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Seroprevalence of toxoplasmosis at 
referral hospitals in the northwestern 
region, Saudi Arabia
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Abstract:
BACKGROUND: Toxoplasmosis is induced by Toxoplasma gondii, which affects 30 percent of the 
global population and is responsible for deaths related to foodborne pathogens. This study aimed 
to describe the seroprevalence of T. gondii infections in patients attending referral hospitals in the 
northwestern region of Saudi Arabia.
MATERIALS AND METHODS: The serology test results for T. gondii antibodies of 797 patients 
were retrospectively analyzed using the hospitals’ database. The enzyme‑linked immunosorbent 
assay was used to detect anti‑T. gondii antibodies (IgG and/or IgM).
RESULTS: Overall, the prevalence of anti‑T. gondii antibodies was 8.3%. Higher (9.9%) prevalence 
of positive results among patients aged 30 years and above was observed. Statistically, the various 
age groups (P = 0.031) were found to be significant. Female was noted to have increased (8.1%) 
seroprevalence, and the incidence of infection occurred largely among participants living in rural 
areas (8.2%).
CONCLUSIONS: Toxoplasmosis remains a public health concern. The seroprevalence of T. gondii 
antibodies was relatively low in the study area. IgG antibodies to T. gondii were mainly detected. 
Increasing awareness on the mode of transmission, source of infection, and disease prevention 
through health education and dissemination is vital to reduce or eliminate toxoplasmosis.
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Introduction

Toxoplasmosis is induced by Toxoplasma 
gondii, a parasitic protozoan that is 

passed from animals to humans. About 
30% of the global population is affected 
by this disease[1] and caused 24% of deaths 
related to foodborne pathogens in the 
US.[2] Approximately, 1 million cases of 
toxoplasmosis occur every year in Europe 
due to contaminated food.[3] Toxoplasma 
gondii belongs to the Apicomplexa phylum; 
all its members are obligate endoparasites.[4] 
It infects various intermediate hosts, like 
mice, rats, sheep, and humans, and affects 
numerous organs and tissues, including the 
eye, brain, and endothelium systems.[5]

People are infected by ingesting infective 
oocysts  defecated in  cat  feces ,  or 
contaminated food, water, and soil. The 
main hosts are animals, but humans are 
infected through contracting with them 
directly. Additionally, eating uncooked 
or precooked meat of infected animals 
can cause infection through tissue 
cysts ingestion.[6] In immunocompetent 
individuals, toxoplasmosis is usually 
asymptomatic, although it is more harmful 
in immunocompromised persons which 
might lead to fatal encephalopathy. Diseases 
in immunocompromised people are due 
to reactivations of innate disease, and 
congenital infections may not show up until 
later in life.[7] Fetal death and severe damage 
to newborns may result from infection 
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during early pregnancy, including retinochoroiditis, 
hydrocephalus, seizures, and intracerebral calcification.[8]

Numerous study papers were done in Saudi Arabia 
regarding Toxoplasma infections and mostly on 
pregnant women. Across Najran and Jazan Provinces 
in the south of Saudi Arabia, prevalence ranges from 
20.8% to 24.1%, and 38.8% in the southwest.[9‑11] Up 
to 32.5% (IgG positivity) and 6.4% (IgM positivity) of 
participants in a recent study in Riyadh had T. gondii 
antibodies.[12] Dhahran, in the eastern region, showed 
seropositivity of 28.5% IgG and 3% IgM to T. gondii.[13] In 
Al Madinah Munawara, a study revealed a prevalence of 
21.3%.[14] Moreover, T. gondii was detected in 47.7% and 
21.2% of pregnant women in Makkah, respectively.[15,16]

Generally, toxoplasmosis is diagnosed serologically and 
clinically. Patients with Toxoplasma infection develop 
antibodies within 2 weeks of exposure, but the serological 
analysis of antibodies is ineffective at distinguishing 
between chronic and acute infections.[17] The detection 
of antibody IgM or both IgG and IgM is a positive result 
and indicative of an acute infection, whereas a negative 
result indicates either recent or no infection.[18] Positive 
IgM can, however, be caused by faulty commercial test 
kits or residual IgM found in the blood when an acute 
infection has been completed. Studying seroprevalence 
can provide estimates on the number of people at risk 
and the magnitude of infection in a community. The 
general public hospitals of Hail region regularly screen 
for T. gondii infections during antenatal care. The purpose 
of this study was to determine the prevalence of T. gondii 
IgM and IgG antibodies in patients who visited referral 
hospitals in the northwestern region of Saudi Arabia. 
This study provides valuable health data that helps 
to improve the existing screening program and raise 
residents’ awareness and preventive behaviors toward 
toxoplasmosis.

