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ABSTRACT

Introduction: Toxoplasmosis is a cosmopolitan parasitic disease caused by
the protozoan Toxoplasma gondii. While it remains asymptomatic in most cases, a
more severe course is seen especially in immunocompromised individuals as well
as in neonates and infants with congenital toxoplasmosis.

Aim: The aim of this review article is to present the most important informa-
tion on the course of the disease, its diagnostics and preventive measures targeted
at reducing the risk of infection.

Material and methods: A literature search was conducted using electronic
databases such as PubMed, Google Scholar and Willey Online Library. The ana-
lysis included the papers published between 1948 and 2024. Altogether, 38artic-
les were subjected to analysis.

Results and discussion: The data obtained in the literature survey have
been systematized and presented in 3 sections. A wide range of clinical presen-
tations of toxoplasmosis dictates the need to include both clinical examinations
and laboratory tests into the diagnostic process.

It is of key importance to diagnose the disease in its early stage and to institute
the appropriate treatment.

Conclusions: The main risk factors for T. gondii infection are any practices
which represent departures from sanitation and hygiene standards. Moreover,
educational campaigns should be given a high priority, particularly those targe-
ted at pregnant women. Screening tests aimed at an early detection of the infec-
tion should come into a wider use.
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1. INTRODUCTION

Toxoplasmosis is a cosmopolitan parasitic disease caused
by the protozoan Toxoplasma gondii. This parasite com-
monly infects humans and most warm-blooded animals.
The life cycle comprises both sexual and asexual reproduc-
tion stages. The former occurs in the definitive host: the
domestic cat and other felids (lynx, puma, jaguar), while
the asexual stage takes place in the intermediate host — hu-
mans — or in other mammals and birds.! In the majority of
cases, the infection is either asymptomatic or presents with
mild symptoms. A more severe course of the disease is seen
particularly in immunocompromised individuals as well
as in neonates and infants with congenital toxoplasmosis.?
Epidemiological studies have shown that toxoplasmosis is a
disease reported worldwide; it has been classified as a food-
borne infection.?

The main routes of transmission include: consump-
tion of raw or undercooked meat containing parasite cysts,
drinking untreated water or ingestion of fruit or vegetables
contaminated with oocysts from cat feces, and the vertical
route.* Examples of iatrogenic transmission, which is rela-
tively rare but very important from a medical point of view,
are shown in Figure 1.

The analysis of polymorphic surface antigen glycoprotein
SAG2 and dense granule antigen GRA4 identified three main
strains with three different genotypes. While type I is a high-
ly virulent strain (LD100 = 1), types II and III are considered
to be of lower virulence (LD50 > 1000).° In humans, type I
is predominantly responsible for acquired infections with an
acute clinical course, whereas type II is a common cause of
congenital toxoplasmosis in Europe; it is also the most com-
mon strain to be isolated from animals. The type III strain of
T. gondii was isolated mainly from the environment.®’ In Po-
land, the seroprevalence of 7. gondii in humans varies between
40%—-60%, depending on the study cohort.®!!

In recent years in Poland only congenital toxoplasmosis
has been a reportable disease and, consequently, the preva-
lence of toxoplasmosis in humans may be underestimated.
Clearly, there is a need to include information about other
clinical presentations of the disease i.e. lymphadenopathy,
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Figure 1. Major routes of transmission of T. gondii.

ocular toxoplasmosis or neurotoxoplasmosis in the annual
epidemiological reports.

2. AIM

The aim of this review article is to present the most important
information on the course of the disease, its diagnostics and
preventive measures targeted at reducing the risk of infection.

3. MATERIAL AND METHODS

The literature search was conducted using electronic data-
bases such as PubMed, Google Scholar and Willey Online
Library. The analysis included the papers published be-
tween 1948 and 2024. Altogether, thirty eight articles were
subjected to analysis. The keywords used in the article
search were: “Toxoplasmosis,” ‘Toxoplasma gondii, ‘Diagno-
sis,” ‘Prevention,” ‘Clinical manifestations.” The exclusion
criteria were lack of Polish or English full-text version and
publications on toxoplasmosis in animals.

