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Trends of Toxoplasma gondii 
and common transfusable venereal 
infections among blood donors 
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Blood transfusion has a hazard of transmission of many pathogens, including Toxoplasma gondii (T. 
gondii) and other venereal infections. It is crucial to conduct epidemiological surveillance to detect 
the prevalence of these pathogens. The study aimed to assess the seroprevalence of T. gondii and 
common transfusable venereal infections among healthy blood donors in Menoufia Province, Egypt, 
and identify associated risk factors. Four hundred twenty individuals were recruited between January 
and April 2023 for cross‑sectional descriptive research from the blood banks of Menoufia University 
medical hospitals. Collected blood samples were screened for anti‑T. gondii IgM and IgG, HBsAg, anti‑
HCV antibodies, HIV p24 antigen and anti‑HIV antibodies, and anti‑Treponema pallidum antibodies. 
46 (11.0%) and 22 donors (5.2%) individuals tested positive for anti‑T. gondii IgG with a 95% CI 
(8.3–14.6) and IgM with a 95% CI (3.5–8.1), respectively, while one patient (0.2%) was positive for both 
antibodies. Regarding venereal infections, 12 (2.9%) were positive for HBV, 6 (1.4%) were positive for 
HCV, 7 (1.7%) were positive for HIV, and none of the tested population showed positivity for syphilis. 
Female gender, consumption of raw meat, agricultural environment, poor awareness about T. gondii, 
and blood group type (especially AB and O groups) were identified as independent risk factors for T. 
gondii infection. The study highlights the importance of testing blood donors for T. gondii and common 
transfusable venereal illnesses. Starting health education programs and preventative measures, such 
as suitable meat handling and cleanliness practices, is critical for minimizing the occurrence of these 
illnesses. Larger‑scale additional study is advised to confirm these results and provide guidance for 
public health initiatives.
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IgG  Immunoglobulin G
IgM  Immunoglobulin M

Blood transfusion is a critical medical procedure vital for patients’ treatment. Every year, millions of people are 
exposed to avoidable life-threatening risks as a result of hazardous blood transfusions. The major transfusion-
transmitted infections are Hepatitis B virus (HBV), Hepatitis C virus (HCV), human immunodeficiency virus 
(HIV), and syphilis, which pose significant threats to recipient  safety1.

Toxoplasma gondii is a food-borne zoonotic protozoan parasite capable of infecting all homoeothermic ver-
tebrates; however, felids, which are members of the Felidae family, serve as the definitive hosts for (T. gondii ) 
infection, as both the sexual (intestinal) and asexual (tissue) cycles occur simultaneously in these animals (cats), 
resulting in un-sporulated non-infectious oocyst elimination and  excretion2.

Oocysts may shed in vast numbers, even though they typically shed within 1–3 weeks. Oocysts sporulate 
in the environment in one to five days and spread infection. Warmer settings can facilitate sporulation more 
quickly, which increases the rate at which oocysts are found in the  environment3. Temperature, humidity, and 
precipitation patterns all influence the survival and dissemination of T. gondii oocysts in the  environment4. 
Warmer temperatures and greater rainfall can help oocysts survive and spread, potentially boosting infection 
rates in both animal and human  populations5.

The infection with T. gondii usually appears as mild manifestations observed on exposure in immunocompe-
tent people, such as warmth, tiredness, and cervical lymphadenopathy, which are self-limited; however, pneumo-
nitis and encephalitis are complications of the infection, which is severe in immunocompromised people (such 
as AIDS patients) and blood recipients (such as those with thalassemia, haemophilia, dialysis patients, organ 
transplant recipients, and neonatal jaundice)6,7.

Co-infections can increase the severity of some infectious disorders. It has the potential to affect immune 
responses, and disease severity, and increase inflammatory  cytokines8. Since T. gondii is considered one of the 
most successful parasites on the planet, the T. gondii disease burden has been classified as one of the most sig-
nificant parasitic disorders. In order to reduce the occurrence of T. gondii infection among humans, it is urgent 
to understand the current status of this pathogen. Our study aimed to estimate the current situation of T. gondii 
and other transfusable venereal infections among blood donors in Menoufia Province, reflecting previously 
unknown regional outlines. Also, the study evaluated possible risk factors linked to T. gondii exposure in the 
population. Finally, the study intended to propose community-wide methods to raise awareness and prevent T. 
gondii infection.

