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Abstract.  To clarify the risk of Toxoplasma gondii infection among slaughterhouse
workers, we investigated Toxoplasma antibody in workers and swine in the
meat center of Kitakyushu City and discussed the result from the standpoint
of working conditions. ~ Among 67 slaughterhouse workers, 22 were positive
for Toxoplasma antibody (positive rate, 32.8%), while among 208 swine, 19
were positive (positive rate, 9.1%).  When classified by ages of workers,
positive rates in workers were 0% at the age of 30 or less and around 40%
at the age of 31 and over.  Especially, positive rate became as high as 66.7%
in workers aged 61 and over.  Positive rates for Toxoplasma antibody in
workers classified by duration of employment were 25% for 5 years or less
and 41.5% for 6 years and over.  Moreover, there was no difference in
positive rates of Toxoplasma antibody between swine slaughterers (positive rate,
32.4%) and cattle slaughterers (33.9%).  Although overall positive rate of
Toxoplasma antibody in slaughterers was higher, positive antibody in younger
slaughterers or that of shorter duration of employment was considerably low.
In addition, since positive rate of Toxoplasma antibody in swine brought to
the slaughterhouse has decreased remarkably in comparison to the previous
study, risk of toxoplasmosis in slaughterhouse workers also seemed to have
decreased.
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Introduction

Although it has been reported that positive rates of Toxoplasma antibody in slaughterers
are higher in Japan, there is extremely little supporting evidence. = Moreover, data from
actual investigations have rarely been published.

In 1963, Kobayashi et al. [1] investigated positive rates of Toxoplasma antibody in
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workers of the Shibuya slaughterhouse in Tokyo.  They reported that the actual positive
rate of Toxoplasma antibody in slaughterhouse workers was 68%, which was markedly
higher than the rate in the general population. Thereafter, no further reports have been
published except for those describing recent decreases in the general population and
inspectors (veterinarians) [1—4].

Therefore, we investigated changes in positive rate of Toxoplasma antibody in actual
Meat Center workers in Kitakyushu City. In addition, a questionnaire survey was
conducted to determine the relation between toxoplasmosis and working at the Meat
Center.

Although toxoplasmosis has been reported to induce abortion, fetal hydrocephalus,
retinochoroiditis and lymphadenitis, it was not thought to be very important, because
most of the lesions were subclinical.  Recently, however, in Europe and America, it has
been reported that Toxoplasma induced toxoplasmic encephalitis with severe symptoms in
patients with immunodeficiency, such as HIV infection. ~ Thus, toxoplasmosis has become
a focus of renewed attention [5].  Therefore, it seems to be important to understand the
current status of toxoplasmosis in Japanese slaughterers in such backgrounds.

Materials and Methods

Test serum

Sera used in this investigation were obtained from 67 workers at the Meat Center in
Kitakyushu City in 1992 and 1993, and from 208 swine brought into the same Meat
Center in 1992.  For comparison, we also investigated the sera of 40 citizens (other than
slaughterers) of Kitakyushu City and 38 cats bred in Kitakyushu City area.  Presence of
infection was serodiagnostically investigated by an applied latex-agglutination test of
toxotest-MT (Eiken Chemical Co., Ltd.).  Positive infection was judged by agglutination
titers as—1: 32 in humans [6], and=1: 64 in swine and cats [7].

Questionnaire survey

A questionnaire survey was conducted to clarify the relation between working conditions
at the Meat Center and toxoplasmosis.  Items on the questionnaire were gender, age,
duration of employment, details of working, kinds of domestic animals exposed to and
experience with breeding cats.

Data analysis

Data were analyzed with SPSS Release 10.0 (SPSS Inc.). To compare antibody
titers between 1992 and 1993, a statistical analysis was made using the paired z-test after
the logarithmic transformation (Log base 2) of the value of ftiters.

Questionnaires were analyzed to assess the association between Toxoplasma infection
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Fig. 1. Distribution of Toxoplasma antibody titer of workers in a meat center.

