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Abstract

Toxoplasmosis is a cosmopolitan zoonosis that particularly threatens pregnant women and
immunocompromised individuals. Among people living with HIV, Toxoplasma gondii may invade the
central nervous system, producing neuropathological effects associated with mental and psychiatric
disorders. We assessed the seroprevalence of anti-T. gondii IgG in HIV-infected and HIV-uninfected
residents of Iquitos, Peru, and evaluated an in-house ELISA based on total lysed antigen (TLA)
against a commercial kit. In this observational cross-sectional study, 151 participants were enrolled:
92 HIV-positive and 59 HIV-negative. Overall IgG seroprevalence was 88.08% (133/151), reaching
91.30% (84/92) in the HIV-positive group and 83.05% (49/59) in the HIV-negative group.
Seroprevalence was highest among adults aged 36-60 years (89.33%; 67/75) and among males
(89.77%; 79/88) versus females (85.71%; 54/63). Mean optical density values were greater in HIV-
positive participants (1.37+0.393; 95% CI 1.28-1.45) than in HIV-negative participants (0.565+0.200;
95% CI 0.510-0.620), and were higher in men overall (1.18+0.502; 95% CI 1.07-1.30). These findings
indicate very high exposure to T. gondii in Iquitos, with higher IgG prevalence and antibody levels in
HIV-positive individuals. The marked OD difference suggests stronger IgG responses among HIV-
positive participants, highlighting potential risk for toxoplasmic encephalitis. Serological screening
and preventive counseling may be warranted in high-burden Amazonian communities.

Keywords: Toxoplasma gondii; seroprevalence; HIV

1. Introduction

Toxoplasmosis is a cosmopolitan zoonosis that affects most warm-blooded animals, including
humans. It comprises an acute phase and a chronic phase. People acquire the infection by consuming
raw or undercooked meat, water, vegetables, or fruits contaminated with oocysts, through accidental
inoculation, transfusion/transplantation, or congenitally [1,2]. The etiological agent is Toxoplasma
gondii (T. gondii), an intracellular protozoan that has two adaptable stages in humans for its survival
and propagation. Tachyzoites are the rapidly multiplying form that disseminates, and bradyzoites
are the form that encysts in human tissues [2,3].

Toxoplasmosis is an infection that almost always goes unnoticed in immunocompetent people,
but it poses a risk to pregnant women and immunocompromised individuals due to the risk of
primary infection or reactivation [4]. In individuals infected with the Human Immunodeficiency
Virus (HIV), tachyzoites can spread through the bloodstream to various organs, such as the brain,
eyes, and muscles, causing fatal complications [5,6].
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The most common and most severe manifestation of the disease is toxoplasmic encephalitis, and
latent toxoplasmosis is also responsible for neuropathological effects that cause mental and
psychiatric disorders due to the active proliferation of the parasite within the brain, such as anxiety,
schizophrenia spectrum disorders, depression, and suicidal behavior [7]. In patients with HIV, the
risk of toxoplasmosis reactivation depends on access to antiretroviral therapy and the patient's
immune status. Reactivation can occur when the CD4 count is generally less than 200 cells/mm? and
it occurs in up to 30% of patients, causing serious complications [7,8].

Approximately 30% of the world’s population is infected with T. gondii [9]. In South America,
the seroprevalence of toxoplasmosis can range from 7% to 38% [9,10]. These variations can mainly be
explained by geographic region, dietary habits, sanitation, and host susceptibility [4]. Surveillance
for toxoplasmosis is limited in Peru. The latest national report, from 2022, shows a seroprevalence of
45.2% (498/1101) [11]. However, it is not possible to identify or differentiate the percentage of at-risk
populations, such as people with HIV.

In the last 3 years (2023 - 2025), studies have focused on the Peruvian Amazon as the main
hotspot for cases with high seroprevalence, especially in people with HIV, and have reported a
seroprevalence between 71% and 97% [12-14]. The elevated seroprevalence values reflect the
importance of conducting surveillance in at-risk populations, especially in the Peruvian Amazon. In
this regard, the main objective of this study was to determine the seroprevalence of IgG against T.
gondii in an HIV-positive group and an HIV-negative group in the city of Iquitos, Peru.

