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population: a preregistered exploratory internet
cross-sectional study
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Abstract

Background: Latent toxoplasmosis, i.e. a lifelong infection with the protozoan parasite Toxoplasma gondii, affects
about a third of the human population worldwide. In the past 10 years, numerous studies have shown that infected
individuals have a significantly higher incidence of mental and physical health problems and are more prone to
exhibiting the adverse effects of various diseases.

Methods: A cross-sectional internet study was performed on a population of 4499 (786 Toxoplasma-infected) partici-
pants and looked for factors which positively or negatively affect the risk of SARS-CoV-2 infection and likelihood of a
severe course of COVID-19.

Results: Logistic regression and partial Kendall correlation controlling for sex, age, and size of the place of residence
showed that latent toxoplasmosis had the strongest effect on the risk of infection (OR = 1.50) before sport (OR=1.30)
and borreliosis (1.27). It also had the strongest effect on the risk of severe course of infection (Tau =0.146), before
autoimmunity, immunodeficiency, male sex, keeping a cat, being overweight, borreliosis, higher age, or chronic
obstructive pulmonary disease. Toxoplasmosis augmented the adverse effects of other risk factors but was not the
proximal cause of the effect of cat-keeping on higher likelihood of COVID infection and higher severity of the course
of infection because the effect of cat-keeping was also observed (and in particular) in a subset of Toxoplasma-infected
respondents (Tau =0.153). Effects of keeping a cat were detected only in respondents from multi-member families,
suggesting that a cat could be a vector for the transmission of SARS-CoV-2 within a family.

Conclusions: Toxoplasmosis is currently not considered a risk factor for COVID-19, and Toxoplasma-infected individu-
als are neither informed about their higher risk nor prioritised in vaccination programs. Because toxoplasmosis affects
a large segment of the human population, its impact on COVID-19-associated effects on public health could be
considerable.
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its intermediate host can be any warm-blooded animal,
including humans. In immunocompetent human hosts,
a short phase of acute toxoplasmosis spontaneously
resolves into a latent phase. It is widely believed that dur-
ing this phase, bradyzoites, the slowly reproducing stage
of Toxoplasma, survive in tissue cysts localised mainly in
immune-privileged organs and tissues for the duration of
the host’s life, waiting for the host to be eaten by a cat [1].
The bradyzoites in cysts, however, can be reactivated into
rapidly dividing tachyzoites in immunocompromised
individuals, for example in AIDS patients or persons after
transplantation or anticancer treatment [2]. This can
result in the formation of brain lesions and, if untreated,
lead to fatal toxoplasmic encephalitis [3].

Latent toxoplasmosis has long been considered asymp-
tomatic in immunocompetent individuals, which is
why no effort has been invested in finding a drug that
would kill the bradyzoites in cysts and treat latent toxo-
plasmosis. This attitude is now slowly changing [4]. For
example, ocular toxoplasmosis, an important cause of
infectious uveitis, was believed to be associated with
the relatively rare congenital toxoplasmosis [5], but cur-
rent data strongly suggest that it is a relatively common
effect of postnatally acquired toxoplasmosis, the most
common form of toxoplasmosis. It is estimated that in
Europe and the USA, about 2% of individuals with ‘latent’
toxoplasmosis have scars or active lesions on the retina
[6-8]. Even more serious is the situation in South Amer-
ica, where there are more virulent strains of Toxoplasma
and the highest diversity of Toxoplasma strains [9]. In
this region, about 20% of Toxoplasma-seropositive indi-
viduals probably have ocular toxoplasmosis [10]. Moreo-
ver, ocular toxoplasmosis is not the only serious sequela
of postnatal Toxoplasma infection. Latent Toxoplasma
infection is often also associated with various inflam-
matory diseases [11, 12], autoimmune diseases [13], and
even some types of cancer [14, 15].

Over the past 20 years, numerous studies have shown
that latent toxoplasmosis has important adverse effects
on the mental and physical health of infected persons
[16—18]. Over 100 studies have shown that latent toxo-
plasmosis strongly affects (according to meta-analytic
studies, nearly triples) the risk of schizophrenia. Later, a
similar and possibly even stronger effect of toxoplasmosis
was described in relation to other mental health disor-
ders, including obsessive—compulsive disorder, attention-
deficit/hyperactivity disorder, and autism [19, 20].

In the past decade, several studies have shown that
latent toxoplasmosis affects both mental and physical
health. The first evidence was merely indirect: research-
ers noticed that infected patients showed clear psycho-
logical symptoms of chronic stress, which explained
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most earlier observed differences in the personality
profile and behaviour of Toxoplasma-infected ver-
sus Toxoplasma-free individuals [21]. These changes,
which go in the opposite direction in men and women
[22, 23] were at first interpreted as products of the par-
asite’s manipulative activity aimed at enhancing trans-
mission from the intermediate host (usually a mouse)
to the definitive host (a cat) by predation [24]. A large
cross-sectional study performed in 333 infected par-
ticipants and 1153 controls showed that Toxoplasma-
infected individuals reported higher rates of 77 of 134
listed disorders [25]. Infected participants also scored
significantly worse on 28 out of 29 health-related varia-
bles included in the study. Similar results were obtained
in an ecological (correlational) study that was based on
data from the World Health Organization (WHO) on
the incidence of disease and disease burden in 88 WHO
Member States [26]. The results showed that disability-
adjusted life years (DALYs) for 23 out of 128 diseases
and disease categories correlated with the prevalence
of latent toxoplasmosis in individual countries even
after controlling for per capita gross domestic product
(GDP), latitude, and humidity. In 29 European coun-
tries, differences in the prevalence of toxoplasmosis
were found to be responsible for 23% of total variabil-
ity in disease burden in a model containing the three
above-mentioned covariates. The strongest associations
were observed with cardiovascular diseases, perinatal
conditions, and congenital abnormalities (which prob-
ably reflects the effect of congenital, not latent, toxo-
plasmosis). Nevertheless, a strong positive association
was also observed with filariasis, measles, and leukae-
mia. Such a broad range of observed associations sug-
gests that the effects of latent toxoplasmosis are rather
non-specific. It has also been shown that toxoplasmo-
sis makes individuals prone to various adverse factors,
including fatigue, faster aging, and smoking [27]. It is
also known that Toxoplasma modifies the functioning
of the host’s immune system, especially by increasing
the concentration of certain lymphokines (most nota-
bly IL-10) [28-31] and changing the counts of various
immunocytes [32].

