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ABSTRACT 

Present study deals with the correlation of Toxoplasma with some endocrine 

parameters for the assessment of immunopathogenic mechanism in human population 

selected from different localities of Lahore. Besides analysis of blood using ELISA 

for various parameters (anti-Toxo IgG and IgM, Insulin, TSH, T3, T4, FSH, LH, 

testosterone and estradiol) this multidisciplinary study involved the questionnaire 

survey of the area for the assessment of health status of the study respondents and risk 

factors regarding toxoplasmosis. Data was analyzed statistically by Chi-square test, t-

test, ANOVA and correlation (p<0.05). Analysis of data revealed that seroprevalence 

of Toxoplasma infection was significantly related to various factors; socioeconomic 

status, pica habits, consumption of untreated water for drinking purpose and exposure 

to oocysts contaminated surfaces as feral cats have high abundance in the study areas. 

Toxoplasma gondii infection was highly prevalent among study subjects. It was found 

that chronic Toxoplasma infection was more prevalent (58.5%) among respondents 

then acute/recent cases (41.5%). Gender wise comparison showed that prevalence of 

infection was higher among male subjects (86%) in compared to the females (34%). 

Percentage prevalence of Toxoplasma had positive correlation with seropositivity 

among subjects of 36-44
+
 years of age. Toxoplasma infection was found to be 

correlated with different endocrine hormones. Higher insulin concentration was 

detected among seropositive subjects reflecting similar trend in both sexes. The 

deviation was significant among senior age groups. The concentration of TSH, T3 and 

T4 was detected to be higher than the reference value among 9%, 19% and 79% 

subjects respectively. In case of male seropositive subjects, LH was significantly 

higher (11.89±0.66mlU/ml) whereas testosterone was found to be lower 

(2.82±0.13ng/ml) than normal reference value. In general female Toxoplasma positive 

respondents were detected with variable ranges of FSH, LH and estradiol during 

various reproductive phases. These changes in various hormones reflect the possible 

role of toxoplasmosis leading to various metabolic disorders and reproductive 

problems. The results are depictive of the fact that lack of education and awareness, 

poor hygiene conditions and other risk factors greatly enhance the transmission of 

such parasites. The results of the study are significant and provide enough evidence 

regarding toxoplasmosis and its correlation with the changes in various hormones 

leading to health effects. 



1 

 

INTRODUCTION 

Parasitic diseases remain the leading cause of infection and death in human and warm 

blooded animals. They are highly prevalent in the global arena, particularly in 

developing countries (Tenter, 2009). Toxoplasmosis is a zoonotic disease caused by 

Toxoplasma gondii, an opportunistic parasite. T. gondii has three life stages that are 

interconnected in a complex life cycle. Life stages of the parasite comprise the 

tachyzoites, the bradyzoites and the resistant oocysts. Tachyzoites and bradyzoites are 

asexual stages whereas oocysts multiply sexually. Tachyzoites are found in tissues 

during acute stage of infection and enter in all nucleated cells. Bradyzoites are formed 

during the chronic infection and can be found particularly in skeletal and heart 

muscles and brain tissues. Oocysts are very important in the transmission of 

Toxoplasma gondii infection to humans. A cat may shed several million oocysts for 7-

21 days into the environment that become infective after development in soil or water 

(Valar et al., 2007). 

Toxoplasma gondii needs both definitive and intermediate hosts to complete its sexual 

and asexual replication phases of the life cycle. The sexual phase occurs only in the 

intestine of the definitive hosts i.e. felids. After ingestion of mature oocysts by the 

cats, sporozoites are released from ingested mature oocysts that penetrate the 

epithelial cells of intestine. These sporozoites round up and asexual form of division 

takes place forming merozoites. Some merozoites enter extra intestinal tissues such as 

muscles etc. and form tissue cyst (bradyzoites) and some of these are transformed into 

sexual stages initiating gametogony (Lindstrom et al., 2006). A macrogamete is 

fertilized by motile microgamete resulting in the formation of oocyst that is shed 

through feces into the environment. All warm-blooded animals may act as 

intermediate hosts and become infected by various means (Waree, 2008). In 

intermediate hosts only asexual development of the parasite occurs. Merozoites 

arising from the asexual development enter bloodstream and form tissue cyst in 

various body organs of intermediate host. 

Transmission of parasite may occur through bloodstream, oral and congenital routes. 

Prevalence of Toxoplasma gondii in different populations may vary according to the 

difference in temperature, humidity, eating habits, blood transfusion and availability 
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of felines (Shaddel et al., 2014).  There are enough reports describe that risk for 

increased prevalence rate for Toxoplasma gondii is likely to be increased as a result of 

higher exposure to soil, drinking water from oocysts contaminated reservoir, poor 

hygiene and handling of cats and other animals (Alvarado-Esquivel et al.,  2010). It is 

also evident from the literature that the prevalence of Toxoplasma gondii has been 

higher among individuals having low socioeconomic status and those who live in 

more crowded households (Saleh et al., 2010).  

Toxoplasma gondii consists of three main genotypes, designated type I, II, and III 

which vary in epidemiological pattern and virulence. In studies conducted on mice,  

type I strain has been found to be linked with high-level virulence (Maubon et al., 

2008). This type has also been recorded in patients with ocular toxoplasmosis 

(Vallochi et al., 2005)). Type II is non virulent for mice but generate chronic infection 

in human with persistence of tissue cysts. This strain is common in many parts of the 

world including Europe and North America. Type III is nonvirulent for mice and less 

frequent than type II in human population. It is most frequent strain from animals as 

well. Moreover, Type I and II strains have been recorded in patients with congenital 

disease and Acquired Immuno Deficiency Syndrome (AIDS) patients (Ajzenberg et 

al., 2002). 

Toxoplasma infection is classified into the acute and chronic stages depending on the 

magnitude of the exposure. Different conditions such as, number of parasite, virulence 

of the organism, genetic background, sex, and immunological status seem to affect the 

course of infection (Montoya and Liesenfeld, 2004). Acute refers to short term severe 

initial stage of the infection. When an intermediate host is initially infected, the 

parasite is absorbed through intestinal tract into the blood stream and multiplies 

rapidly in the form of tachyzoites (Annexure I). The tachyzoites cause a strong 

inflammatory response and tissue destruction (Negash et al., 2008).  During acute 

infection the tachyzoites may invade and proliferate in all nucleated cells. Later on 

depending on the immune status of the host; tachyzoites are transformed to 

bradyzoites and then finally form tissue cysts parasitizing host cells. Chronic infection 

of the parasite occurs in virtually everyone that gets infected with the parasite. It has 

been identified that parasites which remain encysted in tissues, are controlled by host 

immunity are unable to multiply or cause illness (Khan et al., 2005). Occasionally, 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alvarado-Esquivel%20C%22%5BAuthor%5D
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-4JTRTH5-2&_user=3419791&_coverDate=08%2F31%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=5191&_sort=d&_docanchor=&view=c&_acct=C000060526&_version=1&_urlVersion=0&_userid=3419791&md5=f82641ea1c6dd55d3da03b78fbdbdba8#bib25
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tissue cysts break down releasing parasites that invade new cells and multiply to form 

new cysts. If there are many cysts present, this process results in inflammation and 

symptoms appear that are associated with tissue damage in locations such as eyes, 

heart, lungs or brain. 

It is a well established fact that initially when a host is infected, the levels of both 

Immunoglobulin G (IgG) and Immunoglobulin M (IgM) in serum rise during 

recent/acute infection. Level of serum IgM declines after one year whereas; IgG 

persists in the host throughout the life representing latent or chronic stage of the 

infection. When bradyzoites switch to tachyzoites due to the low immunity of the host 

or because of any other infection, the level of IgM again rises for a short period (Press 

et al., 2005). For the detection of the T. gondii; various serological tests are 

commonly used to detect antibodies against the parasite like Latex agglutination Test 

(LAT), Sabin Feldman Dye test (SFDT), Haem-Agglutination Test (HAT), 

Immunofluorescent Antibody Test (IFAT) and Enzyme Linked Immunosorbent Test 

(ELISA). In certain cases the molecular techniques based on nucleic acid 

amplification can also be used in addition to the traditional serological methods for 

the diagnosis of toxoplasmosis. It is well documented that among all of these, ELISA 

is considered to be the more reliable and widely used biochemical test that can assay 

the levels of antibodies either qualitatively or quantitatively (Dautu et al., 2008). It 

has high specificity and sensitivity to detect the parasite in suspected cases and has 

provided a strong foundation that has contributed to an improved understanding of the 

epidemiology, prevention and control of toxoplasmosis. 

Although, higher seroprevalence rate of toxoplasmosis has been recorded in different 

parts of the world (Tenter et al., 2000), but, the most common form of the disease is 

latent (asymptomatic). In fact after ingestion of the parasite and proliferation of 

tachyzoites in various organs during the acute stage, the parasite forms cysts in the 

brain and establishes a chronic infection in human and other animals (Sharifian et al., 

2003; Zare et al., 2006). A variety of brain cells, including astrocytes and neurons, 

can be infected (Carruthers and Suzuki, 2007). So, the infection may causes various 

hormonal and mental disorders (Stahl and Kaneda, 1998a; Stahl and Kaneda, 1998b; 

Yolken et al., 2009; Abdoli et al., 2011a); moreover, other findings have shown that, 
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latent toxoplasmosis can cause a wide range of behavioral changes in humans and 

animal models (Webster, 2007; Abdoli et al., 2011b). 

It is evident from the reports that persons infected with Toxoplasma gondii are mostly 

unaware from the infection. The symptoms of the disease are mild flu-like illness 

which is characterized by headache, lethargy, fever, body aches or even sometime 

show no illness. People having weak immune system are likely to suffer serious 

illness such as diarrhoea, weight loss, liver diseases, pneumonia, epilepsy, eye 

infections, abdominal hernia, infection of central nervous system and in certain severe 

cases  may also lead to death because of severe inflammation and damage to different 

organs (Dubey et al., 2012). In immunocompetent persons toxoplasmosis does not 

cause serious illness, however in latent toxoplasmosis behavioral changes and 

psychiatric problems have been reported. There are also evidences available that long 

term infection of the parasite causes severe changes in the levels of different 

neurotransmitters such as Gamma-aminobutyric Acid (GABA), dopamine and 

serotonin that may ultimately lead to severe behavioral changes in the infected 

persons (Fekadu et al., 2010).  

Toxoplasmosis is one of the infections that can be transmitted through placenta during 

pregnancy. Although toxoplasmosis is largely asymptomatic, primary infection during 

pregnancy can result in disease transmission to the fetus and may lead to serious 

consequences such as abortion, miscarriage and stillbirths. Surviving infant may also 

suffer from different degrees of mental or physical retardation, hydrocephalus and 

blindness. Pregnant women are strongly recommended to avoid cats as exposure to 

cats can act as a significant risk factor for toxoplasmosis. Transmission of the parasite 

in pregnant women is linked with the stage of the pregnancy at which Toxoplasma 

infection is acquired. If infection is acquired at later phase, there are more frequent 

chances that parasite would be transmitted to the fetus, hence resulting in higher 

incidence of congenital infection. In case mother gets infection during first trimester, 

there is generally low risk of acquiring congenital toxoplasmosis, but the threat of 

abortions and miscarriages are more common (Pfaff et al., 2008). There are evidence 

available that high maternal titer of Toxoplasma antibodies is directly related with 

more severe consequences in their children. The surviving infant may suffer from 
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mental retardation, epilepsy, blindness and schizophrenia later on in its life (Senegas 

et al., 2009). 

Toxoplasma gondii infection also have been reported to cause reproductive disorders 

in animals. The infection has a major economic impact on breeding stock causing 

abortion, embryonic death and stillbirth in animals. Among livestock; sheep and goats 

are more widely infected with Toxoplasma gondii. Infection has also been reported in 

cattle. Risk factors for T. gondii infection in dairy animals include age, gender and 

number of feral cats in the surrounding environment (Cavalcante et al., 2007). 

Toxoplasma gondii infection among domestic animals have significant impact on their 

production, moreover the consumption of their meat may play a role in transmission 

of the parasite to humans (Jones and Dubey, 2012). 

Various reports have shown that positive association exists between prevalence of 

toxoplasmosis and incidence of endocrine disorders (Flegr et al., 2014). Latent 

toxoplasmosis is considered as an endocrine disruptor that leads to alterations in 

hormonal profile of its host. Diabetes is a metabolic disease that is of considerable 

medical importance with wide spread distribution and is mainly affected by 

environmental factors, life style habits and infectious agents too (Fernandes et al., 

2009). It is a systemic disease that reduces cellular and humeral immune status of the 

host through long hyperglycemic course and may also possibly stimulate latent 

opportunistic pathogens. It increases the host susceptibility and risk of various 

infections (Prandota, 2013). Diabetic patients have been found to be more vulnerable 

to opportunistic infections such as toxoplasmosis (Modrek et al., 2015). Some recent 

reports have revealed that toxoplasmosis increases susceptibility of acquiring diabetes 

mellitus (Majidiani et al., 2016).  