Subjects and methods
Ethical approval and consent to participate
This study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki 
and was approved by the National Liver Disease Institute’s research ethics committee (NLI IRB procedure N. 
00,422/2022). All subjects have given informed consent after being informed about the study’s objectives, the 
importance of participation as part of the community, and any potential adverse side effects of puncture. All 
subjects gave informed consent after being informed about the study’s objectives, the importance of participation 
as part of the community, and any potential negative side effects of puncture.

Study design
This cross-sectional descriptive study involved 420 blood donors’ serum samples. Samples were gathered ran-
domly from blood donor volunteers in Menoufia University hospitals’ blood banks between January and April 
2023. The inclusion criteria included individuals aged 18 and above who volunteered to participate by giving 
blood and providing informed permission. Individuals with a history of chronic diseases, recent infections, or 
who refused to participate were excluded from the study. Menoufia Province is a governorate in northern Egypt 
near the Nile Delta. Its surface area is about 2,543.03  km2, with 4,366,000 people in total, as reported in 2018, and 
its longitude and latitude are 30.52° N and 30.99° E. The governorate is considered one of Egypt’s regions with the 
highest population densities and is an important center for liver transplantation at the National Liver Institute.

Sample size estimation
The present sample size was calculated according to Yılmaz et al. (2021)9, who revealed 2.3% T. gondii IgM sero-
positivity at alpha error 0.05 and the power of the study 90%; the estimated sample size was 396 participants. 
Under the following formula,

e2,where n = sample size, z = standard error with the chosen level of confidence (1.96), p = proportion detected 
in the reference study, q = 1 − p, and e = acceptable sample error (0.05).

Questionnaire
A predesigned questionnaire was taken from each participant. It included:

1. Socio-demographic data.
2. Awareness about T. gondii infection: was assessed through a series of questions assessing the fundamental 

understanding of the disease, the transmission routes, hosts, the role of raw meat consumption in trans-
mission, agricultural-related activities and other suggested risk factors, and possible complications of T. 

n = Zα − 12 ∗
(

pq
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gondii infection, particularly for pregnant women and persons with weakened immune systems. Through 
15 questions that were scored as (2, for correct answer; 1, for incomplete answer; and 0, for wrong answer, 
with a total score of 30; the good awareness level was at a score of 15 or above while the score less than 15 
was considered as poor awareness.

3. Risk factors associated with T. gondii infection: including dealing with cats, agricultural environment-related 
activity, eating or dealing with raw meat as well as hand washing before eating, it also included other data, 
including blood group type, and previous blood transfusion.

Blood Sampling
Each person donated three mL of venous blood, centrifuged for five minutes at 3000 rpm to extract the serum 
and kept at − 20 °C for further laboratory analysis.

Enzyme‑linked immunosorbent assay (ELISA)
Serum samples were transferred to the Parasitology Laboratory, Department of Clinical and Molecular 
Parasitology, National Liver Institute, Menoufia University, Egypt, to detect T. gondii -specific IgM and IgG 
antibodies. All were analyzed using an ELISA kit that is available commercially (Cat No. SL2055Hu_1 and 
SL2054Hu-1, SunLong Biotec). The manufacturer’s guidelines were fulfilled for running the analysis. Based on 
ELISA kits, positive samples were considered at titers above 1 and 3 IU for IgM and IgG, respectively. Negative 
samples were defined at values below 0.8 and 1 IU for IgM and IgG, respectively. Between the two ranges, a grey 
zone is reported. The optical density (OD) was measured under a 450 nm wave.

Venereal infection screening
All samples were tested for HBV surface antigen (HBsAg), anti-HCV antibodies, HIV p24 antigen, anti-
HIV antibodies, and anti-T. pallidum antibodies. The venereal infection screening was conducted using 
an immunoassay Cobas e 601 immunoassay analyzer (Roche Diagnostics, Germany), which employs 
electrochemiluminescence (ELC) technology. The tests used were Elecsys HBSAGII (Cat No. 07251076190), 
Elecsys AHCVII (Cat No. 06427405190), Elecsys HIV Duo test (Cat No. 07229542190), and Elecsys Syphilis (Cat 
No. 07251378190), all provided by COBAS (Roche Diagnostics) and performed according to the manufacturer’s 
instructions.

