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Abstract: Toxoplasmosis, caused by the protozoan parasite Toxoplasma gondii, remains a major public health concern globally and particularly in Iraq. This review systematically analyzes the evolution of human toxoplasmosis research in Iraq from 1989 to 2025, focusing exclusively on studies involving human populations. Early investigations (1989–2000) primarily assessed seroprevalence rates, revealing widespread exposure across various Iraqi regions with rates between 25% and 45%. The clinical expansion phase (2001–2010) emphasized the association between toxoplasmosis and adverse pregnancy outcomes, including miscarriage, congenital anomalies, and infertility. From 2011 onward, major advances occurred with the introduction of molecular diagnostics, including PCR-based techniques and genotyping of T. gondii strains. In recent years, interdisciplinary studies have explored connections between chronic toxoplasmosis and neuropsychiatric disorders and evaluated the risk of opportunistic reactivation post-COVID-19. Despite significant scientific progress, challenges remain, including limited nationwide screening, uneven diagnostic capacities, and scarce longitudinal studies. Future directions should focus on expanding molecular surveillance, integrating routine screening into maternal healthcare, and fostering interdisciplinary and international collaborations, as well as to invition of new anti-toxoplasma drugs rather than pyrimethamin and even instead of spiramycin(traditional and safe drug during toxoplasmosis). This review highlights the resilience and innovation of Iraqi researchers and offers strategic insights for advancing toxoplasmosis research, diagnosis, and public health management in Iraq.
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INTRODUCTION
Background: The obligate intracellular parasite Toxoplasma gondii is the aetiological agent of toxoplasmosis, which is a significant worldwide public health issue with an even greater impact on developing countries, including Iraq. Research focused on the prevalence, diagnosis, clinical impact, and immunology of toxoplasmosis has been conducted extensively in Iraq since 1989 [3]. In the face of wars, sanctions and unrest in sixty years since the monarchy era, Iraqi academics have achieved many valued work during first three Sanctions (Mahmoud & Al-Janabi, 1989-1998; Al-Bayati et al., 1991).
From 1989 to 2000, seroprevalence investigations detected T. gondii infection in immunocompromised persons, children, pregnant women and blood donors[4]. These studies estimated prevalence to be 25% to 45% across governorates, particularly among women of childbearing age (Al-Dabbagh et al.,2003; Salman,1997). The study of Salman and his colleagues in Kirkuk as well probably contributed to their identification of toxoplasmosis as a risk factor for adverse pregnancy outcome which later clarified some aspects regarding the dissemination of this infection in adjacent regions (Salman, 1995; Salman 1997).
Initially, diagnostic techniques for the parasite depending on serological measurements like indirect fluorescent antibody test (IFAT), latex agglutination test (LAT) Sabin-Feldman dye test and ELISA. Furthermore, Salman reviewed and compared diagnostic methods in Kirkuk, Iraq, which supports the use of uniform examination screening (Salman 2000).
During the early 2000s, there were numerous clinical trials associating toxoplasmosis to stillbirths, infertility and spontaneous abortions. Studies comparing the seroprevalences of T. gondii infection in women with recurrent spontaneous abortion and in control healthy groups demonstrated significantly higher rates of anti-Toxoplasma antibodies in numerous case-control series. Conclusions: Results show that screening for toxoplasmosis is necessary in pregnant women candidates for prenatal care in Kirkuk, Basrah and Baghdad.
The study of the immunology of T. gondii host immune responses took its basis from reproductive health research [72, 73]. In Baghdad and Mosul, the studies conducted showed higher levels of IL-12 and IFN-γ in chronic-infected patients (Al-Hilli et al., 2010; Al-Kubaisy et al., 2012). Salman, who investigated CD4+ T cell responses during latent infection in Kirkuk as well (Salman et al. 2001). This discovery was crucial for understanding the chronicity and etiology of human toxoplasmosis.
The 2010s were also significant as a molecular epidemiology era. Iraqi researchers began detecting T gondiiDNA in the blood, amniotic fluid and cerebrospinal fluid using PCR (Al-Saadi & Al-Saadi, 2015; Al-Janabi & Al-Khafaji, 2017)$/ Conclusion: Strain distribution and clinical severity of T. gondii were shown to occur in Iraq by genetic typing the strains. Salman (2013) report the prevalence of E. granulosus from sera mice in Iraq by nested-PCR technique were useful for parasitology of Iraq.
Recombinant antigen-based ELISA tests along with IgG avidity assays have been used to differentiate acute from chronic infections (Al-Khafaji & Al-Janabi, 2022 — Al-Taee & Al-Dabbagh, 2018). Studies emphasized the need of accurate diagnosis of acute infections, especially during pregnancy to avoid congenital toxoplasmosis.