Toxoplasma gondii may also affect the levels of thyroid hormones (Al-Khamesi, 

2016). There is a causal relationship between the thyroid gland damage and 

Toxoplasma parasite, due to the direct involvement of Toxoplasma gondii in thyroid 

tissue changes and subsequent alteration of thyroid hormones. Infection may 

aggravate when there is reactivation of latent toxoplasmosis (Salman, 2007). There 

are reports available that indicate that Toxoplasma gondii may cause thyroid 

dysfunction (hypothyroxinaemia) as a result of Thyrotropin-releasing Hormone 

Impairment (TRH), Thyroid Stimulating Hormone (TSH) and decreasing serum 
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Tetra-iodothyronine (T4) levels in infected mice (Stahel and Kaneda, 1998a; Stahel 

and Kaneda, 1998b).  

Toxoplasma infection may lead to Autoimmune Thyroiditis (AIT) and 

hypothyroidism resulting into problems related to reproductive system and body 

metabolism (Wagner et al., 2008). It is evident from the literature that the presence of 

anti-thyroid antibodies like Thyroid Peroxidase Antibodies (TPOAb) and Toxoplasma 

infection is associated with an increased risk of subfertility, miscarriage, preterm birth 

and thyroiditis (Boogaard et al., 2011). Thyroid is an important endocrine gland that 

controls the body metabolism including metabolism of proteins and carbohydrates. 

When the interaction of thyroid and pancreas is considered there is ample evidence 

that thyroid gland affects almost all of the aspects of carbohydrate metabolism in 

human body, hence any disruption in thyroid hormone levels may lead to various 

metabolic diseases (Salman and Mustafa, 2014).  

In Type 1 Diabetes Mellitus (TIDM) beta pancreatic cells are unable to produce 

sufficient insulin that results in higher levels of the blood glucose. Literature review 

has shown that thyroid dysfunction resulting from production of thyroid 

autoantibodies may lead to destruction of pancreatic cells leading to type 1 diabetes 

(Umpierrez et al., 2003). Significant relationship between thyroid and reproductive 

hormones has also been reported. Normal thyroid hormone levels play an important 

role in testicular development and its normal function. Alteration in thyroid hormones 

(particular hypothyroidism) negatively affects gonadotropin secretions i.e. Follicle 

Stimulating Hormone (FSH) and Luteinizing Hormone (LH) and testosterone 

(Krassas et al., 2008). 

There are considerable evidence that toxoplasmosis can alter the levels of 

reproductive hormones which may lead to severe reproductive failures among 

humans. During pregnancy, the prevalence of toxoplasmosis increases throughout the 

second and third quarter of gestation, simultaneously progesterone and 17β-estradiol 

also increase (Galvan-Ramirez et al., 2014). Sex-associated hormones can also 

modulate immune responses and consequently lead to direct influence on the outcome 

of the parasitic infection. It has been reported that estradiol administration increases 

the susceptibility to T. gondii infection. Toxoplasma gondii can also severely affect 

the levels of FSH and LH. Dvorakova-Hortova et al. (2014) reported that mice after 
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acquiring T. gondii infection showed decreased serum levels of LH and FSH. 

Literature has shown that infection with Toxoplasma gondii can decrease the levels of 

sex related hormones such as testosterone, estrogen, FSH and LH. It may lead to 

severe reproductive failure like menstrual irregularities, failure to maintain healthy 

libido and problems related to production and maturation of ovum and sperms 

(Montoya and Remington, 2008; Al-warid and Al-qadhi, 2012). 

Reports have shown that T. gondii infection can cause male reproductive impairment 

through manipulations of reproductive hormones. Infection with Toxoplasma gondii 

may possibly alter the spermatogenesis and decrease reproductive parameters and 

male reproductive fitness (Ruwanpura et al., 2010). Infection with T. gondii was 

reported to be linked with lower weight of epididymis, sperm apoptosis, decreased 

sperm motility and concentration and an increased number of abnormal sperm 

morphology in experimental mice (Rui et al., 2006; Terpsidis et al., 2009). This 

variation in reproductive parameters was suggested to be because of hormonal 

regulation through the level of gonadotropins i.e. FSH and LH, which regulate 

spermatogenesis. Long-term exposure to parasitic infection can alter the activity of 

the hypothalamus-hypophysis axis and is likely to cause decrease in LH release, 

therefore consequently to a decrease of spermatogenesis (Dong et al., 2004).  

Toxoplasmosis is a major public health concern worldwide particularly in developing 

countries. Toxoplasmosis is also a health concern in Pakistan. There are several 

reports available in Pakistan that indicate the presence of high prevalence rate of 

Toxoplasma infection among domestic animals such as sheep and goats (Ramzan et 

al., 2009; Shah et al., 2013a), chicken (Mahmood et al., 2014) and pigeons (Ibrahim 

et al., 2012). During last few years, work has also been done with reference to the 

prevalence of toxoplasmosis among humans in Pakistan. A study conducted in 

Muzaffar Garh (Punjab) showed very high prevalence of T. gondii “(42%) among 

humans by LAT” (Hayat et al., 2014). Another study by Tasawar et al. (2012) in 

Southern Punjab observed Toxoplasma gondii prevalence “being 29.4%” in humans 

by using LAT. Ahmad et al. (2012) also employed LAT and found that prevalence 

rate of Toxoplasma among humans was “11.33%” in different localities of Lahore. 

Khattak et al. (2017) reported similar results among female respondents of Khyber 

Pakhtunkhwa (KPK) with percentage prevalence of “17%”. 
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It is revealed from review of the available reports that little efforts have been made to 

find out the missing links in the mechanisms involved in pathophysiological 

responses of toxoplasmosis among human population. T. gondii is widely spread 

among humans hence the knowledge and understanding about its pathophysiological 

mechanisms is highly important. There is negligible work has been done in Pakistan 

dealing with the association of this parasite with endocrine hormones and various 

parameters. Present research work involved studies to determine seroprevalence of 

Toxoplasma gondii among adult human population in certain areas of Lahore and to 

find out pathophysiological response, probable risk factors for such infections and 

their associated health concerns. Present study is specifically designed to explore 

immunophysiological mechanisms that may be involved in T. gondii infection with 

special reference to its role in development of diabetes, thyroid dysfunction and 

disruption of reproductive hormonal profile.  

AIMS AND OBJECTIVES 

The aims and objectives of present study are to: 

1. Carry out survey through structurally designed questionnaire for general health 

assessment of the study population and determine seroprevalence and infection 

level of toxoplasmosis by detecting anti-Toxoplasma antibodies (IgG and IgM) 

using ELISA technique. 

2. Investigate levels of thyroid (TSH, T3 and T4) and pancreatic (insulin) parameters 

by ELISA to assess the relationship between these hormones and Toxoplasma 

gondii infection. 

3. Find out the levels of reproductive hormones (FSH, LH, testosterone and 

estrogen) through ELISA to assess the relationship of Toxoplasma infection with 

reproductive hormones. 

4. Correlate Toxoplasma gondii infection with various endocrine parameters to 

explore probable immunophysiological mechanisms involved in pathophysiology 

of T. gondii. 
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REVIEW OF LITERATURE 

Parasites are dependent upon their host for food and shelter. They acquire nutrients 

and reside on or within the host body for prolonged period of time (Horwitz and 

Wilcox, 2005). Parasites are considered as a major cause of mortality and reduced 

fitness both in humans and animals. Infections caused by helminthes and protozoan 

parasites are prevalent among humans especially in developing countries. Protozoan 

parasites; the unicellular organisms residing in host pose serious health concerns 

through direct infection or being zoonotic in nature. Infections acquired by zoonotic 

transmission can cause serious illnesses in people by causing either mechanical injury 

or by stimulating severe inflammatory or immune response (Taliaferro, 2009). Human 

behavior plays fundamental role in the epidemiology, emergence and spread of 

parasitic zoonosis. Hygiene, eating habits, animal rearing practices and living 

conditions are also contributory (Schurer et al., 2012). Giardia, Entamoeba, 

Cryptosporidium, Toxoplasma are the most common among protozoan parasites 

which are transmitted by feco-oral contact or by the intake of contaminated food or 

water (Levesque et al., 2007). 

Toxoplasma gondii is a coocidian protozoan parasite causing toxoplasmosis that is an 

infection of humans and other warm blooded animals including mammals and birds 

(Schlundt et al., 2004). Toxoplasma infection is often highest in areas of the world 

that have hot and humid climates. The risk of infection increases when the weather is 

comparatively warm and moist, because moist conditions help in oocysts survival 

during longer periods of heat. Change in climatic conditions has direct and indirect 

impact on ecology and disease epidemiology. Due to the average increase in winter 

temperature, survival of sporulated oocysts is likely to increase that finally leads to 

enhanced transmission risk of the parasite for its hosts (Meerburg and Kijlstra, 2009). 

Studies have also reported that like many other parasites, prevalence of T. gondii is 

significantly associated with altitude. This may be because of the migration of 

definitive and intermediate hosts to range of altitudes as a result of changed pattern of 

climate that ultimately enhances the survival of Toxoplasma gondii oocysts (Dhimal 

et al., 2014). It is a well established fact that sexual reproduction of T. gondii occurs 

in felids and parasite multiply asexually in warm blooded animals (Yao et al., 2016). 

When a cat ingests food contaminated by infectious oocysts or tissue cysts, the 
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bradyzoites or tachyzoites are released that penetrate the enterocytes of the cat and 

transform intracellularly into multinucleated schizonts after three to seven days of 

post-infection. The subsequent schizogony of sexual development occurs within the 

epithelial cells of the small intestine, where schizonts mature and develop into 

microgametes and macrogametes (Speer and Dubey, 2005). Millions of unsporulated 

oocysts are shed into the environment with the feces. After shedding, oocysts take 1-5 

days to sporulate in the environment and sporozoites are formed within oocysts, later 

these oocysts become infective. Oocysts do not sporulate and so do not become 

infective below 4
o
C or above 37

o
C. After sporulation oocysts persist in all types of 

environment including water, soil and air (Lélu et al., 2012). 

Asexual development begins in the small intestine of hosts when sporulated oocysts in 

the environment, or the tissue cysts of animals are ingested by any of a wide range of 

the intermediate hosts i.e. warm-blooded animals, including birds, cats and humans 

etc. (Su et al., 2003). Once ingested by intermediate hosts, sporozoites or bradyzoites 

are released from oocysts as a result of digestion of cysts wall by proteolytic enzymes 

in digestive tract of the host. Then these sporozoites or bradyzoites penetrate into 

enterocytes and develop into tachyzoites “that measure 3x7μm” (Acha and Szyfrez, 

2003).  Tachyzoites are crescentic or oval in shape and are the rapidly multiplying 

stages of the parasite representing acute stage of infection. Freezing, desiccation and 

gastric secretions can kill this rapidly proliferating stage. Tachyzoites can enter all 

nucleated cells by active penetration and form a cytoplasmic vacuole. As a result of 

repeated replication, host cells are disrupted and tachyzoites are disseminated via the 

bloodstream and infect many tissues, including central nervous system, eyes, skeletal 

muscles, heart muscle and placenta (Dubey et al., 1998).  

It is evident from the literature that these tachyzoites are controlled by interferon-γ 

and T cell responses of the immunopotent individuals when the conversion of 

tachyzoites into bradyzoites occurs that become dormant in the form of tissue cysts. 

“Bradyzoites (tissue cyst) range in size from 10-200μm”. Freezing, thawing and 

heating to 60
o
C or dessication can destroy tissue cysts (Kim and Boothroyd, 2005). 

Cysts are mainly distributed in skeletal muscles, cardiac muscles and different parts of 

central nervous system of the host. Bradyzoites persist inside tissue cysts for the 
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whole life of the host in which they reside representing latent or chronic stage of the 

parasitic infection and a consistent health concern (Pereira-Chioccola et al., 2009). 

