Accepted Article

Article Type: Original Paper

Seroprevalence and risk factors of Toxoplasma gondii infection
among healthy blood donors in southeast of Iran
Hossein Mahmoudvand 1, Ebrahimm Saedi Dezaki 2, Saied Soleimani 3, Mohammad Reza
Baneshi 4 , Farnaz Kheirandish 5, Behrouz Ezatpour 5, Naser Zia-ali 1, 2 *
1

Research Center for Tropical and Infectious Diseases, Kerman University of
Medical Science, Kerman, Iran

2

Department of Medical Parasitology and Mycology, Kerman University of Medical Sciences
Kerman, Iran
3

4

Kerman Blood Transfusion Organization, Kerman, Iran

Research Center for Modeling in Health, Institute of Futures Studies in Health,
Kerman University of Medical Sciences, Kerman, Iran.

5

Department of Medical Parasitology and Mycology, Kerman University of Medical Sciences
Kerman, Iran

*Corresponding author:
Dr. Naser Zia-ali, PhD. Research Center for Tropical and Infectious Diseases, Kerman
University of Medical Science ,Kerman, 76169-141119, Iran
Tel –Fax: +98 341 3221660

E-mail: naserzia@yahoo.com

Disclosures:
None
This article has been accepted for publication and undergone full peer review but has not
which may ,pagination and proofreading process ,typesetting ,been through the copyediting
ite this article as Please c .lead to differences between this version and the Version of Record
12198.pim/10.1111 :doi
This article is protected by copyright. All rights reserved.

Accepted Article

Abstract
This prospective cross-sectional study was aimed to evaluate the prevalence of IgM and IgG
anti-T. gondii antibodies and the associated risk factors among healthy blood donors in
Kerman province, southeastern Iran. Structured questionnaires (before the donors gave blood)
were used to obtain information on risk factors for infection. Totally, 500 serum samples
from healthy blood donors of Kerman Blood Transfusion Organization (KBTO) at Kerman,
Iran, were screened for IgG and IgM anti-T. gondii antibodies by enzyme linked
immunosorbent assay (ELISA) and Roche Elecsys Toxo IgM assay. Real-Time PCR was
used to detect DNA of T. gondii in the IgM-positive samples. Seroprevalence of IgG and IgM
anti-T. gondii antibodies was 28.8% and 3.2%, respectively. In the multiple logistic
regression, it could be observed that living in rural regions, having B blood type, being in
contact with cats, consuming raw vegetables and raw-milk/egg and doing agricultural
activities were independent risk factors for Toxoplasma seropositivity. T. gondii DNA was
also found in one (9.0%) of IgM-positive samples. In this study, it was found that T. gondii
infection was present among healthy blood donors in southeast of Iran. Therefore, it is
suggested

to

design

screening

programs

for

preventing

transfusion-transmitted

toxoplasmosis.
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INTRODUCTION
Toxoplasma gondii is a ubiquitous obligatory intracellular coccidian protozoan organism
found throughout the world that infects a wide range of warm-blooded animals and
approximately one-third of the world's human population (1). Seroprevalence of this infection
varies widely between different countries (10–80%), depending on social and cultural habits,
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geographic factors, climate, and transmission routes (2). The majority of toxoplasmosis
among immunocompetent people is usually asymptomatic and self-limiting; however, severe
diseases and complications can occur in immunocompromised individuals such as transplant
recipients and patients with acquired immunodeficiency syndrome and also congenitally
infected children (3-6). Humans can be typically infected by three main routes of
transmission: [1] ingestion of tissue cysts in raw or undercooked infected meat, [2] ingestion
of food or water contaminated with sporulated oocysts shed in the feces of an infected cat,
and [3] congenitally, vertical transmission from mother to fetus across the placenta when she
is formerly infected through one of the above two routes during pregnancy (7, 8). In addition,
T. gondii infection can be transmitted by the whole blood or white blood cell transfusions or
organ transplantation from seropositive donors to susceptible recipients (9-11). Since a
considerable portion of blood donors is at the risk of toxoplasmosis, it is necessary to
determine the seroprevalence in donor population so that proper strategies can be adopted to
decrease the risk. So far, in various studies, the prevalence of T. gondii antibodies among
blood donors has been reported in different regions of the globe (12-23). Nevertheless, the
prevalence of toxoplasmosis in healthy blood donors of Iran remains uncertain. This crosssectional study was aimed to evaluate the prevalence of IgM and IgG anti-T. gondii
antibodies and the associated risk factors among healthy blood donors in Kerman province,
southeast of Iran.