Materials and Methods

Study design and setting
This is a retrospective analysis of 797 serum sample 
reports for Toxoplasma IgG and IgM from January 2020 
to December 2020. Located in the northwestern of Saudi 
Arabia (27.3 degrees North latitudes, 41 00 degrees East 
longitudes) is the region of Hail, with desert climate ‑ hot 
during summers with an average of 29.2°C temperature, 
and 13.3°C average temperature during mild winter. 
The region is situated at a high elevation (1,140 meters 
above mean sea level) and receives a yearly rainfall of 
100.6 millimeters [Figure 1].

Study participants and sampling
Patients who availed health services in Hail public 
hospitals and requested serological tests for T. gondii 

antibodies between January 2020 and December 2020 
were collected with their blood samples and included 
in the study. Any patients with missing relevant 
data or information and not residing in Hail region 
were excluded. The enzyme‑linked immunosorbent 
assay (ELISA) kit (Roche Diagnostics GmbH, Mannheim, 
Germany) was used to detect the antibodies to 
T. gondii (IgG and IgM).[19,20] Detection of antibodies, IgG 
and/or IgM indicates a positive reaction. In accordance 
with the manufacturer’s guidelines, a seropositive sample 
has an analyte concentration of ≥3 IU/mL, whereas a 
seronegative sample has an analyte concentration 
of <1 IU/mL. Clinical samples with ≥1 to <30 IU/mL are 
considered borderline. If this occurs, the sample should 
be retested and repeated within 3 weeks.[20]

Data collection tool and technique
The serum sample examination datasets for a total 
of 797 were obtained from the regional laboratory 
information system database department with prior 
approval from administration officials. Appropriate 
frequencies and percentages were utilized to describe 
the data and were analyzed using the SPSS (v. 22). The 
Chi‑square test was applied to identify the correlations 
between variables, with a significant cut‑off P value 
of <0.05.

Ethical consideration
The research protocol was reviewed and approved by 
the Faculty of Applied Medical Sciences at University of 
Hail (AMS‑05/21). The laboratory administrators also 
granted written permission. Patient privacy and data 
confidentiality were both kept. The information was only 
used for research purposes.

Results

Overall, 797 laboratory reports were reviewed and 
included in the study. The patients’ ages range 
from 1 to 51 years, with a median age of 28 years. 
Anti‑T. gondii antibodies (IgG and/or IgM) were found 
in 8.0% (64/797). Specifically, IgG and IgM prevalence 
rates were 7.3% (58/797) and 1.0% (8/797), respectively. 
Only two (0.3%) of the participants had anti‑T. gondii IgG 
and IgM antibodies in their sera [Table 1].

The proportion of positive serum samples for anti‑T. gondii 
IgG and/or IgM among different age groups revealed 
that patients aged ≥30 years had higher (9.9%) 
seropositivity than patients aged <30 years (5.8%). 
This notable difference was found to be significant, 
statistically (X2 = 1.801, P = 0.031). Conversely, the 
prevalence rate of T. gondii IgG and/or IgM in females 
was higher than males with no statistically significant 
differences (X2 = 0.183, P = 1.000) [Table 2]. Highest 
incidence of infections occurred among patients residing 
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in rural areas (8.2%) than those who lived in urban 
areas (7.8%) but the difference was not significant as 
shown in Table 2.

Discussion

An overall seroprevalence of 8.0% was found in this 
study. Previous studies in Saudi Arabia reported higher 
seroprevalence rates.[9‑14] For instance, patients availing 
healthcare in both private and government facilities in Al 
Madinah Munawara revealed a prevalence of 21.3%.[14] 
Moreover, patients attending hospitals in Dhahran, 
eastern region of Saudi Arabia, found a seropositive of 
28.5% for T. gondii infection.[13] Similarly, several countries 
including Brazil, Burkina Faso, Ethiopia, Lebanon, and 
Myanmar revealed much higher prevalence rates from 

17.6% to 92.5%.[21‑25] Variations in T. gondii infections 
seroprevalence were noted throughout the world, and 
they have been attributed to various factors including 
methods of diagnosis with various sensitivity and the 
difficulties of controlling the differences among cohorts.