Intermediate hosts acquire infection by accidental ingestion of oocysts, consuming 

undercooked or uncooked meat and also by consumption of oocyst contaminated 

fruits and vegetables. Eating habits, poverty, housing and age also contributes to the 

increased vulnerability to T. gondii infection. Exposure to oocyst contaminated 

surfaces, unsafe blood transfusion, organ transplantation and poor hygienic practices 

are also likely to cause infection (Cook et al., 2000; Jones et al., 2009). Consumption 

of oocysts contaminated milk and drinking water can also transmit infection (Dubey 

and Jones, 2008). Studies have reported that if a pregnant mother gets infected by the 

parasite then infection can be transmitted from mother to developing baby through 

placenta and may result in miscarriage, abortion and still birth (Montoya and 

Liesenfeild, 2004). 

Depending on the duration and magnitude of the exposure Toxoplasma infection can 

be acute and chronic. Acute stage toxoplasmosis often gives flu-like symptoms and 

infected person may feel tiredness, headache, sore throat, swollen lymph nodes, mild 

fever and lethargy (Villard et al., 2016). The acute stage fades in a few days to 

months, leading to the latent stage of the disease. During this chronic period parasite 

may reside in the host body for many years in persons with strong immunity. In 

immunocompromised hosts i.e. patients having cancer, Acquired Immuno Deficiency 

Syndrome (AIDS), any type of transplantation or prolonged illness, latent infection 

can reattack with more severity. Such infections can result into encephalitis, 

myocarditis, sensory abnormalities, movement disorders, pneumonitis and sometimes 

in severe cases may lead to host death (Kamerkar and Davis, 2012). Studies have also 

reported that chronic infections of T. gondii increase the likelihood of occurrence of 

certain psychiatric disorders including bipolar disorders and schizophrenia (Parlog et 

al., 2015). Hodková  et al. (2007) and Ingram et al. (2013) reported that Toxoplasma 

infection in wild rodents not only reduced an aversion to predator odors, but also 

resulted in the development of an actual attraction and likelihood of a cat predating a 

rat. It is also evident from the review of literature that toxoplasmosis in congenitally 

infected newborns may result in a wide range of symptoms including chorioretinitis, 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hodkov%C3%A1%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17435678
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blindness, epilepsy, mental retardation, anemia, jaundice, encephalitis and 

pneumonitis (Menotti et al., 2003). 

The development of immunity against Toxoplasma gondii infection generally 

involves both the humoral and cellular components (Igarashi et al., 2010). Humoral 

immunity operates when antibodies/immunoglobulin, which can recognise and bind to 

specific microbial antigens, are secreted by B lymphocytes. At early stage of 

Toxoplasma gondii infection IgM is secreted. Levels of anti-Toxoplasma IgM 

normally decline within four to six months of infection, but may persist at low levels 

for up to a year.  IgG is also secreted during the second week of infection. Peak levels 

of IgG are reached in six to eight weeks, and then gradually decline over the period of 

months or years. Low levels of IgG are generally detectable for even whole life, 

representing chronic infection (Fatoohi et al., 2004; Remington et al., 2011). 

It is well documented that Cell Mediated Immunity (CMI) involves action of 

phagocytic cells such as macrophages and is considered crucial for protection against 

T. gondii infection. CMI responses are initiated after antigen is taken up by antigen-

presenting cells and are presented as small peptides on their surface to lymphocytes 

(Krishnamurthy et al., 2017). In general, the macrophages are able to phagocytose and 

kill invading microbes, but in case of Toxoplasma infection, the tachyzoites actively 

invade macrophages and then multiply. These in turn are regulated by CD4
+ 

and CD8
+
 

T lymphocytes which control production and secretion of lymphokines, such as the 

IFN-γ, IL-12 and TNF-α. This response modifies the activity of other lymphocytes as 

well as the macrophages (Dupont et al., 2012). These lymphokines trigger a 

mechanism that inhibits the multiplication of tachyzoites within macrophages by 

production of free radicals and nitric oxide (Roff et al., 2014). 

The diagnosis of toxoplasmosis can be done using a variety of methods. Among all 

serological examinations are known to be well accepted for diagnosis of the infection 

as they are comparatively cheaper and easily available. Serological test that are used 

commonly include the sabin-Feldman dye test, immuno fluorescent antibody test, 

latex agglutination test, haem agglutination test and enzyme linked immunosorbent 

assay. Serological diagnosis of toxoplasmosis requires quantitative tests, most of 

which are automated techniques. The automated techniques have several advantages: 

they are adapted to the routine analysis of large quantities of samples and produce 
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quantitative and reproducible IgG and IgM results, with excellent specificity for IgG 

and excellent sensitivity for IgM (Maudry et al., 2009; Chapey et al., 2017). Currently 

ELISA is one of the most convenient and prevalent method used for diagnosis of 

acute and chronic Toxoplasma gondii infection due to its high sensitivity and 

specificity than other serological methods.  ELISA demonstrates great specificity, is 

quantitative, low cost and may be automatically adopted, so it is considered best to 

determine Toxoplasma gondii both qualitatively and quantitatively. Diagnosis of 

parasite can also be made by its direct observation in stained tissue sections of various 

body fluids and organs both in humans and animals (Silva et el., 2013) in 

Cerebrospinal Fluid (CSF) of AIDS patients or other biopsy material like skin 

(Alfonso et al., 2009; Lupi et al., 2009). These techniques are used less frequently 

because of the difficulty of obtaining these specimens. Polymerase Chain Reaction 

(PCR) is also another important technique that specifically targets the parasite and 

helps in identification at molecular level (Bastien et al., 2008).  

It is evident from various studies that Toxoplasma gondii infection is significantly 

associated with age. Increased rate of infection in upper age groups have been 

attributed to more exposure of the host to the contaminated surfaces and also due to 

low immunity of the host as age increases. Similarly infection rate is positively 

associated with prevalence among children due to their low immunity and more 

exposure to unhygienic environment (Pappas et al., 2009). A group of researchers 

reported very high percentage prevalence of T. gondii infection among humans in 

Brazil by using ELISA and Indirect Immunofluorescence Test (IIFT). A cross 

sectional survey conducted to collect demographic data and serum samples from adult 

human population revealed that the prevalence rate for Toxoplasma infection was 

higher in elder subjects as compared to younger population participated in the study 

(Boia et al., 2008). In another study, Singh et al. (2011) found significant association 

of Toxoplasma infection with increasing age in male population in  different regions 

of India. Kolbekova et al. (2007) also reported that prevalence rate of toxoplasmosis 

was higher in older subjects from Czech Republic. 

In another study conducted by Rosso et al. (2008) determined the prevalence of 

Toxoplasma antibodies (IgG and IgM) among pregnant women in Cali, Colombia. It 

was found that these women were infected with chronic Toxoplasma infection as 
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percentage prevalence of anti-Toxo IgG was greater than that of anti-Toxo IgM 

antibodies. Similar findings were reported by Olariu et al. (2008) in Romania. 

Toxoplasma gondii specific antibodies in women of child bearing age were tested 

using latex agglutination test. Anti-Toxoplasma IgG antibodies were observed in more 

than half of study population. Seroprevalence of T. gondii infection showed that 

women of age less than 20 years had comparatively lower seropositivity rate for 

infection as compared to women of more than 40 years of age. This was attributed to 

the growing age, longer exposure and the infection rate of the parasite.  

Literature review revealed that gender is also one of the important contributory factor 

for Toxoplasma gondii infection. There have been variable reports in this regard. 

Tasawar et al. (2012) carried out an epidemiological study in Southern Punjab, 

Pakistan and found that “overall 29% of study population had Toxoplasma infection” 

and genderwise comparison revealed that male subjects had higher seroprevalence 

rate as compared to females. On the basis of the results it was suggested that male had 

more exposure to oocyst contaminated surfaces that may be due to gender associated 

differences in occupation and may be due to the lower immunity as compared to the 

female host. It was also concluded in this study that higher prevalence rate in 

respondents of younger age was likely be due to association with pets, poor sanitary 

habits and low immunity of younger population against this parasite. In contrast 

another study by Brandon-Mong et al. (2015) reported that female had more 

prevalence rate of T. gondii infection. These finding are interestingly contrary to those 

reported earlier. Some other studies have reported non significant relationship of 

gender with toxoplasmosis suggesting for the need for more elaborated work with 

reference to the mechanism of Toxoplasma infection (Aboelhadid et al., 2013; 

Burrells et al., 2016). 

Various epidemiological studies pertaining to T. gondii have reported that majority of 

food and waterborne infections of parasitic origin are related to low socioeconomic 

status and poor sanitary habits. Group of scientists in Venezuela conducted an 

epidemiological survey regarding personal data, living sanitary conditions and contact 

with cats. Analysis of blood samples collected from male and female individuals with 

“ages ranging from 8 months to 76 years showed 36.6% prevalence rate” (Diaz-

Suarez et al., 2001).  It was concluded that presence of cats in their surroundings and 
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poor living conditions were the major risk factors for such parasitic infection. It was 

further suggested that social and economic differences have a major impact on 

transmission of the parasite. During survey it was observed that majority of women 

were unaware of the risk factors for toxoplasmosis. The study recommended 

education and awareness efforts as measures for primary prevention of T. gondii 

infection to minimize the risk of Toxoplasma infection effectively. Yasodhara et al. 

(2004) investigated the presence of Toxoplasma specific antibodies in Hyderabad, 

India and reported higher prevalence rate among respondents of low socioeconomic 

status. Similarly study by Frimpong et al. (2017) reported higher rate of 

toxoplasmosis in women belonging to low socioeconomic status and poor hygiene 

practices in Zambia. 

The risk of acquiring parasitic food borne infections through the consumption of raw 

or undercooked food has been reported by various groups. The increased globalization 

of both the food industry and eating habits has also been suggested to be one of the 

causative factors in the spread of toxoplasmosis. Unhealthy food habits including less 

frequent hand washing, use of unwashed fruits and vegetables are likely to increase 

chances to acquire Toxoplasma infection because of high rate of resistant oocysts in 

the environment (Inci, et al., 2009; Sakikawa et al., 2012). A survey to examine risk 

factors for acute T. gondii infection was conducted by Jones et al. (2006) among 

infected persons and seronegative controls in Brazil. They found that a number of 

meat and soil related factors were associated with recent Toxoplasma gondii infection. 

It was revealed that eating undercooked meat, working in the garden or yard more 

than once per week, eating dried or smoked meat and eating frozen lamb was linked 

with increased risk for T. gondii infection. It was strongly suggested that to minimize 

T. gondii exposure, gloves should be worn while gardening and hands should be 

washed thoroughly afterwards. Kortbeek et al. (2004) also established risk factors for 

postnatally acquired toxoplasmosis.  

Professional contact with animals, living in a moderately urbanized area, even being 

divorced or widowed, frequent gardening and owning a cat were also reported to be 

associated with Toxoplasma seropositivity in Brazil. Similar findings were reported 

by Kolbekova et al. (2007) suggesting horizontal toxoplasmosis transmission in the 

Czech Republic through consumption of raw meat, contact with cat feces and also by 
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farming practices. The report suggested the adoption of protective measures for 

prevention. In another study by Studenicova et al. (2006) evaluated the 

seroprevalence of T. gondii antibodies among a group of healthy individuals in 

Slovakia using ELISA. Increased consumption rate of raw/undercooked meat and 

unwashed raw vegetables or fruit that are considered to be rich in oocysts were 

considered to be contributory to the higher seroprevalence rate of T. gondii among 

women. In another study it was also documented that oocysts contaminated meat 

consumption is an important risk factor for Toxoplasma gondii infection among study 

respondents in Congo (Yobi et al., 2014). 

Despite its widespread prevalence, there are uncertainties about the relative 

contribution of various routes of transmission to the overall rate of infection with 

Toxoplasma gondii. Beside various factors narrated earlier water has also been 

identified as a source of T. gondii infection (Lenildo de et al., 2006). Drinking 

unfiltered water is likely to increase the risk of Toxoplasma seropositivity, indicating 

the potential importance of oocysts transmission in water. Bahia-Oliveira et al. (2003) 

and Sotiriadou and Karanis (2008)  reported that drinking unfiltered water was linked 

to the higher risk of seropositivity for the Toxoplasma gondii among lower and 

middle socioeconomic populations in Brazil. Similar findings were reported by 

Retmanasari et al. (2017) in Indonesia. In different provinces of Indonesia prevalence 

rate of human toxoplasmosis was found to be strongly associated with the 

consumption of unfiltered water as compared to those respondents who consume 

filtered water. In another study conducted by Krueger et al. (2014) documented lower 

infection rate of Toxoplasma in persons who consumed water after some treatment 

such as boiling, it was further suggested that such practices are likely to make the 

oocyst non infectious.     

