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Abstract: Laboratory diagnosis of Toxoplasma gondii infection plays a crucial role in ensuring the safety
of blood recipients, especially in the case of immunosuppressed people, such as organ transplant
patients. Toxoplasmosis, caused by the parasite Toxoplasma gondii, is a potential threat to people
with weakened immune systems, and blood transfusions from infected donors can lead to severe
complications. In this publication, we analyze the medical relevance of Toxoplasma infection in the
context of the safety of blood recipients, focusing on the immunosuppressed patient population. We
present various diagnostic methods, such as serological, molecular, and microscopic tests, which
can detect the presence of Toxoplasma gondii in donors” blood. We also discuss the importance of
adequately interpreting diagnostic results, considering risk factors, and detectability of the infection.
We pay special attention to high-sensitivity and -specificity diagnostic techniques, which allow us to
minimize the risk of Toxoplasma gondii transmission to blood recipients. Our findings have important
implications for clinical practice and organ transplantation guidelines, emphasizing the need to
diagnose and monitor Toxoplasma infections in blood donors and recipients.

Keywords: toxoplasmosis; blood donors; blood recipients; blood transfusion; diagnostics; Toxoplasma
gondii

1. Introduction

Toxoplasmosis is a disease caused by an obligatory intracellular blood protozoan
known as Toxoplasma gondii. The parasite was first discovered by Nicolle and Manceaux in
1908 in a small North African rodent called Ctenodactylus gundi [1]. T. gondii is widespread
and infects a significant proportion of the global population [2,3]. The infection is usually
harmless and resolves independently [4]. However, individuals with weakened immune
systems are at risk of developing severe toxoplasmosis. In transplant recipients, toxo-
plasmosis can occur due to various factors, such as infection transmitted from the donor,
reactivation of a dormant condition in the recipient, or, rarely, a new acute infection. Both
solid organ transplant recipients and those who undergo hematopoietic stem cell transplan-
tation are vulnerable to severe illness caused by Toxoplasma. The disease can manifest in
various ways, including pneumonitis, meningoencephalitis, chorioretinitis, myocarditis, or
disseminated toxoplasmosis affecting multiple organs [5]. The parasite can be transmitted
directly through the donated organ or blood transfusions. Additionally, toxoplasmosis can
result from the reactivation of preexisting infections or new infections acquired after the
transplant. Several factors contribute to the increasing significance of parasitic infections
in transplantation. The acknowledgment of parasitic infections as a significant risk to
transplant outcomes has been influenced by shifts in immigration patterns and the growth
of transplant medicine in developing nations. Changing global immigration patterns al-
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lows individuals from regions where parasites are endemic to undergo transplantation.
Moreover, these immigrants may also serve as organ donors in developed countries [6].

Traditionally, blood screening services have primarily emphasized the detection of
viruses like human immunodeficiency virus (HIV), hepatitis B and C viruses, and bacteria
such as Treponema pallidum. However, it is crucial to expand this focus to include other
significant pathogens like Toxoplasma gondii, which have been associated with transfusion-
transmitted infections [7]. There is a high risk of acute Toxoplasma infection if the necessary
measures are not taken to protect organ transplantation and blood transfusion patients
from infection. This risk is mainly present in organ transplants or blood transfusions from
seropositive donors to seronegative recipients [8]. The risk of transfusion transmission of
T. gondii is particularly elevated in individuals who receive multiple blood transfusions,
neonates, pregnant women, and patients under immunosuppression. These groups have
a reduced capacity to mount an effective immune response against the parasites, making
them more susceptible to infection [3,7,9]. The focus on HIV and transfusion-transmitted
hepatitis infections has overshadowed the recognition that other diseases, specifically
parasites such as T. gondii, can also be transmitted through blood transfusions, resulting in
severe conditions, particularly among immunocompromised patients [7]. Blood donors
with positive immunoglobulin M (IgM) serum can often pose a risk factor for susceptible
recipients [10]. Thus, it is essential to acknowledge the potential impact of this parasite and
take appropriate measures to prevent its transmission during transfusion procedures.

The purpose of this paper is to highlight the significance of Toxoplasma gondii as a
pathogen in blood transfusion and transplantation settings and emphasize the need to
expand blood screening services to include the detection of this parasite. This paper aims to
raise awareness about the risks of T. gondii infection in individuals with weakened immune
systems, particularly blood transfusion recipients and organ transplant recipients under
immunosuppression. It also addresses the potential transmission of T. gondii through blood
transfusions or donated organs and the factors contributing to the increasing importance of
parasitic infections in transplantation.

2. Methods

We conducted an extensive literature search using the ISI Web of Science/PubMed/
Science Direct/Google Scholar databases for information on the risk of toxoplasmosis in
blood recipients. The following keywords were used in data retrieval: (“toxoplasmosis” and
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“blood donors”, “blood recipients”, “transfusion”, “transplant recipients”); (“Toxoplasma
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gondii”, and “blood donors”, “blood recipients”, “transfusion”, “transplant recipients”);
(“toxoplasmosis diagnostics” and “blood donors”, “blood recipients”, “transfusion”, “trans-
plant recipients”). There were no restrictions in collecting the data. Conference abstracts

and studies with incomplete or unavailable data were excluded.

3. Results
3.1. The Classical Course of Toxoplasma Infection and Toxoplasmosis

Toxoplasmosis is significant as a zoonotic disease. T. gondii can infect approximately
one-third of the world’s population [7]. There are several routes of T. gondii infection
in humans. These include ingesting food or water contaminated with oocysts shed by
cats, which can be found in soil or garbage [11]. Consumption of undercooked or raw
meat containing tissue cysts is also a potential source of infection [1,2]. Additionally,
T. gondii can be transmitted through open wounds, transplantation, blood transfusion,
congenital transmission from infected mothers to their babies, and even sexual contact [7].
In exceptional circumstances, seropositive blood donors, especially those in the acute phase
of infection, may potentially contribute to transmission [12]. The transmission of T. gondii
through blood product transfusion remains a rather unexplored area, posing a current
challenge for transfusion medicine [13].