The increase prevalence of T. gondii infections in relation 
to age has been noted in various studies,[26‑28] and this 
is caused by the prolong exposure to the parasite.[29] A 
similar pattern of findings was also noted in this present 
study. T. gondii has been estimated to have infected 
23% of adolescents and adults.[30] Toxoplasmosis is 
mostly acquired by consuming raw or uncooked 
meat contaminated with tissue cysts. Tissue cysts in 
meat are infectious as long as the meat is edible and 
raw. There has been a link to drinking unpasteurized 
contaminated milk, as well.[31] In developing nations, 
unfiltered water could potentially lead to outbreaks. 
Children can become infected by ingesting oocysts 
from dirt or sandpits contaminated with feces from 
cats, particularly kittens, or other animals.[31] In one to 
five days after excreting oocysts, the oocysts become 
infective, and they may be infectious for more than 
a year in moist soil or water.[31] Toxoplasmosis can 
be acquired cumulatively, which rationalizes the 
increasing prevalence rate of the disease with increasing 
age because of the relationship between duration 
exposure to infective stages of T. gondii.[32]

Generally, seroprevalence between different sexes 
rarely differs significantly. Several studies, however, 
have found that the prevalence is greater in either 
males[33] or females.[32] The present study revealed that 
T. gondii infection among female (8.1%) was slightly 
higher than male (6.4%) but no significant (P > 0.05). 
This is because male and female infection routes are 
similar due to shared risk factors. Contrary to the 
present study, the association between seropositivity 
and gender was evident (P = 0.016) in the study in 
Taiz, Yemen.[32] This was caused by varying rates of 

Figure 1: Geographic map showing Hail province area involved in the study

Table 1: Seroprevalence of Toxoplasma gondii IgG and/
or IgM in patients at referral hospitals in Hail Province
Antibodies to T. gondii Frequency %
IgG only 58 7.3
IgM only 8 1.0
IgG and IgM 2 0.3
Total 64 8.0%

Table 2: Seroprevalence of T. gondii IgG and/or 
IgM in patients at referral hospital in Hail province 
stratified by age, gender, and residences (n=797)

IgG and/or IgM P
Frequency n (%)

Age groups (years)
<30 364 21 (5.8) 0.031
≥30 433 43 (9.9)

Gender
Male 47 3 (6.4) 1.000*
Female  750 61 (8.1)

Residences
Urban area 371 29 (7.8) 0.051
Rural area 426 35 (8.2)

*Fisher’s exact test
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exposure to potential risk factors. Pregnant women, 
occupation that requires long contact with livestock 
and their products, and individuals who have 
compromised immune systems, like cancer patients, 
transplant recipients receiving immunosuppressive 
therapy, and people with AIDS, are at risk for getting 
the infection.[34,35]

Apart from risks relating to individual health‑promoting 
behaviors, the seroprevalence of T. gondii infections was 
observed to be affected by geographic trends.[36,37] In this 
present study, the seroprevalence is greatly distributed 
among participants residing in rural areas compared to 
those inhabiting urban areas [Table 2]. This is consistent 
with other studies carried out internationally.[38] In rural 
areas, people like to keep animals inside their houses, 
where more people interact with them. In addition, rural 
people engaged in practices such as eating sheep meat 
and locally grown vegetables, and cleaning barns which 
increased the exposure risk.[36] The study area is mainly 
agricultural where they locally produce vegetables. 
Sheep meat is also locally available and abundant in 
this region, and the people regularly consume meat 
products. Across various meat products, the highest risk 
of contamination is meat from lambs.[39] There is currently 
no data regarding the contamination of T. gondii to 
locally produced meat products from sheep or lamb in 
the study area.