The main aim of the present study was to explore
whether latent toxoplasmosis has any effect on the risk
of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection and the course of coronavirus
disease 2019 (COVID-19). For this purpose, the prob-
ability of being diagnosed with COVID-19, severity of
the course of the disease, and the incidence of specific
symptoms of the disease were compared among 4499
participants in a large internet survey.
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Methods

General set-up

Participants were recruited by a Facebook-based snow-
ball method [33]. Calls for participation in the study were
published about 15 times on the Facebook page of Lab-
bunnies, a 23,000-member group of Czech and Slovak
nationals willing to take part in evolutionary psychology
studies and help with recruiting participants for such
studies, as well as on the author’s personal Facebook and
Twitter accounts. The Qualtrics questionnaire that was
used to gather data contained Facebook ‘share” and ‘like’
buttons, so that participants could help recruit other
participants by pressing these buttons. In total, the but-
tons were pressed 12,000 times between 17 October 2020
and 3 March 2021, and data from 52,000 respondents
were obtained. The invitation and the informed consent
form on the first page of the questionnaire contained
only the most general information about the aims of the
study and contents of the questionnaire. The respond-
ents were informed that the study was examining which
factors affect the risk and course of COVID-19 infec-
tion and people’s opinions about anti-epidemic meas-
urements. Participants were also informed that their
participation was voluntary, and that they could skip
any questions they might find uncomfortable and ter-
minate their cooperation at any point simply by closing
the web page. Only those who consented to participate
in the study by pressing the corresponding button were
allowed to take the questionnaire. Respondents were not
paid for their participation in the study, but after finish-
ing the 20-minute questionnaire, they received informa-
tion about the results of related studies. The study was
anonymous, but participants had the option of provid-
ing their email addresses for a future longitudinal study
(about 42% did) or could ask for their data to be erased
after completing the questionnaire (about 2% did). Data
collection was performed in accordance with the rele-
vant guidelines and regulations, and the project, includ-
ing the method for obtaining informed consent from all
participants in this anonymous study, was approved by
the Institutional Review Board of the Faculty of Science,
Charles University (Komise pro praci s lidmi a lidskym
materidlem Prirodovédecké Fakulty Univerzity Kar-
lovy)—No. 2020/25. The study was preregistered at the
Open Science Framework: https://doi.org/10.17605/OSE.
IO/VWXJE

Questionnaire

The Qualtrics survey consisted of three parts related to
three different projects (risk and protective factors, opin-
ions of the Czech public on the anti-epidemic measure-
ments, and the effect of priming by studying graphs of
COVID victims on opinions regarding anti-epidemic
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measures). In the present study, only responses to ques-
tions related to COVID-19 risks and protective factors
were inspected and analysed. Respondents were asked
about their sex, age, size of their place of residence (scale
1-5, 0: under 1000 inhabitants, 1: 1000—5000 inhabitants,
2: 5000-50,000 inhabitants, 3: 50,000-100,000 inhabit-
ants, 4: 100,000-500,000 inhabitants, 5: over 500,000
inhabitants), and how many persons lived with them in
the same household. Respondents indicated whether
they had already contracted COVID-19 by choosing from
five answers (1: ‘Noj 2: “Yes, I was diagnosed with it; 3:
“Yes, but I was not diagnosed with it} 4: ‘T am awaiting test
results;, 5: ‘No, but I was in a quarantine’). For the pur-
pose of the current study, answers 1 and 5 were coded
as 0 (uninfected with COVID), answer 2 as 1 (COVID
patients), and answers 3 and 4 as ‘na’ (data not available).
The respondents were also asked whether they had ever
been tested in a laboratory for toxoplasmosis and/or bor-
reliosis and what their results were (1: ‘I do not know, I
am not sure, 2: ‘No, I was tested and the result was nega-
tive, 3: “Yes, I was tested and the result was positive’). For
both toxoplasmosis and borreliosis, the questionnaire
was preset to indicate the first response, ‘I do not know,
I am not sure; as a default. Similarly, respondents were
asked about their Rh status (positive/negative/T do not
know, I am not sure’) and blood group (A/B/AB/O/1 do
not know, I am not sure’). They were also asked to indi-
cate which risks and protective factors applied to them
(for a list of the corresponding binary variables, see col-
umn 1 of Table 1). Those who had been diagnosed with
COVID-19 were also asked to rate the severity of the
course of the disease on a five-point scale (1: no symp-
toms, 2: like a mild flu, 3: like a severe flu, 4: I was hospi-
talised, 5: I was treated at an ICU [intensive care unit]).
They also had to check which symptoms they experi-
enced during the course of the COVID infection (for a
list of the corresponding binary variables, see column 1
of Table 3).

Statistical analyses
Before embarking on any analyses, all participants who
completed the questionnaire for the second or third time
(they were asked about this at the end of the question-
naire for purposes of the planned longitudinal study),
those who answered all or nearly all questions with the
same code, and those who finished the questionnaire in
less than 6 minutes were filtered out. After this filtering,
the set contained 29,345 records. Only participants who
tested negative or positive for toxoplasmosis (4499 par-
ticipants) were included in the present study.

Statistical analysis was performed with the Statistica
v.10.0. (descriptive statistics, ¢-tests) and R v.3.3.1 [34]
(all other tests) packages. To compute the partial Kendall
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Table 1 Incidence of risk and protective factors for COVID-19 in men and women

Women Men OR Clgs P

No COVID COovID No COVID COVID

N % N % N % N %
Toxoplasmosis 563 18.3 81 239 115 121 27 20.6 1.50 1.19-1.89 0.0007
Borreliosis 410 19.9 57 24.3 108 14.6 17 17.0 127 0.96-1.68 0.0881
Rh-positivity 1953 764 219 76.3 490 759 61 744 0.98 0.76-1.26 0.8854
A blood group 989 373 123 411 236 34.1 33 359 1.16 0.93-1.44 0.1795
B blood group 568 214 50 16.7 156 225 22 239 0.82 0.62-1.07 0.1368
AB blood group 247 9.3 34 114 91 13.1 13 14.1 1.19 0.86-1.65 0.2929
O blood group 850 320 92 308 210 303 24 26.1 091 0.73-1.15 0.4396
Being overweight 739 35.1 90 310 258 426 35 330 0.74 0.57-0.95 0.0169
Diabetes 75 3.6 7 24 28 46 8 7.6 0.96 0.52-1.76 0.8921
Cardiovascular problems 131 6.2 16 5.5 65 10.7 9 85 0.81 0.50-1.30 0.3820
Asthma 1846 87.7 256 883 544 89.9 89 84.0 1.13 0.80-1.59 0.4908
Chronic obstructive pulmonary disease 49 23 5 1.7 16 26 2 1.9 0.67 0.27-1.63 0.3737
Immunosuppression 289 13.7 40 13.8 52 8.6 9 85 1.00 0.70-1.42 0.9929
Allergy 548 26.0 77 26.6 150 24.8 28 264 1.06 0.81-1.37 0.6798
Autoimmunity 168 144 25 116 26 87 6 9.1 0.75 0.45-1.24 0.2545
Living alone 285 9.3 28 83 160 16.9 23 17.6 0.96 0.70-1.32 0.8027
Tobacco smoking 415 19.7 54 186 148 245 23 217 0.89 0.66-1.19 04341
Marijuana consumption 56 2.7 6 2.1 40 6.6 14 132 149 0.88-2.53 0.1367
Daily alcohol consumption 126 6.0 16 55 97 16.0 14 132 0.86 0.55-1.33 0.4887
Frequent singing 269 128 39 135 50 83 14 132 1.21 0.87-1.70 02612
Sport 620 29.5 92 31.7 274 453 60 56.6 1.30 1.03-1.65 0.0300
Cold water swimming 205 9.7 37 12.8 102 16.9 19 17.9 1.32 0.95-1.84 0.0989
Frequent sauna use 94 8.0 20 93 37 124 8 12.1 1.16 0.70-1.93 0.5558
Vitamins and supplements 753 358 133 459 289 47.8 60 56.6 0.62 0.49-0.78 0.0001
Wearing glasses 1101 60.4 169 61.9 371 67.8 67 66.3 0.96 0.75-1.24 0.7723
Dog-keeping 365 44.2 78 494 93 51.1 21 457 0.82 0.56-1.18 0.282
Cat-keeping 381 46.1 82 519 82 451 17 370 1.16 0.80-1.68 0.4303

