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Abstract 

Background: The unique single-stranded RNA virus COVID-19 is 

to blame for the initial viral pneumonia outbreak in China that 

quickly turned into a pandemic. The "immune exhaustion" which 

flares up viral multiplication and hasty clinical results, is one of the 

primary criteria of the immune response against COVID-19 and 

also, it is a common side effect of chronic infections with 

Toxoplasma gondii. The severity of COVID-19 could possibly be 

increased by the toxoplasmosis-associated immune depletion by 

making it worse.  Aim of study: Our goal was to ascertain the 

prevalence of coinfection with latent toxoplasmosis in COVID 19 

positive patients as well as its impact on the progression of the 

infection and the fate of the disease. Patients &Methods: 50 

patients with PCR-confirmed COVID-19 infection were recruited 

for this cross sectional cohort prospective study at Benha 

university hospitals. They underwent Toxoplasma IgG testing by 

ELISA and had their conditions monitored to assess the COVID-19 

infection's outcome. Results: Toxoplasma IgG seropositivity was 

found in 29(58%) patients while history of animal contact was 

48.3% and 38.1% in both IgG positive and negative groups 

respectively. Toxoplasma Positive group showed higher incidence 

of:  long hospital stay (20.7±7.3), ICU admission (72.4%), need for 

ventilation (55.3%), and more lung affection and sever CT findings 
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(24.1%) and higher death rate (10.3%). All these previous differences were statistically 

significant. Conclusion: The concurrent latent toxoplasmosis infection in (SARS-CoV-2) 

patients was linked to a more severe course and a worse result of COVID-19 infection. 

 Keywords: COVID‐19; Parasitic infections; Toxoplasmosis 

 Introduction: 

The novel coronavirus SARS-CoV-2 

(COVID-19), a strain of SARS-related 

coronavirus (SARSr-CoV), was first 

discovered in December 2019 in Wuhan, the 

capital of Hubei, China [1]. The dynamics of 

COVID-19 transmission are mostly 

influenced by respiratory droplets and close 

contact with infected individuals (carriers or 

sick) [2]. The rapid emergence of a pandemic 

and high infectivity of COVID-19 led the 

WHO to classify it as a severe infectious 

agent. Furthermore, it has the potential to 

result in fatal outcomes in a few days to a 

few weeks for susceptible individuals, 

including severe pneumonia , acute 

respiratory distress syndrome (ARDS)  and 

even multi-organ dysfunction and death   [3–

5]. Type I interferon (IFN1), tumor necrosis 

factor (TNF), and other cytokines may have 

a significant collaborative role in the viral 

immune response, according on theoretical 

evidence about COVID-19 from earlier 

outbreaks of other coronaviruses [6]. 

Therefore, pulmonary histological 

abnormalities include bilateral diffuse 

alveolar destruction, cellular fibromyxoid 

exudates, pneumocyte desquamation, 

formation of the hyaline membrane 

indicative of ARDS, and interstitial infiltrate 

of mononuclear inflammatory cells, 

primarily lymphocytes, in both lungs [7]. 

Additionally, it has profound effects on 

every organ, causing edoema, 

vasoconstriction, inflammation, and 

hypercoagulability. There have been reports 

of myocardial infarction, ischemic stroke, 

and deep vein thrombosis, as well as 

embolism development and disseminated 

intravascular coagulation [8]. To ensure their 

survival inside their hosts, several parasites 

might modify the immune system [9&10] 

as trematodes, cestodes, and nematodes [11–

15]. Th1 cells are suppressed by the type 2 

responses that are induced. Additionally, the 

increased numbers of Th2 cells and 

alternatively activated macrophages 

influence the cytokine profiles to favour IL-

4, IL-5, IL-9, and IL-13. Immunomodulatory 
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substances secreted by helminths alter IL-10 

production as well as the growth of 

regulatory T (Treg) cells and regulatory B 

cells, which results in a greater suppression 

of type-1 responses [16–18]. Regarding this, 

earlier research has shown that helminthic 

infections may have therapeutic benefits in 

treating some autoimmune and allergic 

reactions [19 & 20]. 