However, studies conducted in different regions showed 
the prevalence of infections or contaminations. In Riyadh, 
the seropositivity of IgG was high (68%) in sheep while 
IgM seropositivity in sheep, goats, and camels was also 
reported in Najran (19%).[40] Lower prevalence (11.9%) 
was observed in chicken in the province of Qassim.[41] 
Similarly, eating uncleaned raw fruits and veggies has 
also been linked to an increased risk of infection. This 
risk factor is due to widespread contamination of oocysts 
in the local environment including water sources and 
soil.[42,43]

Limitation and recommendation
The present study’s findings have identified specific 
limitations that must be acknowledged. The absence 
of an avidity test prevented the researchers from 
determining the recency of Toxoplasma infection among 
the participants. By not employing this diagnostic 
tool, the authors were unable to ascertain whether the 
observed infections were recent or occurred in the past. 
Additionally, the researchers recognized the importance 
of incorporating a larger sample size to strengthen the 
statistical power and enhance the generalizability of 
the present findings and may have yielded different 
results. Finally, increasing the demographic variables 
of the participants could improve the generalizability 
of the results.

Conclusions

Toxoplasmosis remains a serious public health concern. 
The T. gondii antibodies seroprevalence was relatively 
low in the study area. IgG antibodies to T. gondii 
were mainly identified. The findings of this study 
suggest that preventive measures should be sustained. 
Increasing awareness on the mode of transmission, 
source of infection, and disease prevention through 
health education and dissemination is vital to reduce or 
eliminate toxoplasmosis. Integrating routine screening 
for T. gondii as part of the other primary health services 
and control programs is a valuable approach.

Acknowledgment
The authors would like to express their sincere gratitude 
to the regional laboratory information system database 
department for providing the necessary data for this 
research project. We extend our appreciation for their 
cooperation and support throughout the data collection 
process. Furthermore, the authors would like to 
acknowledge the administration officials for granting the 
prior approval. Their assistance has been instrumental 
in the successful completion of this study.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Hayat S, Tasawar Z, Akhtar T. Seroprevalence of human 
toxoplasmosis in Kallarwali village of district Muzaffar Garh, 
Pakistan. Gomal J Med Sci 2014;12:129. https://www.gjms.com.
pk/index.php/journal/article/view/529/526.

2. CDC. Estimates of Foodborne Illness in the United States. Center 
for Disease Control and Prevention, 2016. Available from: https://
www.cdc.gov/foodborneburden/2011‑foodborne‑estimates.
html.

3. World Health Organization. The Burden of Foodborne Diseases 
in The WHO European Region. World Health Organization, 2017. 
Available from: https://www.euro.who.int/__data/assets/pdf_
file/0005/402989/50607‑WHO‑Food‑Safety‑publicationV4_Web.
pdf.

4. Ullah N, Nawaz D, Shah M, Rasool A, Akbar F, Israr M. 
Prevalence of Toxoplasma gondii in women population in Swat, 
Pakistan. Biomed J Sci Tech Res 2020;30:23247‑51. https://doi.
org/10.26717/BJSTR.2020.30.004926.

5. Al‑haris FM, Saheb HS, Abdul‑Sada KM. Investigation of 
toxoplasmosis in cord blood of newborns at Al‑Najaf Province, 
Iraq by searching for IgG and IgM antibodies. Int J Curr Microbiol 
App Sci 2015;4:314‑21.

6. Khan MB, Khan S, Rafiq K, Khan SN, Attaullah S, Ali I. Molecular 
identification of Toxoplasma gondii in domesticated and broiler 
chickens (Gallus domesticus) that possibly augment the pool of 
human toxoplasmosis. PLoS One 2020;15:e0232026. doi: 10.1371/
journal.pone.0232026.

7. McCall J, Rothfeldt L, Giesbrecht K, Hunt A, Bauck L, Scheftel J, 
et al. Public health surveillance and reporting for human 

https://www.gjms.com.pk/index.php/journal/article/view/529/526
https://www.gjms.com.pk/index.php/journal/article/view/529/526
https://www.cdc.gov/foodborneburden/2011-foodborne-estimates.html
https://www.cdc.gov/foodborneburden/2011-foodborne-estimates.html
https://www.cdc.gov/foodborneburden/2011-foodborne-estimates.html
https://www.euro.who.int/__data/assets/pdf_file/0005/402989/50607-WHO-Food-Safety-publicationV4_Web.pdf
https://www.euro.who.int/__data/assets/pdf_file/0005/402989/50607-WHO-Food-Safety-publicationV4_Web.pdf
https://www.euro.who.int/__data/assets/pdf_file/0005/402989/50607-WHO-Food-Safety-publicationV4_Web.pdf
https://doi.org/10.26717/BJSTR.2020.30.004926
https://doi.org/10.26717/BJSTR.2020.30.004926


Alharazi, et al.: Seroprevalence of Toxoplasmosis

Journal of Education and Health Promotion | Volume 12 | November 2023 5

toxoplasmosis ‑ Six states, 2021. MMWR Morb Mortal Wkly Rep 
2022;71:889‑93. doi: 10.15585/mmwr.mm7128a1.