T. gondii has developed a sophisticated strategy to proficiently manipulate the host’s
immune system, establishing productive infection and ensuring optimal replication [14].
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The life cycle of T. gondii exhibits complexity, involving felids as definitive hosts and
warm-blooded vertebrates, specifically mammals and birds, as intermediate hosts. This
intricate life cycle encompasses various stages of sexual and asexual reproduction [15]. In
humans, two forms of T. gondii are observed. The actively proliferating tachyzoites are
typically seen during the infection’s initial and more acute phase. The slowly dividing
bradyzoites, on the other hand, form cysts in the brain and skeletal muscles due to the
host’s immune response [7]. The parasite infiltrates human tissues and cells upon infection,
which undergoes multiplication through internal budding, known as endodyogeny. During
the acute stage of Toxoplasma infection, the parasites replicate within host cells and form
pseudocysts. These asexual stages of T. gondii give rise to merozoites, which enter the
bloodstream and establish cysts in various tissues [7].

Approximately 80% to 90% of individuals with a healthy immune system, includ-
ing children and adults, experience asymptomatic infection. Among those who exhibit
symptoms, the most prevalent clinical presentation is the presence of isolated cervical or
occipital lymphadenopathy, occasionally accompanied by a mild, transient influenza-like
illness [16,17]. Toxoplasmosis can give rise to severe and potentially life-threatening mani-
festations in individuals with compromised immune systems [14]. Such embodiments may
include acute symptoms like encephalitis and pneumonia, primarily stemming from the
reactivation of latent infection [17,18].

In the case of primary infection, serological tests can identify three distinct sequences:
the emergence of IgM, the rise in IgG levels, and the subsequent stabilization of IgG,
potentially accompanied by the persistence of IgM. Conversely, reactivation is characterized
by two sequences: an elevation in IgG levels followed by their stabilization. IgG antibodies
remain detectable throughout a person’s lifetime in residual titers, indicating the risk of
reactivation during immunosuppression [2].

3.2. Prevalence of Toxoplasma Infections in Blood Donors

The Toxoplasma seropositivity can differ widely among different world regions (10-80%)
and sometimes within a country, depending on social and cultural habits and transmission
routes [12,19]. Many epidemiological studies screened blood donors for Toxoplasma infec-
tion. Results of some studies, presented in Table 1, provide insights into the prevalence and
co-occurrence of IgG and IgM anti-T. gondii antibodies, as well as the presence of T. gondii
DNA in healthy blood donors. Alvarado-Esquivel et al. [20] conducted a study investigat-
ing the relationship between age and seropositivity. Their research findings revealed an
increase in the frequency of seropositivity with advancing age. Furthermore, the authors
observed a negative correlation between seropositivity to T. gondii and the educational level
of the donors, indicating a decrease in seroprevalence as the educational attainment of the
individuals increased. Hosseini et al. [19] studied the presence of antibodies against Toxo-
plasma gondii and the presence of parasite DNA among Iranian blood donors. The results
showed that 73.5% of the blood donors tested positive for anti-T. gondii IgG antibodies,
indicating previous exposure to the parasite, while 2.2% were positive for IgM antibodies,
suggesting recent infection. T. gondii DNA was detected in 7 (of 400) samples. The genotyp-
ing analysis revealed the presence of four T. gondii genotypes (ToxoDB#1, #2, #10, and #27),
with 50% of the strains being highly pathogenic. Rodrigues et al. [21] conducted a study to
assess the seroprevalence of exposure to or infection with T. gondii among blood donors
who underwent three blood tests at the Portuguese Institute for Blood and Transplantation
banks, as well as various regional Blood Collection Services in Portugal. The findings
revealed a seroprevalence rate of 38.1% among the participants, indicating a significant
level of exposure to or infection with T. gondii. Nearly half of the individuals who tested
positive for T. gondii had no prior knowledge of Toxoplasma infection. However, it is worth
noting that anti-Toxoplasma antibodies persist long and do not necessarily mean an acute
infection [22]. In turn, Pawelczyk et al. [23], in a group of 168 blood donors, observed 1
(0.6%) IgM-positive and 49 (29.2%) IgG-positive subjects. Further research showed that 15
(8.9%) IgM-negative and IgG-negative blood donors had T. gondii DNA present. Thus, T.
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gondii DNA detection in seronegative subjects implies supplementing routine serological
testing via molecular methods.

The burden of T. gondii infection among blood donors remains poorly documented
due to limited information. In Poland, the examination of blood donors is regulated based
on the regulation of the Ministry of Health regarding the conditions for collecting blood
from blood donors. This regulation specifies that blood samples from qualified individuals
require the following markers: HBs antigen, anti-HIV 1/2 antibodies, anti-HCV antibodies,
HCV RNA, HBV DNA, HIV RNA, and syphilis treponemal infection markers [24]. Blood
donors are, therefore, not routinely screened for Toxoplasma infection. Therefore, the risk
of transfusion transmission of pathogen may be undetected because the donor might test
negative in serological tests during the active phase of T. gondii infection.

Regrettably, screening for this parasite in blood banks is not mandatory worldwide [10].
The parasite has demonstrated the ability to remain viable for up to 50 days in blood or its
components, even when stored at 4 °C. Additionally, it can survive in citrated blood at 5
°C for up to 50 days, including the buffy coat, thereby raising the possibility of acquiring
the infection through blood, platelets, or leukocyte transfusions [10,25-27]. Consequently,
preserving blood bags within the cooling chain does not prevent transmission or delay the
infection [10].