The potential for helminthic co-infection to 

affect COVID-19 severity has recently been 

questioned by researchers [21]. Curiously, a 

2018 study found that IL-4 response during 

helminth infections can promote antigen-

specific CD8+ T cell effector responses in 

the lung that improve control of viral 

infection [22]. Similar to this, earlier 

research using animal models showed that 

parasites can protect against viral infections, 

or the "parasites versus virus phenomenon" 

[23]. The severity of viral infections was also 

seen to be modulated by protozoal infections. 

Along with the potential protective 

interaction between Plasmodium spp and the 

Chikungunya virus, concurrent G. lamblia 

infection lessens the severity of diarrheal 

episodes in rotaviruses [24 & 26]. 

Surprisingly, COVID-19 showed minimal 

improvement after receiving the standard 

anti-viral therapy. Additionally, the 

pathogenic setting of the SARS CoV2 

Coronavirus seems to mimic several 

parasites. As an example, the virus 

attacks the heme group (porphyry) in the 

RBCs, releasing iron and depriving the 

body of oxygen with a sharp rise in 

cytokines, much like malaria [27]. 

The disease can eventually be eradicated 

once herd immunity has been established and 

the spread of the illness is restricted. 

Between vulnerable and infected 

participants, immune individuals serve as a 

buffer [28 & 29]. However, prior infections 

are necessary to build immunity. As a result, 

we wonder if endemic parasite illnesses and 

COVID-19 may be cross-reactive. We are 

unsure of the benefit of the non-hygiene 

hypothesis in this context. But prior studies 

found that the development of the immune 

system is influenced by exposure to a wide 

range of microbial antigens [30 & 31]. 

Regarding the health reports for rural areas 

in the USA, co-infection with Ancylostoma 

duodenale may worsen COVID-19 because 

it causes iron deficiency anaemia and 

drastically lowers iron reserves (ferritin) 

[32], aggravating the condition brought on 

by the iron release from SARS-CoV2. On 

the other hand, since both pathogens can 

generate a cytokine storm and coagulation 

state, co-infection with malaria may 
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aggravate the course of the illness brought 

on by either one [33]. 

The protozoan parasite Toxoplasma gondii 

infects about one-third of people worldwide. 

[34]. Since latent toxoplasmosis has long 

been thought to be asymptomatic, little 

effort has been made to find a medication 

that can both treat latent toxoplasmosis and 

eradicate the bradyzoites seen in cysts. But 

during the past 20 years, a number of 

studies have demonstrated that latent 

toxoplasmosis has serious negative impacts 

on the mental and physical health of 

infected individuals. Numerous illnesses, 

including fetal malformations, neonatal 

problems, and cardiovascular ailments have 

been discovered to have a substantial 

connection with toxoplasmosis. However, a 

significant positive connection was also 

seen with leukaemia, measles, and filariasis. 

A wide variety of observed relationships 

points to the effects of latent toxoplasmosis 

being quite general [35].  

  

Additionally, it is well documented that 

Toxoplasma alters how the host's      immune 

system functions, particularly by raising the 

levels of a few lymphokines, most notably 

IL-10 [36, 39], and altering the numbers of 

certain immunocytes [40]. 

It's interesting to notice that T. gondii and 

SARS-CoV-2 both use the same mechanism 

to activate innate immunity. In reality, the 

canonical pathway is used to activate toll-like 

receptors, such as TLR 2, TLR 4, and TLR 7, 

in both infections. However, it is also 

probable that some generated cytokines make 

COVID-19 more severe in toxoplasmosis 

patients [41, 42]. Thus, it is postulated that 

COVID-19 and T. gondii in hospitalised 

patients may be related.        

Methodology: 

The Benha University Faculty of Medicine's 

Research Ethics Committee gave its approval 

to this work. Informed consent was gained 

from patients or their guardians (RC 4-6-

2021) depending on their condition after 

explaining the study's purpose to all 

participants.  

Subjects and study design: 

The present study was a cross-sectional 

prospective study. It was performed on 50 

COVID-19 patients admitted to the Isolation 

Department of Benha University Hospitals 

with moderate or severe/critical 

manifestations. The duration of the study 

extended from October 2021 to January 

2022. 
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Inclusion and exclusion criteria: 

A throat swab PCR for COVID-19 was 

positive in every case. Even though there is a 

radiological and clinical suspicion. 