8. Bollani L, Auriti C, Achille C, Garofoli F, De Rose DU, Meroni V, 
et al. Congenital toxoplasmosis: The state of the art. Front Pediatr 
2022;10:894573. doi: 10.3389/fped.2022.894573.

9. Almushait MA, Dajem SM, Elsherbiny NM, Eskandar MA, 
Al Azraqi TA, Makhlouf LM. Seroprevalence and risk factors of 
Toxoplasma gondii infection among pregnant women in south 
western, Saudi Arabia. J Parasit Dis 2014;38:4‑10. doi: 10.1007/
s12639‑012‑0195‑z.

10. Aqeely H, El‑Gayar EK, Perveen Khan D, Najmi A, Alvi A, 
Bani I, et al. Seroepidemiology of Toxoplasma gondii amongst 
pregnant women in Jazan Province, Saudi Arabia. J Trop Med 
2014;2014:913950. doi: 10.1155/2014/913950.

11. El‑Shahawy IS, Khalil MI, Bahnass MM. Seroprevalence of 
Toxoplasma gondii in women in Najran City, Saudi Arabia. Saudi 
Med J 2014;35:1143‑6.

12. Alghamdi J, Elamin MH, Alhabib S. Prevalence and genotyping 
of Toxoplasma gondii among Saudi pregnant women in Saudi 
Arabia. Saudi Pharm J 2016;24:645‑51. doi: 10.1016/j.jsps. 
2015.05.001.

13. Elsafi SH, Al‑Mutairi WF, Al‑Jubran KM, Abu Hassan MM, 
Al Zahrani EM. Toxoplasmosis seroprevalence in relation to 
knowledge and practice among pregnant women in Dhahran, 
Saudi Arabia. Pathog Glob Health 2015;109:377‑82. doi: 
10.1080/20477724.2015.1103502.

14. Imam NFA, Azzam EAA, Attia AA. Seroprevalence of 
Toxoplasma gondii among pregnant women in Almadinah 
Almunawwarah KSA. J Taibah Univ Medical Sci 2016;11:255‑9. 
https://doi.org/10.1016/j.jtumed.2016.04.004.

15. El Sawy NA, Alkushiet AG, Almattryal A, Hataba AA. Prevalence 
of Toxoplasma infection in pregnant women and their infants in 
Makkah Hospitals. SCIREA J Clin Med 2016;1:110‑26. http://
www.scirea.org/journal/CM.

16. Mohamed K, Bahathiq A, Degnah N, Basuni S, Mahdi A, 
Al Malki A, et al. Detection of Toxoplasma gondii infection and 
associated risk factors among pregnant women in Makkah Al 
Mukarramah, Saudi Arabia. Asian Pac J Trop Dis 2016;6:113‑9. 
https://doi.org/10.1016/S2222‑1808(15)60995‑1.

17. Paquet C, Yudin MH, Society of Obstetricians and Gynaecologists 
of Canada. Toxoplasmosis in pregnancy: Prevention, screening, 
and treatment. J Obstet Gynaecol Can 2013;35:78‑81. doi: 10.1016/
s1701‑2163(15)31053‑7.

18. Liu Q, Wang ZD, Huang SY, Zhu XQ. Diagnosis of toxoplasmosis 
and typing of Toxoplasma gondii. Parasit Vectors 2015;8:292. doi: 
10.1186/s13071‑015‑0902‑6.

19. Teimouri A, Mohtasebi S, Kazemirad E, Keshavarz H. Role 
of Toxoplasma gondii IgG Avidity Testing in Discriminating 
between Acute and Chronic Toxoplasmosis in Pregnancy. J Clin 
Microbiol 2020;58:e00505‑20. doi: 10.1128/JCM.00505‑20.