Given this circumstance, it is crucial to actively disseminate information about Toxo-
plasma infection and promote preventive measures among the general population, including
individuals who participate as blood donors. Such efforts are imperative to raise aware-
ness and adopt appropriate preventive practices. Many studies suggest enhancing blood
safety measures of pregnant, immunocompromised, and multi-transfused patients. For
this purpose, the screening for T. gondii as a priority test for all pretransfusion blood testing
schedules should be performed (especially in regions with high endemicity) [26,28-32].

Table 1. Summary of selected research studies on Toxoplasma infection status in healthy blood donors.

Size of the Study Group Analyzed Parameter Method Results Refs.
213 (24.2%)-only IgG (+)
n=790 . IgG and IgM anti-T. gondii antibodies ECLIA 8 (0.9%)—only IgM (+) [8]
12 (1.4%)-both IgM (+) and IgG (+)
146 (37.9%)-only 1gG (+)
— 385 IgG and IgM anti-T. gondii antibodies ELISA, 4 (1.03%)-only IgM (+) 3
n= DNA of T. gondii LAMP 6 (1.56%)-both IgM (+) and IgG (+) 1331
6 (1.56%)-T. gondii DNA (+)
n=1347 . IgG and/or IgM anti-T. gondii antibodies LAT 618 (45.9%)-IgM (+) and /or IgG (+) [26]
n =375 . IgG and IgM anti-T. gondii antibodies ELISA 94 (25.1%)-only IgG (+) [34]
_ . P . IFA, 352 (44%)-only IgG (+)
n =800 e IgGand IgM anti-T. gondii antibodies ELISA 3 (0.4%)-both IgM (+) and IgG (+) [12]
n=103 . 1gG and IgM anti-T. gondii antibodies ELISA 46 (47.7%)-only IgG (+) [28]
150 (32.5%)-only IgG (+)
. T 7 (1.5%)-only IgM (+)
I I -T.
0 = 462 LA g gondifantibodies PR b 9 (2%)-both IgM (+) and IgG (+) [10]
' P 30 (18%) of 166 seropositive donors-T.
gondii DNA (+)
ELISA, 294 (73.5%)-only IgG (+)
— 400 . IgG and IgM anti-T. gondii antibodies nested-PCR 9 (2.2%)-only IgM (+)
n= o DNAOfT gondii multilocus, 7 (1.8%)-both IgM (+) and IgG (+) [l
nested-PCR-RFLP 7 (1.8%)-T. gondii DNA (+)
n=46 . IgG and IgM anti-T. gondii antibodies ELISA }1(2(22%/3%3;?;1;1{%?4—(;) [35]
131 (34.47%)-only IgG (+)
n =380 . IgG and IgM anti-T. gondii antibodies ELISA 2 (0.5%)-only IgM (+) [36]
11 (2.9%)-both IgM (+) and IgG (+)
n =520 . 1gG anti-T. gondii antibodies MAT 198 (38.1%)-IgG (+) [21]
. IgG and IgM anti-T. gondii antibodies ELC, 223 (43.7%)-only IgG (+)
n =510 . DNA of T. gondii nested-PCR, 8 (1.6%)-both IgM (+) and IgG (+) [37]
gqPCR all samples-T. gondii DNA (—)
335 (44.7%)-only 1gG (+)
=750 . IgG and IgM anti-T. gondii antibodies ELISA, 5 (0.6%)-only IgM (+) [13]

DNA of T. gondii

nested-PCR (BI gene)

21 (2.8%)-both IgM (+) and IgG (+)
38 (10.8%) of IgG (+)-T. gondii DNA (+)
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Table 1. Cont.

Size of the Study Group Analyzed Parameter Method Results Refs.
. IgG anti-T. gondii antibodies ELISA, 98 (65.3%)—only 1eG (+
=150 o DNAOfT gondii real-time PCR 15 ((10%)—)T gor?,diig DI\(TA) ) (58]
(B1 gene) ’
. IgG and IgM anti-T. gondii antibodies ELISA 161 (9.3%)-only IgG (+)
n=1783 . DNA of T. gondii real-time PCR 5 (0.28%)-both IgM (+) and IgG (+) [39]
all samples—T. gondii DNA (—)
n =207 . IgM anti-T. gondii antibodies ELISA 46 (22.2%)-IgM (+) [30]
144 (28.8%)—only IgG (+)
- 500 . IgG and IgM anti-T. gondii antibodies ELISA, 11 (2.2%)-only IgM (+) 31
n= o DNAOfT gondii real-time PCR 5 (1%)-both IgM (+) and IgG (+) (31]
1 (9%) of IgM (+)-T. gondii DNA (+)
%) —¢
n=194 . IgG and IgM anti-T. gondii antibodies CLIA ;5(1(308?;06/36(15;11%11\%%_(;—) [32]
182 (12.3%)-only IgG (+)
1 = 1480 . IgG and IgM anti-T. gondii antibodies ELISA, 81 (5.47%)-only IgM (+) [40]

DNA of T. gondii

nested-PCR (BI gene) 23 (1.6%)-both IgM (+) and IgG (+)

2 (1.9%) of IgM (+)-T. gondii DNA (+)

BLOOD DONORS
with Toxoplasma infection

(+) positive; (—) negative; CLIA, chemiluminescence immunoassay; ECLIA, electrochemiluminescence immunoas-
say; ELC, electrochemiluminescence; ELISA, enzyme-linked immunosorbent assay; IFA, indirect fluorescent
antibody; LAMP, loop-mediated isothermal amplification; LAT, latex agglutination test; MAT, modified agglutina-
tion test; PCR, polymerase chain reaction.

3.3. Prevalence of Toxoplasma Infections in Blood and Transplant Recipients

Toxoplasma gondii can be transmitted to transplant recipients, including those undergo-
ing heart, renal, and bone marrow transplantation, and through blood products. Patients
who are organ recipients use immunosuppressive drugs that lower their immunity. Organ
recipients often also require a blood transfusion, so they are also blood recipients. They are,
therefore, a group of patients particularly vulnerable to toxoplasmosis. Hence, particularly
in this group, special measures must be taken to prevent acute toxoplasmosis and its seri-
ous effects. Consequently, screening healthy blood donors for the presence of T. gondii is
crucial (see Figure 1) [3,19]. It is known that donating blood from seropositive donors to
individuals under immunosuppression or seronegative recipients for organ transplantation
may cause Toxoplasma contamination. This can result in severe health complications for the
affected patients [8].