MATERIALS AND METHODS
Ethics
This study was approved by Ethics Committee of Kerman University of Medical Sciences. In
addition, a written informed consent was obtained from all the participants before blood
sampling.
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Study design

A prospective cross-sectional study was performed in the five biggest blood centers of
Kerman Blood Transfusion Organization (KBTO) in Kerman province, Iran. This province
covers an area of 181714 km2 with the population of nearly 2,700,000 and is located in the
southeast of Iran (Fig. 1). It is the largest province and includes 11% of the total area of the
country. The major cities in this province are Kerman, Sirjan Jiroft, Rafsanjan, and Bam. Its
climate varies in different regions, depending on the land relief. Northern, northwestern, and
central areas (Kerman, Shahr-e-Babak, Baft, and Sirjan) experience a dry and moderate
climate, whereas southern and southeastern (Bam and Jiroft) parts have warm and relatively
humid weather.
Sample collection and participants
Totally, 500 serum samples were collected two days in week from apparently healthy blood
donors of referred the five biggest blood centers of KBTO in Kerman, Iran, during the period
from May to November 2014. All the samples from blood donors were routinely tested in
terms of antibodies against human immunodeficiency virus (HIV), hepatitis C virus (HCV),
hepatitis B virus surface antigen (HBsAg), and Treponema pallidum infection. None of the
blood donors were seropositive for HIV, HCV, HBsAg, and T. pallidum.
Questionnaire
The applied questionnaire (before the donors gave blood) was based on demographic data
including age, gender, education, residence, and blood group. Moreover, possible risk factors,
such as animal contacts (cats), raw/half-cooked meat consumption (fish, lamb, and beef),
consumption of raw vegetables and raw egg/milk, gardening or agriculture activity, and blood
transfusion were also evaluated.
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Serologic tests
Enzyme-linked immunosorbent (ELISA) test
To evaluate the anti-T.gondii antibodies, serum samples were transported from the five blood
centers to Parasitology Laboratory, Department of Parasitology and Mycology, Kerman
University of Medical Sciences (Kerman, Iran) and stored at -20˚C until being tested. All the
serum samples were tested using the commercially available ELISA kit (Dia.Pro, Italy).
Analyses were performed following the manufacturer's instructions. On the basis of the
ELISA kit, positive results for IgG and IgM were defined as values of ≥500 international
units (IU)/ml and index values of ≥0.6, respectively. Range of equivocal results was from 250
to 500 IU/ml and index values of 0.5 to 0.6 were assumed for IgG and IgM, respectively.
Also, negative results were defined as < 250 IU/ml and index values of < 0.5 were considered
for IgG and IgM, respectively.

Roche Elecsys Toxo IgM assay
Considering low specificity of IgM in the ELISA test, all IgM-positive samples were
analyzed by Roche Elecsys Toxo IgM assay (Roche Diagnostics, Mannheim, Germany)
according to the manufacturer's recommendations. This automated system is based on an
electrochemiluminescence immunoassay and is intended for use on Roche Elecsys and Roche
“cobas e” immunoassay analyzers for the in vitro quantitative determination of IgM
antibodies to T. gondii in human serum. Results are expressed as a ratio (cutoff index—signal
sample/cutoff) in the IgM assay. Interpretation of Roche results was based on the
manufacturer's criteria which were classified as follows: <0.8 as nonreactive, ≥0.8 to <1.0 as
indeterminate, and ≥1.0 as reactive.
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Molecular diagnosis
Real-Time PCR was used to detect DNA of T. gondii in the IgM-positive samples. DNA
from blood samples was isolated using a high Pure PCR Template Preparation Kit (Roche
Applied Sciences, Germany) according to the manufacture’s protocol. Real-time PCR was
performed using the iQ5 real-time PCR detection system (Bio-Rad, Hercules, CA) and SYBR
green was used to detect amplification products. The primer used (Invitrogen) amplified a
126

bp

B1

gene

region.