Studies in Iraq indicated that Toxoplasma gondii infection was associated with some neuropsychiatric disorders such as schizophrenia and parkinson[12]. A case–control study from Baghdad with 200 patients and 100 healthy controls found seropositivity rates for both IgG to be similarly high in patients (79.7% vs. in 73.3%) but the rate of IgM antibodies were significantly higher as well with no detectable levels in samples from control subjects leading to suggestions that recent infection could have a role on the pathogenicity of the disease [5]. Al-Asadi and Husseiny (2022) linked Schizophrenia to T. gondii infection in Al-Diwaniyah by period of erectile MMP-9 gene polymorphisms as a mechanism答 on the genes level(). Another key trend was the research of neuropschiatrie associations. After worldwide reports had connected toxoplasmosis with psychiatric disorders, Iraqi investigators examined T. gondii antibody seroprevalence in patients with schizophrenia, bipolar disorder, and major depressive disorder. Latent toxoplasmosis has also been proposed to result in neuroinflammation effects, and could lead to cognitive alterations (Salman, 2015). The absence of cases with IgM infections on PCR analysis could explain the absence of depression due to acute T. gondii infection in our study and in the Baghdad 1 cross-sectional study [17] where 43.2 % were positive by IgG for T. gondii out of 74 patients with PD [7]. However, female gender and a positive family history of Parkinson's were protective variables [Al-Khalidi & Al-Dujaili, 2021] Although not causative, these findings raise the possibility that chronic or latent T. gondii infection might also be responsible for neuroinflammatory processes leading to schizophrenia, Parkinson's disease and other neuropsychiatric disorders among Iraqis.
Lined: 29 July, 2021Kirkuk studies studied the long epidemiology of COVID-19 in oppurtunistic infections such as toxoplasmosis، cytomegalo virus(CMV) and rubella in immunocompramised persons، with one study it focused on following bone-related biochemical marker heard (year: 2020–205). COVID-19 survivors also showed reactivation or secondary toxoplasmosis (Al-Janabi et al. 2022; Al-Shammari 2023) with higher diagnostic accuracy when using rPCR. Amin et al. According to (2024) high CMV (76.74%) and T. gondii (45.93%) seroprevalence of COVID-19 patients with higher levels of IL-6 particularly in elderly females, indicating immune response in synergy between the viruses. Additionally, serum rubella IgG and IgM levels were significantly elevated in COVID-19 positive (n = 154) compared to controls negative for COVID-19 but reporting Bad Obstetric History (BOH), and alterations in Vitamin D3, calcium, magnesium phosphorus and PTH levels led authors to infer Rubella reactivation following COVID infection which modified bone markers in these patients (Tahseen et al., 2022).
National screening and early intervention strategies were urgently required for chronic toxoplasmosis with the wealth of relevant studies by Salman in this and other series (Salman et al. 2017).
Aims: The present study was performed to assess prevalence, diagnosis and clinical features of human toxoplasmosis in Iraq (1989–2025). They analyze the contribution of Iraqi researchers, social-political pairwise healthcare changes and strengths by age groups of research as well as gaps which can be targeted in future surveillance and prevention strategies.
Review of Literature:
Kirkuk Province Prevalence: Early Studies (1989–2000) Local Study
Many research teams over the past 30 years have worked on studying Toxoplasmosis in Kirkuk Province via epidemiological surveys and clinical and laboratory studies. As a result of this investigation, Kirkuk is one of the most investigated areas in Iraq and Toxoplasma gondii showed a higher prevalence with more understanding in terms of risk factors and clinical associations there.
Study subjects included 3,264 individuals from a variety of demographic and occupational backgrounds in a surveillance study conducted from 1993 through 2012. The highest prevalence was reported in 2005, reaching 63.8%, corresponding to an overall rate of 31.35%. The most affected were housewives, butchers and doctors. They outnumbered the males two to one. Increased seroconversion was associated with an increased risk of abortion at early gestational ages. DAT, MTT, ELISA IgM/IgG & 2-ME (Salman; 2014).
Thyroid function abnormalities (36.17% [IgG 28.45%, IgM 7.72%]) had Toxoplasmosis based on studies of over a year, this suggested by Salman & Mustafa (2014). Thyroid dysfunction, mainly in women and with no positive interference of seropositivity to toxoplasma antibodies.
Research into hormones and reproduction have offered an explanation for how T. gondii could harm the health of women, and several studies support that interpretation. A total of 610 women with a history of abortion had an AFP cross-reactivity of 20.76% (Salman, 2014d), which were higher in the summer and autumn seasons. The prevalence of infection with the anti-Müllerian hormone (AMH) study (Salman, 2014b)(29.46%), in 224 women confirmed a significant rate of existence but was not reflecting on ovarian reserve. Results: In TORCH-BH study, 252 BOH women showed 26.68% prevalence with significantly elevated first trimester of pregnancy IgM levels [REF]. Vitamin D deficiency and mineral profiles were tied to toxoplasmosis (41.53% prevalence) in a study from the year 2021 [18].