Comorbidities affecting COVID-19 outcome 

such as diabetes mellitus, chronic kidney 

disease, underlying cardiac condition, or 

chronic liver diseases as well as 

immunosuppressive conditions such as 

malignancy, immune mediated diseases, or 

immunosuppressive drugs will be excluded 

from the study besides, anti-T. gondii IgM 

seropositivity were excluded. 

 All patients underwent comprehensive 

history-taking, physical examinations, and 

clinical testing. They were categorized into 

four grades based on the results of CT scans 

as well as their oxygen needs. All patients 

also underwent Toxoplasma IgG testing, 

which allowed for the division of patients 

into groups with positive and negative 

results. Assessment of T. gondii 

seropositivity: 

According to the manufacturer's instructions, serum 

samples from each participant were tested for anti-

T. gondii IgG antibodies using a commercially 

available ELISA kit, the Human Anti-T. gondii IgG 

kit (ab108776, Abcam, USA). To rule out acute 

infection, positive samples were tested for anti-T. 

gondii IgM antibodies using the Human Anti-T. 

gondii IgM Kit (ab108778, Abcam, USA). The 

amount of anti-T. gondii IgG antibodies was 

indicated in U/ml. 

Statistical analysis: 

Using IBM-SPSS Statistics for Windows, 

version 23.0, data were checked, coded by 

the researcher, and analyzed (Copyright IBM 

Corp., Armonk, N.Y., USA. 2015). 

Statistically descriptive data Calculations 

included means, standard deviations, 

medians, ranges, and percentages. Chi-

square test was performed to assess the 

variation in frequency distribution between 

groups as a measure of significance. An 

independent t-test analysis was performed 

for continuous variables to compare the 

means of dichotomous data. Toxoplasma IgG 

levels and other characteristics in COVID-19 

patients were correlated using Spearman's 

rho or the Pearson Correlation Coefficient, 

respectively. The sample size was not 

determined in a precise way. When it was 

0.05 or below, a significant p-value was 

evaluated. 

Results:  

 Out of the 50 patients recruited in study 29 

(58%) were Toxoplasma IgG antibodies 

positive and 21(42%) were IgG negative 
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while, anti-T. gondii IgM was not detected in 

any of the patients (Figure 1). The mean age 

of the positive group was 51.4±14.8  years 

most of them were females (55.2%), the 

urban residence was more common (93.1%), 

positive history of cat contact was 48.3%. 

regarding IgG negative group the mean age 

was 53.0±16.2 most of them were females 

with (38.1%) positive history of cat contact 

and the majority were from urban areas 

.there was no statistically significant 

difference between both groups regarding 

sociodemographic data (Table 1). 

Regarding the laboratory findings in both 

Toxoplasma IgG antibodies positive and 

negative groups, no statistically significant 

difference was found when comparing both 

groups (Table 2). 

In our study, we observed the occurrence of 

renal impairment and elevated liver enzymes, 

and bilirubin which were more elevated in 

the positive IgG group than in the negative 

group but the difference was statistically 

insignificant. However, inflammatory 

markers such as CRP, serum ferritin, and D-

dimer in both groups were elevated but more 

in the negative group, and also the difference 

was statistically insignificant. (Table 2) 

The seropositive group spent significantly 

longer periods in the hospital than the 

negative group. There was a statistically 

significant difference between the positive & 

negative groups considering their COVID 

infection outcome. ICU admission rate was 

higher among the positive group (72.4%) vs. 

(42.9%) in the negative group. Similarly, the 

death rate was higher among the positive 

group (10.3%) vs. (4.8%)     in the negative 

group (P<0.05) (Table 3). 

CT examination revealed a statistically 

significant difference between the positive & 

negative groups regarding chest findings. 

The positive group showed more lung 

affection rather than the negative group. The 

need for mechanical ventilation was 

significantly higher among the 

toxoplasmosis positive group (55.3%) vs. 

only (19.1%) for the negative group. (Table 

4) 

There was a statistically significant 

difference between Toxoplasma IgG positive 

& negative groups considering their COVID 

infection outcome. ICU admission rate was 

higher among the positive group (72.4%) vs. 