The

forward

and

reverse

sequences

were

5´-

GGAGGACTGGCAACCTGGTGTCG -3´ and 5´-TTGTTTCACCCGGACCGTTTAGCAG
-3´, respectively. As positive control, T. gondii genomic DNA, serially 10 fold diluted and
ranging from 5000 to 0.5 parasites per microliter (TIB MolBiol), and a negative control,
prepared by the substitution of template DNA with distilled water, were used in each RealTime PCR run. Finally, Data analysis was performed using iQTM5 optical system software
(Bio-Rad).

Statistical analyses
Analytical and descriptive statistics was carried out using SPSS 17.0 software (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics were reported in terms of percent (for categorical)
and mean (SD) (for continuous) variables. Chi-square test was applied to access the
univariate association between independent variables and outcome. Multifactorial Logistic
regression models were used to evaluate association between T. gondii seropositivity and the
potential risk factors.
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RESULTS
Participants
A total of 500 blood donors were included in the present study; the mean age of the
participants was 28.9 years old (ranging from 18 to 57 years old). Most participants were
male (91.0%), aged 18-25 years old, living in urban areas, who had college education or
above.

Seroprevalence of anti-T. gondii antibodies
Out of the 500 blood donors, 160 (32.0%) tested seropositive for anti-T. gondii antibodies;
144 (28.8%) donors tested seropositive for only IgG antibody, 5 (1.0%) tested seropositive
for both IgM and IgG and 11 (2.2%) were positive for IgM antibody alone. Thus, the
prevalence rates of IgG and IgM anti-T.gondii antibodies were 28.8% and 3.2%, respectively.
In terms of geographical region, seroprevalence of anti-T.gondii IgG antibody in five blood
centers including Kerman, Sirjan, Rafsanjan, Bam, and Jiroft were 32.6%, 29.2%, 27.7%,
20.9%, and 31.7%, respectively. For gender, seroprevalence of anti-T.gondii IgG antibody
was significantly higher among female donors. Twenty (44.4%) female donors were positive
in terms of IgG anti-T. gondii antibodies compared to 124 (27.2%) male donors (p<0.05). In
contrast, there was no significant difference in the prevalence of IgM anti-T. gondii among
the female (4.4%) and male (3.0%) donors (p = 0.811). Furthermore, Chi square test for trend
revealed that seroprevalence of IgG and IgM anti-T. gondii antibodies increased with age (p =
0.04) (Table 1).
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Roche Elecsys Toxo IgM assay
In order to low specificity IgM antibody in the ELISA test, Roche Elecsys Toxo IgM assay
with higher sensitivity and specificity was used in the 16 (3.2%) IgM-positive samples.
Results showed that 1 (0.2%) sample tested with Elecsys assay were nonreactive, while 15
(3.0%) samples tested were reactive.

Risk factors of being anti-T gondii antibodies
Table 2 shows the associations between risk factors, status of anti-T. gondii IgG antibodies in
the univariate analysis (crude OR), and also multiple logistic regression (adjusted OR).
Variables used in the adjusted model were age, gender, education, residence, blood group,
animal contacts, raw/half-cooked meat consumption, consumption of raw vegetables and raw
egg/milk, gardening or agriculture activity, and blood transfusion. Several risk factors which
were significantly related to T. gondii seropositivity (at least one of the IgG and IgM being
positive) in the univariate analysis at p<0.05 included gender of female (p=0.021), age of
more than 45 years old (p=0.032), living in rural regions (p<0.001), having B blood type
(p=0.005), contact with cats (p<0.001), raw/half-cooked meat consumption (p=0.015),
consumption of raw vegetables (p=0.015), and agricultural activities (p<0.001). However,
other demographic and risk factors of the blood donors did not show any association with T.
gondii seropositivity (Table 2). In multiple logistic regression, it could be observed that living
in rural regions, having B blood type, being in contact with cats, consuming raw vegetables
and raw-milk/egg, and doing agricultural activities were independent risk factors for
Toxoplasma seropositivity.
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Real-time PCR
All IgM-positive samples were tested using the real-time PCR assays for the presence of T.
gondii DNA. T. gondii DNA was found in one (9.0%) of IgM-positive samples. However,
correlation between IgM positivity and PCR results was not statistically significant (p>0.05).