Statistical analysis
Categorical and quantitative data were analyzed using SPSS (Statistical Package Software for Social Science) 
version 20.0 (SPSS Inc., Chicago, IL, USA). The prevalence of T. gondii antibodies and positivity to other 
transfusable venereal infections were assessed through frequency, percentage, and a 95% confidence interval 
(CI). Comparing positive and negative T. gondii antibody groups regarding qualitative variables by chi-squared 
test and quantitative normally distributed data was tested by student’s t-test. The study employed multivariate 
binary logistic regression analysis to calculate adjusted odds ratios (ORs) and 95% confidence intervals (CIs) to 
determine independent risk factors for T. gondii infection. A p-value of less than 0.05 determined a statistically 
significant result.

Results
Prevalence of transfusable venereal infections
Regarding the prevalence of transfusable venereal infections, initial screenings (for HBV, HCV, HIV, and syphi-
lis) detected 12 cases (2.9%) positive for HBsAg, six positive cases for anti-HCV antibodies (1.4%), seven cases 
positive for HIV p24 antigen and anti-HIV antibodies (1.7%), and nonpositive for syphilis (Fig. 1,B).

Seropositivity of T. gondii infection
The ELISA test screened 420 blood samples for T. gondii-specific IgG and IgM antibodies. Out of them, 69 
(16.4%) blood donors had anti-T. gondii antibodies in their sera (IgG, IgM, or both) (Fig. 1, A). Forty-six cases 
(11%) were IgG-only seropositive, 22 cases (5.2%) were IgM-positive, and one case was positive for both IgG 
and IgM (0.2%) (Table 1).

Demographic characteristics of the studied population
Among the healthy blood donors enlisted in this research, the respondents’ average age was 32.39 ± 10.51 years 
(with a range of 17–66 years). Ages 21–40 comprised the largest age cohort of blood donors (68.1%). The vast 
bulk of the subjects (97.1%) were men. Sixty-six-point two percent (66.2%) of the volunteers were highly educated 
(Table 2).

Significant risk factors
Sixty-three (15.4%) of male-positive cases and six (50%) of female-positive cases indicated that the female sex 
was a major risk factor. Also, dealing with cats, eating rand, dealing with row meat, the agricultural environment, 
poor awareness about T. gondii infection, and blood groups were significant risk factors for T. gondii infection. 
Age, residence, educational level, and the presence of other transfusable venereal infections weren’t associated 
with the T. gondii infection (Table 3). There was no significant association between seropositivity for T. gondii 
and venereal infections (Table 4).
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Multivariate analysis of independent risk factors associated with T. gondii infection
Multivariate regression analysis revealed that female gender, consumption of raw meat, agriculture environment 
and poor T. gondii infection awareness were independent risk factors for T. gondii infection with an odds ratio 
(95% CI): 3.1 (1.81–9.45), 32.62 (13.14–81.0), 4.57 (2.01–10.41), 12.66 (4.53–35.42) for the female gender, 
consumption of raw meat, agriculture environment, lack of T. gondii infection awareness respectively while for 
ABO grouping with taking B group as a reference, AB and O groups were independent risk groups with odds 
ratio (95% CI): 3.26 (1.92–7.84) & 4.58 (2.11–11.47) respectively (Table 5).

Discussion
Understanding the prevalence of T. gondii and venereal infectious pathogens and risk factors among blood 
donors in Menoufia Province is crucial for public health strategies. This research is an epidemiologic report on 
seropositivity to T. gondii infection among healthy blood donors in Menoufia blood banks, Egypt. Menoufia 
Governorate had a low prevalence compared to most worldwide studies. In this research, the authors reported 
a total seroprevalence of 16.4% (95% CI 13–20.3); IgM-positive cases represented 5.5%, posing a risk of 
transmitting the infection to blood recipients. By integrating molecular approaches, supplementary serological 
markers, and direct proof of parasitemia, the hypothesis can be substantially reinforced, leading to a more 
thorough evaluation of the risk of T. gondii infection by blood transfusion, which is undertaken currently in 
epidemiological national research funded by STDF aiming to complete the current research.