Table 1.  Sex difference of Toxoplasama infection

Serodiagnosis Male Female Total
Postive 8(25%) 14 (40%) 22(33%)
Negative 24 21 45
Total 32 35 67

Chi-square=1.705 P=0.192

and the job characteristics of the workers. The age and the periods of working were
stratified. Frequencies of infection were calculated for all questionnaire data.

Proportions were compared using the Chi-Square test or Fisher’s exact test, if a cell
contained=5 expected value. = When the categories ware ordinal such as age group and
the period of working, Somer’s D test was applied to determine if there is any trend.

Results

Positive rates of Toxoplasma antibody and distribution of Toxoplasma antibody titers

Apparent bimodality was observed in distribution of Toxoplasma antibody titers by
the latex-agglutination test, showing a bottom at 1: 16 and 2 peaks at 1: 64 and 1: 512
as shown in Fig. 1.  Therefore, there was no problem in considering agglutination titers
=1: 32 as positive.

Positive rates of Toxoplasma antibody in Meat Center workers are shown in Table 1.
Overall positive rate was 33%, which consisted of 25% in males and 40% in females.
Positive rates in females tended to be higher than those in males. = However, there was
no significant difference. ~ As shown in Table 2, in comparison according to age, positive
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Table 2.  Serodiagnosis of Toxoplasama infection with age group

Age group (years old)

Serodiagnosis o 1 301039 40 0 49 50 o 59 60 or More

Positis 0 2 11 3 6
ostive 0.0% 15.4% 44.0% 27.3% 54.6%
Neo 7 11 14 8 5
ceative 100.0% 84.6% 56.0% 72.7% 45.5%
Total 7 13 25 1 11
Somer’s d=0.339 P=0.019
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Fig. 2. Changes of Toxoplasma antibody titers from 1992 to 1993. The boxes indicate
the mean of 23 cases and the bars indicate 95% CI (confidence interval).

%k 2cases, * *: 3cases

rates tended to increase with age, and there were no positive subjects aged less than 30
years, which was especially noted. In addition, there were no subjects who converted
from negative to positive in 1992 and 1993.

Figure 2 shows the change of antibody titers in the subjects that gave us paired serum
samples, either of which reacted in the latex-agglutination test. — Out of 17 positive
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Fig. 3. Distribution of Toxoplasma antibody titer of swine slaughtered in a meat center.

Table 3.  Serodiagnosis of Toxoplasama infection with the period of working

Period of working (years)

Serodiagnosis 9 or less 10 to 19 20 or more Total

Positive 4 0 12 2
14.8% 333% 54.6%

Negative 23 12 10 45
85.2% 66.7% 45.5%

Total 27 18 22 67

Somer’s d=0.414 P=0.003

subjects, no case showed an increase of titer duning the period of a year.  The decline
of mean titer of 23 subjects was statistically significant (paired t-test, P=0.027).

Overall positive rate of serum reaction in the general population of Kitakyushu City
was 19.2%.

Positive rate of Toxoplasma antibody in swine was 9.1%. However, as shown in
Fig. 3, distribution of antibody titers on latex-agglutination reaction did not show bimodality
and it was problematic to consider agglutination titers=1: 32 was positive.

Positive rate of cat’s sera was only 5.3%.

Relation between infection and the results of a questionnaire survey
1) Period of working
When we compared positive rate according to period of working, they were apparently
higher in workers who had a prolonged duration of employment, as shown in Table 3.
This tendency was more apparent and more significant than that according to age.
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Table 4.  Serodiagnosis of Toxoplasama infection with the type of job

Serodiagnosis ) Type of Job
Slaughter Eviscerator Inspector Clerk Total
Positive ? I3 0 0 22
34.6% 38.2% 0.0% 0.0%
Negative 17 21 3 4 45
65.4% 61.8% 100.0% 100.0%
Total 26 21 3 4 67