Materials and methods: This cross-sectional study was conducted in Kirkuk, Iraq to assess the status of vitamin D3 deficiency and Toxoplasma gondii infection among 153 pregnant women, which included those with a bad obstetric history. For toxoplasmosis, a total of 78.43% (61/78) showed positive to either one or both antibodies; IgM-specific came with a7= frequencyof22.87%(17/78),IgG-49.01%(38/78),andco-infection-IgM+IgG specific13.07(10/78). A recent study demonstrated that T. gondii seropositivity was significantly associated with at low vitamin D status, particularly in young women, and it leads indirectly to increase in risk of gestation complications & bone fragility (Tayeb et al., 2019).
Research on human toxoplasmosis in Iraq centered largely on seroprevalence of Toxoplasma gondii from 1989 until 2000. When the serious health consequences of the parasite emerged, investigators who were on the case from relatively early used serology to measure the prevalence among intended (ie healthy) and unintended populations at risk. In one of the earliest seroepidemiological surveys among healthy group of Baghdad residents, Mahmoud and Al-Janabi (1989) found 30% were seropositive. To determine anti-T.gondii IgG antibodies to assess Iraqi T. gondii exposure, IHA and Sabin-Feldman dye test were used [31] in serum samples of 529 sheep. These results opened the door to more subsequent studies and put, Toxoplasmosis on another record in Iraq. Followed by epidemiology of Toxoplasmosis between Kirkuk Province which was read out by Salman. Salman found that 36% of prenatal women who went to prenatal clinics in Baghdad were seropositive for IgG antibodies against T.gondii [15] and a good correlation with low socioeconomic level. Infection rates are higher among rural residents, a fact that Salman discovered in 1997.
One study by Al-Bayati et al. expressed concern about the possibility of bloodborne transmission [37]. 'S (1991) demonstration of high rates of infection among military recruits and blood donors. Despite the absence of any significant clinical problem as regards transfusion-transmitted toxoplasmosis at that time in Iraq, these data stressed on the importance of screening.
The number of diagnostic evaluations were limited in this era. Although standardised techniques were recommended for increased sensitivity, the researchers used in-house serological tests like early ELISA kits, indirect fluorescent antibody veterinary tests (IFAT) and latex agglutination assays (LAT) (Al-Hadithi et al., 2005).
Risk factors related to infection were also covered by epidemiological studies. Al-Dabbagh et al. Undercooked meat and poor hand hygiene in addition to close contact with cats were identified by Tenter et al. (2003) as major predictors of T. gondii exposure. The patterns of increased or decreased risk identified by those authors were generally in the same direction as existing global evidence and provided supportive information for public health campaigns, addressing behavioural interventions.
At the time molecular diagnostics had not been introduced in Iraq but researchers knew they needed more sensitive techniques to differentiate acute from chronic infections. Increased demands for better diagnostic capabilities andfor complete prevalence surveys ushered in the next phase of clinical expansion in the ensuing decade (Figure 1).
2. Clinical Expansion (2001–2010): Reproduction and Immune Studies.
Toxoplasmosis studies in Iraq changed significantly between 2001 and 2010 after the 1990s epidemiological research. Researchers began to study infection prevalence and clinical effects, particularly on reproductive health and immune responses. In this phase, research objectives expanded due to laboratory capacity improvements and a growing awareness of Toxoplasma gondii infections' health effects. This research focused on toxoplasmosis and adverse pregnancy outcomes. Case-control studies in Iraqi cities linked latent toxoplasmosis to spontaneous abortions, stillbirths, and infertility (Al-Dabbagh et al., 2003; Al-Qassab & Abdul-Razzaq, 2004). In a landmark Basrah study, Al-Qassab and Abdul-Razzaq (2004) found that women with recurrent miscarriage had higher T. gondii seropositivity than those with normal pregnancies. Their findings stressed the importance of prenatal screening and prevention. Additionally, Al-Ani and Al-Azzawi (2007) examined the relationship between T. gondii infection and habitual abortion in Iraqi women. Their findings confirmed earlier findings that women with unexplained recurrent pregnancy loss have higher IgG antibody rates. They suggested serological testing in fertility workups to find hidden infectious causes. Another study compared Toxoplasma gondii infection and AMH levels in Kirkuk City, Iraq, women. Serum samples were tested for T. gondii IgG/IgM antibodies and AMH levels using ELISA. AMH changes suggested that toxoplasmosis may affect ovarian reserve, highlighting the reproductive implications of T. gondii infection (Salman, 2014b). An ELISA test was performed on 1,406 Kirkuk City women with abortion or congenital abnormalities for Chlamydia trachomatis, Toxoplasma gondii, and CMV. CMV was most common (39.74%), followed by toxoplasmosis (16.37%) and Chlamydia (14.67%). Younger women (15–25) had higher CMV and toxoplasmosis rates, while 26–35-year-olds had more chlamydia. Cross-reactivity occurred 2.52% of the time. This study emphasises the need for routine antenatal infection screening (Salman, 2016).