The last four columns show the results of logistic regression with COVID-19 infection as a dependent variable; age, sex, and size of the place of residence as covariates;
and one of risk/protective factors listed in the first column as the independent variable. Results shown in bold were significant after correction for multiple tests

Clys means 95% confidence interval and OR odds ratio

correlation, the ppcor package [35] and the Explorer 1.0
package were used [36]. Correction for multiple tests was
done using the Benjamini—Hochberg procedure with the
false discovery rate preset to 0.10 [37].

Results
The final set contained 1085 men, 142 (13.1%) of whom
were infected with Toxoplasma and 131 (12.1%) diag-
nosed with COVID, and 3414 women, 644 (18.9%) of
whom were infected with Toxoplasma and 339 (9.9%)
diagnosed with COVID. The incidence of other potential
risk factors is shown in Table 1.

A significant difference in age between men (38.9,
standard deviation [SD] 10.9) and women (40.0,
SD 10.5) (f(4497)=—2.86, P=0.0043) and between

Toxoplasma-free (39.3, SD 10.5) and Toxoplasma-
infected (42.7, SD 10.1) women (f3419)=—7.41,
P<0.0001), but not between Toxoplasma-free (38.7,
SD 10.7) and Toxoplasma-infected (40.0, SD 11.8) men
(t1083=—1.25, P=0.211), were found in the population
under study. No association between age and COVID
was detected in either men or women (P> 0.38).

The risk of acquiring toxoplasmosis depends on cer-
tain confounding factors, such as sex, age, and size
of the place of residence. Therefore, the association
between potential risk factors and protective factors
was analysed using a logistic regression with binary
variable COVID as a dependent variable; sex, age, and
size of the place of residence as covariates; and one of
the analysed factors as the independent variable. The
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Fig. 1 The course of COVID-19 in Toxoplasma-free and Toxoplasma-infected men and women

results are shown in the last three columns of Table 1.
Toxoplasmosis, with an odds ratio of 1.50 (95% confi-
dence interval [Cly;] =1.19-1.89, P=0.0007, odds ratio
1.40 (Clys: 1.05-1.80) for women and 1.91 (Clgg: 1.20—
3.05) for men, turned out to be the most serious risk
factor for being diagnosed with COVID.

It is known that Rh-negative individuals are more
prone to experiencing the negative effects of toxoplasmo-
sis than those who are Rh-positive [38—40]. Therefore, in
addition, a more complex model containing not only sex,
age, size of the place of residence, and toxoplasmosis, but
also the Rh factor and Rh—toxoplasmosis interaction, was
analysed. Logistic regression showed a significant effect
of toxoplasmosis (odds ratio [OR] =1.45, Cl,: 1.06-2.10,
P=0.046), but not Rh (P=0.86) or Rh-toxoplasmosis
interaction (P=0.84).

Respondents who had been diagnosed with COVID-19
were asked to rate the course of their disease and indicate
which symptoms they experienced during their illness.
Figure 1 shows that Toxoplasma-infected participants of
both sexes had a more serious course of COVID. Partial
Kendall correlation (Table 2) showed that toxoplasmosis
represents a more pronounced risk factor for a severe
course of COVID-19 than does compromised autoim-
munity, immunodeficiency, male sex, cat-keeping, being

overweight, borreliosis, higher age, or chronic obstruc-
tive pulmonary disease.

One could speculate that keeping a cat could just be
a proxy for being Toxoplasma-infected, and indeed, the
prevalence of toxoplasmosis in participants who did keep
a cat (24.6%) was markedly higher than in those who did
not (15.5%) (x*=15.5, P<0.0001). To test this hypothesis,
the partial Kendall correlation test was performed sepa-
rately for Toxoplasma-free and Toxoplasma-infected par-
ticipants (Table 2, the last four columns). The existence
of cat-keeping effects (i.e. increased likelihood of con-
tracting COVID-19 and of having a severe course of the
disease in the cat-keepers) in the Toxoplasma-infected
subpopulation suggests that keeping a cat is a real risk
factor for COVID-19, not just a side effect of a higher
probability of having toxoplasmosis. In fact, the strength
of the cat-keeping effect was twice as high in the Toxo-
plasma-infected (Tau=0.153) as the Toxoplasma-free
participants (7au =0.084). One could speculate that a cat
might be able to transmit COVID among family mem-
bers. Members of one family could moreover be infected
repeatedly, and the virus could adapt to the similar geno-
type of (genetically related) members of the same family;
both of the above scenarios could then result in a more
severe course of the disease. Indeed, separate analyses
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Table 2 Correlation between various risk/protective factors and severity of COVID-19