20. Elecsys Toxo IgG. 2020; pg. 1‑5. Available from: https://www.
rochecanada.com/content/dam/rochexx/roche‑ca/products/
docs/package_inserts/ElecsysToxoIgG‑07028008190‑En‑Can.pdf.

21. Andiappan H, Nissapatorn V, Sawangjaroen N, Nyunt MH, 
Lau YL, Khaing SL, et al. Comparative study on Toxoplasma 
infection between Malaysian and Myanmar pregnant women. 
Parasit Vectors 2014;7:564. doi: 10.1186/s13071‑014‑0564‑9.

22. Bamba S, Cissé M, Sangaré I, Zida A, Ouattara S, Guiguemdé RT. 
Seroprevalence and risk factors of Toxoplasma gondii infection 
in pregnant women from Bobo Dioulasso, Burkina Faso. BMC 
Infect Dis 2017;17:482. doi: 10.1186/s12879‑017‑2583‑6.

23. Rocha ÉM, Lopes CW, Ramos RA, Alves LC. Risk factors for 
Toxoplasma gondii infection among pregnant women from 
the State of Tocantins, Northern Brazil. Rev Soc Bras Med Trop 
2015;48:773‑5. doi: 10.1590/0037‑8682‑0074‑2015.

24. Nahouli H, El Arnaout N, Chalhoub E, Anastadiadis E, 
El Hajj H. Seroprevalence of Anti‑Toxoplasma gondii Antibodies 

Among Lebanese Pregnant Women. Vector Borne Zoonotic Dis 
2017;17:785‑90. doi: 10.1089/vbz.2016.2092.

25. Abamecha F, Awel H. Seroprevalence and risk factors of 
Toxoplasma gondii infection in pregnant women following 
antenatal care at Mizan Aman General Hospital, Bench Maji 
Zone (BMZ), Ethiopia. BMC Infect Dis 2016;16:460. doi: 10.1186/
s12879‑016‑1806‑6.

26. Mendy A, Vieira ER, Albatineh AN, Gasana J. Immediate rather 
than delayed memory impairment in older adults with latent 
toxoplasmosis. Brain Behav Immun 2015;45:36‑40. doi: 10.1016/j.
bbi. 2014.12.006.

27. Fu CJ, Chuang TW, Lin HS, Wu CH, Liu YC, Langinlur MK, et al. 
Toxoplasma gondii infection: Seroprevalence and associated risk 
factors among primary school children in the capital area of the 
Republic of the Marshall Islands. Jpn J Infect Dis 2014;67:405‑10. 
doi: 10.7883/yoken.67.405.

28. Xin KS, Liu H, Wang HB, Yao ZL. Seroprevalence of Toxoplasma 
gondii Among Primary School Children in Shandong Province, 
China. Korean J Parasitol 2015;53:489‑92. doi: 10.3347/
kjp.2015.53.4.489.

29. Morais RDAPB, Carmo ELD, Costa WS, Marinho RR, Póvoa MM. 
T. gondii Infection in Urban and Rural Areas in the Amazon: 
Where Is the Risk for Toxoplasmosis?. Int J Environ Res Public 
Health 2021;18:8664. doi: 10.3390/ijerph18168664.

30. Hughes JM, Colley DG, Lopez A, Dietz VJ, Wilson M, Navin TR, 
et al. Preventing congenital toxoplasmosis. Morb Mortal Wkly 
Rep 2000;49:57‑75. https://www.cdc.gov/mmwr/preview/
mmwrhtml/rr4902a5.htm.

31. DOH Victorian. Better Health Chanel. Toxoplamosis. Department 
of Health, State Government of Victoria, Australia. 2021. Available 
from: https://www.health.vic.gov.au/infectious‑diseases/
toxoplasmosis.

32. Saleh MM, AL‑Shamiri AH, Qaed AA. Seroprevalence and 
incidence of Toxoplasma gondii among apparently healthy and 
visually or hearing disabled children in Taiz City, Yemen. Korean 
J Parasitol 2010;48:71‑3. doi: 10.3347/kjp.2010.48.1.71.

33. Swai ES, Schoonman L. Seroprevalence of Toxoplasma gondii 
infection amongst residents of Tanga district in north‑east 
Tanzania. Tanzan J Health Res 2009;11:205‑9. doi: 10.4314/thrb.
v11i4.50178.