 Using ELISA, microscopy, culture, and special stains, 156 Kirkuk, Iraq, ocular disease patients were examined for Toxoplasma gondii and other pathogens. There were 46.69% infectious agent positives, with 78.2% T. gondii positives. The toxo-IgM was linked to keratitis and the IgG to conjunctivitis. Microsporidia (11.1%) and Acanthamoeba (11.1%), with age- and blood group-related patterns, were also found. Kirkuk has a high rate of toxoplasmosis and other protozoal eye infections (Hasan et al., 2023). 
610 women with abortion in Kirkuk, Iraq, were tested for Toxoplasma gondii seroprevalence and cross-reactivity with alpha-fetoprotein (AFP) IgM. In 20.76% of cases, toxoplasma was found. The highest rates occurred in summer and autumn (P<0.05). Compared to 0.74% in controls, 8.15% of 135 toxoplasmosis-positive sera had AFP-IgM. Cross-reactivity was more common with Toxoplasma IgG (8.97%) than IgM (2.64%) and absent in IgG+IgM. Toxoplasmosis appears to vary seasonally and AFP antibodies cross-react with Toxoplasma IgG (Salman, 2014c).
Immunological studies began to elucidate host responses to T. gondii infection alongside clinical investigations. Al-Hilli et al. (2010) discovered that patients with chronic infections exhibited elevated levels of interferon-gamma (IFN-γ) and tumour necrosis factor-alpha (TNF-α) when cytokine levels were measured. Their findings indicate that even during the latent stages of the disease, ongoing immune activation may exacerbate systemic inflammation. Similarly, Al-Kubaisy et al. (2008) reported dysregulation in T-cell responses among patients suffering from chronic toxoplasmosis.
During this period, Salman made a notable contribution. In 2005, when he assessed the immunological profile of pregnant women who tested positive for T. gondii, he identified an imbalance between pro-inflammatory and anti-inflammatory cytokines (Salman, 2005). He highlighted the importance of maternal immunity in mitigating pregnancy complications caused by subclinical infections and in preventing vertical transmission.
Concurrently, diagnostic techniques evolved. Iraqi laboratories began employing increasingly sophisticated ELISA methods capable of detecting both IgG and IgM antibodies, thus enhancing their ability to distinguish between recent and past infections (Al-Kaisy & Al-Hassani, 2005). The introduction of IgG avidity testing provided medical professionals with additional tools to ascertain the timing of infections, which is vital in managing suspected cases of congenital toxoplasmosis. Tawfiq (2019) noted that women with low levels of Toxoplasma IgG avidity were more likely to contract the disease during pregnancy, whereas those with high levels of IgG avidity had previously been infected with toxoplasmosis.
Numerous researchers have also emphasised the importance of educational interventions. Al-Hadithi et al. (2005) underscore the benefits of community-based awareness campaigns aimed at reducing high-risk behaviours, such as consuming undercooked meat and neglecting hand hygiene. Although these public health initiatives had limited geographical reach, they reflected an increasing recognition of the necessity to translate research findings into preventive measures.
In summary, the clinical understanding of toxoplasmosis in Iraq significantly advanced between 2001 and 2010. Researchers investigated the complex relationship between infection, host immunity, and reproductive health outcomes, moving beyond mere prevalence reports. This body of work laid the groundwork for interdisciplinary research and molecular advancements that would characterise the following decade.
3. Developments in Molecular and Diagnostic Technologies (2011–2025)
The introduction of molecular diagnostic technologies, the genotyping of Toxoplasma gondii strains, and the creation of more accurate serological techniques marked a watershed in Iraqi human toxoplasmosis research between 2011 and 2025. Iraq became in line with international trends in parasitology research as researchers shifted from traditional serological surveys to in-depth molecular and immunological analyses as laboratory capabilities in some Iraqi universities and medical facilities improved.
The use of polymerase chain reaction (PCR) techniques for the direct detection of T. gondii DNA in clinical samples was one of the most significant developments. Al-Saadi and Al-Saadi (2015) performed one of the first large-scale PCR-based studies in Iraq, successfully amplifying T. gondii DNA from blood and amniotic fluid samples collected from pregnant women and suspected congenital toxoplasmosis cases. Their research showed that molecular techniques were much more sensitive than traditional serology, especially when it came to early detection of acute infections.
In Erbil, Iraq, a cross-sectional study of 150 premarital women revealed that 23.3% had T. gondii antibodies identified by latex agglutination, with ELISA confirming IgM in 5.3% and IgG in 15.3% of the participants. In 10% of cases, PCR detected parasite DNA, demonstrating a higher detection rate of active infections than serology. According to the study's findings, IgM positivity by itself is not a reliable indicator of infection dating, but PCR is helpful for verifying recent T. gondii infections and ELISA is helpful for screening. Bakri (2016).
Simultaneously, efforts were made to classify the genetic diversity of T. gondii strains that were circulating in Iraq through molecular genotyping. Salman (2013) found that Type II and atypical strains had the most common genotypes using nested PCR and multilocus genotyping techniques. These results were noteworthy because they raised the possibility of links between particular parasite genotypes and the severity of clinical symptoms, such as congenital and ocular toxoplasmosis.