4. RESULTS AND DISCUSSION

4.1. Clinical presentation

Toxoplasma gondii is responsible for causing toxoplasmosis
in humans, either in its acquired or congenital form. The in-
vasion is usually asymptomatic. In its acute form, acquired
toxoplasmosis is characterized by fever and the symptoms
on the part of the affected organs. The most commonly diag-
nosed forms are: lymphadenopathic, congenital and ocular
toxoplasmosis. The clinical presentation and the severity of
symptoms depend on a number of factors, including: the
immune status of the patient, the route of transmission (ac-
quired vs. congenital toxoplasmosis) and the virulence of
the T. gondii strain.’?

Lymphadenopathic toxoplasmosis
Lymphadenopathic toxoplasmosis is associated with the
involvement of lymph nodes in the head and neck region.
It may be accompanied by fever, malaise and muscle pain.
Some authors describe this presentation of toxoplasmosis as
a mononucleosis-like infection.'?

The symptoms resolve over 1-2 months in 60% of immu-
nocompetent patients if no antiparasitic treatment is used.™*

Ocular toxoplasmosis

The clinical symptoms of ocular toxoplasmosis depend on
the anatomical location of the lesion."” The disease typically
begins with a focal retinitis, usually with secondary involve-
ment of the choroid. The vitreous body shows signs of in-
flammation. The involvement of the macula and the optic
disc, subretinal neovascularization and retinal detachment
lead to visual impairment, resulting in complete vision
loss.”* Over the next 1-2 months the inflammation resolves
spontaneously, leaving a characteristic finding in the form
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of a scar, which is usually oval-shaped, often with black pig-
ment granules visible on its peripheries. The recurrence of
inflammation may occur following the reactivation of the
existing 7. gondii cysts. The secondary lesion tends to appear
on the edges of the previous lesion, so, in consequence, the
newly-formed inflammatory foci are adjacent to the existing
scars, and are thus referred to as satellite foci. Over 50% of
the patients can be expected to have recurrences of oculopa-
thy despite antiparasitic treatment instituted during the pe-
riods of exacerbation.'

Congenital toxoplasmosis

Congenital toxoplasmosis occurs in children whose mothers
acquired primary infection with the parasite 7. gondit during
pregnancy or shortly before gestation.

The risk of developing congenital toxoplasmosis and the
severity of fetal damage depends on the time of the mother
becoming infected. The risk of mother-to-child transmis-
sion is the lowest during the first, and the greatest during
the third trimester of gestation.” Infecting the fetus in the
first trimester may result in the loss of pregnancy, stillbirth,
or delivering a child with major defects and abnormalities
involving the brain and eyes (the Sabin—-Pinkerton triad).!
If the transmission occurs during the second or third tri-
mester, the infection may be subclinical or asymptomatic
at birth. Nevertheless, even 1/3 of the infected children will
develop complications postnatally, of which choroiditis and
retinitis are the most common."

In Poland, according to the epidemiological data, the
mean annual incidence figure for congenital toxoplasmosis
over the years 2007-2021 was 2.6 per 10,000 live births.?

Toxoplasmosis in immunocompromised individuals
Immunocompromised individuals, including those with
HIV-positive status and patients receiving immunosup-
pressive therapy, the course of the disease may be much
more severe. The most common manifestation is the in-
volvement of the central nervous system taking the form of
toxoplasmic encephalitis, known to be rapidly progressive
and potentially fatal.! Toxoplasma gondii has a pronounced
tropism to a range of organs. Consequently, a disseminated
toxoplasmosis may develop, characterized by cardiac, mus-
culoskeletal, pulmonary, hepatic and renal involvement.?

4.2. Laboratory Diagnosis

Serologic testing
Serologic assays are used for the detection of specific anti-
bodies, including Immunoglobulin M (IgM), G (IgG) and
A (IgA) in the material obtained from the patient (blood
serum, cerebrospinal fluid, amniotic fluid, and the material
collected from the anterior chamber of the eye) Table 1.
Immunoglobulin M antibodies are the first to appear
after about one week following the infection with T. gondi.
Their level rises, reaching a peak value after 1-3 months.
Subsequently, over the next 9 months, a gradual fall is ob-
served. In some patients, IgM antibodies may be present
for up to a few years. IgG antibodies, in turn, appear after
approximately 2 weeks following the moment of infection,
with the highest levels noted after 3 months. They may re-
main in the system, at low levels, even for a lifetime. As
far as IgA antibodies are concerned, their peak values are
observed later, as compared to IgM, and they are present
for 3 to 4 months following the infection with the parasite.?