Globally, according to estimates by Foroutan-Rad et al.10, T. gondii infection affects 33% of blood donors 
worldwide, with rates highest in Africa (46%) and lowest in Asia (29%)10. The prevalence rate varies by nation: 
6.26% in  China11, 9.3% in  Taiwan12, 19.66% in  India13, 20.5% in  Serbia14, 25.6% in  Turkey9, 36% in  Portugal15, 
48.1% in  Brazil16, and 67.92% in Côte d’Ivoire17.

In other African countries, the seroprevalence among tested blood donors was 44.4% in South-West and 
Central-East  Tunisia18 and 47.7% in Sidi Bel Abbès, West  Algeria19. The difference in serological methods used 
across studies is probably the main factor in the difference in reported prevalence of T. gondii infection among 
different nations.
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Fig. 1.  (A): Prevalence of T. gondii among blood donors (B): Prevalence of transfusable venereal diseases.

Table 1.  T. gondii -specific antibodies among screened blood donors. CI Confidence interval.

The studied blood donors 
N = 420

Estimates (%) 95% CI

T. gondii IgM 22 (5.2%) 3.3–7.8

T. gondii IgG 46 (11.0%) 8.1–14.3

T. gondii IgM + IgG 1 (0.2%) 0.0–1.3

T. gondii Negative Ig 351 (83.6%) 79.7–87
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Compared with previous findings from other Egyptian governorates, the current seroprevalence rates are 
consistent with those from El-Wadi El Gadded, which had the lowest incidence between 1 and 25%20. Earlier 
studies reported a prevalence between 33.7 and 67.4% of healthy Egyptian blood donors had antibodies to T. 
gondii infection, comparable to a range of 3–42.5% in the general Egyptian population. Increased seropositivity 
was seen. in the Lower Egypt bordering governorates of Sharqia and Qalyoubia (38.8% and 27.5% respectively), 
as well as in the rural Upper Egypt governorate of Beni-Suef (35.2%)21. Cairo also had high infection rates 
(between 30 and 42.5%)21. The studied group’s higher level of illness knowledge is probably the reason for the 
reduced infection prevalence when compared to estimates from throughout the world. These differences point 
to possible socioeconomic and geographic variables affecting T. gondii exposure in Egypt.

Multivariate regression analysis displayed that contact with cats, consuming raw or undercooked meat, and 
having agricultural pursuits are significant risk factors for T. gondii seropositivity, demonstrating that both 
infection routes—ingesting oocysts (soil contamination, contaminated water, and contaminated raw food e.g. 

Table 2.  Demographic Data, Epidemiological Variables, Awareness, and Blood Type of Participants (N = 420).

Sociodemographic data The studied blood donors N (%) 420 (100%)

Age (years)

 Mean ± SD 32.39 ± 10.51

 Range 17–66

Age groups (years)

 < 20 40 (9.5%)

 21–40 286 (68.1%)

 41–60 90 (21.4%)

 > 60 4 (1.0%)

Sex

 Mal 408 (97.1%)

 Female 12 (2.9%)

Residence

 Rural 239 (56.9%)

 Urban 181 (43.1%)

Education

 Low level 142 (33.8%)

 High level 278 (66.2%)

Risk factors

 Dealing with cat

  Yes 46 (11.0%)

  No 374 (89.0%)

 Raw meat

  Yes 86 (20.5%)

  No 334 (79.5%)

 Agriculture

  Yes 72 (17.1%)

 No 348 (82.9%)

 Blood transfusion

  Yes 22 (5.2%)

  No 398 (94.8%)

Awareness

 Good 42 (10.0%)

 Poor 378 (90.0%)

Blood grouping

  A+ 129 (30.7%)

  A− 11 (2.6%)

  B+ 96 (22.9%)

  B− 4 (1.0%)

  AB+ 43 (10.2%)

  AB− 1 (0.2%)

  O+ 123 (29.3%)

  O− 13 (3.1%)
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salads, vegetables) and tissue cysts found in undercooked meat (a foodborne transmission)—showed up among 
the blood donors with different educational levels. These findings are supported by earlier  studies9,22. From 
their results, domestic cats may be related to the exposure of the individuals included in the study to T. gondii. 
However, it is worth noting that direct contact with cats does not guarantee transmission of the parasite since 
T. gondii oocysts are eliminated as non-infective. In contrast to the present findings, El-Deeb and their  alleles23 
found no statistically significant association between seropositivity concerning contact with domestic cats and 
meat consumption in Menoufia, Egypt. However, contact with soil was a considerable risk factor, which could 
be explained by the prevalence of domestic and stray cats, both more susceptible to  parasites23.