DISCUSSION
Toxoplasma gondii infection as a blood-borne disease can lead to significant clinical
consequences among blood recipients, especially in immunocompromised, multiply
transfused patients, pregnant women, fetus, etc. (3-8). Since the existing therapies are not
fully effective and no safe and efficacious vaccines are available, it is crucial to make efforts
for reducing toxoplasmosis transmission to diminish the severe complication of
toxoplasmosis. In the present study, it was found that 32.0%, 28.8%, 1.0%, and 2.2% of
donors tested were positive for anti-T. gondii antibodies, only IgG antibody, both IgM and
IgG, and IgM antibody alone. However, due to low specificity of IgM in the ELISA test, all
IgM-positive samples were analyzed by Roche Elecsys Toxo IgM assay based on an
electrochemiluminescence immunoassay. The results obtained in this assay demonstrated that
1 (0.2%) sample tested with Elecsys assay were nonreactive, while 15 (3.0%) samples tested
were reactive. In line with these findings Prusa et al (2010) reported that Elecsys assay is a
useful tool as a first-line screening method to detect Toxoplasma infections with high
sensitivity and specificity of 97.1% and 100.0%, respectively (24).

The present findings revealed that both contact with cats and consumption of raw/halfcocked meat are significant risk factors for T. gondii seropositivity, which exhibits that,
among the blood donors in this study, both infection routes, the ingestion of oocysts (animal
to human transmission) and that of tissue cysts in meat (food-borne transmission), existed,
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similar to the infection routes reported in other studies (23,25,26). Prevalence of T. gondii
seropositivity was similar to the seroprevalence reported in Czech Republic (17) and Mexico
(20) and higher than those reported previously in Turkey (19), Mexico (22), India (12),
northeast of Thailand (21), and Taiwan (15). However, it was less than the one reported
among blood donors in central Iran (26), male blood donors in northeast of Brazil (27), north
of India (16), and Egypt (13), where the seroprevalence of T. gondii has varied from 50 to
75.0%. These variations in the prevalence of T. gondii among the blood donors might be
related to sociocultural habits, geographical and environmental factors, and transmission
routes in the studied population (13, 22). In the present study, similar to the work conducted
by Elhence et al. (16), seroprevalence of T. gondii in female donors was significantly higher
than that in males. But, it was in contrast to the results of Sundar et al. (12) and Ormazdi et al.
(26). Such significant difference could be attributed to greater exposure of females to oocysts
and tissue cysts during their daily activities. However, due to the small number of female
donors in the present study, the results need to be confirmed on a larger sample size. This
investigation exhibited that rate of seropositivity increased with age as a consequence of
increased opportunity for exposure; such a finding was in agreement with those observed in
other studies (13, 22, 27). No difference was found between education, raw-milk/egg
consumption, and blood transfusion on the one hand seroprevalence of anti-T. gondii
antibodies on the other. Interestingly, the present study for the first time demonstrated a
significant correlation between T. gondii seropositivity and blood group B (P= 0.008). Since
this correlation may be accidental or accounted for by biased sampling, further studies are
required to elucidate this correlation in more depth.
In addition, it was observed that risk of T. gondii was higher in the donors living in rural
(p<0.001) than those living in urban regions. This significant difference could be attributed to
occupational activities related to contact with animals and having lower socioeconomic and
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lower hygienic lifestyle levels as described elsewhere (16). In this investigation, similar to the
previous studies, it was identified contact with cats, raw/half-cocked meat consumption,
consumption of raw vegetables, and agricultural activities (as potential risk factors for
acquiring toxoplasmosis) were associated with the seropositivity of T. gondii (16, 22, 23).
Our findings also demonstrated that T. gondii DNA was found in one (9.0%) of IgM-positive
samples, therefore presence of parasitemia confirmed by PCR in IgM-positive healthy blood
donors ensures the likelihood of transmission of Toxoplasma through blood transfusion.
However, some factors such as the short duration of parasitemia and the low numbers of
trophozoites circulating in peripheral blood, could lead to a sampling error that will produce
false negative results in such cases (28).