All Women Men Toxo-free Toxo-infected
Tau P Tau P Tau P Tau P Tau P

Sex 0.116  0.0002 na na na na 0.112 0.0017  0.095 0.1713
Age 0.093 0.0032 0.124 0.0010 0.025 06763 0.066 0.0654  0.137 0.0494
Size of place of residence 0.009 0.7815 —0.002 0.9575 0.039 0.5093  0.000 0.9895 0.065 0.3477
Toxoplasmosis 0.146  0.0000 0.150 0.0001 0.123 00376 na na na na
Borreliosis 0.094 0.0123 0.120 0.0088  0.030 06529 0010 08146 0212 0.0301
Rh-positivity 0.036 03097  0.035 03929  0.064 03950  0.022 0.5941 0.098 0.2112
A blood group 0.019 0.5892  0.000 0.9945 0.079 0.2715  0.032 04210 —0.052 04932
B blood group —0.008 08101 —0.010 07940  0.009 0.8991  0.012 0.7680 —0.069  0.3606
AB blood group 0.021 0.5371 0.093 0.0210 —0.160 00254 —0002 09586  0.080 0.2909
O blood group —0.028 04278 —0.050  0.2142 0.031 06694 —0043 02834  0.048 0.5260
Being overweight 0.104 0.0012 0.107 0.0052 0.116 0.0558 0.089 00147  0.140 0.0505
Diabetes 0.004 0.8922 —0.021 0.5777  0.038 0.5301  0.019 0.5929 —0.022  0.7602
Cardiovascular problems 0.063 0.0514  0.063 0.0985 0.075 02194 0.049 01762 0170 00174
Asthma 0.052 0.1055 0.036 0349  0.094 0.1233  0.039 0.2815 0.133 0.0630
Chronic obstructive pulmonary disease 0.072  0.0252 0073 0.0583 0.080 0.1853  0.013 07220 0.219 0.0022
Immunodeficiency 0.135 0.0000 0.141 0.0002 0.116 0.0558 0.160 0.0000 0.067 0.3472
Allergy —0.015 06453 —0.0M 0.7829 —0.025 06809 —0028 04376  0.025 0.7235
Autoimmunity 0.137 0.0004 0.146 0.0011 0.112 0.1590  0.074 00874 0254 0.0048
Living alone 0.034 02794  0.092 0.0151  —0.061 02999 0.030 03960 0073 0.2990
Tobacco smoking 0.061 00576  0.045 0.2454  0.090 0.1364  0.082 0.0239  0.006 0.9351
Marijuana consumption —0.001 09777 —0.082 0.0330 0.081 0.1800  0.057 0.1207 —0.195 0.0065
Daily alcohol consumption —0.039  0.2311 —0.094 0.0138 0.067 02677  —0055 01279  0.035 0.6289
Frequent singing —0.032 03162 —0.060  0.1153 0.056 03553 —0053  0.1459 —0.001 0.9861
Sport —0.092 0.0044 -0.112 0.0036 —0.056 03543 —0.116 0.0015 —0.028 0.6944
Cold water swimming —0.047  0.1447 —0.041 0.2851 —0.055 03614 —0062  0.0883 —0.041 0.5691
Frequent use of sauna —0.036 03550 —0.040 03731 —0.037 06432 —0.009  0.8280 —0.177  0.0491
Vitamins and supplements —0.047  0.1425 —0.029 04437 —0.087 01499 —0068 00628  0.034 0.6329
Wearing glasses —0.033 03244  0.005 0.9037 —0.131 00346 —0003 09346 —0.069  0.3559
Current dog-keeping 0.004 0.9321 0.015 0.7737 —0.042 06694 0.049 0.3497 —0.120  0.2637
Current cat-keeping 0.107 0.0203 0.123 0.0194 0.058 0.5549  0.084 0.1052 0.153 0.1544

The table shows effect size and significance, i.e. partial Kendall Tau and P-values. The effect of sex was controlled for age and size of place of residence, the effect of
age for sex and size of place of residence, and size of place of residence for sex and age; all other effects were controlled for all three covariates. Positive Tau indicates
a more severe course of COVID in participants reporting the factor listed in the first column. The results in bold were significant after correction for multiple tests. In
the smaller group of men, all factors lost their significance after correction for multiple tests, but observed Tau values showed that the effects in men were generally

stronger than those in women

for 194 respondents who lived in multi-member families
showed that keeping a cat increased the risk of a severe
course of COVID-19 (Tau=0.116, P=0.017). The same
analysis for 22 respondents who lived alone showed no
such increase; in fact, it showed a non-significant effect
in the opposite direction (Tau = —0.028, P=0.867).
Analogical analyses of the risk of acquiring SARS-
CoV-2 infection showed no significant effect of cat-
keeping either in people who lived in multi-member
families or in those who lived alone. However, even here
a positive non-significant effect of cat-keeping was found
in 3983 respondents living in multi-member families

(OR=1.210, Clys: 0.82-1.78, P=0.332), and a negative
non-significant effect was found in 496 respondents liv-
ing alone (OR=0.692, Cly: 0.20-2.46, P=0.568).

The results also showed that many factors taken
into consideration in this study had a much stronger
effect on the risk of severe course of COVID in Toxo-
plasma-infected participants than in those who were
Toxoplasma-free: borreliosis (Tau=0.212 vs 0.010),
being overweight (Tau=0.140 vs 0.089), cardiovascu-
lar diseases (Tau=0.170 vs 0.049), asthma (Tax=0.133
vs 0.039), chronic obstructive pulmonary disease
(Tau=0.219 vs 0.013), allergy (Tau=0.089 vs 0.012),
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Table 3 Symptoms of COVID-19 in Toxoplasma-infected and Toxoplasma-free participants

All Women Men OR

Toxo—  Toxo+  Toxo—  Toxo+  Toxo—  Toxo+ Clgs P ORy  ORy
Fever>38°C (1004 °F) 0.38 0.39 0.34 037 047 045 1.07 0.67-1.7 0.789 1.09 0.99
Fatigue 0.74 0.81 0.79 0.90 057 057 1.19 045-3.14 0.729 1.30 1.22
Dry cough 042 0.53 044 0.50 0.38 0.64 140 0.89-2.2 0.141 1.16 2.97
Shortness of breath 032 0.39 0.33 041 031 032 1.19 0.74-191 0.466 1.30 1.04
Sore throat 0.36 0.36 0.37 0.40 0.34 023 1.00 0.63-1.61 0.985 1.08 136
Headache 0.70 0.78 0.74 0.84 0.60 0.59 137 0.82-2.29 0.225 1.71 0.90
Chest pain or pressure 032 0.51 035 0.53 0.24 0.45 1.96 1.24-3.13 0.004 1.79 273
Other pains 0.31 0.38 0.33 041 0.26 0.27 1.20 0.74-1.93 0453 1.16 1.18
Diarrhoea 0.28 0.36 0.29 0.36 0.25 0.36 1.40 0.86-2.26 0171 117 2.26
Conjunctivitis 0.08 0.12 0.09 0.14 0.05 0.05 1.28 0.6-2.72 0522 122 1.84
Loss of smell 0.71 0.72 0.73 0.74 0.66 0.64 0.99 0.61-1.59 0.954 0.99 0.94
Loss of taste 0.58 0.55 0.62 0.59 0.49 045 0.88 0.56-1.39 0.593 0.89 0.87
Middle ear pain 0.12 022 0.14 0.25 0.06 0.14 1.95 0.68-5.56 0.209 1.67 511
Problems speaking and walking 0.03 0.05 0.03 0.06 0.04 0.05 1.72 0.6-4.98 0313 132 218
Skin rash 0.08 0.10 0.10 0.09 0.02 0.14 131 0.6-2.87 0.492 0.77 6.00
Changes in pigmentation 0.03 0.05 0.04 0.06 0.01 0.05 1.81 0.64-5.09 0.262 1.29 4.05
Higher sexual desire 0.03 0.08 0.03 0.06 0.04 0.14 3.40 1.42-8.17 0.006 2.53 4.50
Other symptoms 0.27 0.25 0.29 027 0.22 0.18 0.93 0.56-1.55 0.778 0.90 0.99