Table 1. Characteristics of tests used in serodiagnosis of toxoplasmosis.

i Patient Samples Antibody

Authors,

Characteristic
reference number

High sensitivity and specificity. Require a source of viable tachyzoites, Sabin and Feldman.?
and a high degree of technical expertise. Cannot accurately differenti- Liu et al.3*
ate between acute or chronic infection. The test is not recommended

in immunocompromised individuals as antibodies are produced in

Relatively high specificity. Can detect IgG antibodies in acute infec- Liu et al.3*
tion, which is very useful in the diagnosis of toxoplasmosis in AIDS
patients, especially for chronic and latent infections.

Routine screening for infections because it is highly sensitive (allow- Li et al.®
ing quantitative and semi-quantitative antibody measurements).

Highly sensitive and specific. Suitable for the diagnosis of acute toxo- Desmonts et al.’
plasmosis in immunocompetent patients and as a screening test for
recent infection in pregnant women. Owing to its high sensitivity and

the fact that IgM and IgA antibodies do not cross the placenta, the
method is a valuable tool in assisting the diagnosis of congenital toxo-
plasmosis in infants and detection of its reactivation.

This widely used test does not use live tachyzoites. It is characterized Arthur and Blewett.”’
by sensitivity of 80.4—-100 % and specificity of 91.4-95.8 %. A fluores-
cent microscope is required for reading the results. cross-reactivity

with rheumatoid factor and anti-nuclear antibodies may occur.

With a sensitivity of 100 % and specificity of 98.5 %. It is recommend- Eissa et al.?®

type test
Sabin-Feldman 1gG, IgM,
Dye test (SFDT) IgA

Serum
low levels and irregularly.

Modified IgG
Agglutination Serum
Test (MAT)
Enzyme-Linked IgG, IgM,
Immunosorbent IgA
Assays (ELISA) Serum
Immunosorbent IgM
Agglutination Serum
Assay (ISAGA)
Indirect Fluorescent IgG, IgM
Antibody Serum
Test IFAT)
Indirect IgG
Haemagglutination Serum

Assays (IHA)

ed for screening tests. The detection of acute or congenital toxoplas-
mosis can pose a problem.
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IgG(-) and IgM(-). The absence of antibodies excludes
the possibility of a recent infection. In such a case, all hy-
giene and sanitary recommendations should be observed.
Pregnant women should undergo routine screening as
well. 22

IgG(+) and IgM(-). The presence of IgG antibodies
provides evidence of infection. In pregnant women, the
antibody avidity should be determined. Antibody avidity
tests can differentiate between IgG antibodies of low avid-
ity, which are produced in the initial period of the inva-
sion, from those with a high avidity index, strongly binding
to antigen and produced at the advanced, inactive stage of
the invasion. The diagnosis of an early stage of 7. gondii
infection is based on demonstrating seroconversion or a
significant rise in the specific IgG antibody concentration
characterized by low avidity, with a simultaneous presence
of positive values of IgA and IgM antibodies. According
to the standard recommendation, another serologic test is
performed 3 weeks later. In the case of high IgG avidity,
either a new infection or reactivation is suspected. There is
no need for a serologic test if such as situation occurs in an
immunocompetent person. However, if IgG avidity is too
low or inconclusive in a pregnant woman, the time of 7.
gondii acquisition cannot be determined and the appropri-
ate treatment must be instituted.??

IgG(-) and IgM(+) Detection of IgM and absence of IgG
are suggestive of a recent infection. Nevertheless, the pres-
ence of IgG antibodies are of key importance to confirm the
infection and there is a need for a repeat test after 2 weeks.?

IgG(+) and IgM(+) There is a possibility of a recent
infection within the last few months or of a false positive
IgM reaction. If the patient is pregnant and is IgG/IgM
positive, the IgG avidity test must be performed.?