To conclude, in this study, it was found that T. gondii infection was prevalent among healthy
blood donors in the southeast of Iran with the overall seroprevalence rate of 32%. These
results also showed that both infection routes (ingestion of oocysts and that of tissue cysts)
existed in the blood donors of this region. Moreover, it was observed that anti-T. gondii IgM
seroprevalence among blood donors included in the present study had a high considerable
rate. Regarding the presence of immunosuppressed and organ transplant patients who are
hospitalized in the studied area and their constant need for blood and blood products;
therefore, the results of this study can be a warning for blood transfusion organizations in
order to pay special attention to toxoplasmosis among blood donors and also design screening
programs for prevention transfusion-transmitted toxoplasmosis.

ACKNOWLEDGEMENTS
The authors would like to thank the staff of Kerman Blood Transfusion Organization for
sample collection. The authors declare that there is no conflict of interest in this study.

This article is protected by copyright. All rights reserved.

Accepted Article

REFERENCES
1. Hill D, Dubey J. Toxoplasma gondii: transmission, diagnosis and prevention. Clin
Microb Infect 2002; 8(10): 634-640.
2. Robert-Gangneux F, Darde ML. Epidemiology of and diagnostic strategies for
toxoplasmosis. Clin Microbiol Rev 2012; 25: 264–296.
3. Sukthana Y. Toxoplasmosis: beyond animals to humans. Trends Parasitol 2006;
22: 137–142.
4. Derouin F, Pelloux H. Prevention of toxoplasmosis in transplant patients. Clin
Microbiol Infect 2008; 14: 1089–1101.
5. Biesiada G, Kalinowska-Nowak A, Czepiel J, et al. Toxoplasmosis—
epidemiology, clinical manifestation and infection in pregnant women. Przegl Lek
2006; 63: 97–99.
6. Signorini L, Gulletta M, Coppini D, et al. Fatal disseminated toxoplasmosis
during primary HIV infection. Curr HIV Res 2007; 5: 273–274
7. Dubey JP, Beattie CP. Toxoplasmosis of animals and man. CRC, Boca Raton,
1998; pp 1–220
8. Remington JS, Klein JO. Infectious diseases of the fetus and newborn infant.
Philadelphia: 2001;Saunders. Xiv.
9. Siegel SE, Lunde MN, Gelderman AH, et al. Transmission of toxoplasmosis by
leukocyte transfusion. Blood 1971; 37: 388–394.
10. Shulman IA. Parasitic infections and their impact on blood donor selection and
testing. Arch Pathol Lab Med 1994; 118: 366–370.
11. Barsoum RS. Parasitic infections in transplant recipients. Nat Clin Pract Nephrol
2006; 2:490–503.

This article is protected by copyright. All rights reserved.