Likewise, in the research done by Mahmoudvand et al.22, the prevalence of T. gondii infection in the current 
study was significantly higher in female donors (95%CI 1.71–17.52) despite the limited number of female 
participants in our study compared to male donors. Mahmoudvand et al.22, attributed this disparity to the female 
daily exposure to more tissue cysts and oocysts. Handling raw meat and gardening are cultural practices and 
household activities that may expose women to greater levels of T. gondii. Therefore, validating these findings 
using a more extensive sample size is necessary. These results were not supported by Hosseini and his/ her 
 colleagues24, who did not find gender a significant risk factor.

Seropositivity in this research was higher in rural areas (53.6%) than in urban areas (46.4%); however, the 
difference was insignificant. This finding contrasts with those reported by some  authors22,24. They hypothesized 
in their research that the overabundance of cats, inadequate sanitation of the environment, and lax hygiene 
standards might cause this difference.

The ABO phenotype and RhD antigen were previously associated with pathogenic protozoa of the phylum 
Apicomplexa. The protective effect of type O blood against severe malaria has been observed, possibly explaining 
the high prevalence of type O in regions where Plasmodium falciparum is  endemic25.

Table 3.  T. gondii seropositivity in relation to sociodemographic criteria among the studied blood donors.

T. gondii seropositivity

Test P valueSeropositive N = 69 Seronegative N = 351

Age (years)

 Mean ± SD 30.09 ± 9.64 32.84 ± 10.62
1.92 0.09

 Range 17–52 17–66

Age groups (years)

 < 20 9 (22.5%) 31 (77.5%)

2.12 0.55
 21–40 47 (16.4%) 239 (83.6%)

 41–60 13 (14.4%) 77 (85.6%)

 > 60 0 (0.0%) 4 (100%)

Sex

 Male 63 (15.4%) 345 (84.6%)
10.14 0.001*

 Female 6 (50.0%) 6 (50.0%)

Residence

 Rural 37 (15.5%) 202 (84.5%)
0.60 0.32

 Urban 32 (17.7%) 149 (82.3%)

Education

 Low level 25 (17.6%) 117 (82.4%)
0.22 0.64

 High level 44 (15.8%) 234 (84.2%)

Risk factors

 Dealing with cat

  Positive 22 (47.8%) 24 (52.2%)
37.09 < 0.001*

  Negative 47 (12.6%) 327 (87.4%)

 Eating raw meat

  Positive 47 (54.6%) 39 (45.3%)
115.08 < 0.001*

  Negative 22 (6.6%) 312 (93.4%)

 Agriculture environment

  Positive 26 (36.1%) 46 (63.9%)
24.52  < 0.001*

  Negative 43 (12.4%) 305 (87.6%)

 Blood transfusion

  Positive 6 (27.3%) 16 (72.7%)
1.99 0.16

  Negative 63 (15.8%) 335 (84.2%)

Awareness

 Good 15 (35.7%) 27 (64.3%)
12.64 < 0.001*

 Poor 54 (14.3%) 324 (85.7%)
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Our current research discovered that blood donors carrying the type O blood group had the highest incidence 
of T. gondii infection and were riskier, with a significant difference between T. gondii and (P < 0.001), which is 
equivalent to the findings reported previously in northern  Egypt26 but different from those reported in Iran, 
where they found blood group B carriers more susceptible to infection with T. gondii  infection24. Following 
the findings of Hosseini et al. research, the level of disease between Rh-positive and negative samples was not 
 different24. Despite the association our study found between the blood group and seropositivity, this does not 
prove that the two are causally related to the onset of illness. Our study’s findings should be seen as preliminary 
and need more investigation in follow-up studies.