Columns 2-7 show the reported incidence of particular symptoms (in percentages); the last five columns show the results of logistic regression with a particular
symptom as the dependent variable; age, sex, and size of place of residence as covariates; and toxoplasmosis as the independent variable. The last two columns show
the odds ratio computed separately for women (OR,,) and men (ORy,). The results in bold were significant after correction for multiple tests

compromised autoimmunity (Tau=0.254 vs 0.074), and
cat-keeping (Tau=0.153 vs 0.0840). Conspicuous excep-
tions were male sex (Tau=0.095 vs 0.112) and immuno-
deficiency (7au=10.067 vs 0.160). The protective effect of
sport was also stronger in the Toxoplasma-free than in
the Toxoplasma-infected subset (Tau=—1.16 vs 0.028).

Logistic regression controlled for age, sex, and size of
the place of residence showed that Toxoplasma-infected
participants reported having more symptoms during
COVID, but only the presence of chest pain or pressure
(OR=1.96) and higher sexual desire (OR=2.68) were
statistically significant after correction for multiple tests
(Table 3). On the other hand, even the effects that did not
reach the formal level of statistical significance tended to
show a higher frequency of symptoms in Toxoplasma-
infected than in those who were Toxoplasma-free, and
were nearly always stronger in men than in women.

Discussion

Toxoplasma-infected participants had a higher probabil-
ity of being diagnosed with COVID-19 and of having a
more severe course of the disease; they were more likely
to end up hospitalised and more frequently needed to
be treated at intensive care units. They more frequently
described the specific COVID symptoms, especially chest
pain and pressure. Surprisingly, Toxoplasma-infected

participants also more frequently reported higher sexual
desire (P=0.006) during COVID-19; this indicator of the
faster life strategy of individuals with impaired health
[41] might deserve special attention in future studies.
The effects of toxoplasmosis on the risk of SARS-
CoV-2 infection and risk of severe course of COVID-19
were the strongest effects detected in the present study.
It must be remembered, however, that individuals with
various known risk factors, such as being overweight, are
probably more careful and actively try to avoid possible
sources of the infection. It is important to note that most
factors known to be linked to a severe course of COVID
decreased (albeit usually non-significantly) the risk of
becoming infected. Toxoplasma infection is not, how-
ever, considered a factor that could increase the risk of
severe COVID, and Toxoplasma-infected persons there-
fore would likely not modify their behaviour to minimise
the risk of becoming infected with COVID. Consump-
tion of vitamins and food supplements seems to have
had the strongest protective effect on the risk of becom-
ing infected with COVID, but people who take vitamins
probably also apply other measures to avoid the infection,
which is why it cannot be determined whether vitamins
and supplements alone have such a strong protective
effect. Sport had the strongest protective effect against
a severe course of COVID-19, but it is also a strong risk
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factor for acquiring the infection, probably because sport
activities increase the number of contacts with potential
sources of SARS-CoV-2 infection.

Our data showed that latent toxoplasmosis was the
strongest risk factor for a severe course of COVID-19. It
was stronger than the effect of being overweight, cardio-
vascular disease, or diabetes. Nevertheless, the relative
strength of the particular effects should be interpreted
with caution. It is possible that individuals with the most
severe course of COVID (and logically also those who
died) did not participate in our questionnaire study. This
preselection could probably explain the relatively weak
effect of chronic obstructive pulmonary disease.

There has been much speculation and some indications
to the effect that pets could be a vector of COVID-19
[42—-44]. Empirical data show that cats and dogs can and
do acquire symptomatic or asymptomatic SARS-CoV-2
infection [45, 46]. For example, a study performed in
Minnesota, USA [47] showed seroprevalence of 8% and
1% in 239 pet cats and 510 pet dogs, respectively, while
a German study showed that seroprevalence in cats dur-
ing the first wave of COVID was 0.7%, and increased to
1.4% after the second wave [48]. The prevalence in cats
was higher in families of COVID-19 patients [49], and
there is even direct evidence of human-to-cat transmis-
sion within a family [50, 51]. On the other hand, it seems
that transmission of the virus between pets occurs rarely,
if at all. Similarly, there is no direct evidence for transmis-
sion of SARS-CoV-2 from cats or dogs to humans [52]. It
has been suggested that pets might transmit the virus at
least within a family, either from infected animals them-
selves or by touching, e.g., stroking, healthy animals with
virus-contaminated fur or paws [53]. Our data seem to
support this possibility. Only a non-significant positive
effect of cat-keeping was present in respondents from
multi-member families, and a negative, though again
non-significant, effect of cat-keeping was observed in
respondents who lived alone. However, keeping a cat was
found to increases the risk of a severe course of COVID:
it was the fifth strongest factor after toxoplasmosis, diag-
nosed immunodeficiency, autoimmunity, and male sex.
The existence of this effect in a subpopulation of Toxo-
plasma-infected individuals invalidates the hypothesis
that cat-keeping is only a proxy of Toxoplasma infection
(and possibly a better proxy than the presence of anti-
immunoglobulin G [IgG] antibodies).

Analyses performed separately on the Toxoplasma-free
and Toxoplasma-infected participants also showed that
most factors had a much stronger effect (or existed only)
in the Toxoplasma-infected subpopulation. For example,
the effect of borreliosis was 21.5 times, chronic obstruc-
tive pulmonary disease 16.8 times, cardiovascular dis-
eases 3.5 times, compromised autoimmunity 3.4 times,
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and age 2.1 times as strong in the Toxoplasma-infected
as in Toxoplasma-free participants. This enhancing effect
of toxoplasmosis also applies to some protective factors:
visits to saunas and marijuana consumption protected
Toxoplasma-infected but not Toxoplasma-free partici-
pants from infection. In contrast, the protective effect
of sport was about four times as strong in Toxoplasma-
free as in Toxoplasma-infected participants. The most
conspicuous amplifying effect of toxoplasmosis was
on the borreliosis—COVID interaction. The effect of
being diagnosed with borreliosis was the third strong-
est effect observed in Toxoplasma-infected participants
(Tau=0.212), while in Toxoplasma-free individuals, no
such effect was observed (7au=0.010). The same phe-
nomenon has previously been observed for the interac-
tion between toxoplasmosis, borreliosis, and depression
[54]. A cross-sectional study showed that borreliosis had
a relatively strong effect on reported depression, but was
observed only in Toxoplasma-infected participants. Gen-
erally, latent toxoplasmosis seems to make human hosts
more prone to a wide spectrum of adverse effects, includ-
ing genetic factors and pathogens.