It is well established fact that Toxoplasma can multiply in any nucleated cell of host 

body including blood cells. T. gondii infection can also remain dormant for years and 

reactivate to cause clinical infection (Sundar et al., 2007). Therefore unsafe blood 

transfusion without screening for T. gondii is also considered an important 

transmission risk factor for toxoplasmosis (Elhence et al., 2010). A cross sectional 

research study to determine and identify seroprevalence rate for Toxoplasma gondii 

infection among blood donors in Brazil revealed that about two third of the study 



17 

 

population was positive for Toxoplasma infection (Coelho et al., 2003). Higher 

prevalence of Toxoplasma infection among healthy blood donors is a serious concern 

and draws attention for proper screening of blood and also for T. gondii to reduce the 

risk of the transmission. Toxoplasma antibodies screening among healthy blood 

donors of Iran revealed that anti-Toxo IgG and IgM were present with higher 

percentages. Routine screening for Toxoplasma antibodies was strongly rcommended 

as it is asymptomatic disease but likely to have severe consequences (Karimi et el., 

2016). A group of researchers in Taiwan also reported higher seroprevalence of 

Toxoplasma infection among healthy blood donors, hence proposed screening for T. 

gondii infection as regular procedure prior to blood donation (Chiang et al., 2012).  

There are enough evidence that the presence of feral cats is one of the major risk 

factor for Toxoplasma transmission that can contaminate environment through 

oocysts shedding in their feces. In Doha, Qatar “about 1625” serum samples of 

subjects of different age groups were referred for the routine toxoplasmosis, other 

(syphilis, varicella-zoster, parvovirus B19), rubella, Cytomegalovirus (CMV) and 

herpes (TORCH) examination using ELISA technique. The subjects were diagnosed 

with ocular infection, liver cirrhosis, jaundice, hepatosplenomegaly or spontaneous 

abortion. It was observed that adult persons of more than forty five years of the age 

were infected with latent Toxoplasma infection that was associated with high 

abundance of stray cats and longer exposure of subjects to contaminated surfaces. 

Whereas, IgM was found in few subjects with age not more than nineteen years 

representing acute infection. On the basis of the findings it was strongly 

recommended that pregnant women must avoid exposure to oocysts contaminated 

surfaces to prevent congenital transmission of this protozoan parasite which 

ultimately results in serious consequences (Abu-Madi et al., 2008). 

Another epidemiological study used ELISA technique to determine the level of IgG 

and IgM for chronic and active prevalence of T. gondii among pregnant women in 

Saudi Arabia. Infection was found to be increased with the increase in age as highest 

IgG and IgM seroprevalence was noted among study subjects of 35 to 39
+
 years of 

age as compared to the lower age groups. It was also observed that the seropositivity 

rate of T. gondii-specific antibodies was higher among pregnant women from the 

urban areas than those from rural communities (Aqeely et al., 2014). This was 
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attributed to the crowded population in urban communities, may be because of spatial 

closeness. In another study higher seroprevalence rate of Toxoplasma infection was 

reported among women of reproductive age in Israel (Markovich et al., 2014). Study 

recommended pregnant women to avoid feral cats in order to reduce the burden of 

parasitic infection among this vulnerable group. 

Various reports have documented that the primary maternal infection with 

toxoplasmosis during pregnancy is associated with transplacental transmission to the 

fetus. Saki et al. (2015) conducted a study to determine serum IgG and IgM  to find 

out relationship between Toxoplasma infection and abortion. Anti-Toxoplasma gondii 

antibodies among women with obstetrical problems were compared with control 

group consisting of women with normal delivery history. Results for anti-Toxo IgG 

showed a significant association between prevalence rate of Toxoplasma infection and 

the abortions. These findings suggested that chances of abortion and miscarriage are 

likely to increase due to the presence of the infection. It was noted that IgM antibody 

was present in one woman who had aborted in first trimester but not in any women 

with normal delivery. Anti-Toxoplasma IgG avidity and PCR tests were further 

recommended to discriminate between prior and recent infection of Toxoplasma 

gondii to reduce the rate of infection among pregnant women. 

Studies have shown that the risk of vertical transmission of toxoplasmosis increases 

during pregnancy. The gestational age at which the infection is contracted is a key 

variable affecting the clinical fetal outcome. It has been concluded that transmission 

occurs at an early stage of pregnancy that may lead to miscarriages and abortions. In a 

study conducted by Gong et al. (2006) it was observed that women who had a poor 

obstetric outcome history had higher T. gondii seroprevalence than that of the normal 

pregnant women. Another study evaluated the prevalence rate of T. gondii IgG and 

IgM antibodies among pregnant women in Makkah Al-Mukkarmah. Among the study 

subjects, “about 29% individuals” were infected with anti-Toxo IgG suggesting 

chronic Toxoplasma infection (Al-Harthi et al., 2006). It was peculiar to note that 

“6% pregnant women” were also positive for anti-Toxo IgM suggesting the risk for 

congenital transmission. Ramsewak et al. (2008) also reported the high 

seroprevalence rate of toxoplasmosis in Trinidad and Tobago among pregnant 
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women. It was considered alarming because of the probable higher chances of 

transmission of parasite to the developing fetus. 

Toxoplasma gondii infection in pregnant women represents a high risk for congenital 

transmission. Another variable associated with infection by T. gondii is the number of 

pregnancies (Alvarado-Esquivel et al., 2006).  There are studies available that showed 

that having more than one pregnancy is associated with greater prevalence of this 

parasite. In a cohort study carried out on women at fertile age, it was observed that 

“pregnant women had 2.2 times greater chance of acquiring the infection” showing 

that pregnancy itself may be a risk factor for the infection, probably because of the 

immune depression that occurs during pregnancy (Birgisdottir et al., 2006). In another 

study a significant correlation between toxoplasmosis cases and the number of 

pregnancies in a woman was reported revealing that in multipare women the risk of 

infection was twice as higher than in nullipare (Avelino et al., 2003). 

The sex ratio varies between societies and may be influenced by many factors like 

stress, immunosuppression, primiparity, age, the sex of the preceding siblings and the 

socioeconomic status of the parents (Hesketh and Xing, 2006). As parasite infection 

affects many immunological and physiological parameters of the host, some studies 

have reported that latent toxoplasmosis can effect on sex ratios in humans. There are 

some reports that suggest that the presence of Toxoplasma gondii can influence 

secondary sex ratio in humans (Dama et al., 2016). It has been narrated that 

depending on the anti-Toxoplasma antibodies concentration, the probability of the 

birth of a boy may increase more than the double. It was also suggested that the 

toxoplasmosis associated with immunosuppression or immunomodulation might be 

responsible for the enhanced survival of male embryos (Kankova et al., 2007).  

Toxoplasma gondii is an opportunistic parasite that attacks the body when it is in 

immunocompromised state. In immunocompromised hosts toxoplasmosis is evident 

mainly as a life threatening condition leading to toxoplasmic encephalitis (Lewis et 

al., 2015). Direct association of Human Immunodeficiency Virus (HIV) to such 

infections have been reported by Shimelis et al. (2009) in Ethopia. The overall 

percentage prevalence of chronic T. gondii infection among participants of the study 

was very high suggesting significantly positive association between T. gondii 

infection and HIV infected population. In another study it was found that patients 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hesketh%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16938885
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xing%20ZW%5BAuthor%5D&cauthor=true&cauthor_uid=16938885
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infected with HIV were having anti-Toxo IgG and IgM antibodies with high 

prevalence. Detailed analysis revealed that consumption of raw or under cooked meat 

and exposure to cats were the major risk factors for this group (Walle et al., 2013). 

Renal failure patients have a high risk for many infections including toxoplasmosis 

because of immunodeficiency issues. Aufy et al. (2009) reported high levels of IgG 

and IgM among such individuals in Egypt. It was strongly recommended that patients 

undergoing hemodialysis should be screened for Toxoplasma before dialysis to 

prevent the dissemination of this infection through the hemodialysis procedure.  

It is very concerning to note that chronic infection caused by Toxoplasma gondii may 

lead to some behavioral changes and also alteration in concentration capacity. It has 

been reported that latent or dormant toxoplasmosis can be located in neural or 

muscular tissues and can cause prolonged reaction times of the muscles that may 

further lead to deceleration of the reflexes, which could be a major, cause of 

accidents; especially of traffic accidents in Turkey (Kocazeybek et al., 2009). Yereli 

et al. (2006) also reported the high incidence of Toxoplasma gondii among a 

population of drivers involved in a traffic accident in Turkey. Reports have also 

shown that chronic infection also has severe consequences for eyes. When 

Toxoplasma gondii invades cells in the retina of the eye, sometimes blindness can also 

result. Multiplication of parasites, causing cell destruction and expanding lesions in 

the retina can destroy the delicate tissues of the retina hence causing retinal damage. 

Ocular toxoplasmosis is most often seen in chronic infections when encysted parasites 

reactivate and multiply (Park and Nam, 2013). 

Review of literature revealed that infection with Toxoplasma gondii can alter 

neurotransmitter function so as behavior (Xiao et al., 2013). In humans, acute 

infection with Toxoplasma gondii can produce psychotic symptoms similar to those 

displayed by persons with schizophrenia. Various studies on psychiatric patients have 

shown a high seroprevalence of Toxoplasma gondii infection. In Mexico, patients of a 

public psychiatric hospital were examined for the presence of IgG and IgM antibodies 

against T. gondii using ELISA technique. Psychiatric patients in general and 

schizophrenia patients in particular had significantly higher prevalence of Toxoplasma 

gondii infection than control (Alvarado-Esquivel et al., 2006). This may be due to the 

ability of T. gondii affecting the levels of various neurotransmitters like dopamine 
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(Skallova et al., 2006) and GABA i.e. gamma-aminobutyric acid (Kannan et al., 

2016; Brooks et al., 2015). 

Reports have also shown that poultry birds are one of the important intermediate hosts 

for T. gondii and can play a significant role in transmission of Toxoplasma infection 

to humans because of oocysts contaminated meat (Dubey et al., 2005) although 

previously cats/felids were considered most important in this regard. Aboelhadid et al. 

(2013) carried out a study to find out the seroprevalence rate of T. gondii infection in 

chickens in Egypt by using Modified Agglutination Test (MAT). The findings 

suggested that higher infection rate among free ranged chickens than farmed chicken 

could be because of their more exposure to oocysts contaminated surface. In another 

study Toxoplasma gondii prevalence was compared in industrial chickens with free-

ranging chickens (Gallus gallus domesticus) using IFAT. The prevalence of 

toxoplasmosis among free-ranging chickens was found to be higher than that of 

industrial chicken (Asgari et al., 2008). It was proposed that since industrial chicken 

are reared for meat production in short duration, they are fed on controlled food 

regime and are not exposed to cat feces hence these chickens had the lowest 

prevalence. In another study conducted by Mahmood et al. (2014) similar findings 

were reported by haemagglutination test. It was concluded that presence of 

Toxoplasma infection among poultry birds may lead to serious health concerns, 

therefore, control measures should be immediately taken up to reduce the  

transmission rate. 

Toxoplasma gondii infection can cause severe health problems in many species of 

animals. Jittapalapong et al. (2005) found higher exposure of goats to Toxoplasma 

gondi in Thailand. It was reported that growing age was an important risk factor for 

Toxplasma gondii infection in goats because older goats were found to be more 

seropositive than young goats. Bisson et al. (2000) also estimated the seroprevalence 

of antibodies against T. gondii in goats in Uganda. Similar findings were reported by 

Masala et al. (2003) that observed higher Toxoplasma infection among sheep and 

goats in Italy. In another study frequency of anti-Toxoplasma antibodies was 

determined and higher prevalence rate among sheep this was found to be correlated to 

the altitude, “being higher at sea level than at 1200 meters above sea level and the size 

of the flock, being higher in the large flocks” (Caballero-Ortega et al., 2008) 
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It is well documented that the sources of Toxoplasma gondii infection for humans, 

worldwide, vary greatly with culture, geographical location and eating habits 

differences (Macpherson, 2005). Toxoplasma gondii infection in zoo animals is also 

an area of interest among researchers because many captive animals die of clinical 

toxoplasmosis. Potential risk of exposure of children and elderly to Toxoplasma 

gondii oocysts excreted by cats in the zoos is a serious concern. Silvia et al. (2008) 

studied various risk factors for toxoplasmosis in United States of America and found 

that captive animals had higher rate of Toxoplasma infection suggesting urgent 

control measures to prevent loss of zoo animals and ultimately to lower the risk of 

parasite transmission to visitors. 