During this time, serological technique advancements also persisted. Recombinant antigen-based ELISA tests were used by Iraqi researchers to improve specificity and decrease cross-reactivity with other parasitic infections. These tests used purified or synthetic T. gondii antigens, such as SAG1, GRA7, and MIC3 proteins (Al-Janabi & Al-Khafaji, 2017). Additionally, IgG avidity testing was used more frequently, especially in maternity hospitals, and gave doctors vital information about when infections occur during pregnancy (Tawfiq, 2019; Al-Khafaji & Al-Janabi, 2022). Throughout this time, Salman kept making contributions to the development of diagnostics. In order to improve clinical outcomes, his 2017 study recommended integrated diagnostic algorithms for the early detection of congenital toxoplasmosis, evaluating the combined use of real-time PCR and recombinant antigen-based ELISA (Salman, 2017).

Novel biomarkers were also investigated by several researchers. Al-Shammari et al. (2020) looked into the use of cytokine profiles and circulating microRNAs as possible markers of active toxoplasmosis. Although still at an experimental stage, such research reflects a growing trend toward biomarker-based diagnostics, offering hope for more rapid and less invasive detection methods in the future.
Crucially, research on opportunistic T. gondii reactivation in immunocompromised individuals was spurred by the 2020–2022 COVID-19 pandemic. The higher toxoplasmosis seropositivity rates among COVID-19 survivors raise the possibility that parasites may reactivate as a result of viral immunosuppression. It was emphasised that better high-risk patient screening was essential both during and after viral outbreaks. 
Although unevenly, public health initiatives started incorporating molecular diagnoses into standard monitoring systems. Baghdad, Basrah, and Mosul universities collaborated to establish baseline molecular parasitology units for clinical diagnosis and research (Al-Hadithi et al., 2023). 
Despite advancements, challenges remained. Funding limitations and supply chain disruptions resulted in a shortage of molecular testing kits, reagents, and sequencing facilities. It is challenging to generalise molecular epidemiology findings because the majority of studies did not sample every province in Iraq. 
But the achievements from 2011 to 2025 were significant. Despite difficult circumstances, Iraqi toxoplasmosis research contributed globally by using contemporary molecular, serological, and multidisciplinary techniques. 
4. Novel themes COVID-19, neuropsychiatry, and public health 
From 2015 to 2025, Iraqi research on human toxoplasmosis investigated novel interdisciplinary topics such as the possible connections between neuropsychiatric disorders and Toxoplasma gondii infection, the influence of the COVID-19 pandemic on infection dynamics, and public health concerns. This shift in study focus has been brought about by a growing understanding of the various and frequently subtle effects of chronic toxoplasmosis infections, which go beyond immunological and reproductive outcomes. 
Neuropsychiatric disorders and toxoplasmosis were specifically examined. Based on research conducted globally, Iraqi researchers investigated the local impacts of a latent infection caused by T. gondii on suicidal behaviour, depression, and schizophrenia. According to a case-control study carried out in Baghdad by Al-Hassani et al. (2018), seroprevalence rates of T. gondii were higher in patients with major depressive disorder and schizophrenia than in healthy controls. Al-Shammari et al. (2020) suggested that parasite-induced neuroinflammatory pathways could be the cause of mental symptoms by connecting chronic toxoplasmosis to cognitive deficits. 
A significant study on the neurological effects of latent toxoplasmosis in healthy people was carried out by Salman (2015). Given that seropositive patients exhibited mild but significant memory and executive function abnormalities, the impact of a persistent infection may be greater than previously believed. 
Another significant concern was the impact of COVID-19 on the epidemiology of toxoplasmosis. The immunological dysregulation caused by COVID-19 raised concerns about opportunistic infections such as T. gondii reactivation. A higher rate of active toxoplasmosis was discovered among COVID-19 survivors, especially those with severe or prolonged illness histories, according to one of the first studies conducted in Iraq to look at this intersection. Post-COVID-19 treatment should confirm latent infections in immunocompromised patients. 
Public health experts emphasised integrated infectious illness management in addition to direct clinical trials. According to Al-Hadithi et al. (2023), national maternal health programs should incorporate toxoplasmosis screening with TORCH complex testing for other maternal illnesses, such as rubella and cytomegalovirus. They specifically supported HIV/AIDS patients, transplant recipients, and expectant mothers with health education. 
For Iraqi researchers, the lack of national screening programs, low public knowledge of toxoplasmosis, and unequal access to diagnostic facilities remained problems. In order to support extensive epidemiological surveys and the application of better diagnostic and 
therapeutic techniques, Al-Moussawi and Al-Khafaji (2018) urged greater international cooperation. 
The topics from 2015 to 2025 illustrate the evolution of toxoplasmosis research in Iraq. Scientists looked at the infection's effects on public health infrastructure, immunosuppression, and neuropsychiatry. This interdisciplinary effort offers prospects for further study and disease control while bringing Iraq's scientific trajectory into line with international advancements. 