One can only speculate about the mechanism by which
toxoplasmosis influences the risk of SARS-CoV-2 infec-
tion and the severity of the course of COVID, but it is
likely that immunomodulation and immunosuppression
associated with Toxoplasma infection play an important
role [28-31]. Toxoplasmosis has a strong effect on the
concentration of various cytokines, especially interleukin
(IL)-10, IL-5, IL-6, and transforming growth factor beta
(TGE-B). Most studies investigating this issue were per-
formed in laboratory animals and might reflect changes
associated with acute or post-acute toxoplasmosis rather
than its latent stage, but some studies suggest the exist-
ence of specific changes in immunity in humans. It has
been shown that many parameters among people with
latent toxoplasmosis differ from those with Toxoplasma
infection [32]; for example, seropositive women have
increased levels of IL-5 and IL-6, and especially (fivefold)
IL-12, in comparison to seronegative controls [55]. In
immunology outpatients, Toxoplasma-infected women
were found to have increased, and men decreased, counts
of leukocytes, natural killer (NK) cells, and monocytes in
comparison to corresponding Toxoplasma-free controls
[32]. A cross-sectional study performed in a Czech pop-
ulation showed that Toxoplasma-infected participants
more frequently reported immune disorders, especially
immunodeficiency [25].

The main limitation of the present study is that the
participants were self-selected and probably do not
represent a typical Czech population. Social networks,
namely Facebook and Twitter, were used to promote
the study, which is why it is likely that only individuals
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who had internet access and used these social net-
works took part in the study. Moreover, many were
recruited via the Facebook site of the main investigator,
which narrows the profile of likely participants even
further to people interested in biological sciences, evo-
lutionary psychology, and quite possibly also in keep-
ing cats as pets. On the other hand, they also invited
their Facebook friends to participate in the study
by pressing the share or like button at the end of the
questionnaire. Our previous results showed that the
composition of participants of similar internet studies
was highly similar, if not identical, to a representative
internet population with respect to the prevalence of
24 neuropsychiatric disorders [56] or religiosity [57]. It
is important to emphasise that the informed consent
form, as well as the text used for recruitment of par-
ticipants, mentioned only ‘factors that might influence
the risk of infection and the course of COVID disease’;
that is, it made no reference to toxoplasmosis.

Toxoplasmosis status was self-reported by respond-
ents, which may be viewed as a drawback. On the other
hand, it was previously demonstrated that information
on toxoplasmosis status provided by 3827 participants
in another internet study corresponded nearly per-
fectly (99.5%) to information in our files on individu-
als tested for toxoplasmosis in our lab [58]. Still, about
60% of male and 70% of female respondents recruited
via the Facebook-based snowball method were tested
for toxoplasmosis elsewhere, mostly in relation to their
health problems (49.4% of men) or pregnancy (37.6%
of women) [59]. It is possible that some participants
misreported their Toxoplasma status. Similarly, some
respondents who were Toxoplasma-negative during
their serological test may have acquired the infection
in the meantime. It must be emphasised, however, that
the presence of misdiagnosed individuals in the popu-
lation can result in a type 2—not a type 1—error; that
is, it can increase the risk of failure to detect exist-
ing effects but not the risk of detecting non-existent
effects.

The strength of the study was the large number of
participants and the fact that it was preregistered
before the start of data collection. Technically, there-
fore, it was designed as a cross-sectional study. On the
other hand, COVID-19 is a new disease, and infected
Czech and Slovak participants probably acquired the
infection in autumn 2020, i.e., after being diagnosed
with toxoplasmosis. The study thus in fact had the
nature of a prospective case—control study and can say
at least something about the causal relation between
toxoplasmosis and COVID.
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Conclusions

This was an exploratory, albeit preregistered and large,
study performed on a rather specific subpopulation. All
results must therefore be regarded as merely prelimi-
nary and they must be confirmed by future independ-
ent confirmatory studies. The main result of the present
study that deserves special attention is the identifica-
tion of a new risk factor for SARS-CoV-2 infection and
severe course of COVID-19. That factor, latent toxo-
plasmosis, seems to have a stronger effect than most
others known to affect the risk of COVID-19. Moreo-
ver, it seems to enhance the negative effects of certain
other adverse factors, some of which had not been sus-
pected of having any impact on the course of COVID,
such as borreliosis and keeping a cat. The effect of
toxoplasmosis is probably rather non-specific, akin to
what has been observed for other diseases and disor-
ders. It is probably related to the observed changes in
the immune system of Toxoplasma hosts. It can only
be speculated whether the effects, such as the highly
increased level of immunosuppressive cytokine IL-10,
are just a side effect of a latent lifelong infection or part
of Toxoplasma’s biological adaptations aimed at surviv-
ing the attacks of the host’s immune system. Latent tox-
oplasmosis affects about one-third of the population in
both the developed and developing world. The adverse
effects of this zoonosis on public health are therefore
probably not negligible.

Acknowledgements
I'would like to thank Anna Pildtova for her useful comments and help with
preparing the final version of the article.

Authors’ contributions
The author read and approved the final manuscript.

Funding
This work was supported by the Czech Science Foundation (Grant No.
18-13692S) and Charles University (Research Centre Program No. 204056).

Availability of data and materials
The dataset supporting the conclusions of this article is available in the Fig-
share repository [https://doi.org/10.6084/m9.figshare.14559993.v1] [60].

Declarations

Ethics approval and consent to participate

The study was approved by the Institutional Review Board of the Faculty of
Science, Charles University (Komise pro préci s lidmi a lidskym materidlem
Prirodovédecké Fakulty Univerzity Karlovy)—No. 2020/25. Data collection
was performed in accordance with the relevant guidelines and regulations
and the project, and all participants read and approved informed consent for
participation in this study.

Consent for publication
Not applicable.

Competing interests
The author declares that he has no competing interests.


https://doi.org/10.6084/m9.figshare.14559993.v1

Flegr Parasites Vectors (2021) 14:508

Author details

"Laboratory of Evolutionary Biology, Division of Biology, Department of Phi-
losophy and History of Sciences, Faculty of Science, Charles University, Vini¢na
7, Prague 2 128 00, Czech Republic. 2National Institute of Mental Health,
Klecany 250 67, Czech Repubilic.