(42.9%) in the negative group. Similarly, the 

death rate was higher among the positive 

group (10.3%) vs. (4.8%) in the negative 

group. CT examination revealed a 

statistically significant difference between 

the positive & negative groups regarding 
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chest findings. The positive group showed 

more lung affection rather than the negative 

group. The need for mechanical ventilation 

was significantly higher among the 

toxoplasmosis positive group (55.3%) vs. 

only (19.1%) for the negative group (Table 

4). 

Correlation coefficient tests were performed 

to correlate IgG level with different variables 

including age, clinical data, and the disease 

outcome. It was positively correlated with 

CRP, ESR, and Creatinine which was 

statistically insignificant but a statistically 

significant positive correlation was observed 

with the RBCs count and COVID-19 

outcome, other variables showed a 

statistically insignificant negative correlation 

(Table 5) 

 

Table (1): Socio-demographic data of COVID-19 infection patients (seropositive vs. seronegative)  

Variables Positive 

N.=29 

Negative 

N.=21 

Test of 

significance 

P-value 

Age (years) 51.4±14.8 53.0±16.2 t =.36 .72 

Sex 

Male 

Female 

 

13(44.8%) 

16(55.2%) 

 

8(38.1%) 

13(61.9%) 

 

X
2
 = .23 

 

.63 

Residence 

Urban 

Rural 

 

27(93.1%) 

2(6.9%) 

 

20(95.2%) 

1(4.8%) 

 

FET =1.7 

 

.43 

Contact with animals 

Yes 

No 

 

14(48.3%) 

15(51.7%) 

 

8(38.1%) 

13(61.9%) 

 

X
2
 =.51 

 

.47 
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Table (2):  Laboratory findings of COVID-19 patients (seropositive vs. seronegative) 

Variables Positive 

N.=29 

Negative 

N.=21 

t-test P-value 

Hb% 11.4±1.8 10.4±2.1 1.7 .09 

RBCs (x 10
9
/uL) 6.2±10.2 6.1±8.1 .04* .97 

WBCs (x 10
6
/uL) 9.4±4.3 11.3±6.6 1.2 .26 

Platelets (x 10
6
/uL) 187±78.5 215±94.7 1.1 .27 

Lymphocytes 1.2±.75 2.0±2.9 1.2 .23 

Neutrophils 7.7±4 15.3±29.9 1.2 .26 

Eosinophils .24±.24 .32±.45 .68 .50 

Basophils 1.6±7.7 0.19±.28 1.0 .33 

Monocytes .37±.32 1.8±5.5 1.2 .24 

Serum Ferritin (ng/mL) 495.5±366.7 489.5±368.2 .06 .96 

D-Dimer 804.7±646.5 862.0±915.5 .25 .81 

Urea (mg/dL) 66.3±36.9 50.1±30.9 1.7 .09 

Creatinine (mg/dL) 2.0±3.2 1.7±2.3 .47 .64 

Uric acid (mg/dL) 7.8±9.3 8.9±13.9 .33 .74 

AST (U/L) 40.2±25.8 37.5±21.0 .39 .69 

ALT (U/L) 40.2±29.2 43.5±24.8 .42 .68 

Bilirubin (mg/dL) 1.9±3.3 3.2±5.5 .93 .36 

Albumin (g/dL) 16.1±15.6 16.8±16.5 .15 .88 

CRP (mg/L) 62.5±59.9 69.0±76.9 .27 .79 

ESR (mm/hr) 54.4±29.3 50.0±32.2 .49 .62 
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Table (3): Length of Hospital Stay & outcome of COVID-19 infection (seropositive vs. seronegative)  

Variables Positive Negative Test of 

significance 

P-value 

Length of hospital stay 

(days) 

20.7±7.3 15.6±9.4 X
2
 =2.05 .038* 

Outcome 

Discharged 

ICU 

Died 

 

5(17.2%) 

21(72.4%) 

3(10.3%) 

 

11(52.4%) 

9(42.9%) 

1(4.8%) 

 

FET=6.69 

 

.029* 

Table (4): CT findings & need for oxygen therapy of COVID-19 patients (Seropositive vs. Seronegative) 

Variables Positive Negative Test of 

significance 

P-value 

CT results 

No affection 

Grade 1 

Grade 2 

Grade 3 

Grade 4 

 

3(10.4%) 

5(17.2%) 

4(13.8%) 

10(34.5%) 

7(24.1%) 

 

5(23.8%) 