Molecular detection
The gold standard to diagnose congenital toxoplasmosis is mo-
lecular detection, particularly when serologic tests fail to yield
conclusive results. Moreover, this method is recommended to
diagnose toxoplasmosis of the CNS in immunocompromised
individuals. Molecular testing allows for the detection of the
parasite not only in the serum, but also in the amniotic fluid,
blood, cerebral and eye tissue or urine, which largely facili-
tates confirmation or exclusion of the infection in infants.?%
It must be said that molecular tests used routinely are
not standardized and their sensitivity ranges between 65%
and 100%.%-%

4.3. Prevention steps against toxoplasmosis

Preventive measures against acquired toxoplasmosis include:

— Avoiding the consumption and tasting of raw, under-
cooked or cured meat (cysts in meat undergo inacti-
vation at the temperature of 67°C (up to 3 minutes) or
-12°C for 2 days).3:*

— Washing hands with soap and water thoroughly after
handling raw meat. Likewise, all the utensils coming in
contact with meat, including knives, chopping boards,
working surfaces etc. should be thoroughly washed.

— Avoiding drinking of unboiled or untreated water. The
protozoan is not killed with chlorine in the process of
water treatment.

— Avoiding the consumption of raw or undercooked oys-
ters and mussels.

— Washing fruit and vegetables thoroughly before eating.

— Using gloves while working in the field or in the garden.

— If cats are kept, the litter box should be cleaned regularly.

— Washing hands with soap and water after contact with
cat feces.

— Never feeding cats with raw or undercooked meat.

— Testing antibody levels in pregnant women who were se-
ronegative for toxoplasmosis

— Securing sandboxes against cats.

— Screening for toxoplasmosis while running educational
campaigns.?

5. CONCLUSIONS

(1) Toxoplasmosis is a parasitic infection most commonly
characterised by a mild clinical course, which may be
more severe in immunocompromised individuals as well
as in infants with the congenital form of the disease.

(2) Prior to planned pregnancy serologic tests should be
performed in order to confirm/exclude the infection.

(3) With a view to preventing new cases of toxoplasmosis,
health education measures should be taken and imple-
mented across a range of age groups, with a special focus
given to the main risk factors for the infection.

Conflict of interest
None declared.

Funding
None declared.

References

! Dubey JP. History of the discovery of the life cycle of
Toxoplasma gondii. Int ¥ Parasitol. 2009;39(8):877—-882.
https://doi.org/10.1016/j.ijpara.2009.01.005.

2 Hill D, Dubey JP. Toxoplasma gondii: transmission, di-
agnosis and prevention. Clin Microbiol Infect. 2002;8(10):
634-640. https://doi.org/10.1046/j.1469-0691.2002.00485.x.

3 WHO Estimates of the Global Burden of Foodborne
Disease: Foodborne Disease Burden Epidemiology Ref-
erence Group 2007-2015. Geneva, Switzerland: World
Health Organization, 2015.

*  Almeria S, Dubey JP. Foodborne transmission of Toxo-
plasma gondii infection in the last decade. An overview.
Res Vet Sci. 2020;135:371-385. https://doi.org/10.1016/;.
rvsc.2020.10.019.

5 Dtugonska H. Toxoplasma gondii — known and unknown
parasite. Wiad Parazytol. 2008;54(3):199-204.



114

PorL ANN MED. 2025;32(1):110-115

Lehmann T, Marcet PL, Graham DH, Dahl ER,
Dubey JP. Globalization and the population structure
of Toxoplasma gondii. Proc Natl Acad Sci. 2006;103(30):
11423-11428. https://doi.org/10.1073/pnas.0601438103.
Pena HF]J, Gennari SM, Dubey JP, Su C. Population
structure and mouse-virulence of Toxoplasma gondii in
Brazil. Int ¥ Parasitol. 2008;38(5):561-569. https://doi.
org/10.1016/j.ijpara.2007.09.004.

Nowakowska D, Stray-Pedersen B, Spiewak E, Sobala
W, Matafiej E, Wilczynski J. Prevalence and estimated
incidence of Toxoplasma infection among pregnant
women in Poland: a decreasing trend in the younger
population. Clin Microbiol Infect. 2006;12(9):913-917.
https://doi.org/10.1111/j.1469-0691.2006.01513.x.
Nowakowska D, Wujcicka W, Sobala W, Spiewak E, Gaj
Z, Wilczynski J. Age-associated prevalence of Toxoplas-
ma gondit in 8281 pregnant women in Poland between
2004 and 2012. Epidemiol Infect. 2014;142:656—661. htt-
ps://doi.org/10.1017/s0950268813001179.