BLOOD RECIPIENTS

Screening for l
Toxoplasma infection

Toxoplasma infection

[

Figure 1. Blood transfusion as a possible source of Toxoplasma gondii infection.

Mardani [22] emphasizes that the widespread utilization of blood and blood com-
ponents and the occurrence of asymptomatic toxoplasmosis in blood donors due to the
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absence of effective diagnostic strategies render the donor selection strategy inadequate
in preventing transfusion-transmitted parasitic infections. For parasitic agents to be trans-
mitted via transfusion, several conditions must be met: (1) they must be present in the
bloodstream of donors either for a prolonged duration or in a sufficient quantity to pose a
risk to susceptible recipients; (2) they should be capable of causing infection in the absence
of clinical symptoms; (3) they must be able to survive during the storage period of blood
and its components; and (4) they should have a relatively lengthy incubation period [22].
Belkacemi and Heddi [28] indicate that the potential risk of T. gondii transmission through
blood donations ranges from 1 in 100,000 to 17 in 100,000. Siegel et al. [41] reported that
four individuals with acute leukemia developed toxoplasmosis after receiving leukocyte
transfusions from donors with chronic myelogenous leukemia. A retrospective analysis
of serologic data from the donors revealed that their anti-Toxoplasma antibody levels were
significantly elevated. This finding suggests that the transferred leukocytes originated the
Toxoplasma parasite in the recipients [41].

Transfusion-acquired toxoplasmosis is the primary cause of ocular Toxoplasma infection,
which occurs when the chronic proliferation of tachyzoites in the retina or hypersensitivity
response to ruptured tissue cysts occurs. Ocular manifestations of toxoplasmosis, such as
uveitis, can occur in individuals with conditions like thalassemia, requiring frequent and
regular blood transfusions from multiple donors for survival. Consequently, asymptomatic
blood donors infected with T. gondii may unknowingly transmit the parasite during blood
transfusion [7]. Toxoplasmosis in recipients of cord blood transplantation often arises
from the reactivation of a chronic infection, the transmission of disease from the donor,
or a newly acquired infection. The risk of developing the condition has been associated
with organ transplants such as heart, liver, kidney, and stem cell transplants [25]. The
prevalence of T. gondii infection among recipients of hematopoietic stem-cell transplantation
ranges from 0.4% to 9% and is strongly associated with significant immunosuppression [4].
Cerebral toxoplasmosis is the most common clinical manifestation of the infection in
immunocompromised patients, followed by the progression of pulmonary disease leading
to acute respiratory distress syndrome and disseminated toxoplasmosis. However, due to
the non-specific nature of the symptoms, a definitive diagnosis of Toxoplasma infection is
sometimes only established through a post-mortem necropsy [4].

3.4. Laboratory Diagnosis of Toxoplasma Infections in Terms of the Safety of Blood and
Transplant Recipients

The transmission of T. gondii from seemingly healthy blood donors to recipients
has emerged as a significant concern in transfusion medicine, particularly among recip-
ients with compromised immune systems. Screening methods for T. gondii infection in
blood donors primarily rely on serological tests, such as the Sabin-Feldman test, indirect
hemagglutination test, direct hemagglutination, indirect immunofluorescence test, and
enzyme-linked immunosorbent assay for detecting anti-Toxoplasma IgG/IgM antibodies
in serum [7]. However, serological diagnosis can be challenging in immunocompromised
patients, as the reactivation of T. gondii or the chronic phase of infection may not lead to
noticeable changes or detectable shifts in antibody levels. Interpreting serology results in
immunocompromised transplant recipients can be challenging, particularly in non-specific
febrile illnesses. This is especially true for individuals with AIDS and certain chronic cases
of Toxoplasma infection, where IgM antibodies may persist, complicating the interpretation
of serological results. Additionally, molecular screening, immunoblotting, and tissue biopsy
have been utilized to identify active T. gondii infections [7]. Several real-time PCR assays
and PCR targets have been created to rapidly and effectively detect T. gondii. One of these
targets is the B1 gene, which is present in 35 copies in the parasite’s genome. Recently,
researchers have identified another repeat element in T. gondii, which appears around
300 times in the genome and spans 529 base pairs [42]. The 529 bp repeat element has been
extensively studied and explored as a PCR detection target [3]. This element shows promise
as a target for real-time PCR, potentially leading to improved performance compared to the
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B1 gene as a target. According to Edvinsson et al. [42], low concentrations of T. gondii DNA
can be detected more sensitively and accurately by real-time PCR using the 529 bp repeat
element of T. gondii than when using the BI gene. Quantitative real-time PCR targeting
the 529 bp repeat region has demonstrated the highest efficacy among various PCR-based
diagnostic approaches, successfully validated in several significant indications [2]. Thus,
molecular screening for Toxoplasma infection is recommended before blood transfusion,
particularly in immunocompromised patients [25]. Polymerase chain reaction (PCR) testing
can aid in expediting the diagnosis, especially for patients at higher risk due to discordant
donor /recipient Toxoplasma IgG status and inability to tolerate TMP/SMX prophylaxis [6].

Screening donors for Toxoplasma IgG is now a requirement under the policy of the
Organ Procurement and Transplantation Network/United Network for Organ Sharing
(UNOS/OPTN) [6]. Diagnosing acute Toxoplasma infection in solid organ transplant (SOT)
recipients is recommended to utilize PCR testing on blood and various bodily fluids
and perform biopsies on affected tissues to identify tachyzoites. Currently, therapy for
toxoplasmosis in solid organ transplantation recipients includes an introduction and chronic
suppressive therapy (based on pyrimethamine, sulfadiazine, and leucovorin) [6]. However,
these recommendations do not refer to the diagnosis and use of prophylaxis for blood
transfusion recipients. Therefore, it seems reasonable to assess the current health status of
blood donors and recipients and to analyze the safety of blood transfusions regarding the
risk of Toxoplasma infection.