Fischer’'s Exact test P=0.377

Table 5.  Serodiagnosis of Toxoplasama infection in meat handled

) Swine Cattle
Serodiagnosis
Yes No Total Yes No Total

Positive 1 11 2 19 3 2

v 324%  333% 339%  27.3%
Nesative 23 2 45 37 8 45

£ 67.7%  66.7% 66.1%  72.7%
Total 34 33 67 56 1 67

Swine: Chi-square=0.007 P=0.932
Cattle: Fischer’s Exact test P=1.000

2) Type of job

The relation between type of job and the positive rate of Toxoplasma antibody is shown
in Table 4. Workers in the slaughterhouse were classified into 4 types, such as slaughterers,
eviscerators, inspectors (veterinarians) and clerks.  Although positive rates were higher
in slaughterers and eviscerators, there was no significant difference between the two.
Moreover, there were no positive subjects among inspectors or clerks.
3) Kind of domestic animals dealt with

Jobs in slaughterhouses can also be classified according to the kind of domestic animal
slaughtered. ~ The Meat Center investigated in this study dealt with swine and cattle, and
types of jobs were relatively specialized. ~ Therefore, workers who dealt with swine only
handled swine, while those who dealt with cattle only handled cattle, and there was no
interchange.  However, there was no difference in positive rates between the two groups,
as shown in Table 5.
4) Breeding of cats

Cats are the most important source of Toxoplasma infection.  Therefore, we also
compared positive rate in workers according to their experience with breeding cats.  As
a result, contrary to our expectation, positive rates of Toxoplasma antibody was significantly
lower in workers who had experience at breeding cats compared to the rate in other
workers, as shown in Table 6.
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Table 6. Serodiagnosis of Toxoplasama infection
with the history of owning cats

Serodia i Cat owner
rodiz sis
Crociagnosts Yes No Total
Positive 2 20 22
' 10.5% 41.7%
Negative 17 28 45
& 89.5% 58.3%
Total 19 48 67

Chi-square=5.985 P=0.014

Discussion

In 1963, Kobayashi et al. [1] investigated positive rates of Toxoplasma antibody in
workers at the Shibuya slaughterhouse in Tokyo.  They reported that positive rates were
68% in slaughterers and 70% in inspectors (veterinarians), which were markedly higher
than those in the general population. Thereafter, no investigation was performed on
slaughterers. However, concerning inspectors (veterinarians), the positive rate of
Toxoplasma antibody was reported to have markedly decreased to 23.5% in Kobe, 1986
[4] and 33.6% at the Shibuya slaughterhouse in Tokyo, 1988 [3].

Our investigation of the positive rates of Toxoplasma antibody in slaughterhouse
workers was the first such study in the Kyushu area performed after a 30-year hiatus
in Japan.  As a result, the positive rate in slaughterers at the Meat Center in Kitakyushu
City was 33%.  Concerning higher rates of positive antibody carriers among the general
population in Kyushu compared to rates in other areas [8, 9], 33% was thought to be
markedly low. However, since antibody carriers comprised 19.2% of the general
population in Kitakyushu City, positive rates in slaughterhouse workers were still high.

Moreover, positive rates of the antibody tended to be higher in older workers at the
Meat Center in Kitakyushu City, and there were no positive subjects observed among
workers aged 30 or less.  In addition, since there were no new positive antibody carriers
found during a 2-year investigation in 1992 and 1993, the frequency of toxoplasmosis
was thought to have markedly decreased in recent years despite higher rates of infection
in the past.

Strong evidence to support the idea of a recent decrease in the risk of Toxoplasma
gondii infection is the apparent tendency of the decrease of antibody titer in positive cases.
Out of 17 positive subjects, from whom we obtained paired serum samples, none had
an increase in the titer. In most of the cases, it seems that the titer was decreasing
gradually.