Holec-Gasior L, Stanczak J, Myjak P, Kur J. Occur-
rence of Toxoplasma gondii specific antibodies in group
of forestry workers from pomorskie and warminsko-
mazurskie provinces. Wiad Parazytol. 2008;54:231-236.
Holec-Gasior L, Kur J. Epidemiological studies of toxo-
plasmosis among women from Przodkowo commune.
Przegl Epidemiol. 2009;63:311-316.

Aguirre AA, Longcore T, Barbieri M, et al. The One
Health Approach to Toxoplasmosis: Epidemiology, Con-
trol, and Prevention Strategies. EcoHealth. 2019;16(2):
378-390. https://doi.org/10.1007/s10393-019-01405-7.
Daher D, Shaghlil A, Sobh E, et al. Comprehensive
Overview of Toxoplasma gondii-Induced and Associ-
ated Diseases. Pathogens. 2021;10(11):1351. https://doi.
org/10.3390/pathogens10111351.

Li B, Zou J, Wang WY, Liu SX. Toxoplasmosis present-
ed as a submental mass: a common disease, uncommon
presentation. Int ¥ Clin Exp Pathol. 2015;8(3):3308-3311.
Delair E, Latkany P, Noble AG, Rabiah P, McLeod R,
Brézin A. Clinical Manifestations of Ocular Toxoplas-
mosis. Ocul Immunol Inflamm. 2011;19(2):91-102. https://
doi.org/10.3109/09273948.2011.564068.
Majda-Stanistawska E, Socha K, Sicinska ], et al. Long-
term observation of ocular toxoplasmosis in immuno-
competent children. Pediatria Polska. 2018;93(1):17-22.
https://doi.org/10.5114/polp.2018.74769.

Bobi¢ B, Villenal, Stillwaggon E. Prevention and mitigation
of congenital toxoplasmosis. Economic costs and benefits in
diverse settings. Food Waterborne Parasitol. 2019;16:¢00058.
https://doi.org/10.1016/j.fawpar.2019.e00058.

Singh S. Congenital toxoplasmosis: Clinical features,
outcomes, treatment, and prevention. Trop Parasi-
tol.  2016;6(2):113-122.  https://doi.org/10.4103/2229-
5070.190813.

Findal G, Helbig A, Haugen G, Jenum PA, Stray-Ped-
ersen B. Management of suspected primary Toxoplasma
gondii infection in pregnant women in Norway: twenty
years of experience of amniocentesis in a low-prevalence

20

21

22

23

24

25

26

27

28

29

30

31

population. BMC Pregnancy Childbirth. 2017;17(1):127.
https://doi.org/10.1186/s12884-017-1300-1.

Rzad M, Kanecki K, Lewtak K, et al. Congenital tox-
oplasmosis among hospitalized infants in Poland in
the years 2007-2021: study based on the national hos-
pital registry. Sci Rep. 2023;13(1):11060. https://doi.
org/10.1038/s41598-023-38270-y.

Elsheikha HM, Marra CM, Zhu XQ. Epidemiology,
Pathophysiology, Diagnosis, and Management of Cer-
ebral Toxoplasmosis. Clin Microbiol Rev. 2020;34(1).
https://doi.org/10.1128/cmr.00115-19.

Miyagaki M, Zong Y, Yang M, et al. Ocular Toxoplas-
mosis: Advances in Toxoplasma gondii Biology, Clinical
Manifestations, Diagnostics, and Therapy. Pathogens.
2024;13(10):898—898. https://doi.org/10.3390/patho-
gens13100898.

Villard O, Cimon B, L’Ollivier C, et al. Serological di-
agnosis of Toxoplasma gondii infection. Diagn Microbiol
Infect Dis. 2016;84(1):22-33. https://doi.org/10.1016/j.di-
agmicrobio.2015.09.009.

Nogareda F, Le Strat Y, Villena I, De Valk H, Goulet V.
Incidence and prevalence of Toxoplasma gondii infection
in women in France, 1980-2020: model-based estima-
tion. Epidemiol Infect. 2013;142(8):1661-1670. https://doi.
org/10.1017/s0950268813002756.