Accepted Article

12. Sundar P, Mahadevan A, Jayshree R, et al. Toxoplasma seroprevalence in healthy
voluntary blood donors from urban Karnataka. Indian J Med Res 2007; 126(1):
50-56.
13. Elsheikha HM, Azab MS, Abousamra NK, et al. Seroprevalence of and risk
factors for Toxoplasma gondii antibodies among asymptomatic blood donors in
Egypt. Parasitol Res 2009; 104(6): 1471-1476.
14. Eser B, Yay M. Prevalence of anti- Toxoplasma gondii antibodies in Turkish
blood donors. Ethiop Med J 2006; 44(3): 257-263.
15. Chiang T-Y, Hsieh H-H, Kuo M-C, et al. Seroepidemiology of Toxoplasma gondii
infection among healthy blood donors in Taiwan. PloS one 2012; 7(10):e48139.
16. Elhence P, Agarwal P, Prasad KN, et al. Seroprevalence of Toxoplasma gondii
antibodies in North Indian blood donors: Implications for transfusion
transmissible toxoplasmosis. Trans Apher Sci 2010; 43(1): 37-40.
17. Svobodova V, Literak I. Prevalence of IgM and IgG antibodies to Toxoplasma
gondii in blood donors in Czech Republic. Eur J Epidemiol 1998; 14 : 803-805.
18. Makki SM, Abdel-Tawab AH. Anti-Toxoplasma gondii antibodies among
volunteer blood donors in eastern Saudi Arabia. J Egypt Soc Parasitol 2010;
40(2): 401-12.
19. Yazar S, Eser B, Yay M. Prevalence of anti- Toxoplasma gondii antibodies in
Turkish blood donors. Ethiop Med J 2006; 44(3): 257-261.
20. Galvan Ramirez ML, Covarrubias X, Rodriguez R, et al. Toxoplasma gondii
antibodies in Mexican blood donors. Transfusion 2005; 45: 281–282.
21. Pinlaor S, Ieamviteevanich K, Pinlaor P, et al. Seroprevalence of specific total
immunoglobulin (Ig), IgG and IgM antibodies to Toxoplasma gondii in blood

This article is protected by copyright. All rights reserved.

Accepted Article

donors from Loei province, Northeast Thailand. Southeast Asian J Trop Med
Public Health 2000; 31: 123-127.
22. Alvarado-Esquivel C, Mercado-Suarez MF, Rodríguez-Briones A, et al.
Seroepidemiology of infection with Toxoplasma gondii in healthy blood donors of
Durango, Mexico. BMC Infect Dis 2007; 7:75-81.
23. Baril L, Ancelle T, Goulet V, et al. Risk factors for Toxoplasma infection in
pregnancy: a case-control study in France. Scand J Infect Dis 1999; 31: 305–309.
24. Jones JL, Dargelas V, Roberts J, et al. Risk factors for Toxoplasma gondii
infection in the United States. Clin Infect Dis 2009; 49: 878–84.
25. Prusa

AR, Hayde

M, Unterasinger

L, et

al.

Evaluation ofthe Roche Elecsys Toxo IgG and IgM electrochemiluminescence im
munoassay forthe detection of gestational Toxoplasma infection. Diagn Microbiol
Infect Dis 2010; 68(4): 352-7.
26. Ormazdi H, Sanikhani N, Hadighi R, et al. Investigation of antibodies (IgG and
IgM) against Toxoplasma Gondii in blood donors referred to Tehran Blood
Transfusion Organization by ELISA. Urmia Med J 2010; 21 (2): 212-216.
27. Coelho RA, Kobayashi M, Carvalho LB Jr. Prevalence of IgG antibodies specific
to Toxoplasma gondii among blood donors in Recife, Northeast Brazil. Rev Inst
Med Trop Sao Paulo 2003; 45: 229–231.
28. Nimri L, Pelloux H, Elkhatib L. Detection of Toxoplasma gondii DNA and
specific antibodies in high-risk pregnant women. Am J Trop Med Hyg 2004
;71(6):831-5.

Figure caption:
Figure 1. Geographical locations where this study was carried out
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Table 1 demographic characteristics and T.gondii sero-prevalence among healthy blood donors in Kerman
province, Iran.
IgG positive
IgM positive

Variables

No. (%)

Gender
Male
Female

455 (91.0)
45 (9.0)

124 (27.3)
21 (46.7)

14 (3.1)
2 (4.4)

135 (29.7)
21 (46.7)

Age groups
<25 yrs
26-35
36-45
>45yrs

217 (43.4)
180 (36)
76 (15.2)
27 (5.4)

57(26.3)
51(28.3)
24(31.6)
13(48.1)

5(2.3)
6(3.3)
4(5.3)
1(3.7)

60(27.6)
57(31.7)
26(34.2)
13(48.1)

Residential place
Urban
Rural

388 (77.6)
112 (22.4)