9(42.9%) 

1(4.8%) 

6(28.5%) 

0(0%) 

 

FET=10.39 

 

.027* 

O2  therapy 

No  

Nasal prong 

Air room 

Ventilation 

 

3(10.3%) 

5(17.2%) 

5(17.2%) 

16(55.3%) 

 

5(23.8%) 

10(47.6%) 

2(9.5%) 

4(19.1%) 

 

FET=9.5 

 

.020* 
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Table (5): Correlation between toxoplasma IgG level & laboratory findings and outcome of COVID-19 infection  

                         IgG level  

Variables 

Pearson Correlation Coefficient              P-value 

Age  -0.24 0.86 

HB  -0.53 0.72 

RBCs  0.33 .02* 

WBCs  .012 0.94 

Platelets  -0.34 0.79 

Lymphocytes -0.11 0.46 

Neutrophils -0.04 0.76 

Eosinophils 0.03 0.81 

Basophils 0.25 0.07 

Monocytes -0.09 0.55 

Serum Ferritin -0.02 0.87 

D-Dimer -.06 0.69 

Urea 0.20 0.16 

Creatinine 0.01 0.97 

Uric acid -0.07 0.64 

AST 0.17 0.23 

ALT -0.06 0.69 

Bilirubin -.04 0.77 

Albumin -0.14 0.32 

CRP 0.15 0.30 

ESR 0.05 0.72 

Length of hospital stay -0.08 0.59 

Outcome Spearman’s rho = 0.52 0.000** 
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 Fig. (1): Comparison between IgG levels among positive & negative groups for Toxoplasma infection in COVID-19 

patients admitted to BUH 

 

Discussion 

Our study was designed as a trial to 

understand the effect of T. gondii co-

infection on the severity of COVID-19 

manifestations, and due to the impact of 

widely distributed protozoal infection on 

the immune system. We tried to ascertain 

whether T. gondii can be considered a risk 

factor for COVID-19 severity. The fact 

that it is so common to explain both 

how it affects the severity of COVID-19 

and how hazardous this illness is. Since 

mild COVID-19 cases were separated at 

their residences in accordance with 

Ministry of Health practice, only 

moderate and severe cases were included 

in the study population. The presence of 

specific IgG with the absence of IgM was 

used to diagnose the chronicity of 

toxoplasmosis [43]. 

In our study, the mean age of included 

patients was 51.4±14.8 years in IgG 

positive group and 53.0±16.2 years in IgG 

negative group and this increased 

incidence of severe manifestations with 

increased age can be explained by the 

association between aging of the immune 

system and increased liability to 

malfunction and apoptosis of immune 

cells with subsequent increase in growth 

and multiplication of the virus. 

In our study, we found that in both groups 

no hematological indices were statistically 

different and so we could not correlate it 

with the outcome also this was in 

agreement with Moledina et al. [44] who 

reported that no hematological marker 

58% 

42% 

IgG for toxoplasma 

Positive

Negative
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was statistically significant at predicting 

inpatient mortality. 

  

In our study, we found that 

lymphopenia was evident in both groups 

but more severe in Toxoplasma positive 

group. However, it was statistically 

insignificant and this could add to the 

explanation that toxoplasmosis could 

increase the severity of COVID-19 

infection because lymphopenia is a well-

established bad prognostic marker for 

COVID-19 and this was in agreement 

with Moledina et al.[44] who reported 

that lymphopenia is widely described as a 

poor prognostic marker for survival from 

COVID-19 infection also this was 

concordant with other researchers]who 

reported the same results [45 & 46]. 

   In our study we observed the occurrence 

of renal impairment and elevated liver 

enzymes, bilirubin we were more elevated 

in the positive IgG group than in the 

negative group but this was statistically 

insignificant however this could prove that 

coinfection of toxoplasmosis with COVID-

19 increase the severity of multi-organ 

affection which was reflected on the length 

of hospital stay, worsening of the outcome, 

also this was in agreement with Moledina 

et al. [44] who reported that Renal 

dysfunction, with raised urea (8.1, 95% CI 

7–10.9) vs (5.5, 95% CI 4.9–6.1), 

increased creatinine (104, 95% CI 97–114) 

vs (82, 95% CI 77–90) and reduced eGFR 

(54, 96% CI 45–65) vs (77, 95% CI 67–84) 

were predictive of mortality. inflammatory 

markers as CRP, ESR, ferritin, and D-

dimer in both groups were elevated but 

more obvious in Toxoplasma IgG negative 

group and also this was  statistically 

insignificant our explanation for this is that 

renal impairment was more evident in the 

positive group which may impair the 

immune system response also 

hypoalbuminemia was more evident in the 

positive group which could affect the ESR 

also decreased CRP could be explained in 

the positive group by more severe infection 

is associated with more interferon level 

which decreases CRP production from the 

hepatocytes (Table 2). 