Fricker-Hidalgo H, Cimon B, Chemla C, et al. Toxo-
plasma seroconversion with negative or transient immu-
noglobulin M in pregnant women: myth or reality? A
french multicenter retrospective study. F Clin Microbiol.
2013;51(7):2103-2111. https://doi.org/10.1128/jcm.00169-13.
Khan AH, Noordin R. Serological and molecular rapid
diagnostic tests for Toxoplasma infection in humans and
animals. Eur ¥ of Clin Microbiol Infect Dis. 2019;39(1):19—
30. https://doi.org/10.1007/s10096-019-03680-2.

Kim M], Park S], Park H. Trend in serological and mo-
lecular diagnostic methods for Toxoplasma gondii infec-
tion. Eur J Med Res. 2024;29(1). https://doi.org/10.1186/
$40001-024-02055-4.

Bou G, Figueroa MS, Marti-Belda P, Navas E, Guerrero
A. Value of PCR for detection of Toxoplasma gondii in
aqueous humor and blood samples from immunocom-
petent patients with ocular toxoplasmosis. ¥ Clin Mi-
crobiol. 1999;37(11):3465-3468. https://doi.org/10.1128/
jem.37.11.3465-3468.1999.

Brenier-Pinchart MP, Filisetti D, Cassaing S, et al.
Molecular diagnosis of toxoplasmosis. ¥ Mol Di-
agn.  2022;24(6):687-696.  https://doi.org/10.1016/j.
jmoldx.2022.03.009.

Cingolani A, De Luca A, Ammassari A, et al. PCR
detection of Toxoplasma gondii DNA in CSF for the
differential diagnosis of AIDS-related focal brain le-
sions. F Med Microbiol. 1996;45(6):472—-476. https://doi.
org/10.1099/00222615-45-6-472.

Dubey JP, Kotula AW, Sharar A, Andrews CD, Lindsay
DS. Effect of high temperature on infectivity of Toxoplas-
ma gondu tissue cysts in pork. ¥ Parasitol. 1990;76(2):201.
https://doi.org/10.2307/3283016.



115

PorL ANN MED. 2025;32(1):110-115

32

33

34

35

Koutsoumanis K, Allende A, Alvarez-Ordonez A, et al.
Public health risks associated with food-borne parasites.
EFSA  Journal. 2018;16(12). https://doi.org/10.2903/;.
efsa.2018.5495.

Sabin AB, Feldman HA. Dyes as microchemical indica-
tors of a new immunity phenomenon affecting a proto-
zoon parasite (Toxoplasma). Science. 1948;108(2815):660—
663. https://doi.org/10.1126/science.108.2815.660.

Liu Q, Wang ZD, Huang SY, Zhu XQ. Diagnosis of toxo-
plasmosis and typing of Toxoplasma gondii. Parasit Vectors.
2015;8(1). https://doi.org/10.1186/s13071-015-0902-6.

Li S, Maine G, Suzuki Y, et al. Serodiagnosis of recently
acquired Toxoplasma gondii infection with a recombi-
nant antigen. ¥ Clin Microbiol. 2000;38(1):179-184. htt-
ps://doi.org/10.1128/jcm.38.1.179-184.2000.

36

37

38

Desmonts G, Naot Y, Remington JS. Immunoglobulin
M-immunosorbent agglutination assay for diagnosis
of infectious diseases: diagnosis of acute congenital
and acquired Toxoplasma infections. ¥ Clin Microbiol.
1981;14(5):486—491. https://doi.org/10.1128/jcm.14.5.486-
491.1981.

Arthur M, Blewett D. IFAT detection of IgG specific
to toxoplasma in thoracic fluids from aborted lambs:
evaluation on routine diagnostic submissions. et Rec.
1988;122(2):29-31. https://doi.org/10.1136/vr.122.2.29.
Eissa Mh, Am AS, Antonious Sn, Ar AG, Ta M. Com-
parative study of the Sabin-Feldman dye test and the in-
direct haemagglutination test in serodiagnosis of toxo-
plasmosis. ¥ Egypt Soc Parasitol. 1990;20(2):729-735.