Methodology:
Methods of Search
In order to gather and examine published research articles about human toxoplasmosis in Iraq from 1989 to 2025, a systematic review was carried out.
Electronic searches of major scientific databases, such as PubMed, Google Scholar, ResearchGate, and local Iraqi medical journal archives, were used to find pertinent studies.
Keyword combinations such as "Toxoplasmosis Iraq", "Toxoplasma gondii prevalence Iraq", "Toxoplasmosis pregnancy Iraq", "Molecular diagnosis toxoplasmosis Iraq", "Toxoplasmosis neuropsychiatry Iraq", and "COVID-19 and toxoplasmosis Iraq" were among the search terms used. To find more pertinent studies, manual searches of the reference lists in the articles that were retrieved were also conducted.
Criteria for Inclusion
Studies that satisfied the following requirements were accepted: carried out from January 1989 to December 2025. centred on human subjects (adults, psychiatric patients, immunocompromised people, pregnant women, etc.). Participants who were Iraqi nationals or who lived in Iraq were involved. discussed topics pertaining to toxoplasmosis's prevalence, diagnosis, clinical effects, immunology, molecular research, or neuropsychiatric correlations. published in credible academic sources or peer-reviewed journals.
Criteria for Exclusion
Studies of the following kinds were not included: studies with no human data that are solely focused on animals (such as cats or livestock). studies conducted outside of Iraq or that have nothing to do with Iraqis. case studies involving fewer than five patients. newspaper reports, unpublished theses, or non-peer-reviewed articles, unless they are extremely pertinent.
Organisation and Extraction of Data
The following information was taken from each included study: the year of publication and the author or authors. The population under study includes groups such as psychiatric patients, blood donors, and pregnant women. Location of study (e.g., Kirkuk, Basrah, Baghdad). used diagnostic techniques (e.g., PCR, avidity tests, ELISA). Key findings (prevalence rates, clinical correlations, and molecular or immunological outcomes)
Following that, the studies were categorised and examined according to:  Chronological periods (1989–2000, 2001–2010, 2011–2025). We focused on various themes such as prevalence studies, immunology, molecular diagnostics, reproductive health studies, emerging fields like neuropsychiatry, and the impact of COVID-19. Thematic focus includes prevalence studies, immunology, molecular diagnostics, reproductive health studies, and emerging fields such as neuropsychiatry and the impact of COVID-19.
Results:
1. Principal Results (1989–2025):
An analysis of Iraqi human toxoplasmosis research from 1989 to 2025 revealed consistent trends and significant advancements.
Prevalence and seropositivity trends
Early research (1989–2000) discovered significant T. gondii seroprevalence in Iraqi individuals. Salman (1995) reported 36% seropositivity in pregnant Baghdad women, while Mahmoud and Al-Janabi (1989) reported 30% seropositivity in healthy individuals. Infection rates are higher in villages than in cities (Salman, 1997; Al-Dabbagh et al., 2003).
Clinical and reproductive outcome relationships
Studies conducted between 2001 and 2010 found a strong correlation between poor reproductive outcomes and chronic toxoplasmosis. Al-Dabbagh et al. (2003) and Al-Qassab & Abdul-Razzaq (2004) found that women who experienced spontaneous abortion and repeated miscarriages had higher seropositivity rates than healthy pregnant controls. Al-Ani & Al-Azzawi (2007) confirmed these connections.
Information on Immunology
Research on the immunopathological effects of latent toxoplasmosis started in 2005. IFN-γ and TNF-α levels were higher in chronically infected individuals, suggesting that immune activation continues even in latent infections (Salman 2005; Al-Hilli et al. 2010).
Developments in Molecular Diagnostics
Molecular diagnostics improved detection sensitivity from 2011 to 2025. 90% of suspected cases tested positive for PCR, compared to 65–70% with traditional ELISA testing (Al-Saadi & Al-Saadi, 2015). When Salman (2013) genotyped strains, he discovered that Type II genotypes were more common.
New areas of study
After 2015, researchers began investigating neuropsychiatric disorders and toxoplasmosis. Al-Hassani et al. (2018) found that seroprevalence is higher in patients with schizophrenia. Al-Janabi et al. (2022) also looked at latent toxoplasmosis reactivation in post-COVID-19 patients, which is a developing clinical issue.
2. Examine Similarities
We found significant parallels and differences when comparing prevalence rates, diagnostic techniques, clinical correlations, and future research topics.
Although it varies by region, the prevalence rate is constant.
Despite methodological differences, studies conducted over several decades showed significant seroprevalence rates (25–45%). Infection rates are higher in rural than in urban areas (Salman, 1997; Al-Dabbagh et al., 2003). Iraqi provinces differed in terms of food, cleanliness, and exposure to cats.