Most positive cases ranged from 21 to 40 years; however, age was not a significant risk factor in our univariate 
analysis. In the same vein, research done in Ardabil Province, northwestern Iran, demonstrated that most positive 
cases were aged 31–40 with no significant  difference27. Unlike the current finding, other authors found that age 
substantially contributes to infection. Their conclusion was attributed to the cumulative effect of being exposed 
to the parasite over  time14.

This research showed a higher prevalence of HBsAg (2.9%), followed by HIV and HCV (1.7% and 1.4%, 
respectively). Syphilis cases were absent among the studied population. The higher percent of HBsAg compared 
to other screened transfusion-transmissible infections was consistent with similar reports from a study among 

Table 4.  T. gondii seropositivity in relation to transfusable venereal diseases among the studied blood donors. 
* Significant differences.

T. gondii seropositivity

Test P valueSeropositive N = 69 Seronegative N = 351

HBV

 Positive 3 (25.0%) 9 (75.0%)
0.66 0.43

 Negative 66 (16.2%) 342 (83.8%)

HCV

 Positive 2 (33.3%) 4 (66.7%)
1.27 0.26

 Negative 67 (16.2%) 347 (83.8%)

HIV

 Positive 3 (42.9%) 4 (57.1%)
3.62 0.09

 Negative 66 (16.0%) 467 (84.0%)

Syphilis

 Positive 0 (0.0%) 0 (0.0%)
– –

 Negative 69 (100%) 351 (100%)

Blood grouping

 A 13 (18.8%) 128 (36.5%)

38.33 < 0.001*
 B 4 (5.8%) 97 (27.6%)

 AB 11 (15.9%) 31 (8.8%)

 O 41 (59.4%) 95 (27. %1)

RhD

 Positive 61 (88.4%) 330 (94.0%)
2.52 0.09

 Negative 8 (11.6%) 21 (6.0%)

Table 5.  Multivariate binary logistic regression analysis for independent risk factors for T. gondii infection. CI 
Confidence interval, * significant differences.

SE X2 P value Odds ratio

95% CI

Lower Upper

Sex 0.74 15.78 < 0.001* 3.1 1.81 9.45

Dealing with cats 0.42 0.10 0.75 1.15 0.49 2.66

Eating raw meat 0.44 60.34 < 0.001* 32.62 13.14 81.0

Agriculture environment 0.39 14.89 < 0.001* 4.57 2.01 10.41

Awareness 0.49 23.19 < 0.001* 12.66 4.53 35.42

ABO

 B

1.71 15.79 < 0.001*

1 – –

 A 1.22 0.86 6.25

 AB 3.26 1.92 7.84

 O 4.58 2.11 11.47
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blood donors in Bahir Dar, North West, Ethiopia, where HBV was prevalent in 2.8% of cases, followed by HIV 
and  HCV28.

Co-infections can worsen the symptoms of some infectious disorders. It can modulate immune responses, 
exacerbate disease severity, and increase inflammatory cytokines. While this study did not find a substantial 
prevalence of co-infection between T. gondii and the viral agents tested (HBV, HIV, and HCV), other research 
suggests that these pathogens may interact. In Egypt, for example, T. gondii co-infection with HBV and HCV 
was  reported29. Furthermore, HIV infection may impair the immune system, increasing the risk of reactivating 
latent T. gondii  infection8,11. T. gondii co-infection with certain viruses must be addressed to prevent, detect, and 
cure infections. It needs further examination and research.

Conclusion and recommendations
This cross-sectional research investigated the seroprevalence of T. gondii and common transfusable venereal 
infections across healthy blood donors in Egypt’s central Menoufia blood banks. According to this study, the 
governorate of Menoufia had a low incidence of T. gondii infection among blood donors.

Therefore, testing for T. gondii infection is required in blood donors to prevent potentially fatal outcomes for 
blood receivers. Building programs for health education are also required as a suitable strategy for preventing 
diseases.

Value‑added of this research
We addressed the seroprevalence of T. gondii in the studied population, which provides a step for further studies 
and implementation research on a larger scale to test preventive strategies in the future.

Data availability
This article encompasses all data that was generated or evaluated.The corresponding author will provide any 
additional inquiries.
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