Wang et al. [43] indicate that Chinese blood centers typically employ leukocyte filtra-
tion, effectively lowering the presence of obligatory intracellular pathogens, including T.
gondii. Consequently, the risk of T. gondii infection is significantly diminished. Therefore,
there is no need to conduct T. gondii screening for blood donations in China. However, there
are no investigations of the patients who received T. gondii DNA-positive blood. Therefore,
the risk of the possibility of transfusion transmission of T. gondii is not determined [43]. The
lack of research implies that it would be reasonable to include the screening of blood donors
for Toxoplasma infections in the event of a need to perform a transfusion in organ recipients.

Obtaining T. gondii isolates from blood donors or donated samples would be beneficial.
However, this poses challenges due to the short duration of parasitemia, which is limited
to the acute phase of infection. Isolating viable parasites from blood samples is challenging.
Alternatively, detecting the parasite’s mRNA in donated blood could be considered, but
this procedure may interfere with routine processes in blood banks and contaminate
the blood bags [13]. These difficulties contribute to the limitations of studies that have
explored molecular approaches to detect T. gondii infection among blood donors. Molecular
methods such as conventional and nested PCR cannot differentiate between alive and dead
parasites and residual DNA. These methods can only indicate the transmission risk and
may overestimate the presence of the parasite in peripheral blood [44].

Due to the high prevalence of T. gondii infection among blood donors and the absence
of an approved and dependable laboratory test for Toxoplasma screening in donors, it is not
feasible to prevent transfusion transmission of the pathogen solely through donor selection
and serological screening methods. Additionally, discarding blood donations based on
positive serology test outcomes poses a significant risk to blood availability, particularly in
countries with a high infection prevalence [22].

4. Conclusions

Problem: This paper highlights the potential risk of Toxoplasma gondii transmission
through blood transfusion, particularly in vulnerable populations such as immunocompro-
mised individuals, organ transplant recipients, neonates, and pregnant women.

Solution: To effectively manage Toxoplasma gondii infections in transplant recipients
and reduce the risk of transmission, it is crucial to update recommendations regarding the
screening of blood donors for the presence of the parasite. Comprehensive donor testing
and implementation of preventive measures are essential in protecting patients from acute
Toxoplasma infection during transfusion.
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Concrete results: This paper provides valuable insights into the importance of screen-
ing blood donors, improving transfusion management, and developing Toxoplasma infection
prevention programs. These measures can significantly enhance patient safety and reduce
the likelihood of parasite transmission through blood transfusion.

Future challenges: Despite increased awareness, there are still gaps in knowledge
concerning the specific strategies and protocols needed for managing Toxoplasma gondii
infections in vulnerable populations. Further research is necessary to better understand
the burden of T. gondii infection among blood donors and to develop more comprehensive
screening and preventive strategies.

In conclusion, by implementing updated screening procedures and adopting appro-
priate strategies, we can minimize the risk of acquiring Toxoplasma transmission through
blood transfusion and ensure the well-being of susceptible patient groups. Continued
efforts in research and collaboration are essential to further enhance our understanding
and management of Toxoplasma infections in the context of blood transfusion.

Author Contributions: Conceptualization, R.W.; writing—original draft preparation, R W. and M.P;
writing—review and editing, RW., M.P. and C.M.-K; visualization, R.W. and M.P,; supervision,
C.M.-K. All authors have read and agreed to the published version of the manuscript.

Funding: This review received no external funding.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy or ethical restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Szewczyk-Golec, K.; Pawlowska, M.; Wesotowski, R.; Wréblewski, M.; Mila-Kierzenkowska, C. Oxidative Stress as a Possible
Target in the Treatment of Toxoplasmosis: Perspectives and Ambiguities. Int. J. Mol. Sci. 2021, 22, 5705. [CrossRef] [PubMed]
Dupont, D.; Fricker-Hidalgo, H.; Brenier-Pinchart, M.-P.; Garnaud, C.; Wallon, M.; Pelloux, H. Serology for Toxoplasma in
Immunocompromised Patients: Still Useful? Trends Parasitol. 2021, 37, 205-213. [CrossRef] [PubMed]

Wesotowski, R.; Pawlowska, M.; Smoguta, M.; Szewczyk-Golec, K. Advances and Challenges in Diagnostics of Toxoplasmosis in
HIV-Infected Patients. Pathogens 2023, 12, 110. [CrossRef]

De La Mata Navazo, S.; Slocker Barrio, M.; Garcia-Morin, M.; Beléndez, C.; Escobar Fernandez, L.; Rincon-Lépez, E.M.; Aguilera
Alonso, D.; Guinea, J.; Marin, M.; Butragueno-Laiseca, L.; et al. Case Report: Severe ARDS in a Pediatric Hematopoietic Stem-Cell
Transplantation Recipient Caused by Disseminated Toxoplasmosis. Front. Pediatr. 2022, 9, 810718. [CrossRef] [PubMed]
Adekunle, R.O.; Sherman, A.; Spicer, ].O.; Messina, J.A.; Steinbrink, ].M.; Sexton, M.E.; Lyon, G.M.; Mehta, A K.; Phadke, VK ;
Woodworth, M.H. Clinical Characteristics and Outcomes of Toxoplasmosis among Transplant Recipients at Two US Academic
Medical Centers. Transpl. Infect. Dis. 2021, 23, €13636. [CrossRef] [PubMed]