Studies have also suggested that infected sheep and goats can be a major risk factor 

for public health because goats and sheep act as secondary hosts for T. gondii. Among 

livestock, sheep and goats are widely reared in Pakistan and have been found to be 

infected with T. gondii alongwith. Ramzan et al. (2009) conducted a study among 

sheep and goats from Rahim Yar Khan and tested for toxoplasmosis with LAT. On 

the basis of their observations they concluded that prevalence was significantly higher 

in adult animals than younger ones. Similar findings were reported by Shah et al. 

(2013a) who also reported higher seroprevalence of Toxoplasma infection using 

Indirect Haemagglutination Test (IHA) in elder goats and sheep of District Mardan, 

Pakistan. In another study conducted by Shah et al. (2013b) higher prevalence rate of 

toxoplasmosis was found in domestic animals of Mohmand Agency, Pakistan. It was 

concluded that high parasitic load of domestic animals may cause serious public 

health concerns. 

Cats play an important role in transmission of Toxoplasma gondii being its definitive 

host. There are enough reports available in this regard from various parts of the world.  

Shahzad et al. (2006) determined serological status of toxoplasmosis in cats, dogs and 

human population in Lahore, Pakistan. Results revealed that owners of pet cats had 

higher prevalence rate of Toxoplasma infection. It was also observed that feral cats 

and dogs had greater rate of infection as compared to domestic cats and dogs 

suggesting the role of wild felines in transmission of Toxoplasma. In another study 

Ahmad et al. (2012) determined the seroprevalence of T. gondii infection among 

human population and rodents i.e. rats and mice captured from the different areas i.e. 
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Walled city, Allama Iqbal town and areas adjacent to Railway station, Lahore using 

LAT. Sera samples of rodents and human beings were analyzed for antibodies against 

T. gondii infection. Anti-T. gondii antibodies were detected in serum samples of 

human beings and rodents that were residing in same localities that suggested the 

possible role of rodents in the transmission of parasite to human beings. Similar 

findings were reported by Hayat et al. (2014) in District Muzaffar Garh, Pakistan 

among human subjects by LAT who detected higher prevalence rate of infection 

among male respondents and in elder population.  

Sadaruddin et al. (1991) carried out a research study among school children in 

Islamabad and concluded that Toxoplasma infection among the children was 

attributed to the presence of cats and poor sanitary and hygienic habits. It was further 

suggested that efforts to improve personal and environmental hygienic conditions may 

help to reduce transmission of oocysts. In another study conducted by Arshad (2010) 

prevalence rate of Toxoplasma gondii infection was determined among children 

ranging from 1-14
+
 years of age by using LAT and ELISA techniques in Lahore. 

Percentage prevalence of Toxoplasma gondii infection was found higher among 

children by using LAT (32%) as compared to ELISA (18%). Detailed analysis 

showed that prevalence of T. gondii infection increases with age as it was more 

prevalent in children belonging to 11-14
+
 years of age comparatively. It was 

concluded that high rate of T. gondii infection might possibly be linked with poor 

hygienic practices and pica habits also that were adopted by the study respondents. 

There are few reports that suggest some direct and/or indirect relationship of 

parasitism with the endocrine system hence become primary and/or secondary cause 

of physiological derangement. Diabetes is a metabolic syndrome that increases 

susceptibility of various infections in host. Diabetes mellitus is a group of metabolic 

disorders characterized by elevated blood glucose levels resulting from defects in 

insulin secretion and/or insulin resistance. Insulin is a hormone prepared by the beta 

cells of the pancreas, which is required to utilize glucose from digested food. In type 1 

diabetes, the body does not produce insulin due to destruction of pancreatic beta cells. 

It is usually diagnosed during childhood or early adolescence. Whereas type 2 

diabetes is the result of insulin resistance in which pancreatic cells produce sufficient 

insulin but receptors present on cells are unable to respond blood insulin resulting in 
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high glucose levels (Knowler et al., 2002; Hellman et al., 2007). A group of 

researchers in Czech Republic carried out a study among pregnant women to show the 

probable relationship of latent toxoplasmosis and blood glucose level. It was found 

that pregnant women with latent Toxoplasma gondii infection had elevated blood 

glucose levels and significantly higher prevalence of gestational diabetes. On the basis 

of their findings it was concluded that increased blood glucose level and higher 

incidence of gestational diabetes mellitus could have important clinical impact to 

contribute in the development of type 2 diabetes in Toxoplasma gondii infected 

subjects (Kankova et al., 2015). 

As described earlier; Toxoplasma gondii is an important opportunistic parasite 

effecting immunocompromised people. Besides other immunopathogenic diseases; 

metabolic disorders like diabetes mellitus influence on the cellular and humoral 

immunity (Siyadatpanah et al., 2013). Some studies have reported variations in the 

levels of anti-Toxoplasma IgG and IgM among diabetic and non diabetic groups in 

Iran (Saki et al., 2016). They identified the relationship of toxoplasmosis and diabetes 

mellitus among women, blood samples were analyzed for Toxoplasma antibodies by 

using ELISA and IFAT. Diabetic pregnant women and non diabetic pregnant women 

were considered for the study. Results showed that prevalence of anti-Toxo IgG and 

IgM antibodies in diabetic pregnant women were significantly higher than in pregnant 

non diabetic women suggesting the possible role of Toxoplasma infection in the 

development of diabetes. 

A study conducted by Shirbazou et al. (2013) reported that Toxoplasma antibodies in 

diabetic patients were almost in double concentration as compared to the healthy 

control i.e. non diabetic persons in Tehran, Iran and concluded that T. gondii infection 

might have been contributory to diabetes. It was proposed that parasite may directly 

attack and damage pancreatic tissue ultimately causing destruction of beta cells; 

insulin secretion may be affected that finally can lead to increased risk of diabetes and 

inflammation of pancreas (Oz, 2014). Gokce et al. (2008b) found that Toxoplasma 

gondii infection had significant association with prevalence of type 2 diabetes, 

representing that Toxoplasma infection can impair the body metabolism of its host by 

affecting the pancreatic function. Another study by Gokce et al. (2008a) also noted 

that toxoplasmosis was more prevalent in patients with type 1 diabetes than in 
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controls i.e. healthy individuals. It was strongly suggested on the basis of their 

observations that routine parasitological screening should be done periodically to 

minimize the parasitic burden in diabetic persons specially in order to reduce the 

complications caused by this metabolic disease. 

There are some reports suggest that T. gondii infection during gestation and/or after 

birth may be responsible for development of both Type 1 Diabetes Mellitus (T1DM) 

and Type 2 Diabetes Mellitus (T2DM) in children, adolescents and adults because of 

transmission of T. gondii in various types of eukaryotic cells, including T and B 

lymphocytes and swallowing by the fetus of amniotic fluid containing infected cells 

(Nelson et al., 2007). Moreover, a significantly lower occurrence of antibodies against 

T. gondii found in the sera of patients with T1DM compared with healthy controls 

may be due to their T and/or B cell exhaustion because of chronic infection with the 

parasite. This suggestion may be supported by the findings of Prandota (2013) that 

latent toxoplasmosis was associated with markedly reduced lymphocyte B-cell counts 

responsible for production of antibodies, lower serum IgG, IgM, and IgA levels, and a 

significant suppression of IL-2. On the other hand, patients with T2DM had increased 

anti-T. gondii antibodies significantly more frequently than respective controls. These 

findings suggested that impaired vascular endothelial function characteristic for the 

patients with diabetes mellitus may be at least in part due to the preferential T. gondii 

infection of endothelial cells.  

There are several reports available that revealed the positive association of diabetic 

patients and toxoplasmosis. Modrek et al. (2015) examined anti-Toxoplasmsa 

antibodies in diabetic patients using ELISA in Iran. Results revealed that persons with 

chronic toxoplasmosis had higher rate of diabetes suggesting the link between longer 

exposure of the parasite and diabetes development. On the basis of their findings, 

routine screening of diabetic patients on regular basis was strongly suggested to 

improve general public health. Sharad and AL-Hamairy (2015) conducted a 

seroepidemiological study for diabetes mellitus patients in Iraq to investigate the 

effect of toxoplasmosis for the development of diabetes by using latex, ELISA and 

PCR techniques. Results showed a significant relationship of Toxoplasma infection in 

persons with diabetes. Hassanain et al. (2014) in their study observed a significant 

increase in the number of T. gondii cysts in brain and blood glucose levels in the 
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infected diabetic group of rats when compared with the uninfected diabetic group in 

Egypt suggesting plausible role of T. gondii infection for increasing the risk of 

developing diabetes. On the contrary Alvarado-Esquivel et al. (2017) reported 

absence of Toxoplasma IgG and IgM antibodies among participants of study that 

revealed non-association between T. gondii infection and diabetes mellitus in Mexico. 

More detailed studies were suggested to elucidate the role of Toxoplasma in the 

development of diabetes. 

Review of literature has shown that Toxoplasma can directly or indirectly affect the 

function of thyroid gland. A study was conducted in Argentina on dogs that revealed 

the presence of high T. gondii titres was accompanied by decreased thyroxin levels in 

half of the study population suggesting the role of Toxoplasma in affecting the thyroid 

morphology which in turn is likely to contribute to the alteration in hormone levels 

(Castillo et al., 2006).  It was concluded that Toxoplasma infection can alter thyroid 

function with the development of Autoimmune Thyroiditis (AIT). Salman and 

Mustafa (2014) estimated occurrence of Toxoplasma in Iraq to detect incidence of 

thyroid dysfunction among persons with and without Toxoplasma infection. The 

overall prevalence rate of abnormal thyroid function hormones was found to be 

“60.97% with percentage prevalence of 26.74%, 21.46% and 10.56% for TSH, T4 and 

T3 hormones” respectively. Frequency of antibodies for Toxoplasma gondii infection 

in sera of patients with decreased levels of thyroid hormone was quite high suggesting 

the contributory role of Toxoplasma to disturb the levels of thyroid hormone. 

Al-Haboobi and Bai (2017) conducted a seroepidemiological study for Toxoplasma 

antibodies among women with infertility problems and investigated the effect of 

toxoplasmosis on thyroxine, triiodothyronine, and thyroid stimulating hormone. When 

relationship of Toxoplasma antibodies and thyroid hormone level was analyzed, 

significant differences in the level of hormone i.e. T3, T4, TSH and the level of 

antibodies was observed. It was found that hormonal level was increased in subjects 

who had chronic infection Toxoplasma suggesting the role of T. gondii infection in 

affecting the function of thyroid gland. In another study conducted by Al-Khamesi 

(2016) a significant increase in mean values of T3 and TSH hormones was observed in 

persons diagnosed with  Toxoplasma infection as compared to persons negative for 

Toxoplasma gondii infection. Mean value of T4 hormone was found to be 
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significantly lower as compared to the non infected control group. Direct relationship 

between thyroid gland damage and Toxoplasma parasite was also suggested. It was 

further postulated that this may likely be due to T. gondii multiplication in thyroid 

tissue and alteration of thyroid hormone levels ultimately suggesting that this altered 

hormone levels may also be due to reactivation of latent toxoplasmosis. There are 

some studies available advocated that T. gondii can result in alteration in stimulation 

of hypothalamus that in turn may cause distraction in TSH levels ultimately leading to 

the altered production of T3 and T4 hormones (Al-Terihy et al., 2012). 

It is well documented that infectious agents have been implicated as triggers of 

autoimmunity. Thyroglobulin Autoantibodies (TgAb) and Thyroid Peroxidase 

(TPOAb) are of Immunoglobulin G class and have high affinities for their respective 

autoantigens. Both autoantibodies are markers of thyroid autoimmunity but from the 

clinical perspective, TgAb are known to be less prevalent than TPOAb and less useful 

than TPOAb for prediction of thyroid dysfunction (McLachlan and Rapoport, 2004). 

Wasserman et al. (2009) studied sera of more than one and half thousand women for 

whom IgG status for cytomegalovirus, Epstein-Barr virus, herpes simplex virus type 

1, herpes simplex virus type 2, and/or Toxoplasma gondii was available from prior 

analyses. Sera were analyzed for autoantibodies i.e. thyroid peroxidase. It was found 

that prior infection with T. gondii was significantly related with the elevation of 

TPOAb, whereas seropositivity for other infections was not suggested to be linked 

with increased TPOAb. 

Toxoplasmosis can induce various hormonal and behavioural alterations in infected 

hosts and may also influence the course of pregnancy easily. Kankova et al. (2014) 

reported probable association between latent toxoplasmosis and maternal 

Autoimmune Thyroid Disease (AITD) in pregnancy. Serum Thyroid Stimulating 

Hormone (TSH), TPOAb, thyroxine and anti-Toxoplasma IgG antibodies were 

detected. Results showed that almost one fourth of the women were positive for latent 

toxoplasmosis and about fifteen percent of them were screened positive for AITD. It 

was also found that women with latent toxoplasmosis had highly elevated TPOAb 

than the Toxoplasma-negative ones, and latent toxoplasmosis was also linked with 

decrease in serum TSH levels. It was concluded that latent toxoplasmosis was 
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associated with a mild increase in thyroid hormone production in pregnancy 

suggesting more detailed studies to elaborate the exact mechanism. 

