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Abstract
The present study aimed to evaluate the possible association between coronavirus disease 2019 (COVID-19) and latent 
Toxoplasma gondii infection in a group of patients and healthy individuals. Blood samples were obtained from 269 PCR-
positive COVID-19 patients. The serum was separated and tested for the existence of anti-T. gondii antibodies (IgG) using 
a commercial enzyme-linked immunosorbent assay kit. The prevalence of latent toxoplasmosis between a subgroup of the 
patients (aged under 55 years old) and COVID-19 negative individuals was compared. Anti-T. gondii antibodies were found 
in 226/269 (84.0%) patients with COVID-19. Anti-Toxoplasma antibodies were detected in 72/91 (79.1%) cases and 96/123 
(78.0%) COVID-19 negative individuals (odd ratio = 1.1; 95% confidence interval: 0.55–2.07, P = 0.85). The median and 
interquartile range (IQR) of the IgG titer were not statistically significant different between case (97.3 [31.0–133.5]) and con-
trol groups (34.4 [13.0–144.5]) (P = 0.10). These findings demonstrated that latent Toxoplasma infection is prevalent amongst 
the COVID-19 patients. It also did not find any significant association between chronic toxoplasmosis and COVID-19.
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Introduction

The severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), also known as coronavirus disease 2019 
(COVID-19), started in Wuhan, China in mid-December 
2019 (El-Sayed et al. 2021a; Sharma et al. 2020). The dis-
ease spread around the world rapidly, infecting approxi-
mately 235,730,857 million people, with 4,816,146 million 

deaths by 4 October 2021, as reported by https://​www.​world​
omete​rs.​info/​coron​avirus/. The data obtained from multiple 
studies provides strong evidence confirming that certain 
species of bats are the natural reservoir host and source of 
SARS-CoV-2 (El-Sayed and Kamel 2021). However, the 
disease became widespread in human populations through 
the respiratory route, mainly by large droplets or aerosols 
(Mohanty et al. 2020). The clinical features of COVID-
19 disease vary amongst human populations. Most cases 
develop mild or uncomplicated illness but severe disease 
requiring hospitalization is detected in some patients (Has-
san et al. 2020). According to literature, SARS-CoV-2 can 
infect several organs and prompt life-threatening clinical 
symptoms that can lead to cardiovascular events, severe 
uncontrolled immune response (cytokine storm), damage of 
the brain stem and/ or respiratory failure which may result 
in death (El-Sayed et al. 2021b).

In the first few months of the pandemic, the susceptibility 
of human societies appeared to be varied ranging from mild 
to very high morbidity. In contrast with general anticipa-
tions, wealthier communities living under better hygienic 
conditions seem to be more at risk than poorer societies 
(Jankowiak et al. 2020). The factors influencing different 
populations’ susceptibility in this pandemic were evaluated 
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by some researchers. For example, a study suggested that 
BCG vaccination and exposure to tuberculosis may cre-
ate a non-specific protection against the COVID-19 infec-
tion (Sala and Miyakawa 2020). Jankowiak and colleagues 
hypothesized that common infections, which may be linked 
to a less hygienic lifestyle, may prompt the human immune 
system and therefore facilitate some protection against 
COVID-19. They reported that toxoplasmosis was positively 
related to COVID-19 delay by the linear regression model 
and Gross Domestic Product (GDP) (Jankowiak et al. 2020). 
On the other hand, a recent study reports that toxoplasmosis 
increased the severity of COVID-19 (Roe 2021).

Toxoplasma gondii infection is endemic in the north of 
Iran and the seroprevalence of latent toxoplasmosis ranges 
from 60.6% to 82.5% (Kalantari et al. 2018). The current 
study aimed to evaluate the seroprevalence of T. gondii 
infection amongst patients with COVID-19. The possible 
association between COVID-19 and latent T. gondii infec-
tion in a group of patients with COVID-19 and COVID-19 
negative individuals was also assessed.

Methods and materials

Study design

Two-hundred and sixty-nine PCR-positive COVID-19 
patients were enrolled in the current study. All patients were 
hospitalized at the Babol University of Medical Sciences 
affiliated hospitals, Babol, Iran, from August 2020 to Febru-
ary 2021. The sample size was calculated using the formula 
as described below (https://​libra​ry2.​linco​ln.​ac.​nz/​docum​
ents/​Sample-​size.​pdf):

*N, Z, P and d indicated sample size, 1.96, a proportion 
of the population having the characteristic and the degree 
of precision, respectively. The minimum sample size for the 
determination of seroprevalence rates of latent toxoplasmo-
sis was 188 if Z = 1.96, P = 60%, 1 − P = 40% and d = 0.07 
were used.

Moreover, the prevalence of latent toxoplasmosis between 
a subgroup of the patients (91 cases aged under 55 years 
old) and COVID-19 negative individuals (123 persons) was 
investigated. The data of 123 subjects without COVID-19 
was obtained from our previous studies, which were per-
formed prior to the SARS-CoV-2 pandemic. This control 
group was composed of 61 healthy females (Kalantari et al. 
2015) and 62 blood donors aged over 29 years old (Kalantari 
et al. 2018).