La Hoz, R.M.; Morris, M.I. The Infectious Diseases Community of Practice of the American Society of Transplantation Tissue and
Blood Protozoa Including Toxoplasmosis, Chagas Disease, Leishmaniasis, Babesia, Acanthamoeba, Balamuthia, and Naegleria in
Solid Organ Transplant Recipients—Guidelines from the American Society of Transplantation Infectious Diseases Community of
Practice. Clin. Transpl. 2019, 33, e13546. [CrossRef]

Amoo, A.; Njaanake, K.; Dada-Adegbola, H.; Omosa-Manyonyi, G. Toxoplasmosis among Blood Donors: Unsafe Blood
Transfusion in Ibadan, Southwest Nigeria. J. Appl. Hematol. 2019, 10, 120. [CrossRef]

Yilmaz, A.; Yazicy, E.; Turk, C. Assessment of Seroprevalence of Toxoplasma gondii in Blood Donors Applied to the Blood Center of
Gazi University Hospital. Iran. J. Microbiol. 2021, 13, 243-247. [CrossRef]

Stopi¢, M.; étajner, T.; Markovi¢-Denié, L.; Nikoli¢, V.; Djilas, I.; Srzenti¢, S.J.; Djurkovi¢-Djakovi¢, O.; Bobi¢, B. Epidemiology of
Toxoplasmosis in SERBIA: A Cross-Sectional Study on Blood Donors. Microorganisms 2022, 10, 492. [CrossRef]

Asfaram, S.; Rezaei, R.; Fakhar, M.; Ghezelbash, B.; Nakhaei, M.; Hezarjaribi, H.Z.; Mardani, A.; Teshnizi, S.H. High Occurrence
of Toxoplasma gondii Infection among Blood Donors in Ardabil Province as Main Focus of Zoonotic Visceral Leishmaniosis,
Northwestern Iran. Ann. Parasitol. 2021, 67, 611-617. [CrossRef]

Elmore, S.A.; Jones, ]J.L.; Conrad, P.A.; Patton, S.; Lindsay, D.S.; Dubey, J.P. Toxoplasma gondii: Epidemiology, Feline Clinical
Aspects, and Prevention. Trends Parasitol. 2010, 26, 190-196. [CrossRef] [PubMed]

Lachkhem, A.; Lahmar, I.; Galal, L.; Babba, O.; Mezhoud, H.; Hassine, M.; Lachkhem, A.; Dardé, M.-L.; Mercier, A.; Babba, H.
Seroprevalence of Toxoplasma gondii among Healthy Blood Donors in Two Locations in Tunisia and Associated Risk Factors.
Parasite 2020, 27, 51. [CrossRef] [PubMed]


https://doi.org/10.3390/ijms22115705
https://www.ncbi.nlm.nih.gov/pubmed/34071892
https://doi.org/10.1016/j.pt.2020.09.006
https://www.ncbi.nlm.nih.gov/pubmed/33046380
https://doi.org/10.3390/pathogens12010110
https://doi.org/10.3389/fped.2021.810718
https://www.ncbi.nlm.nih.gov/pubmed/35155320
https://doi.org/10.1111/tid.13636
https://www.ncbi.nlm.nih.gov/pubmed/33993599
https://doi.org/10.1111/ctr.13546
https://doi.org/10.4103/joah.joah_31_19
https://doi.org/10.18502/ijm.v13i2.5986
https://doi.org/10.3390/microorganisms10030492
https://doi.org/10.17420/ap6704.377
https://doi.org/10.1016/j.pt.2010.01.009
https://www.ncbi.nlm.nih.gov/pubmed/20202907
https://doi.org/10.1051/parasite/2020049
https://www.ncbi.nlm.nih.gov/pubmed/32955429

Microorganisms 2023, 11, 1980 90of 10

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nakashima, F,; Pardo, V.S.; Miola, M.P; Murata, EH.A.; Paduan, N.; Longo, S.M.; Brandao De Mattos, C.C.; Pereira-Chioccola,
V.L.; Ricci, O.; De Mattos, L.C. Serum IgG Anti-Toxoplasma gondii Antibody Concentrations Do Not Correlate Nested PCR Results
in Blood Donors. Front. Cell. Infect. Microbiol. 2020, 9, 461. [CrossRef]

Lima, T.S.; Lodoen, M.B. Mechanisms of Human Innate Immune Evasion by Toxoplasma gondii. Front. Cell. Infect. Microbiol. 2019,
9, 103. [CrossRef]

Lider, C.G.K.; Rahman, T. Impact of the Host on Toxoplasma Stage Differentiation. Microb. Cell 2017, 4, 203-211. [CrossRef]
Pleyer, U.; Gro88, U.; Schliiter, D.; Wilking, H.; Seeber, F. Toxoplasmosis in Germany: Epidemiology, Diagnosis, Risk Factors, and
Treatment. Dtsch. Arzteb. Int. 2019, 116, 435-444. [CrossRef]

Rauwolf, K.K.; Floeth, M.; Kerl, K.; Schaumburg, F; Groll, A.H. Toxoplasmosis after Allogeneic Haematopoietic Cell
Transplantation—Disease Burden and Approaches to Diagnosis, Prevention and Management in Adults and Children. Clin.
Microbiol. Infect. 2021, 27, 378-388. [CrossRef]

Blanchard, N.; Dunay, I.R.; Schliiter, D. Persistence of Toxoplasma gondii in the Central Nervous System: A Fine-Tuned Balance
between the Parasite, the Brain and the Immune System. Parasite Immunol. 2015, 37, 150-158. [CrossRef] [PubMed]

Hosseini, S.A.; Golchin, E.; Sharif, M.; Sarvi, S.; Ahmadpour, E.; Rostamian, A.; Gholami, S.; Amouei, A.; Daryani, A. A Serological
Investigation and Genotyping of Toxoplasma gondii among Iranian Blood Donors Indicates Threat to Health of Blood Recipients.
Transfus. Apher. Sci. 2020, 59, 102723. [CrossRef] [PubMed]