The infection routes of Toxoplasma in humans are 1) peroral of oocysts excreted into
the feces of cats, 2) peroral of cysts in meat, 3) invasion of trophozoites in meat through
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wounds or mucous membranes, and 4) transplacenta.  Toxoplasmosis in slaughterhouse
workers tended to be due to routes 2) and 3) as mentioned above. From the results
of our questionnaire, almost all slaughterhouse workers were ignorant of the risk of
toxoplasmosis and Toxoplasma itself.  In addition, as far as we observed the life style
of workers, it was difficult to presume that physical contact with raw meat has decreased.

Therefore, decrease in the positive rates of Toxoplasma antibody among slaughterhouse
workers was, as suggested by Kobayashi et al. [3], presumed to be due to the rapid decrease
in rates of infection, especially in swine and cats, followed by decrease in the frequency
of toxoplasmosis in humans.  For example, in Japan, positive rate of antibody in swine
was reported to be 24% on average in 1954 and 1976. However, it has also been
reported that positive rate of antibody has rapidly decreased since 1980, and actual rate
of positive antibody carriers was in the range of 0.33 [10] and 1.8% [11] in the latter
half of 1980.  Although in our investigation, positive rate of Toxoplasma antibody was
as high as 9.1% in swine brought into the Meat Center, the distribution of antibody titers
in latex-agglutination reaction did not show bimodality.  Therefore, it was presumed that
positive cases had a higher possibility of being false-positive, and that the number of
true-positive swine was considerably smaller.

Moreover, the rate of positive antibody carriers was also higher at around 40% in
cats [3], though an investigation performed in Saitama prefecture in 1989 and 1991 showed
that they had decreased to 10.5% [12]. In our investigation, only 5.6% of cats in
Kitakyushu City was positive for antibodies. |

Our investigation supported the opinion that decrease in positive rate of Toxoplasma
antibody in the Meat Center workers was mainly due to decrease in the rate of infection in
cats and swine, which are sources of infection.

The rates of positive antibody carriers in the Meat Center workers in Kitakyushu City
classified by job type were higher in actual slaughterers and eviscerators.  Since there
was no significant difference between the two, this result suggested that there was no
difference in the chances of infection due to the animal organs handled.  Although it
was surprising that there were no infected subjects among inspectors (veterinarians), the
reason may be that all of them have been engaged in the inspection of meat in recent

years after a revolutionary decrease in the infection rates of Toxoplasma in domestic
animals. Moreover, another reason might be due to more thorough sanitary control by
mspectors (veterinarians) than slaughterers.

In Japan, since swine are thought to be the main source of Toxoplasma infection in
slaughterhouses, swine have been a focus of toxoplasmosis investigations.  However, our
investigation demonstrated that there was no difference in rates of infection between workers
who handled swine and those who handled cattle.

According to a personal communication from a veterinarian, the reason for focusing
on swine was simple, because swine have a higher sensitivity to Toxoplasma and mass
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abortion or stillbirth frequently occurred in the past.  Although Toxoplasma could infect
cattle, most of the cases were subclinical infections.  Therefore, cattle have not been
regarded as a source of infection. =~ However, our results suggest that cattle should also
be reconsidered as a source of Toxoplasma infection.

Cats are the final hosts of Toxoplasma and excrete a large number of oocysts in feces
right after infection, which then become a source of infection for many other animals,
including humans.  However, in our study, the rate of positive antibody carriers in
subjects who have had experience in cat breeding was unexpectedly and markedly low.
This result suggests that the source of Toxoplasma in slaughterhouse workers is not likely
to be cats at home, but domestic animals being slaughtered.

Conclusion

The Meat Center workers had a higher positive rate of Toxoplasma antibody.  However,
in this study, it was assumed that the risk of toxoplasmosis in slaughterhouse workers
has decreased dramatically along with that in the general population due to decrease in
positive rates in swine.

However, since positive rate of antibody has no relation with types of job or kinds
of domestic animals, and low positive rate in subjects with experience in breeding cats,
investigation of Toxoplasma antibody titers in other animals or more minute investigations
of slaughterhouse workers as well as comparative studies are thought to be appropriate
for the future.
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