2. Materials and Methods

2.1. Ethical Statment

This study was approved by the Ethics Committee of the Peruvian University Cayetano Heredia,
registered with code numbers 62495 and 201148. Samples were collected only after obtaining
informed consent from the participants or a health care proxy.

2.2. Study Design and study sites

An observational, cross-sectional study was conducted to detect IgG antibodies against T. gondii
in sera from HIV-infected and non-infected individuals using an in-house ELISA test with total lysate
antigen (TLA) from the T. gondii RH strain. Participants were recruited in Iquitos, the capital of the
Loreto department in the Peruvian Amazon, located in the northeast of Peru. Geographically, it is a
riverine plain with a tropical and humid climate, experiencing constant rainfall throughout the year
and temperatures ranging from 21 °C to 33 °C [15].

2.3. Participants recruitment and collection of information

We enrolled hospitalized individuals from the general population in Iquitos. HIV

positive individuals were enrolled in Hospital Regional de Loreto, as part of an ongoing study
of people with HIV and possible neurological infections. HIV negative participants were recruited as
part of a study on tick-borne disease in households with dogs. Briefly, 286 houses in Iquitos were
randomly selected and visited. Only patients who were older than 18 years old and signed the
informed consent, or had it signed by a representative, were included in the study.

We collected a total of 151 serum samples. Of these, 92 were from HIV-positive individuals and
59 from HIV-negative individuals. Samples were categorized by sex and into three age groups: young
adults (18 - 35 years), adults (36 - 60 years), and older adults (61 - 78 years).

2.4. Laboratory tests for HIV

Hospitalized patients were tested for HIV by the "Programa de Control de Enfermedades de
Transmision Sexual y SIDA (PROCETSS)". According to this program, a commercially available
ELISA (AccuBioTech, Beijing, China) was used as a screening test, and Western Blot was employed
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as a confirmatory test. Non-hospitalized individuals were tested for HIV using the INSTI HIV Self-
Test (bioLytical Laboratories Inc, BC, Canada), which has a sensitivity of 100% and a specificity of
99.5%.

2.5. In-house ELISA TLA Test

Seroprevalence was determined using an in-house ELISA. Total lysate antigens (TLA) of T.
gondii were obtained via cell culture following the protocols of Flores et al., 2025. Tachyzoites of the
RH strain of T. gondii were cultured in LLC-MK2 cell lines. The ELISA using TLA (ELISA-TLA) for
IgG detection against T. gondii was validated against a commercial ELISA (Vircell Microbiologist,
code G1027), which uses native antigens from the RH strain of T. gondii. Positive and negative
concordance rates were 98.3% and 100%, respectively [12].

Polystyrene plates were sensitized with TLA at a concentration of 1 pg/mL in 0.05M
bicarbonate-carbonate buffer. Free binding sites were blocked with skim milk in Phosphate Buffer
Saline (PBS) 1X +0.05% Tween 20. The primary antibody was used at 1:500 dilution and the secondary
antibody at 1:10,000. Readings were taken at 450 nm using an ELISA reader. Each sample was run in
duplicate, and each plate included a pool of four negative controls, three positive controls, and a
blank. The cut-off value was calculated as the mean of the negative controls plus three standard
deviations.

2.6. Data analysis

The study population (n=151) was described by summarizing categorical variables (HIV
infection status, sex, and age groups) as absolute frequencies and percentages. Optical density
(OD450) values were summarized as means, standard deviations, and 95% confidence intervals. To
compare mean OD450 values between HIV-infected and non-infected groups (92 and 59 sera,
respectively), as well as across different age groups and between sexes, an independent samples two-
tailed Student’s t-test was used, with a significance level of p < 0.05. The comparison between age
groups was performed non-parametrically using the Kruskal-Wallis test.

3. Results

3.1. Demographic and Clinical Characteristics of the Study Population

Of the 151 serum samples collected, 60.93% (92/151) were from individuals infected with HIV,
while 39.07% (59/151) were from HIV-negative individuals. 58.28% (88/151) of participants were
male and 41.72% (63/151) were female, 49.67% (75/151) of participants were between 36 and 60 years
of age, 46.36% (70/151) were in the 18-35 years group, and only 3.97% (6/151) of participants were
aged 61-78 years (Table 1).