   In our research we found that ventilation 

was needed in 55.3% of the patients, 

Regarding the outcome 30 patients needed 

ICU admission, 16 were discharged and 

four patients died and this was concordant 

with Moledina et al.[44]who reported that 

On admission, increased O2 requirement 

was linked to increased mortality (36, 95% 

CI 28–85) vs (21, 95% CI 21–28) in those 

successfully discharged. Furthermore, 
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desaturation on admission (<94%) was also 

linked to increased mortality (95%, CI 92–

96%) vs (96, CI 96–96%). In the same line, 

it was declared that chronic toxoplasmosis 

was the strongest risk factor for a severe 

course of COVID-19. It was stronger than 

the effect of being overweight, 

cardiovascular disease, or diabetes [40].  

   In our study, we found that IgG level was 

positively correlated with the RBCs count 

and other variables showed a statistically 

insignificant correlation. 

   A significant statistical difference was 

observed between negative and positive 

Toxoplasma IgG groups considering both 

length of the hospital stay and COVID 

infection outcome. The length of hospital 

stay in IgG positive group was more than 

in negative groups which was statistically 

significant (Table 3). Additionally, the ICU 

admission rate was higher among the 

positive group (72.4%) vs. (42.9%) in the 

negative group. Similarly, the death rate 

was higher among the positive group 

(10.3%) vs. (4.8%) in the negative group.  

CT examination revealed statistically 

significant differences between positive & 

negative groups regarding chest findings. 

The positive group showed more lung 

affection rather than the negative group. 

The need for mechanical ventilation was 

significantly higher among the 

toxoplasmosis positive group (55.3%) vs. 

only (19.1%) for the negative group. This 

was in agreement with a study done 

previously which reported that IgG levels 

in COVID-19 patients were higher and this 

was more evident in severe cases. This 

could be explained by the “immune 

exhaustion” induced by COVID-19 that 

enhanced the reactivation of chronic 

toxoplasmosis [47]. Also this was 

concordant with other former studies [48, 

49, 50]. Those studies reported the same 

results and their explanation for this was 

reached by doing a Flowcytometric 

analysis which was performed using CD3 

gating to include both CD4 and CD8+ 

lymphocytes that are commonly involved 

in both infections. The recorded increased 

lymphocytic expression of PD-1 with 

combined infections was the highest in 

severe patients. 

   However, this was not in agreement with 

a recent study which found a negative 

correlation between toxoplasmosis and 

COVID-19 infection even though it appears 

that the interaction between COVID-19 and 

toxoplasmosis is mediated by GDP per 

capita and spatial effects [51]. Also, this 

was not in agreement with a study done in 
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2017 which reported that toxoplasmosis 

could inhibit viral replication both in vivo 

and vitro [52]. Furthermore, the recent 

results of Montazeri et al. [53] were 

contrary to ours, as they stated a high rate 

of latent T. gondii infection among 

COVID-19 with different severity. 

However, there is no significant 

relationship between latent T. 

gondii infection and COVID-19 severity 

and outcomes.  

Conclusion:  

We concluded that T. gondii prevalence 

and activity were higher in severe/critical 

cases and were associated with increased 

hospital stay and worse outcomes. So T. 

gondii infection can be considered an 

unrecognized independent risk factor for 

the severity and bad outcome of COVID-

19 so, Toxoplasma-infected individuals 

should have the priority in COVID-19 

vaccination programs. 

Power of the study 

Trial of correlating untested widely 

spread pathogen (toxoplasmosis) and its 

impact on COVID-19 infection 

Weakness of the study 

The low number of involved patients and 

inability to test for different cytokines 

which were tested in different studies. 
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