A research study conducted by Glastras et al. (2005) investigated the development of 

various autoantibodies in the patients of type 1 diabetes mellitus. Autoantibodies like 

TPOAb, Endomysial Antibody (EMA), islet antibody and insulin antibodies were 

measured after diagnosis of TIDM. High titers of TPOAb and EMA were present in 

children with type 1 diabetes mellitus leading to thyroid and ciliac diseases. The 

results suggested link between the disease and development of autoantibodies among 

respondents. It was further recommended that children and adolescents should be 

screened for both chronic autoantibodies and type 1 diabetes at an early childhood so 

that to avoid complications in later life. Hanukoglu et al. (2003) investigated the 

prevalence of autoimmune diseases in young patients with type 1 diabetes and their 

first-degree relatives. It was observed that autoimmune thyroiditis was highly 

prevalant in the study population that was determined by high TPOAb and/or 

Thyroglobulin (TG).  Early screening of autoimmune diseases in patients with type 1 

diabetes was recommended strongly in order to avoid complications. 

Autoimmune diseases are chronic conditions initiated by the loss of immunological 

tolerance to self-antigens as a result of combined effect of environmental and 

hormonal factors.  Chronic T. gondii infection has been found to be linked to several 

autoimmune disorders, including thyroid disease, systemic sclerosis, rheumatoid 

arthritis, and inflammatory bowel syndrome (Carter, 2013). Al-kalaby et al. (2016) 

carried out a study to assess the association between toxoplasmosis and some 

autoimmune diseases including diabetes mellitus, rheumatoid arthritis and Systemic 

Lupus Erythematosus (SLE). Toxoplasmosis was observed as “17.9% and 82.1%” 

among those with diabetes mellitus and rheumatoid arthritis disease respectively. 

However, none of the eight women with SLE had toxoplasmosis. On the basis of their 

results it was concluded that infections with Toxoplasma gondii can modify immune 

response to induce autoimmune diseases.  

There are reports that show evident association between type 1 diabetes and 

autoimmune thyroid disease. In many diabetic patients AITD is subclinical and can 

only be detected by routine measurements of Thyroid Autoantibodies (TA) or serum 

thyrotrophin. The prevalence of TA and thyroid dysfunction increases with age and 
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with duration of diabetes. In children with T1DM cross-sectional study has shown 

high prevalence of TA (Kordonouri et al., 2002). In a study by Hansen et al. (2003), 

role of TA was determined in developing thyroid dysfunction in patients with type 1 

diabetes. Serum concentrations of Tri-iodothyronine (T3), Tetra-iodothyronine (T4), 

TSH, TPOAb and thyroglobulin antibodies, as well as thyroid size and morphology 

were also determined in all patients. A high prevalence of thyroid dysfunction and TA 

was found in patients with T1DM. Regular screening of serum TSH was strongly 

suggested in diabetic patients. 

Thyroid dysfunction is a common endocrine disorder that has been associated with 

menstrual irregularities and sub fertility suggesting that disturbances in thyroid 

hormone levels may affect female reproductive hormones. A study dealing with 

relationship between hypothyroidism and female reproductive hormones revealed that 

hypothyroidism significantly lowered the level of serum estradiol and testosterone 

among female respondents of reproductive age group (Saran et al., 2016). It was also 

noted that serum FSH and LH levels were also lower than normal values. In another 

study Ajayi et al. (2013) investigated the effect of experimentally induced 

hypothyroidism and hyperthyroidism on hypothalamic pituitary ovarian axis. Results 

showed that serum FSH levels were significantly different in all groups. It was also 

observed that serum LH and estradiol were lower than normal values being suggestive 

of impairment of reproductive hormonal level alongwith thyroid. 

Male reproduction is mainly controlled by pituitary LH and FSH and gonadal 

testosterone. Thyroid hormones exert modulatory effects on this axis and ultimately 

affect male reproduction (Kumar et al., 2014). There is enough evidence available 

that revealed that male reproduction is adversely affected by thyroid dysfunction 

(Singh et al., 2011). Abnormal sperm morphology and decreased motility in the 

patients has been reported suggesting a positive association between thyroid 

dysfunction and reduced male fertility (Krassas et al., 2008) and harmful effects on 

seminal parameters (Krassas and Perros, 2003). Estrogen is another important steroid 

hormone present in both male and female but it is usually present at significantly 

higher levels in women of reproductive age. It promotes the development of female 

secondary sexual characteristics, thickening of the endometrium and maintaining the 

mucous membranes of the vagina. It also helps to stop the growth of bone and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3826086/#B25
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muscles, that accounts for the generally smaller size of females as compared with 

males. In addition to estrogen, low levels of testosterone also play an important role 

with regard to comparatively smaller size of females (Flegr et al., 2004). In males, 

estrogen regulates the maturation of sperm and is necessary for a healthy libido (Hill 

et al., 2004). 

Reproductive hormones may alter immune responses that finally affect the outcome 

of parasitic infections. There are some reports available revealed that steroid 

hormones affect the course of toxoplasmosis in humans and mice. Experimental 

models have demonstrated that female mice developed more severe brain 

inflammation than male mice following Toxoplasma infection. Moreover, a direct role 

for sex hormones was also demonstrated in a study by Roberts et al. (2001). It was 

found that gonadectomy increased resistance to parasitic infection, whereas estrogen 

administration exacerbated disease in these mice. In another study the prevalence of 

toxoplasmosis was determined among pregnant women in Iraq. Both progesterone 

and estrogen hormones were also measured using ELISA. Results showed that 

toxoplasmosis was present in about one third subjects and was related with altered 

concentration of both hormones (Al-Warid and Al-Qadhi, 2012). Permanent, latent 

presence of toxoplasmosis in the host organism is likely to lead to other unexpected 

consequences also causing affects on the proportions of sexes in the newborn, with an 

increase in the ratio of males to females and was suggested to be directly linked with 

to the titre of anti-Toxoplasma antibodies in the mothers (Kanková et al., 2007).  

Protozoan parasites like Toxoplasma are considered to be a major cause of 

reproductive problems among humans. Review of literature has shown that parasitic 

infections i.e. toxoplasmosis can also change the levels of FSH and LH which may 

lead to severe reproductive failures. FSH secreted by the pituitary gland is responsible 

for the production of maturation of eggs in women. If the FSH level is less than 

required, it indicates less ovulation in females. The excessive FSH shows premature 

ovarian failure that is an indication of menopause. Whereas in the testes of males FSH 

stimulates proliferation of sertoli cells and is proposed to help in the regulation of 

spermatogenesis. FSH stimulates primary spermatocytes to undergo the first division 

of meiosis, to form secondary spermatocytes (Qing et al., 2005; Jiang et al., 2012). 

LH secreted by pituitary gland is important for the ovulation and luteinization of 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Roberts%2BCW%5bauth%5d
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granulosa cell. Furthermore, LH also maintains progesterone production by the corpus 

luteum in females and development of Interstitial Cells Stimulating Hormone (ICSH) 

in males controlling the secretion of testosterone (Sherwood et al., 2008).  

Reports have been found regarding the toxoplasmosis association with miscarriage in 

many pregnant women. Al-Warid et al. (2012) observed high concentration of both 

Luteotropic Hormone (LTH) and FSH hormone, and low levels of LH hormone 

among infected pregnant women in Iraq. On the basis of their results it was concluded 

that toxoplasmosis can severely alter the levels of reproductive hormones that 

ultimately may lead to reduced reproductive success among females. In another study, 

Colosi et al. (2015) investigated the effects of T. gondii infection on hormonal profile 

of male subject in Iran and it was reported that no statistically significant relationship 

exist between Toxoplasma infection and serum levels of FSH and testosterone. In 

contrast, Lim et al. (2013) observed an increased production of luteinizing hormone in 

rats after administration of parasite experimentally suggesting positive association 

between Toxoplasma and reproductive hormones. 

Testosterone is a steroid hormone secreted by interstitial cell stimulating hormone in 

males and ovaries of the females. It is generally known for maintaining the genitals, 

secondary sex characteristics in males and control sperm production. LH released 

under the action of anterior pituitary gland controls the production of testosterone by 

negative feedback mechanism (Bassil et al., 2009). High levels of testosterone are a 

major cause of menstrual irregularities in females that may lead to severe reproductive 

problems (Anders and Watson, 2006). There are some reports that establish 

relationship of toxoplasmosis with steroid hormones. Shirbazou et al. (2011) detected 

the levels of anti-Toxoplasma IgG and testosterone. Analysis of data revealed higher 

titers for lgG antibodies for both male and female subjects. A statistically significant 

correlation between Toxoplasma infection and increased level of testosterone was 

observed both in male and female study respondents.  

Flegr (2007) found several differences when Toxoplasma infected human adults were 

compared with uninfected adults on the basis of personality questionnaires or number 

of behavioral tests. Reduced psychomotor performance in affected individuals was 

also observed. The results suggested that possible mechanisms by which Toxoplasma 

gondii may affect human behavior include its effect on dopamine and on testosterone. 
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Studies revealed that subjects with latent infection of the coccidian parasite T. gondii 

have a higher concentration of testosterone than uninfected controls. Flegr et al. 

(2008) reported that Toxoplasma-infected men had higher concentration of 

testosterone and Toxoplasma-infected females had lower testosterone concentration 

than seronegative controls. The opposite direction of the testosterone shift in men 

compared to women was considered to be the supportive to the observed gender 

specific behavioural shifts in Toxoplasma-infected persons. 

There are some interesting studies that reported the enhancement of the sexual 

attractiveness of infected male rats and decrease in the innate fear of cat odour in 

infected individuals hence causing possibility to greater transmission of parasites. Lim 

et al. (2013) concluded that Toxoplasma gondii infection enhances expression of 

genes involved in facilitating synthesis of testosterone, resulting in greater testicular 

testosterone production in male rats. Literature review has revealed that possible 

mechanisms by which T. gondii may affect human beings include its effect on 

testosterone. Differences in levels of testosterone have also been considered 

responsible for observed behavioral differences between Toxoplasma infected and 

Toxoplasma free subjects.  

Lower cellular immunity that is associated with high levels of steroid hormones 

contributes to the survival of the parasites in the body (Flegr et al., 1996). Literature 

review has also revealed interesting observations that Toxoplasma can increase height 

in infected men and change personality factors in men and women both. Although 

there are scanty reports, it is likely to be considered that sexual hormone changes can 

play an important role in body functions with Toxoplasma. Some studies have also 

shown that individuals suffering from chronic toxoplasmosis resulted in increased 

level of testosterone and were also taller than uninfected persons. Moreover sexual 

maturity age of infected persons was also found to be lower than uninfected 

individuals because of the increased testosterone hormone (Flegr et al., 2005).  

The review of available literature evidently shows that Toxoplasma gondii infection 

has become a serious health problem worldwide and Pakistan is no exception. There 

are many reports available in Pakistan regarding prevalence of Toxoplasma gondii 

and majority of the work done comprises epidemiological studies both in animals and 

humans in different areas of Pakistan. The relationship between Toxoplasma infection 
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and various physiological problems including endocrine hormones have been studied 

in different countries of the world. There is no report available with reference to 

Pakistani population that deals with pathophysiological mechanisms as well 

association of the parasite with different endocrine parameters. Present research work 

was specifically designed to determine prevalence of T. gondii infection among 

human population with special reference to etiology, risk factors and mechanism 

involved in pathophysiological responses of the parasite. Seroprevalence of 

Toxoplasma gondii and its possible association with endocrine parameters such as 

insulin, T3, T4, TSH, FSH, LH, testosterone and estrogen was explored among adult 

human population in Lahore using ELISA. Results have also been analyzed to reveal 

plausible relationship of thyroid hormone levels and reproductive hormones. This 

study will not only provide basis for future studies with reference to zoonosis and 

mechanisms of parasitic infections but will also help in minimizing the risk of 

parasitic load by creating awareness among general population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 

 

MATERIALS AND METHODS 

The study was carried out to determine correlation between toxoplasmosis and some 

endocrine parameters for the assessment of immunopathogenic mechanisms in adult 

human population of Lahore. It involved questionnaire survey and analysis of blood 

for anti-Toxoplasma antibodies (IgG and IgM), serum levels of insulin and thyroid 

parameters i.e. TSH, T3 and T4. Reproductive hormones profile was also assessed by 

detecting the levels of follicle stimulating hormone, luteinizing hormone, estradiol 

and testosterone in serum samples of respondents to find out the relationship of 

Toxoplasma gondii infection with these reproductive hormones. The research work 

(survey, sampling and analysis) was conducted over the period of about two years 

(April 2014 to March 2016). Study group was randomly selected residing in and 

around different localities of Lahore including Sukh nehr and Mehmood booti. These 

are located in Shalimar town and are part of north Lahore (Annexure IIa).  