Alvarado-Esquivel, C.; Mercado-Suarez, M.F,; Rodriguez-Briones, A.; Fallad-Torres, L.; Ayala-Ayala, J.O.; Nevarez-Piedra,
L.J.; Duran-Morales, E.; Estrada-Martinez, S.; Liesenfeld, O.; Marquez-Conde, ].A.; et al. Seroepidemiology of Infection with
Toxoplasma gondii in Healthy Blood Donors of Durango, Mexico. BMC Infect. Dis. 2007, 7, 75. [CrossRef] [PubMed]

Rodrigues, E.T.; Sousa, A.P; Escoval, M.A.; Condeco, J.; Cardoso, L.; Lopes, A.P. Seroepidemiology of Toxoplasma gondii in Blood
Donors in Portugal. Transfus. Apher. Sci. 2020, 59, 102777. [CrossRef] [PubMed]

Mardani, A. Prevention Strategies of Transfusion-Transmitted Parasitic Infections (TTPIs): Strengths and Challenges of Current
Approaches, and Evaluation of the Strategies Implemented in Iran. Parasite Epidemiol. Control 2020, 9, e00141. [CrossRef]
[PubMed]

Pawelczyk, A.; Bednarska, M.; Caraballo Cortés, K.; Glamkowska-Sady, M.; Kowalska, J.; Uszyriska-Katuza, B.; Radkowski,
M.; Welc-Faleciak, R. Seronegative Infection with Toxoplasma gondii in Asymptomatic Human Immunodeficiency Virus Type 1
(HIV-1)-Infected Patients and in Blood Donors. J. Clin. Med. 2022, 11, 638. [CrossRef] [PubMed]

Rozporzadzenie Ministra Zdrowia z Dnia 11 Wrzesnia 2017 r. w Sprawie Warunkéw Pobierania Krwi Od Kandydatow Na
Dawcéw Krwi i Dawcow Krwi. Regulation of the Minister of Health of September 11, 2017 on the Conditions for Collecting
Blood from Candidates for Blood Donors and Blood Donors. Available online: https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?
id=WDU20170001741 (accessed on 24 June 2023).

Botein, E.F,; Darwish, A.; El-Tantawy, N.L.; EL-baz, R.; Eid, M.L; Shaltot, A.M. Serological and Molecular Screening of Umbilical
Cord Blood for Toxoplasma gondii Infection. Transpl. Infect. Dis. 2019, 21, €13117. [CrossRef]

Lupu, M.A,; Lighezan, R.; Paduraru, A.A.; Dragomir, A.; Pavel, R.; Grada, S.; Mihu, A.G.; Ursoniu, S.; Olariu, T.R. Seroepidemiol-
ogy of Toxoplasma gondii Infection in Blood Donors from Western Romania. Microorganisms 2022, 10, 973. [CrossRef]
Foroutan-Rad, M.; Majidiani, H.; Dalvand, S.; Daryani, A.; Kooti, W.; Saki, J.; Hedayati-Rad, F.; Ahmadpour, E. Toxoplasmosis in
Blood Donors: A Systematic Review and Meta-Analysis. Transfus. Med. Rev. 2016, 30, 116-122. [CrossRef]

Belkacemi, M.; Heddi, B. Toxoplasmosis Immunity Status of Blood Donors in Sidi Bel Abbes, West Algeria. Cureus 2022, 14,
€28826. [CrossRef]

El-Sayed, N.M. Recent Updates in Transfusion Transmitted Parasitic Diseases. Aperito J. Bacteriol. Virol. Parasitol. 2015, 2, 110.
[CrossRef]

Saraswathi, R.; Anupriya, A.; Lalithambigai, J.; Prabhusaran, N.; Velayutharaj, A.; Uma, A. Seroprevalence of Toxoplasmosis
among Blood Donors in a Tertiary Care Teaching Hospital in South India. Int. |. Med. Sci. Clin. Invent. 2017, 4, 2846-2849.
[CrossRef]

Mahmoudvand, H.; Saedi Dezaki, E.; Soleimani, S.; Baneshi, M.R.; Kheirandish, F; Ezatpour, B.; Zia-ali, N. Seroprevalence and
Risk Factors of Toxoplasma gondii Infection among Healthy Blood Donors in South-East of Iran. Parasite Immunol. 2015, 37, 362-367.
[CrossRef]

Bahhaj, R.; Ahmadpour, E.; Mahami-Oskouei, M.; Fallah, E.; Shamsasenjan, K.; Safaiyan, A. Toxoplasma gondii Infection and
Related Risk Factors Among Blood Donors in Northwest Iran. Arch. Clin. Infect. Dis. 2017, 12, €62005. [CrossRef]

Manouchehri Naeini, K.; Heidari Soureshjani, E.; Jafari, M.; Parchami, S.; Karimi, G.; Abdizade, R. Prevalence of Toxoplasma
gondii Infection in Healthy Volunteer Blood Donors Using Serological and Molecular Methods from Chaharmahal and Bakhtiari
Province, Southwest Iran. Jundishapur J. Microbiol. 2019, 12, €91042. [CrossRef]

Jafari Modrek, M.; Mousavi, M.; Saravani, R. Toxoplasma gondii Seroprevalence Among Blood Donors in Zahedan, Southeastern
Iran. Int. J. Infect. 2014, 1, €21111. [CrossRef]

Yildiz, S.; Esen, R.; Karaman, K.; Beyhan, Y.E. Seropositivity of Toxoplasma gondii Among Blood Donors and Patients with
Hematologic Malignity. East |. Med. 2023, 28, 291-295. [CrossRef]