N =
Z
2 × P(1 − P)

d2

Sample collection

A blood sample was taken from each participant, and the 
serum was separated after clot formation by centrifugation 
at 4000 rpm for 5 min. The sera were collected in Eppendorf 
tubes and then transported in an icebox to the Microbiology-
Parasitology group, Para-Medical Faculty, Babol University 
of Medical Sciences. They were kept at − 20 °C until tested.

Sociodemographic and clinical data

Sociodemographic data (age and gender) and clinical infor-
mation such as respiratory rate, O2 saturation, cough and 
fever were obtained for all patients using a questionnaire 
form. All relevant data was obtained from the physicians and 
medical examination records. These variables were selected 
based on literature (Hassan et al. 2020).

Serological analysis

The sera were tested for the presence of IgG antibodies 
against T. gondii by a commercially available enzyme-linked 
immunosorbent assay (ELISA) (EUROIMMUN, Germany) 
according to the manufacturer’s instructions. The optical 
density of IgG antibody titers was provided at 450 nm by 
an automatic ELISA reader. The results were interpreted 
based on the kit’s recommendations. IgG titers of less than 
8 IU/mL, between 8 and 11 IU/mL and higher than 11 IU/
mL were considered negative, border line and positive, 
respectively. The sensitivity of the test was 99.9%, and the 
specificity was 100%.

Statistical analysis

SPSS v. 22.0 software (SPSS Inc., USA) was used to analyse 
the results, and P < 0.05 was considered statistically signifi-
cant. The association between age, gender, clinical signs of 
the patients and latent T. gondii infection was evaluated by 
Chi-squared test (X2). Odd ratios (OR) and 95% confidence 
intervals (CIs) were obtained using logistical regression. 
Age values and IgG titer were stated as median values and 
interquartile ranges (IQRs), and were compared using the 
Mann–Whitney U test.

Results

The mean and standard deviation of the patients age were 
60.9 ± 17.6 years, ranging from 9 to 90 years. One-hundred 
and five out of 269 individuals (39.0%) were male, and 164 
(61.0%) were female. Anti-T. gondii antibodies were found in 
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226/269 (84.0%) patients with COVID-19. The frequency of 
IgG antibodies against T. gondii according to demographic 
and clinical data amongst patients with COVID-19 is shown 

in Table 1. The prevalence of IgG antibodies against T. gon-
dii had a slightly higher rate in patients aged over 60 years, 
in comparison with other age groups (P = 0.07). Statistical 

Table 1   Seroprevalence of T. 
gondii infection according to 
the demographic and clinical 
data of patients with COVID-
19 (269) attending the Babol 
University affiliated Hospital, 
Babol, Iran

* denotes statistical analysis was performed by Chi-squared test, and for other variables logistic regression 
test (single variable analysis) was used

Variable No. tested Seropositivity N (%) OR (95%CI) P value

Age
   < 40 40 30 (75)
  40–60 76 61 (80.3) 0.7 (0.30–1.84) 0.33*

   > 60 153 135 (88.2) 0.5 (0.27–1.15) 0.08
Gender
  Male 105 89 (84.8) 0.9 (0.47–1.79) 0.79
  Female 164 137 (83.5)

Hospital wards
  General 172 142 (82.6) 0.9 (0.42–1.89) 0.75
  ICU 70 59 (84.3)
  NA 27 -

Respiratory rate
   < 28 150 122 (81.3) 0.6 (0.32–1.24) 0.18
   > 28 119 104 (87.4)

O2 saturation
   < 93 147 126 (85.7)
  93–95 49 39 (79.6) 1.5 (0.67–3.54) 0.21*

   > 95 73 61 (83.6) 0.8 (0.30–3.95) 0.37
Bleeding
  Yes 58 52 (89.7) 1.8 (0.77–4.67) 019
  No 211 174 (82.5)

Trombose
  Yes 13 10 (76.9) 0.6 (0.16–2.34) 0.49
  No 256 216 (84.3)

Cough
  Yes 217 185 (85.3) 1.5 (0.22–3.33) 0.26
  No 52 41 (78.8)

Dyspnea
  Yes 150 125 (83.3) 0.9 (0.46–1.72) 0.73
  No 119 101 (84.9)

Fever
  Yes 221 187 (84.6) 1.3 (0.56–2.86) 0.57
  No 48 39 (81.3)

Gastrointestinal signs
  Yes 45 37 (82.2) 0.9 (0.37–1.99) 0.61
  No 225 189 (84.0)

Muscular Pain
  Yes 151 129 (85.4) 1.6 (0.80–3.12) 0.10
  No 85 66 (77.6)
  NA 34 -

Headache
  Yes 156 132 (84.6) 1.4 (0.70–2.86) 0.18
  No 78 62 (79.5)
  NA 35 -
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analysis using Chi-squared and/or logistic regression tests 
showed no significant difference between the presence of 
anti-T. gondii antibodies (IgG) and demographic and clinical 
characteristics amongst the patients.