34. Dubey JP. Swine Toxoplasmosis. Department of Agriculture and 
Consumer Services. https://www.ncagr.gov/vet/FactSheets/
Toxoplasmosis.htm.

35. Alizadeh‑Siuki H, Tehrani H, Gholian‑Aval M, Ebrahimipour H, 
Vahedian‑Shahroodi M. Behavioral determinants of brucellosis 
incidence among stockbreeders and their family members in rural 
area based on PRECEDE model. J Educ Health Promot 2020;9:166. 
doi: 10.4103/jehp.jehp_635_19.

36. Munoz‑Zanzi C, Campbell C, Berg S. Seroepidemiology of 
toxoplasmosis in rural and urban communities from Los Rios 
Region, Chile. Infect Ecol Epidemiol 2016;6:30597. doi: 10.3402/
iee.v6.30597.

37. Bayati T, Dehghan A, Bonyadi F, Bazrafkan L. Investigating the 
effect of education on health literacy and its relation to health‑
promoting behaviors in health center. J Educ Health Promot 
2018;7:127. doi: 10.4103/jehp.jehp_65_18.

38. Muñoz‑Zanzi C, Williams‑Nguyen J, Belongia EA. A sero‑survey 
of toxoplasmosis in farm and non‑farm children from Wisconsin, 
United States, 1997‑1999. BMC Public Health 2013;13:837. doi: 
10.1186/1471‑2458‑13‑837.

39. Dawson AC, Ashander LM, Appukuttan B, Woodman RJ, 
Dubey JP, Whiley H, et al. Lamb as a potential source of 
Toxoplasma gondii infection for Australians. Aust N Z J Public 
Health 2020;44:49‑52. doi: 10.1111/1753‑6405.12955.

40. Mohamed K. Toxoplasmosis in humans and animals in Saudi 
Arabia: A systematic review. J Infect Dev Ctries 2020;14:800‑11. 
doi: 10.3855/jidc.12648.

https://doi.org/10.1016/j.jtumed.2016.04.004
http://www.scirea.org/journal/CM
http://www.scirea.org/journal/CM
https://doi.org/10.1016/S2222-1808(15)60995-1
https://www.rochecanada.com/content/dam/rochexx/roche-ca/products/docs/package_inserts/ElecsysToxoIgG-07028008190-En-Can.pdf
https://www.rochecanada.com/content/dam/rochexx/roche-ca/products/docs/package_inserts/ElecsysToxoIgG-07028008190-En-Can.pdf
https://www.rochecanada.com/content/dam/rochexx/roche-ca/products/docs/package_inserts/ElecsysToxoIgG-07028008190-En-Can.pdf
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr4902a5.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr4902a5.htm
https://www.health.vic.gov.au/infectious-diseases/toxoplasmosis
https://www.health.vic.gov.au/infectious-diseases/toxoplasmosis
https://www.ncagr.gov/vet/FactSheets/Toxoplasmosis.htm
https://www.ncagr.gov/vet/FactSheets/Toxoplasmosis.htm


Alharazi, et al.: Seroprevalence of Toxoplasmosis

6 Journal of Education and Health Promotion | Volume 12 | November 2023

41. Al Nasr I, El‑Ashram S, Huang S. Seroprevalence and genotyping 
of Toxoplasma gondii from free‑range chickens in Qassim, Saud 
Arabia. Jpn J Vet Res. 2018;66:113‑7. https://doi.org/10.14943/
jjvr.66.2.113.

42. Sepúlveda MA, Muñoz‑Zanzi C, Rosenfeld C, Jara R, Pelican KM, 
Hill D. Toxoplasma gondii in feral American minks at the Maullín 

river, Chile. Vet Parasitol 2011;175:60‑5. doi: 10.1016/j.vetpar. 
2010.09.020.

43. Muñoz‑Zanzi C, Tamayo R, Balboa J, Hill D. Detection of 
oocyst‑associated toxoplasmosis in swine from southern Chile. 
Zoonoses Public Health 2012;59:389‑92. doi: 10.1111/j.1863‑
2378.2012.01471.x.

https://doi.org/10.14943/jjvr.66.2.113
https://doi.org/10.14943/jjvr.66.2.113