Saki, J.; Foroutan, M.; Khodkar, I.; Khodadadi, A.; Nazari, L. Seroprevalence and Molecular Detection of Toxoplasma gondii in
Healthy Blood Donors in Southwest Iran. Transfus. Apher. Sci. 2019, 58, 79-82. [CrossRef] [PubMed]


https://doi.org/10.3389/fcimb.2019.00461
https://doi.org/10.3389/fcimb.2019.00103
https://doi.org/10.15698/mic2017.07.579
https://doi.org/10.3238/arztebl.2019.0435
https://doi.org/10.1016/j.cmi.2020.10.009
https://doi.org/10.1111/pim.12173
https://www.ncbi.nlm.nih.gov/pubmed/25573476
https://doi.org/10.1016/j.transci.2020.102723
https://www.ncbi.nlm.nih.gov/pubmed/31948918
https://doi.org/10.1186/1471-2334-7-75
https://www.ncbi.nlm.nih.gov/pubmed/17629901
https://doi.org/10.1016/j.transci.2020.102777
https://www.ncbi.nlm.nih.gov/pubmed/32487512
https://doi.org/10.1016/j.parepi.2020.e00141
https://www.ncbi.nlm.nih.gov/pubmed/32149193
https://doi.org/10.3390/jcm11030638
https://www.ncbi.nlm.nih.gov/pubmed/35160090
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20170001741
https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20170001741
https://doi.org/10.1111/tid.13117
https://doi.org/10.3390/microorganisms10050973
https://doi.org/10.1016/j.tmrv.2016.03.002
https://doi.org/10.7759/cureus.28826
https://doi.org/10.14437/AJBVP-2-110
https://doi.org/10.18535/ijmsci/v4i4.07
https://doi.org/10.1111/pim.12198
https://doi.org/10.5812/archcid.62005
https://doi.org/10.5812/jjm.91042
https://doi.org/10.17795/iji-21111
https://doi.org/10.5505/ejm.2023.76743
https://doi.org/10.1016/j.transci.2018.12.003
https://www.ncbi.nlm.nih.gov/pubmed/30579749

Microorganisms 2023, 11, 1980 10 of 10

37.

38.

39.

40.

41.

42.

43.

44.

Paraboni, M.L.R.; Commodaro, A.G.; Campi-Azevedo, A.C.; Brito-de-Sousa, ].P.; Gongalves, L.L.; Da Costa, D.F,; Ribeiro, K.S.;
Garcia, J.L.; Silveira, C.; Martins-Filho, O.A.; et al. Seroprevalence and Systemic Immune Biomarkers Associated with Toxoplasma
gondii Infection in Blood Donors from Southern Brazil. Immunobiology 2022, 227, 152294. [CrossRef] [PubMed]

El-Geddawi, O.; El-Sayad, M.; Sadek, N.; Hussien, N.; Ahmed, M. Detection of T. Gondii Infection in Blood Donors in Alexandria,
Egypt, Using Serological and Molecular Strategies. Parasitol. United J. 2016, 9, 24. [CrossRef]

Chiang, T.-Y.; Hsieh, H.-H.; Kuo, M.-C.; Chiu, K.-T; Lin, W.-C,; Fan, C.-K ; Fang, C.-T.; Ji, D.-D. Seroepidemiology of Toxoplasma
gondii Infection among Healthy Blood Donors in Taiwan. PLoS ONE 2012, 7, e48139. [CrossRef]

Sarkari, B.; Shafiei, R.; Zare, M.; Sohrabpour, S.; Kasraian, L. Seroprevalence and Molecular Diagnosis of Toxoplasma gondii
Infection among Blood Donors in Southern Iran. J. Infect. Dev. Ctries 2014, 8, 543-547. [CrossRef]

Siegel, S.E.; Lunde, M.N.; Gelderman, A.H.; Halterman, R.H.; Brown, J.A.; Levine, A.S.; Graw, R.G., Jr. Transmission of
Toxoplasmosis by Leukocyte Transfusion. Blood 1971, 37, 388-394. [CrossRef]

Edvinsson, B.; Lappalainen, M.; Evengard, B. Real-time PCR targeting a 529-bp repeat element for diagnosis of toxoplasmosis.
Clin. Microbiol. Infect. 2006, 12, 131-136. [CrossRef] [PubMed]

Wang, T.; Han, Y.; Pan, Z.; Wang, H.; Yuan, M.; Lin, H. Seroprevalence of Toxoplasma gondii Infection in Blood Donors in Mainland
China: A Systematic Review and Meta-Analysis. Parasite 2018, 25, 36. [CrossRef] [PubMed]

Rousseau, A.; La Carbona, S.; Dumeétre, A.; Robertson, L.J.; Gargala, G.; Escotte-Binet, S.; Favennec, L.; Villena, I.; Gérard,
C.; Aubert, D. Assessing Viability and Infectivity of Foodborne and Waterborne Stages (Cysts/Oocysts) of Giardia duodenalis,
Cryptosporidium spp., and Toxoplasma gondii: A Review of Methods. Parasite 2018, 25, 14. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.imbio.2022.152294
https://www.ncbi.nlm.nih.gov/pubmed/36343542
https://doi.org/10.4103/1687-7942.192992
https://doi.org/10.1371/journal.pone.0048139
https://doi.org/10.3855/jidc.3831
https://doi.org/10.1182/blood.V37.4.388.388
https://doi.org/10.1111/j.1469-0691.2005.01332.x
https://www.ncbi.nlm.nih.gov/pubmed/16441450
https://doi.org/10.1051/parasite/2018037
https://www.ncbi.nlm.nih.gov/pubmed/30040610
https://doi.org/10.1051/parasite/2018009
https://www.ncbi.nlm.nih.gov/pubmed/29553366

	Introduction 
	Methods 
	Results 
	The Classical Course of Toxoplasma Infection and Toxoplasmosis 
	Prevalence of Toxoplasma Infections in Blood Donors 
	Prevalence of Toxoplasma Infections in Blood and Transplant Recipients 
	Laboratory Diagnosis of Toxoplasma Infections in Terms of the Safety of Blood and Transplant Recipients 

	Conclusions 
	References