Table 1. Characteristics of the Study Population (n = 151).

Characteristics Total, n (%)
Age Group
18 - 35 years 70 (46.36)
36 - 60 years 75 (49.67)
61 - 78 years 6 (3.97)
Sex
Male 88 (58.28)
Female 63 (41.72)
HIV Infection Status
Positive 92 (60.93)
Negative 59 (39.07)
Seroprevalence of T. gondii
Positive 133 (88.08)
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Negative 18 (11.92)

3.2. Seroprevalence of Toxoplasmosis in the Study Population

Using the ELISA-TLA assay, the overall seroprevalence of anti-T. gondii IgG in the study
population was 88.08% (133/151). Overall, 60.93% (92/151) of participants were HIV-positive, and IgG
seroprevalence was significative higher (p<0.0001) in the HIV-positive group (91.30% [84/92]) than in
the HIV-negative group (83.05% [49/59]). In HIV-positive participants, mean OD450 values were 1.37
+ 0.393 (95% CI: 1.28-1.45) among seropositive individuals and 0.169 + 0.0668 (95% CI: 0.113-0.224)
among seronegative individuals, whereas in HIV-negative participants the corresponding mean
OD450 values were 0.565 + 0.200 (95% CI: 0.510-0.620) and 0.0734 + 0.0232 (95% CI: 0.167-0.272),
respectively (Figure 1). HIV infection was present in 63.16% (84/133) of IgG-Anti-T. gondii
seropositive participants and in 44.44% (8/18) of IgG- Anti-T. gondii seronegative participants.

ELISA in-house TLA
IgG Anti-T. gondii

2.59 Rk
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Figure 1. Seroprevalence of IgG antibodies against T. gondii according to HIV infection status. Each circle
represents the OD450 result obtained using the in-house ELISA-TLA test. The cut-off indicated by dashed lines,
established at 0.360 + 0.068. Among IgG-positive results, a significant difference was observed between HIV-
infected and non-infected groups (p<0.0001).

Analysis of T. gondii IgG seroprevalence by age showed that adults aged 36 - 60 years had the
highest proportion of positive results, with 89.33% (67/75) and a mean OD450 of 0.979 + 0.521 (95%
CI: 0.859 - 1.10), followed by young adults aged 18 - 35 years, with 87.14% (61/70) and a mean OD450
of 0.976 + 0.610 (95% CI: 0.831 - 1.12). Older adults aged 61 - 78 years had with a seroprevalence of
83.33 % (5/6) and a mean OD450 of 0.747 + 0.430 (95% CI: 0.296 -1.20) (Figure 2A). Regarding sex
distribution, 89.77% (79/88) of men in the general population were seropositive, with a mean OD450
of 1.18 + 0.502 (95% CI: 1.07 - 1.3), while 85.74% (54/63) of women were seropositive, with a mean
0OD450 of 0.909 +0.489 (95% CI: 0.776 - 1.04). Anti-T. gondii IgG seronegativity was observed in 10.23%
(9/88) of men and 14.29% (9/63) of women. According to our cut-off value (OD450: 0.360), the mean
optical density was 0.209 = 0.081 (95% CI: 0.147-0.271) and 0.185 + 0.067 (95% CI: 0.133-0.237),
respectively (Figure 2B).
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Figure 2. Distribution of IgG antibodies against T. gondii according to age and sex in the general population. The
cut-off was set at 0.360 + 0.068. (a). Comparison of OD450 values among age groups (18 - 35, 36-60, and 61 - 78
years); no significant differences were observed. (b). Comparison of OD450 values by sex; among positive

results, a significant difference was observed between men and women (p value = 0.0469).

4. Discussion

The seroprevalence of IgG antibodies against T. gondii in the present study was 88.08% (133/151),
which is higher than the global average reported in the meta-analysis by Molan et al. (2019), which
found a seroprevalence of 25.7% across various populations, including children, adults, and pregnant
women [9]. Similarly, the study by Sengupta and cols., covering data from 1959 to 2020, reported a
global seroprevalence of 36% [16]. Both studies indicate higher prevalence rates in Africa and South
America. The high seroprevalence in some regions of South America is associated with living in rural,
tropical or subtropical areas, poor sanitary conditions or a deficient immune system [17,18,10].