91(23.5)
54(48.2)

13(3.4)
3(2.7)

101(26)
55(49.1)

Education
Less than diploma
Diploma and above

254 (50.8)
246 (49.2)

79(31.1)
66(26.8)

8(3.1)
8(3.3)

85(33.5)
71(28.9)

Blood type
A
B
AB
O

154 (30.8)
36 (7.2)
83 (16.6)
227 (45.4)

41(26.6)
18(50.0)
28(33.7)
58(25.6)

4(2.6)
1(2.8)
3(3.6)
8(3.5)

43(27.9)
19(52.8)
29(34.9)
65(28.6)

Being in contact with cat
No
Yes

311 (62.2)
189 (37.8)

66(21.2)
79(41.8)

6(1.9)
10(5.3)

71(22.8)
85(45)

440 (88.0)
60 (12.0)

118(26.8)
27(45.0)

13(3.0)
3(5.0)

129(29.3)
27(45.0)

Eating uncooked vegetables
No
Yes

100 (20.0)
400 (80.0)

19(19.0)
126(31.5)

2(2.0)
14(3.5)

21(21.0)
135(33.8)

Gardening or agriculture
No
Yes

407 (81.4)
93 (18.6)

97(23.8)
48(51.6)

11(2.7)
5(5.4)

105(25.8)
51(54.8)

Raw-milk/egg consumption
No
Yes

444 (88.8)
56 (11.2)

123(27.7)
22(39.3)

12(2.7)
4(7.1)

131(29.5)
25(44.6)

Blood transfusion
No
Yes

488 (97.6)
12 (2.4)

143 (29.3)
2 (16.6)

16 (3.27)
0 (0.0)

155 (31.8)
2 (16.6)

Raw/half-cooked meat
consumption
No
Yes
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Table 2 Univariate (crude OR) and multiple (adjusted OR) logistic regression analysis of the potential factors
associated with T. gondii IgG sero-prevalence among healthy blood donors in Kerman province, Iran.

IgG Positive
Variables

Crude OR (95% CI)

P value

Adjusted OR (95% CI)

P value

Gender
Male
Female

1
2.3 (1.3, 4.3)

0.007*

1
2.1(1.1,4.2)

0.034*

Age groups
<25 yrs
26-35
36-45
>45yrs

1
1.1 (0.7, 1.7)
1.3 (0.7, 2.3)
2.6 (1.1, 5.8)

0.64
0.37
0.02*

1
1.0(0.6,1.6)
0.9(0.5,1.7)
2.0(0.8,4.8)

0.95
0.68
0.14

Residential place
Urban
Rural

1
3.0 (1.9, 4.7)

<0.001*

1
2.0(1.2,3.3)

0.006*

Education
Diploma and above
Less than diploma

1
1.2 (0.8, 1.8)

0.29

1
1.2(0.8,1.9)

0.38

Blood type
A
B
AB
O

1
2.7 (1.3, 5.8)
1.4 (0.78, 2.5)
0.94 (0.59, 1.5)

0.008*
0.25
0.81

1
2.3(1.0,5.3)
1.4(0.7,2.6)
0.8(0.5,1.3)

0.044*
0.29
0.40

1
2.6 (1.8, 3.9)

<0.001*

1
2.3(1.5,3.6)

<0.001*

1
2.2 (1.3, 3.8)

0.004*

1
1.7(0.9,3.1)

0.10

1
1.96 (1.1, 3.3)

0.015*

1
1.8(1.0,3.3)

0.038*

1
3.4 (2.1, 5.4)

<0.001*

1
2.2(1.3,3.8)

0.003*

1
1.7 (0.95, 3.1)

0.074

1
1.5(0.8,2.9)

0.18

1
1.4 (1.0,2.2)

0.35

1
1.40 (1.1,2.3)

0.4

Being in contact with cat
No
Yes
Raw/half-cooked meat consumption
No
Yes
Eating uncooked vegetables
No
Yes
Gardening or agriculture
No
Yes
Raw-milk/egg consumption
No
Yes
Blood transfusion
No
Yes
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