1. QUESTIONNAIRE SURVEY 

Questionnaire survey was conducted to collect information about sociodemographic 

characteristics of the study population and also the associated transmission risk 

factors for Toxoplasma gondii infection for both male and female subjects. General 

health status of study respondents was also assessed in order to get familiar with 

health conditions of respondents. Before conducting survey various preliminary visits 

were made to different localities and families were interviewed thoroughly to get 

acquainted with them. A questionnaire was designed after making preliminary visits 

to the areas. F Formal consent was sought from volunteer families before conducting 

survey. Questionnaires were filled for total of 500 respondents of age 18-63
+
 years. 

Information was collected both from male (n=250) and female respondents (n=250). 

Although in general questionnaire was same for both genders except for section 

related to menstrual cycle. All the sections of the questionnaire and purpose of the 

study were well explained to the study participants. The questionnaire was given only 

to those respondents who volunteered and gave consent on prescribed form 

(Annexure IIb) The questionnaire included both open ended and close ended 

questions to collect information for the assessment of various parameters of the study. 

Structured questionnaire was administered among respondents. Questionnaires were 
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filled by researcher herself by asking different questions from the study participants 

one by one.  

All the questions included in questionnaire were explained in their native language i.e. 

Urdu and Punjabi to get maximum information from the respondents. The 

questionnaire consisted of five sections (Questionnaire attached): (A) Personal Profile 

(B) Socioeconomic Status (C) Risk Factors for T. gondii (D) General Health Profile 

and (E) Remarks. Personal information was collected for follow up and questions 

related to name, contact number, address, age and gender were asked. Whereas in 

section B questions were  asked to assess socioeconomic status of the respondents i.e. 

marital status, number of children, total family members, education level, working 

and occupation, income and earning persons in the family and total family income. 

Section C comprised of questions related to various risk factors for Toxoplasma 

including exposure to cats, pica habits, pet ownership, dietary habits, sources of 

drinking water and water treatment at home, food washing and cooking practices and 

history of blood transfusion and the reason.  

General health assessment of the respondents was made by two methods i.e. 

calculation of Body Mass Index (BMI) and also through medical checkup by the 

medical doctor (Section D). Anthropometric measurements for the calculation of BMI 

were done by standard methods (Annexure IIc). Respondents were categorized 

according to classification
 
given by WHO (2012).  Certified medical doctor was 

accompanied during study for the purpose of medical examination of respondents. 

Doctor asked specific questions from respondents about various diseases particularly 

that are considered to be mostly related to symptoms of toxoplasmosis. Data was also 

gathered for thyroid and diabetic history for both male and female respondents. After 

getting their consent random blood sugar level was determined with the help of 

glucometer (AccuCheck, USA) to find out its relationship with other hormones. 

Questions about reproductive cycle and history of abortions/miscarriages/still birth 

were also recorded for female respondents. Married female respondents were also 

particularly asked that whether they are pregnant at present or not, and if they were 

pregnant then in which trimester they were lying currently. Besides recording 

information related to each question any other general information/comments given  

 



36 

 

QUESTIONNAIRE 

(For general health assessment of the study respondents and to identify risk factors for 

Toxoplasma gondii infection) 

 

I.D. No.: …………       Date: …………… 

A: Personal Profile 

 

 

1. Name:  

  

2. Contact No.: ___________________ 

 

3. Address:__________________________________________________________ 

 

__________________________________________________________________ 

 

4. Age: ________________________ (years) 

 

5. Gender: 

 

B: Socioeconomic Status 

 

 

1. Marital status: 

 

2. No. of children: 

 

3. Total family members: 

 

 

4. Education level: 

 

  

 

5. Working: 

 

6. If yes then, occupation:___________  

 

7.   Personal income: _________________________(Rs/month) 

 

8.   Earning persons in the family: 

 

9.  Total family income:______________________ (Rs/month) 

 

C: Risk Factors for T. gondii 

 

1. Exposure to cats: 

a. Male b. Female 

a. Married b. Unmarried 

 

    a. 1-3            b. 4-6    c. 7-9 d. 10-12 e. Nil 

  a. 1-5   b. 6-10  c. 11-15 

a. Illiterate b. Primary c. Middle              d. Metric 

e. Intermediate f. Graduation g. Masters 

 

h. Any other 

a. Yes b. No 

a. 1 b. 2 c. 3 d. 4 e. Any other 

  a. Rare           b. Frequent  c. Often 
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2. Pica habits: 

 

 3.    If yes, type of pica habit: 

 

 

4. Pet ownership/Animals  

at home: 

 

5. If yes, type of animal: 

 

6.    Dietary habits: 

 

 

 

  

 

 

 

 7.   Source of drinking water at home: 

 

 

 

 

8.  Do you treat water before drinking? 

 If yes, what kind of treatment: 

 

 

 

9. Do you wash vegetables and fruits before eating? 

 

10. If yes then how frequently? 

 

 

 

8.  Do you eat undercooked meat? 

 

 12.   Have you ever received blood transfusion? 

 

 13.   If yes, then how many times? 

 

 14.   Reason of transfusion:     a. Delivery     b. Accidents   c. Any other 

 

D: General Health Profile 

 

1.    Body weight                (Kg) 

 

2.    Height____________________________ (in feet and inches)   

a. Yes b. No 

    a. Soil   b. Cement   c. Nail 

    d. Ice   e. Any other  

a. Yes b. No 

      a. Cat         b. Donkey  c. Buffalo 

      d. Cow            e. Pigeons  e. Any other 

a.  Chappati b.  Rice c.  Milk             

e.  Milk products f.  Fruit  g. Vegetables 

h.  Pulses i.  Beaf j.  Chicken 

k. Mutton l. Any other  

  a. Motor pump b. Municipal supply 

   c. Government filters d. Any other 

a. Yes  b. No 

a. Boiling b. Water filter at home      c. Any other 

a. Yes  b. No 

a. Always b. Often 

 

c. Sometimes d. Never 

 

  a. Yes         b. No 

a. Yes   b. No 

  a. 1             b. 2           c. 3  d. 4 or more 
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3.    BMI_____________________________(Kg/m
2
) 

4.    Do you have any of the following problems/disease? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.   Random blood sugar level:__________(mg/dl) 

 

6.   Do you have diabetes*? 

 

      If yes, then type of diabetes: 

       

      Since when you have the diabetes?_________________ (months/years) 

 

7.   Do you have any thyroid disease**? 

 

      If yes, then type of thyroid problem? 

 

For Females only 

 

8.   Do you have regular menstrual periods? 

a.  Flu Yes/No 

c.  Asthma Yes/No 

b.  Chest infection Yes/No 

d.  Tonsilitis Yes/No 

e.  Fever Yes/No 

g.  Eye problems Yes/No 

k.  Lymphadenopathy Yes/No 

f.   Arthritis Yes/No 

j.   Jaundice Yes/No 

k.  Cancer  Yes/No 

l.   Hepatitis C Yes/No 

m. Epilepsy Yes/No 

n.  Diabetes* Yes/No 

o.  Thyroid problem** Yes/No 

p.  Any other  

       a. Yes            b. No 

  a. Type I       b. Type II 

a. Yes     b. No 

a. Goiter  b. Hyperthyroidism c. Hypothyroidism 

   a. Yes      b. No 
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9.   Are you having menses at present?  

 

      If no, then date of last menstrual cycle: _________________ 

 

10.  Have you reached menopause? 

       

11.  If yes, then since when?    ______________________ months/years 

 

12.  Since when you are married? ______________________ months/years 

 

13.  No. of pregnancies: 

 

14.  Did you ever had miscarriage/spontaneous abortion/still birth? 

 

        If yes, then how many? 

 

        If yes, then what was the probable reason? __________________ 

 

15.  Are you pregnant at present?  

       If yes, then in which trimester?______________________  

 

E:   Remarks (or any other comments/general observations): 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_________________________________ 

 

 

 

 

 

 

 

 a. Yes     b. No 

   a. Yes      b. No 

a. 1         b. 2-4     c. 5 & more d. Nil 

   a. Yes  b. No 

     a. 1-2            b. 3-4             c. 5-6 

   a. Yes  b. No 
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directly by both male and female respondents were also recorded carefully for general 

assessment of study respondents (Section E). 

2.     BLOOD SAMPLES COLLECTION AND ANALYSIS 

Prior to sampling approval was taken by Ethical Research and Review Committee of 

Zoology Department, Lahore College for Women University (LCWU), Lahore. Blood 

samples were randomly collected from total 500 respondents including male (n=250) 

and female (n=250) subjects. The blood samples were collected from only those 

subjects who themselves volunteered for the study and gave written consent. Written 

consent was taken from each participant of the study (Annexure IIb). Samples were 

collected with the help of trained medical personnel working in a social security 

hospital of the area. Blood was drawn with adequate safety precautions as outlined in 

the declaration of Helsinki, 2008 (WMA, 2008) for the research to be carried out 

using human blood samples. Study subjects were asked to have some water before 

taking their blood samples in order to overcome any likely dehydration. They were 

also given juices after drawing blood samples. 

Five ml of blood was drawn from ante cubital vein by using disposable sterilized B.D. 

syringes. Blood was transferred slowly to sterile plastic centrifuge tubes (15ml) to 

avoid any hemolysis. Syringes and swabs used during the procedure were placed 

carefully into the plastic bags for proper disposal according to prescribed procedure of 

disposal of such substances (WHO, 2014). Each plastic centrifuge tube having blood 

sample was labeled with specific identity number and date of collection by using 

permanent marker. Then these tubes were kept at room temperature for 30 minutes to 

allow for clot formation. After that these were placed in air tight ice cooler for the 

transfer of the blood samples safely to Central Research Laboratory of Zoology 

Department, LCWU, Lahore for further process. 

Blood samples were allowed to be equilibrated with room temperature before serum 

separation. Tubes were centrifuged at 3000-3500 rpm for 10-15 minutes with help of 

centrifuge machine (Hettich, Germany). The supernatant straw colored serum was 

separated with the help of sterilized Pasteur pipette and then transferred into labeled 

vials. Four replicates were made for each sample in order to avoid thawing of samples 

again and again that can cause misinterpretation of the results. The graduated 
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eppendorfs were marked with specific identity number. Serum samples were stored at   

-200C till their further use for the determination of anti-Toxoplasma gondii antibodies 

and different hormone levels (Tuck et al., 2009). 

Analysis of Samples  

For the purpose of analysis of various parameters 360 respondents of age 18-63
+
 years 

were randomly selected for equal distribution of these subjects in different age 

groups. Among these 360 selected respondents there were 180 female and 180 males. 

For the purpose of comparison, they were placed in four groups were made as 

following: 

Group 1: 18-26
+
 years (n=90, having 45 males and females each) 

Group 2: 27-35
+
 years (n=90, having 45 males and females each) 

Group 3: 36-44
+
 years (n=90, having 45 males and females each) 

Group 4: 45 years and above (n=90, having 45 males and females each)  

ELISA technique was used to detect anti-Toxoplasma gondii antibodies and levels of 

various hormones i.e. Insulin, TSH, T3, T4, FSH, LH, estradiol (only females) and 

testosterone (only males). Analysis was done by using fully automated ELISA (Coda 

EIA Analyzer, Bio-Rad, USA). Protocols described on kits were used for testing of 

serum for anti-Toxoplasma gondii antibodies and different endocrine hormones. 

a: Toxoplasma gondii (Toxo) IgG and IgM  

For identification of toxoplasmosis, ELISA technique was used being an precise 

serological method. Toxoplasma gondii IgG and IgM antibodies were detected by 

using BioCheck, Toxoplasma IgG and IgM enzyme immunoassay test kits catalogue 

No. BC-1085 and BC-1087 respectively as per prescribed method. For quantitative 

determination of Toxoplasma IgG antibodies, a calibration curve was prepared with 

the help of negative calibrator, cut-off calibrator and 2 positive calibrators with their 

respective concentration of 0IU/ml, 32IU/ml, 100IU/ml and 300IU/ml. For IgG, 

serum samples with titers>32 IU/ml were categorized as positive whereas samples 

with titers <32 IU/ml were considered as negative. Toxo IgM was only qualitatively 

measured in order to find out the recent infection of toxoplasmosis. The obtained 
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values for Toxoplasma IgM were compared with Optical Density (O.D) value of cut-

off calibrator with Toxoplasma index 1 (Annexure IId and IIe). 

b: Insulin 

Insulin was estimated by using ELISA test kit catalogue NO. CA 2425-300 prepared 

by monobind, USA. A calibration curve was prepared with the help of 6 standard 

solutions of different concentration for insulin antigens i.e. 0μlU/ml, 5μlU/ml, 

25μlU/ml, 50μlU/ml, 100μlU/ml and 300μlU/ml. The procedure was followed as per 

instructions of method described by monobind ELISA test kit for insulin (Annexure 

IIf). Obtained values were compared with standard solutions to determine the insulin 

concentration in tested serum samples.  

c: Thyroid Hormones (TSH, T3 and T4) 

Total TSH, T3 and T4 were determined by ELISA test kit, monobind, USA. 