Iquitos has a tropical climate and is characterized by a lower-middle socioeconomic level, with
8.63% of the population living in poverty [19]. Its geographical isolation from Lima, the capital,
exacerbates challenges related to governance, economic development, and access to healthcare [19].
Furthermore, environmental changes due to global warming have affected parasite ecology, with T.
gondii demonstrating increased oocyst sporulation under environmental stressors [20]. Seasonal
rainfall and increased river flow have been shown to facilitate the release of oocysts from soil into
water, further exacerbating the spread of the parasite [21].

A higher seroprevalence of T. gondii was observed in HIV-infected individuals, at 91.30% (84/92),
compared with 83.05% (49/59) among HIV-negative individuals. These findings align with global
studies indicating a higher prevalence of latent toxoplasmosis among people with HIV [22-24].

The higher optical density values observed in HIV-positive individuals reflect a greater
concentration of anti-T gondii IgG antibodies compared with HIV-negative individuals. This finding
supports previous reports indicating a high burden of latent toxoplasmosis in people living with HIV,
particularly in settings with limited access to early diagnosis and treatment. In immunocompromised
hosts, the reduced capacity to control parasite replication facilitates persistence and reactivation of T.
gondii, which exhibits a marked neurotropism and can cause severe organ damage, especially in the
central nervous system [4,7,8].

This issue is particularly relevant for individuals with CD4* T-cell counts < 200 cells/mm?. In
Latin America, although HIV-related mortality has declined in recent years, the incidence of new
infections has increased by approximately 13%. Moreover, an estimated 14% of people living with
HIV remain unaware of their infection, and nearly one-third are diagnosed at advanced stages [25].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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In regions such as Loreto, one of the Peruvian departments with the highest burden of HIV infection
in recent years and a high prevalence of toxoplasmosis, these conditions further increase the risk of
opportunistic infections. Epidemiological monitoring of this population using serological screening
methods, such as ELISA, is therefore essential, as parasite reactivation in susceptible individuals can
lead to severe organ involvement, particularly affecting the central nervous system, with potentially
irreversible consequences [6,8].

Although no statistically significant differences were observed across age groups, higher
seroprevalence among adults is consistent with previous studies showing an age-related increase in
T. gondii IgG positivity, which is generally interpreted as a marker of cumulative exposure rather
than age-specific susceptibility [16,26]. Sex-related differences in T. gondii seroprevalence remain
inconsistent across studies, with some reports indicating higher prevalence in men, while others
describe higher rates in women, particularly in the context of pregnancy due to increased screening
and heightened clinical awareness [27,28]. In the present study, seroprevalence was higher among
male participants compared with females. Higher optical density values observed in males may
reflect differences in exposure intensity or cumulative risk rather than sex-specific susceptibility,
potentially influenced by behavioral or occupational factors. Overall, sex alone is unlikely to
represent an independent risk factor for T. gondii infection and should be interpreted within the
context of environmental exposure and host-related factors.

This study has certain limitations that should be acknowledged. IgG antibodies against T. gondii
were detected using an in-house indirect ELISA based on TLA, which, although previously validated,
may present cross-reactivity with other apicomplexan parasites circulating in endemic regions such
as the Peruvian Amazon [29]. In addition, the use of TLA does not allow for discrimination between
different stages of infection. Future studies incorporating more specific antigens, such as recombinant
or stage-specific proteins, may improve diagnostic specificity and enable a more refined assessment
of infection dynamics [30,31]. Despite these limitations, the high seroprevalence observed highlights
the substantial burden of T. gondii infection in this setting and supports the relevance of the findings.

5. Conclusions

This study demonstrates a high seroprevalence of IgG antibodies against Toxoplasma gondii in
both HIV-infected and HIV-uninfected individuals in Iquitos, Peru, with a greater burden observed
among people living with HIV. These findings highlight the endemic nature of toxoplasmosis in the
Peruvian Amazon and underscore the vulnerability of immunocompromised populations in this
setting.
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