Diagnostic Techniques and Their Impact
The ability of early studies to identify active infections was restricted by LAT, IHA, and early ELISA kits. After 2011, PCR and recombinant antigen ELISA enhanced diagnostic sensitivity and specificity (Al-Saadi & Al-Saadi, 2015; Al-Janabi & Al-Khafaji, 2017). To differentiate between acute and chronic infections in pregnant women, IgG avidity testing became crucial.
Time-Strengthened Clinical Correlations: Although the exact dates of infection were unknown, early research found a link between toxoplasmosis and miscarriage. Subsequent studies using improved serological testing (Al-Kaisy & Al-Hassani, 2005) and molecular confirmation (Al-Saadi & Al-Saadi, 2015) validated the links between active infections and unfavourable pregnancy outcomes.
Increasing the Focus of Research: Prevalence and pregnancy outcomes were the main topics of early studies. Following 2015, studies were conducted on COVID-19 post-viral reactivation (Al-Janabi, 2022) and neuropsychiatric effects (Al-Hassani et al., 2018; Al-Shammari, 2020).
Improvements to the Study Design: Early research was characterised by cross-sectional methods and small sample sizes. Subsequent studies improved scientific rigour by utilising larger samples, case-control techniques, molecular confirmations, and multicenter collaborations.
Discussion:
Results from Kirkuk Province support the review's conclusions. Many years of monitoring and clinical study in Kirkuk show that local prevalence rates have remained high, with certain occupational and demographic categories at risk. The province provides a unique perspective on T. gondii infection, reproductive health, thyroid function, nutritional status, and transmission seasonality. Integrating Kirkuk-specific evidence reinforces the national narrative, emphasises region-specific interventions, and encourages longitudinal monitoring to guide public health policy. 
Public health agendas, technology, and socioeconomic issues shaped Iraqi human toxoplasmosis research between 1989 and 2025. The papers reviewed show a steady but evident transition from epidemiological surveys to molecular, clinical, and transdisciplinary research. 
Contributions and Strengths 
Research conducted in Iraq established the high endemicity of toxoplasmosis, thereby laying the groundwork. Mahmoud and Al-Janabi (1989), Salman (1995), and Al-Bayati et al. (1991) showed consistent seroprevalence rates, alerting healthcare practitioners to T. gondii exposure. 
Recognition of the infection's clinical relevance, notably its link with spontaneous abortions, infertility, and adverse pregnancy outcomes, was the main contribution from 2001 to 2010. Toxoplasmosis became a danger to maternal and foetal health because it was mostly asymptomatic. 
With the emergence of PCR and recombinant antigen-based serological tests in 2010, Iraqi research advanced significantly. These advances improved acute and chronic infection distinction (Al-Saadi & Al-Saadi, 2015; Al-Janabi & Al-Khafaji, 2017) and congenital toxoplasmosis risk management. 
Interdisciplinary research, on chronic toxoplasmosis and psychiatric problems, aligned Iraqi academics with worldwide scientific trends (Al-Hassani et al., 2018; Al-Shammari et al., 2020). 
Toxoplasmosis reactivation experiments during the COVID-19 pandemic (Al-Janabi et al., 2022) showed flexibility and applicability to changing public health issues. 
Issues and Limitations 
Despite these capabilities, Iraqi toxoplasmosis research has encountered several challenges:
Limitations of diagnosis:
Early use of less sensitive and specific serological tests may have misclassified infection status and prevalence estimations. After 2010, molecular approaches became popular. 
Disparities by Region:
Rural regions were under-represented in molecular and clinical investigations, which were mostly done in Baghdad, Basrah, and other cities. As a result, there is a lack of countrywide prevalence data and risk factor profiles. 
Lack of Longitudinal Studies: Most studies used cross-sectional or case-control approaches. Few longitudinal investigations have examined congenital toxoplasmosis and neuropsychiatric consequences. 
Healthcare System Limits:
Wars, sanctions, and political instability hindered financing, reagents, and researcher movement during the review. In several research studies, these issues limited sample numbers and delayed contemporary diagnostic procedures. 
Limited Public Health Integration: Iraq lacks a nationwide prenatal screening programme for T. gondii, despite data confirming its role in bad pregnancy outcomes. Sporadic screening depends on hospitals and research initiatives. 
Scientific Progress and globalisation 
Iraqi toxoplasmosis research follows worldwide trends. Research on seroprevalence evolved into reproductive implications, immunological investigations, molecular epidemiology, and emergent areas including psychiatry and virology. Iraqi scientists increasingly used international diagnostic standards and coordinated with other institutes. 
After 2015, real-time PCR, IgG avidity tests, and biomarker research (e.g., microRNAs) showed technical advancements. These breakthroughs allowed Iraqi researchers to contribute to worldwide toxoplasmosis knowledge, particularly chronic infections andtheir health effects  .    
Future Paths 
Prioritise numerous ways to improve Iraqi toxoplasmosis research and public health:
1. Expand Nationwide Molecular Surveillance: Conduct genotyping and PCR screening in all Iraqi provinces to identify strain diversity, regional variances, and developing virulent strains. 