Received: 16 August 2021 Accepted: 14 September 2021
Published online: 28 September 2021

References

1. Tenter AM, Heckeroth AR, Weiss LM. Toxoplasma gondii: from animals to
humans. Int J Parasit. 2000;30:1217-58.

2. Smith NC, Goulart C, Hayward JA, Kupz A, Miller CM, van Dooren GG.
Control of human toxoplasmosis. Int J Parasit. 2021;51:95-121.

3. Luft BJ, Remington JS. Toxoplasmic encephalitis in AIDS. Clin Infect Dis.
1992,15:211-22.

4. Garweg JG, Pleyer U. Treatment strategy in human ocular toxoplasmosis:
Why antibiotics have failed. J Clin Med. 2021;10:1090.

5. Prusa AR, Kasper DC, Sawers L, Walter E, Hayde M, Stillwaggon E. Con-
genital toxoplasmosis in Austria: Prenatal screening for prevention is
cost-saving. PLoS Negl Trop Dis. 2017;11:7.

6. Petersen E, Kijlstra A, Stanford M. Epidemiology of ocular toxoplasmosis.
Ocul Immunol Inflamm. 2012;20:68-75.

7. Bodaghi B, Touitou V, Fardeau C, Paris L, LeHoang P. Toxoplasmosis: new
challenges for an old disease. Eye. 2012,26:241-4.

8. Holland GN. LX Edward Jackson memorial lecture - Ocular toxoplasmosis:
A global reassessment. Part 1: Epidemiology and course of disease. Am J
Ophthalmol. 2003;136:973-88.

9. Bertranpetit E, Jombart T, Paradis E, Pena H, Dubey J, Su CL, et al. Phyloge-
ography of Toxoplasma gondii points to a South American origin. Infect
Genet Evol. 2017;48:150-5.

10. Grigg ME, Dubey JP, Nussenblatt RB. Ocular toxoplasmosis: Lessons from
Brazil. Am J Ophthalmol. 2015;159:999-1001.

11. Lidar M, Langevitz P, Shoenfeld Y. The role of infection in inflammatory
bowel disease: initiation, exacerbation and protection. Isr Med Assoc J.
2009;11:558-63.

12. Severance EG, Alaedini A, Yang SJ, Halling M, Gressitt KL, Stallings CR,
et al. Gastrointestinal inflammation and associated immune activation in
schizophrenia. Schizophr Res. 2012;138:48-53.

13. Shapira Y, Agmon-Levin N, Selmi C, Petrikova J, Barzilai O, Ram M, et al.
Prevalence of anti-Toxoplasma antibodies in patients with autoimmune
diseases. J Autoimmun. 2012;39:112-6.

14. Vittecog M, Elguero E, Lafferty KD, Roche B, Brodeur J, Gauthier-Clerc
M, et al. Brain cancer mortality rates increase with Toxoplasma gondii
seroprevalence in France. Infect Genet Evol. 2012;12:496-8.

15. Thomas F, Lafferty KD, Brodeur J, Elguero E, Gauthier-Clerc M, Misse D.
Incidence of adult brain cancers is higher in countries where the proto-
zoan parasite Toxoplasma gondii is common. Biol Lett. 2012;,8:101-3.

16. El-Saadi O, Welham J, Saha S, MaCaulay C, Collingwood L, Chant D, et al.
The incidence and prevalence of schizophrenia: preliminary results from
a systematic review. Schizophr Res. 2002;53:32.

17. Torrey EF, Bartko JJ, Lun ZR, Yolken RH. Antibodies to Toxoplasma gondii in
patients with schizophrenia: a meta-analysis. Schiz Bull. 2007,33:729-36.

18. Torrey EF, Bartko JJ, Yolken RH. Toxoplasma gondii and other risk factors for
schizophrenia: an update. Schiz Bull. 2012;38:642-7.

19. Flegr J, Horacek J. Toxoplasma-infected subjects report an obsessive-
compulsive disorder diagnosis more often and score higher in obsessive-
compulsive inventory. Eur Psychiat. 2017;40:82-7.

20. Sutterland AL, Fond G, Kuin A, Koeter MW, Lutter R, van Gool T, et al.
Beyond the association. Toxoplasma gondii in schizophrenia, bipolar
disorder, and addiction: systematic review and meta-analysis. Acta Psych
Scand. 2015;132:161-79.

21. Lindova J, Kubéna AA, Sturcové A, Kiivohlavé R, Novotna M, Rubesova A,
et al. Pattern of money allocation in experimental games supports the
stress hypothesis of gender differences in Toxoplasma gondii-induced
behavioural changes. Folia Parasitol. 2010;57:136-42.

22. Lindové J, Novotna M, Havlicek J, Jozifkova E, Skallova A, Kolbekova P,
et al. Gender differences in behavioural changes induced by latent toxo-
plasmosis. Int J Parasit. 2006;36:1485-92.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 10 of 11

Flegr J, Zitkova S, Kodym P, Frynta D. Induction of changes in human
behaviour by the parasitic protozoan Toxoplasma gondii. Parasitology.
1996;113:49-54.

Flegr J. Influence of latent Toxoplasma infection on human personal-

ity, physiology and morphology: pros and cons of the Toxoplasma-
human model in studying the manipulation hypothesis. J Exper Biol.
2013;216:127-33.

Flegr J, Escudero DQ. Impaired health status and increased incidence of
diseases in Toxoplasma-seropositive subjects - an explorative cross-
sectional study. Parasitology. 2016;143:1974-89.

Flegr J, Prandota J, Sovickova M, Israili ZH. Toxoplasmosis - A global threat
Correlation of latent toxoplasmosis with specific disease burden in a set
of 88 countries. PLoS ONE. 2014;9:3.

Havlicek J, Gasové Z, Smith AP, Zvéra K, Flegr J. Decrease of psychomo-
tor performance in subjects with latent “asymptomatic”toxoplasmosis.
Parasitology. 2001;122:515-20.

Neyer LE, Grunig G, Fort M, Remington JS, Rennick D, Hunter CA. Role

of interleukin-10 in regulation of T-cell-dependent and T-cell-inde-
pendent mechanisms of resistance to Toxoplasma gondii. Infect Immun.
1997,65:1675-82.

Karikové S, Holan V, Zajicova A, Kodym P, Flegr J. Modulation of immunity
in mice with latent toxoplasmosis - the experimental support for the
immunosupression hypothesis of Toxoplasma-induced changes in repro-
duction of mice and humans. Parasitol Res. 2010;107:1421-7.
Buzoni-Gatel D, Dubremetz JF, Werts C. Molecular cross talk between
Toxoplasma gondii and the host immune system. M S-Medecine Sciences.
2008;24:191-6.

Fenoy IM, Chiurazzi R, Sanchez VR, Argenziano MA, Soto A, Picchio MS,

et al. Toxoplasma gondii infection induces suppression in a mouse model
of allergic airway inflammation. PLoS ONE. 2012;7:43420.