Table 2 shows the prevalence of latent toxoplasmosis, 
gender, age and IgG titer in patients with COVID-19 and 
COVID-19 negative subjects. IgG antibodies against this 
parasite were detected in 72/91 (79.1%) COVID-19 cases 
and 96/123 (78.0%) healthy individuals. The results of the 
single variable analysis showed that latent toxoplasmosis was 
not more prevalent in patients with COVID-19 (OR = 1.1; 
95% CI, 0.55–2.07, P < 0.85). The median and interquartile 
range (IQR) of IgG titer in patients were (97.3 [31.0–133.5]) 
and in control groups were (34.4 [13.0–144.5]), indicating 
no significant difference between the two groups (P = 0.10). 
The median and interquartile range (IQR) of age amongst 
case and control groups were (41 [IQR: 34–47]) and (30 
[IQR: 29–42]), respectively (P < 0.0001).

Discussion

A strong negative covariation between toxoplasmosis 
and COVID-19 was reported by a study (Jankowiak et al. 
2020). The present study found that 84% of the patients with 
COVID-19 were positive for anti-T. gondii antibodies (IgG). 
Previous reports depicted lower levels of T. gondii seroprev-
alence in the north of Iran (Bayani et al. 2013; Kalantari 
et al. 2018; Rostami et al. 2016). An important associated 
factor in the epidemiology of toxoplasmosis is age, and sev-
eral studies demonstrated that the seroprevalence rate of 
toxoplasmosis increases with age and the peak level was 
observed in cases older than 50 years (Nasiru Wana et al. 
2020; Kalantari et al. 2015). The mean age of the patients 
with COVID-19 (60 ± 17.6 years) was higher than the above-
mentioned studies.

Furthermore, this work showed that the seropositivity rate 
of latent toxoplasmosis was not significantly increased by 
age. Also, no significant association between gender and the 
seroprevalence of latent toxoplasmosis was observed. These 
results are not in agreement with previous studies reporting 
a statistically significant association between Toxoplasma 
seropositivity and age, and gender (Achaw et al. 2019). The 
possible explanation for this variation is differences in type 
of study population and study region.

In the present study, the prevalence of toxoplasmosis was 
not significantly higher in severe cases, which may have con-
firmed no relationship between SARS-CoV-2 and T. gondii 
infection.

Moreover, a non-matched case–control study was per-
formed in the second step of the current work which found 
that the seroprevalence rate for anti-T. gondii IgG antibod-
ies was not significantly different between case and control 
groups (79.1% vs. 78.0%). This finding was not supported 
by Sharaf-El-Deen and colleagues study which demonstrated 
the prevalence of toxoplasmosis was significantly higher in 
patient with COVID-19 than healthy individuals. Their find-
ings also showed the number of Toxoplasma positive cases 
was statistically significant higher in the severe patient group 
compared with the moderate patient group (Sharaf-El-Deen 
et al. 2021). The main possible reasons for this controversy 
are differences in type of study region and endemicity of 
toxoplasmosis (Abbas et al. 2020). Toxoplasmosis is an 
endemic disease in the studied area, and about 60% of peo-
ple above 30 years old become exposed to this infection 
(Rostami et al. 2016; Kalantari et al. 2018).

Our findings demonstrated that the mean, median and 
IQRs of age in the patient group were significantly higher 
than in the control group (P < 0.0001). According to these 
results, age was not a matched feature in our study groups, 
which may have affected the results obtained from the pre-
sent study. Also, the samples were not collected from the 

Table 2   T. gondii exposure 
amongst patients with COVID-
19 and subjects without 
COVID-19 according to age, 
gender and IgG titer

Variable Case (91)
N (%)

Control (123)
N (%)

OR (CI95%) P value

T. gondii exposure
  Yes 72 (79.1) 96 (78.0) 1.1 (0.55–2.07) 0.85
  No 19 (20.9) 27 (22.0)

Gender
  Female 48 (52.7) 63 (51.2) 1.1 (0.62–1.83) 0.83
  Male 43 (47.3) 60 (48.8)

Age (years)
   < 30 18 (19.8) 64 (52.0) 0.2 (0.11–0.39) 0.00
   > 30 73 (80.2) 55 (48.0)
Median and IQRs of age (years) 41 (34–47) 30 (29–42) - 0.00
Median and IQRs of IgG titer 97.3 (31.0–133.5) 34.4 (13.0–144.5) - 0.10
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SARS-CoV-2 patients and healthy individuals in the same 
period which caused limitations in the current work.

Conclusion

In summary, the present study is a preliminary work that 
investigated the prevalence of chronic T. gondii infection 
in SARS-CoV-2 patients. The findings demonstrated that 
latent Toxoplasma infection is prevalent amongst SARS-
CoV-2 patients. Furthermore, no association was observed 
between COVID-19 and latent toxoplasmosis. Our results 
also suggest that further studies with larger sample sizes and 
with case–control design should be performed to establish 
any association between T. gondii and SARS-CoV-2.
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