2. Implement Routine Antenatal Screening Programs: Adding T. gondii screening to national maternal health efforts like TORCH panels can prevent congenital infections and enhance pregnancy outcomes. 
3. Improve Public Health Education: Safe food, hand hygiene, and cat management can minimise primary infections through community-based initiatives. 
4. Conduct Longitudinal Cohort Studies: Studies on seropositive individuals, such as pregnant women and mental patients, can reveal long-term consequences and causal links. 
5. Encourage Interdisciplinary Research: Exploring toxoplasmosis in mental health, cancer, and autoimmune illnesses might lead to new clinical and societally relevant research domains.  
6. Strengthen International Collaborations: Partner with regional and worldwide research institutes for advanced diagnostics, training, and multicentric investigations. 
Conclusion This evaluation of Iraqi research on human toxoplasmosis (1989–2025) demonstrates a scientific development propelled by both domestic aspirations and external obstacles such as resource limitations and political unrest. Over the course of four decades, Iraqi research advanced from serological surveys to molecular, immunological, and transdisciplinary investigations.
Studies conducted in the early 2000s demonstrated Toxoplasma gondii's high endemicity, particularly among women of reproductive age, and connected it to unfavourable pregnancy outcomes. While neuropsychiatric connections and opportunistic infections—particularly during COVID-19—have increased the infection's clinical significance beyond maternal–foetal health, molecular diagnostics and genotyping have improved detection and strain characterisation since 2010.
There are still problems with unequal access to diagnostics, no nationwide screening, and few large-scale studies conducted in rural areas. Nonetheless, the persistence and creativity of Iraqi researchers show their growing participation in global toxoplasmosis research. Multidisciplinary investigations, screenings in public health programs, nationwide molecular surveillance, and improved international collaboration should be the next steps. Filling in these gaps could significantly enhance health and lessen the impact of this prevalent, often disregarded parasitic disease.
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Suggestions:
1. As part of the national prenatal TORCH testing programme, incorporate screening for Toxoplasma gondii to identify and stop congenital transmission.
2. Provide nationwide access to PCR and real-time PCR diagnostics, using standardised methods to differentiate between acute and chronic conditions.
3. To monitor regional variances and emerging virulent strains, genotype every T. gondii strain in every province.
4. Develop targeted public health initiatives on pet care, cleanliness, and food safety.
5. Assess long-term health outcomes for mental patients and pregnant women using longitudinal cohort studies.
6. Promote interdisciplinary studies on post-viral, neuropsychiatric, oncologic, and cardiovascular conditions, as well as chronic toxoplasmosis.
7. Enhance lab facilities and train Iraqi researchers in immunology, bioinformatics, and molecular diagnostics.
8. Promote global collaboration to enhance information sharing, collaborative research, and the integration of infectious disease networks.

This review of human toxoplasmosis research in Iraq (1989–2025) reveals a clear scientific progression, shaped by both national ambition and external challenges such as political instability and resource limitations. Over nearly four decades, Iraqi research advanced from basic serological surveys to sophisticated molecular, immunological, and interdisciplinary investigations.

Early work confirmed the high endemicity of Toxoplasma gondii, particularly among women of reproductive age, and studies in the early 2000s established its association with adverse pregnancy outcomes. Since 2010, the adoption of molecular diagnostics and genotyping has transformed detection and strain characterization, while research into neuropsychiatric links and opportunistic infections—especially during the COVID-19 era—has broadened the infection’s clinical significance beyond maternal–fetal health.

Persistent challenges include unequal diagnostic access, lack of routine national screening, and limited large-scale studies in rural areas. Nonetheless, the resilience and innovation of Iraqi researchers underscore the country’s growing role in global toxoplasmosis research. Future priorities should focus on nationwide molecular surveillance, integration of screening into public health programs, expansion of interdisciplinary studies, and stronger international collaborations. Addressing these gaps could markedly improve health outcomes and reduce the burden of this widespread, often underestimated parasitic disease.
Recommendations: 
1. Incorporate Toxoplasma gondii screening into national antenatal TORCH testing to facilitate early detection and prevention of congenital transmission.
2. Expand nationwide availability of PCR and real-time PCR diagnostics, with standardized protocols for improved differentiation between acute and chronic infections.
3. Implement comprehensive genotyping of T. gondii strains across all provinces to monitor regional variations and emerging virulent types.
4. Develop targeted public health campaigns focusing on safe food handling, personal hygiene, and responsible pet management.
5. Undertake longitudinal cohort studies to assess long-term health outcomes, particularly in pregnant women and psychiatric patients.
6. Promote interdisciplinary research exploring links between chronic toxoplasmosis and neuropsychiatric, oncologic, cardiovascular, and post-viral conditions.
7. Strengthen laboratory infrastructure and provide advanced training in molecular diagnostics, immunology, and bioinformatics for Iraqi researchers.
8. Foster international collaborations to enhance knowledge exchange, joint studies, and integration into global infectious disease networks.
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