Flegr J, Stiiz |. Potential immunomodulatory effects of latent toxoplasmo-
sis in humans. BMC Infect Dis. 2011;11:274.

Kankova S, Flegr J, Calda P. An elevated blood glucose level and increased
incidence of gestational diabetes mellitus in pregnant women with
latent toxoplasmosis. Folia Parasitol. 2015;62:88.

R Core Team: R: A language and environment for statistical computing. R
Foundation for Statistical Computing. Vienna, 2018.

Kim S. ppcor: An R package for a fast calculation to semi-partial correla-
tion coefficients. Communic Stat Applic Met. 2015,22:665-74.

Flegr J, Flegr P. Doing exploratory analysis in R with a package Explorer v.
1.0. Figshare. 2021.

Benjamini Y, Hochberg Y. Controlling the false discovery rate: A practi-

cal and powerful approach to multiple testing. J Roy Stat Soc Series
B-Methodol. 1995,57:289-300.

Novotna M, Havli¢ek J, Smith AP, Kolbekova P, Skallové A, Klose J, et al.
Toxoplasma and reaction time: Role of toxoplasmosis in the origin, preser-
vation and geographical distribution of Rh blood group polymorphism.
Parasitology. 2008;135:1253-61.

Flegr J, Novotnd M, Fialové A, Kolbekové P, Gasova Z. The influence of RhD
phenotype on toxoplasmosis- and age-associated changes in personality
profile of blood donors. Folia Parasitol. 2010;57:143-50.

Flegr J, Preiss M, Klose J. Toxoplasmosis-associated difference in intelli-
gence and personality in men depends on their Rhesus blood group but
not ABO blood group. PLoS ONE. 2013;8:61272.

Sykorova K, Flegr J. Faster life history strategy manifests itself by lower
age at menarche, higher sexual desire, and earlier reproduction in people
with worse health. Sci Rep. 2021;11:11254.

Leroy EM, Gouilh MA, Brugere-Picoux J. The risk of SARS-CoV-2 transmis-
sion to pets and other wild and domestic animals strongly mandates

a one-health strategy to control the COVID-19 pandemic. One Health.
2020;10:100133.

Newman A, Smith D, Ghai RR, Wallace RM, Torchetti MK, Loiacono C, et al.
First reported cases of SARS-CoV-2 infection in companion animals - New
York, March-April 2020. Morbid Mortal W Rep. 2020;69:710-3.

Hosie MJ, Hofmann-Lehmann R, Hartmann K, Egberink H, Truyen U, Addie
DD, et al. Anthropogenic infection of cats during the 2020 COVID-19
pandemic. Viruses. 2021;13:185.

Drozdz M, Krzyzek P, Dudek B, Makuch S, Janczura A, Paluch E. Current
state of knowledge about role of pets in zoonotic transmission of SARS-
CoV-2.Viruses-Basel. 2021;13:1149.



Flegr Parasites Vectors

46.

47.

48.

49.

50.

51

52.

53.

(2021) 14:508

Giraldo-Ramirez S, Rendon-Marin S, Jaimes JA, Martinez-Gutierrez M,
Ruiz-Saenz J. SARS-CoV-2 clinical outcome in domestic and wild cats: A
systematic review. Animals. 2021;11:2056.

Dileepan M, Di D, Huang QF, Ahmed S, Heinrich D, Ly H, et al. Seropreva-
lence of SARS-CoV-2 (COVID-19) exposure in pet cats and dogs in Min-
nesota. USA Virulence. 2021;12:1597-609.

Michelitsch A, Schoen J, Hoffmann D, Beer M, Wernike K. The second
wave of SARS-CoV-2 circulation-antibody detection in the domestic cat
population in Germany. Viruses-Basel. 2021;13:1009.

Calvet GA, Pereira SA, Ogrzewalska M, Pauvolid-Correa A, Resende PC,
Tassinari WD, et al. Investigation of SARS-CoV-2 infection in dogs and cats
of humans diagnosed with COVID-19 in Rio de Janeiro. Brazil PLoS One.
2021;16:¢0250853.

Neira V, Brito B, Aguero B, Berrios F, Valdes V, Gutierrez A, et al. A
household case evidences shorter shedding of SARS-CoV-2 in naturally
infected cats compared to their human owners. Emerg Microbes Infect.
2021;10:376-83.

Pagani G, Lai A, Bergna A, Rizzo A, Stranieri A, Giordano A, et al. Human-
to-cat SARS-CoV-2 transmission: Case report and full-genome sequenc-
ing from an infected pet and its owner in Northern Italy. Pathogens.
2021;10:252.

Decaro N, Balboni A, Bertolotti L, Martino PA, Mazzei M, Mira F, et al. SARS-
CoV-2 infection in dogs and cats: Facts and speculations. Front Vet Sci.
2021;8:619207.

Lauzi S, Stranieri A, Giordano A, Lelli D, Elia G, Desario C, et al. Do

dogs and cats passively carry SARS-CoV-2 on hair and pads? Viruses.
2021;13:1357.

54.

55.

56.

57.

58.

59.

60.

Page 11 of 11

Flegr J, Horacek J. Toxoplasmosis, but not borreliosis, is associated with
psychiatric disorders and symptoms. Schizophr Res. 2018;197:603-4.
Matowicka-Karna J, Dymicka-Piekarska V, Kemona H. Does Toxoplasma
gondii infection affect the levels of IgE and cytokines (IL-5, IL-6, IL-10, IL-12,
and TNF-alpha)? Clin Dev Immunol. 2009;374696:374696.

Flegr J, Horacek J. Negative effects of latent toxoplasmosis on mental
health. Front Psychiatry. 2020;10:1012.

Flegr J, Kuba R, Kopecky R. Rhesus-minus phenotype as a predictor of
sexual desire and behavior, wellbeing, mental health, and fecundity. PLoS
ONE. 2020;15:€0236134.

Flegr J. Predictors of Toxoplasma gondii infection in Czech and

Slovak populations: the possible role of cat-related injuries and

risky sexual behavior in the parasite transmission. Epidemiol Infect.
2017;145:1351-62.

Flegr J, Preiss M. Friends with malefit. The effects of keeping dogs and
cats, sustaining animal-related injuries and Toxoplasma infection on
health and quality of life. PLoS ONE. 2019;14:e0221988.

Flegr J. The association between covid-19 and toxoplasmosis. 2021.
Dataset Figshare. https://doi.org/10.6084/m9.figshare.14559993.v1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.6084/m9.figshare.14559993.v1

	Toxoplasmosis is a risk factor for acquiring SARS-CoV-2 infection and a severe course of COVID-19 in the Czech and Slovak population: a preregistered exploratory internet cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	General set-up
	Questionnaire
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References




