low as com-
pared to that found in adults of the general population in rural 
Durango, Mexico (36.6%) [20]. However, the seroprevalence 
found in butchers in this study is higher than those previously 
reported in other populations in rural Durango including preg-
nant women (5.7%) [22] and Mennonites (6.7%) [23]. In these 
studies [20, 22, 23], the enzyme immunoassay for detection of 
HEV antibodies was the same as the one used in the present 
study. However, differences in age of individuals can explain 
the difference in seroprevalence found in butchers and preg-
nant women. Mean age in butchers was 38.50 ± 12.52 years, 
whereas mean age in pregnant women was 24.53 ± 6.1 years 
[22]. Seroprevalence of HEV exposure increases with age in 
our region [20, 22, 23] and in other countries [24, 25]. This 
was a reason we performed an age-matching in our study. The 
mean ages in the other population groups including Mennonites 
(38.40 ± 15.53 years) [23], and general population in rural areas 
(39.85 ± 17.15 years) [20] were similar to the one in butchers. 

Therefore, factors other than age might have contributed for 
infection in those groups. We looked for risk factors associated 
with HEV exposure in butchers. Logistic regression of soci-
odemographic, work and behavioral characteristics of butchers 
showed that only the variable of national trips was associated 
with HEV exposure. This fact suggests that HEV exposure in 
butchers was acquired in Mexican States other than Durango 
State. This finding further supports that occupational exposure 
to meat does not represent a high risk for HEV infection in our 
setting. In a study in Cyprus, researchers also found a low se-
roprevalence of HEV in butchers and veterinarians (2%) [26]. 
In contrast, our results conflict with those reported in a study 
in Portugal where researchers found a higher seroprevalence 
of HEV infection in workers occupationally exposed to swine 
(slaughterhouse workers, veterinarians, butchers and pig farm-
ers) than control individuals from the general population [27]. 
In another study, researchers found a higher seroprevalence of 
HEV infection in pork butchers than in controls of the general 
population in Burkina Faso [19]. However, in those studies, 
no age-, gender- and residence-matching was performed or 
reported. Age-matching is important because HEV exposure 
increases with age [20, 22-25]. In the present study, we also 
matched cases with controls for gender and residence. Sig-
nificantly higher seroprevalence rates of HEV infection were 
found in residents of suburban and rural areas compared with 
residents of urban areas in a study in Croatia [28].

The limitations of the present study include: 1) studied 
butchers were enrolled in only one Mexican state; and 2) no 
further tests as anti-HEV IgM antibody reactivity or detection 
of RNA by molecular assays were performed.

Conclusions

Results from this first age-, gender- and residence-matched 
serosurvey of HEV infection in butchers in Mexico suggest 
that this population group does not have a higher risk for HEV 
infection than people from the general population. However, 
further studies to confirm the lack of association between HEV 
infection and the occupation of butcher are needed.
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