Microplate enzyme immunoassays test kits with catalogue No. CA 325-300 (for 

TSH), No. CA 125300 (for T3) and No. CA 225-300 (for T4) were used. A dose 

response curve was generated for each hormone. For quantitative determination of 

TSH in serum samples seven standard solutions with concentrations of 0uIUml, 

0.5uIU/ml, 2.5uIU/ml, 5.0uIU/ml, 10uIU/ml, 20uIU/ml and 40uIU/ml were used 

(Annexure IIg). To determine T3 levels in serum samples a standard curve was 

obtained by using six standard solutions with different concentrations i.e. i.e 0ng/ml, 

0.5ng/ml, 1.0ng/ml, 2.5ng/ml, 5ng/ml and 7.5ng/ml (Annexure IIh) . Whereas for T4 

the curve was prepared with help of six standards i.e. 0ug/dl, 2.0ug/dl, 5.0ug/dl, 

10.0ug/dl, 15ug/dl and 25ug/dl (Annexure IIi). Values for tested serum samples were 

compared with respective standard curve created separately for TSH, T3 and T4 as per 

procedure described in the test kits. 

d: Reproductive hormones (FSH, LH, Testosterone and Estradiol) 

The levels of FSH, LH, testosterone and Estradiol (E2) in serum samples of 

respondents were estimated by using specific test kits as per prescribed protocols. For 

FSH, enzyme immunoassay test kit by monobind, USA code: 425-300 was used. LH 

(No. BC-1031), testosterone (No. BC-1115) and estradiol (No. BC-1111) were 

determined by ELISA kits prepared by BioCheck, USA. For quantitative 
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determination of FSH and LH dose response curve was obtained by using six different 

standard solutions. For FSH; 0mIU/ml, 5mIU/ml, 10mIU/ml, 25mIU/ml, 50mIU/ml 

and 100mIU/ml were prepared (Annexure IIj). Standard curve for LH was obtained 

by using standard solutions of different concentration i.e. 0mIU/ml, 5mIU/ml, 

15mIU/ml, 50mIU/ml, 100mIU/ml and 200mIU/ml (Annexure IIk). Similarly to 

determine testosterone, curve was prepared by using 0ng/ml, 0.1ng/ml, 0.5ng/ml, 

2ng/ml, 6ng/ml and 18ng/ml concentrations of different standards (Annexure IIl). For 

the standard curve of estradiol standard solutions of concentrations i.e. 0pg/ml, 

10pg/ml, 30pg/ml, 100pg/ml, 300pg/ml and 1000pg/ml were used (Annexure IIm). 

The values for each measured parameter were compared with their respective 

standard curves.  

STATISTICAL ANALYSIS 

Qualitative data collected with the help of questionnaires was tabulated and averages 

and percentages were calculated for comparison of various parameters assessed 

through survey. ELISA was used for detecting anti-Toxoplasma antibodies among 

adult human population under study. Percentage prevalence of anti-Toxoplasma 

antibodies i.e. IgG and IgM was compared with sex, age and various risk factors of 

Toxoplasma infection. Chi-square test was used to compare the percentage prevalence 

among various age groups and risk factors. Statistical analysis for various endocrine 

parameters was done by using mean, standard deviation and standard error mean. 

Gender-wise comparison between mean values of different hormones was made by 

using one sample t-test. Analysis of Variance (ANOVA) was employed for 

comparison of mean values between different age groups (Chance and Rossman, 

2005). Tukey and Duncan tests were applied to make comparison of means among 

within and different groups. Probability level of p<0.05 was considered as significant. 

Pearson correlation was used to reveal the correlation between prevalence of 

toxoplasmosis and levels of various endocrine hormones. Strength of correlation 

between different parameters was assessed between +1 and -1. Data was analyzed by 

using Minitab 13 and Statistical Package for Social Sciences (SPSS) 17. Results are 

presented in the form of graphs and tables. 
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RESULTS 

Present study was conducted to determine correlation between toxoplasmosis and 

some endocrine parameters for the assessment of immunopathogenic mechanisms in 

human population. This was a cross sectional study comprised of a survey and 

analysis of the selected parameters. During first phase, questionnaire survey was 

conducted to determine general health status of the adult human population and to 

identify risk factors for protozoan parasite Toxoplasma gondii. Study group was 

randomly selected residing in certain areas of north east localities of Lahore including 

Suk Nehr and Mehmood Booti. Preliminary visits were made in the areas to find out 

about the general environmental conditions, settings in surroundings and meet the 

residents to explain the purpose of study.  

Survey revealed that people living in these areas are generally not aware about the 

importance of cleanliness. Personal hygiene practices are usually not followed by 

these people. In terms of general environment, situation appeared to be quite 

dilapidated. A big drain passes through the residential area of the study. Although the 

drain is covered with concrete except at some places but people throw all of their 

garbage resultantly it is choked most of the time that makes the conditions 

detrimental. It was narrated by the residents and also was observed during the course 

of study that during rainy season the contaminated water of the drain over flows and 

enters into houses located on its both sides that make their living worse in terms of 

hygiene and health. The houses in these areas are generally small, multistoried and 

congested. It was found during the survey that most of the people live in joint family 

system. It was peculiar to note that at night time people sleep on that drain in open 

area in front of their houses. During the visits it was also observed that small and 

large scale iron and wood industries are present in the areas. Small scale cottage 

industries of garments, shoes, tilla and household furniture are also present in 

different mohallas. These settings further add many hazards to the people living in 

these areas. 

1. QUESTIONNAIRE SURVEY 

The survey revealed that people in these areas were very much cooperative and 

showed their willingness to participate in the study. They belonged to low 
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socioeconomic group. Because of affordability issues they were taking this survey as 

an opportunity for blood testing and readily gave consent for blood sampling and 

answered the questions very keenly. Various informal discussions were held with 

people residing in these areas during preliminary visits. Questionnaire was 

administered to total 500 randomly selected subjects including 250 males and 250 

females from the study areas i.e. Suk Nehr and Mehmood Booti. These included 

volunteers from 18 to 65 years of age. For the purpose of age wise comparison, they 

were categorized in four age groups (Annexure IIIa). Group 1 ranged from subjects of 

18-26
+ 

years of age. The group 2 included volunteers of age 27-35
+ 

years whereas, 

group 3 comprised of those belonging to 36-44
+
 years of age. The subjects falling 

within 45 years and above were placed in group 4. Out of total 500 volunteers 29.6% 

were of 18-26
+ 

 years of age, 22.4% belong to 27-35
+ 

 years of age, 22% respondents 

were of 36-44
+ 

 years, whereas subjects falling in senior age group i.e. 45 years and 

above were 26%. Male and female volunteers were further categorized into age 

groups. 30% male and 29% females were of ages between 18-26
+ 

years. In group of 

subjects falling in 27-35
+
 years of age, males were 26% and females were 19%. 24% 

male and 20% female volunteers belonged to the age group between 36-44
+
 years 

whereas the subjects of 45 years and above included 20% male and 32% females. 

During general observations and scrutiny of data of the questions asked, it was 

evident that in general these people belonged to low socioeconomic group. It was 

found that 80% (n=401) of the volunteers were married with varied number of 

children and family size. The average number of children was 6. According to the 

collected data, 44% of them had 1-3 children whereas 42% had 4-6 children. Some of 

them had 7-9 children (8%) and even 10-12 children (6%). In general the family size 

was very large that included spouse, children, parents and even siblings as most of 

them live in joint family system. The family size of 19% respondents was up to 5 

members whereas 54% of them had 6-9 members in their families and to a concern 

27% of these people had even 10-15 members in their family which evidently showed 

the burden of social as well as economic stresses. This scenario makes the situation 

worse that because of low earning, large number of family members living together in 

small places and due to prevailing poor hygiene practices and general environment, 

these subjects become more vulnerable to different health hazards including parasitic 

infections. 
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Data regarding the education of the respondents showed that 66% (n=332) of them 

were literate. It was noted that 78% (n=195) males and 55% (n=137) females were 

literate with various levels of education. Out of these 332 literate subjects, most of 

them (about 47%) had education till middle. About 20% had education up to primary, 

17% had done metric and 8% attained education up to intermediate levels. It was 

noted that very few of them (about 9%) had education up to degree levels (Annexure 

IIIb). More or less similar trend was found when comparison was made within males 

and females showing most of them with middle level of education (57% and 31% 

respectively). This data evidently reflects that the population under study and the 

people in these areas send their children to schools but at certain age and level, mostly 

before metric they leave school may be due to many reasons such as financial 

constraints, social issues, school education system and many other which may also be 

investigated for social development of such communities. 

It was noted that out of total 500 subjects 297 (59.4%) were doing some kind of work 

for earning. More males (85%) were earning as compared to the females (33%). 

When data was analyzed for  job nature of these working respondents, it was observed 

that out of 212 working males mostly male subjects were doing private jobs (93%) in 

factories located near the residential area. They were mostly working for small 

contracts jobs or on daily wages as laborer. Few were the street vendors (7%) selling 

fruits, vegetables and daily household things. For females it was observed that out of 

85 working females mostly (85%) were house maids, some were doing jobs in private 

companies and very few were associated with teaching profession at various levels.  

When data was recorded for total family income of the respondents, it was found that 

their average total family income was between 6000-15000 Rs/month. Few of them 

were having income between Rs. 16000/-30000/- (15%) and some had income 

between Rs. 30,000 to 60,000 per month and these were those who had higher 

education so were on jobs (Annexure IIIc). It was concerning to note that about 18% 

of these working subjects had very low income (Rs: <5000/-). These were mostly 

widows. They had no education at all and no proper earning resource as well except to 

work on and off as domestic maids at very low wages, so they are living hand to 

mouth mostly or dependent upon pension or some form of charity. It was also noted 

that those who were not earning were dependent upon their parents, brothers and 
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sisters or family. It was further noted that out of 500 total respondents (62%) had only 

one person who was the bread earner of that family with exception of few respondents 

(2%) who had four earning members in their families and had better financial 

situation but not for a proper comfortable life. 

For identification of risk factors for Toxoplasma gondii questions were asked about 

exposure to cat, pica habits, presence of domestic animals, various dietary habits and 

consumption of undercooked meat etc. and source of drinking water. It was evident 

from the survey that respondents were frequently exposed to stray cats. On the basis 

of information collected through questionnaire survey it was concerning to note that 

almost every person living in these areas had exposure to cats. Although they did not 

own these cats as pets (except for only 4 respondents), but stray cats were the frequent 

visitors of their houses (Annexure IIId1). These cats can be contributory to the hazard 

of parasitic infections and unhygienic environment as they had access to rooms and 

even kitchen. It was also observed during the visits that feral cats were present in 

these areas in high density that may increase the risk for environmental contamination 

with oocysts. It was noticed that fecal material of cats was present in these premises. 

This fecal material if contained oocysts appears to be important contributing 

transmission risk factor for Toxoplasma gondii among study respondents.  

Besides cats, 64% of the respondents were found to have one or more animals at their 

houses. These included donkeys (19%), buffalo (41%), cows (17%), hens and pigeons 

(22%) that can also be one of the causes for the spread of the parasites (Annexure 

IIId2). They keep these animals for transport, dairy and poultry products and also as 

hobby without considering any health and hygiene issue, mostly because of their 

ignorance of such hazards. When data was recorded for various pica habits it was 

found that out of 500 subjects 330 (66%) were habitual of various types of pica. 

Among these 330 respondents onycophagia i.e. nail eating habit was prevailing 

(55%). Ice eating (30%), soil eating (9%) and cement eating (6%) habits were also 

found to be present among these respondents. Similar trend was observed for male 

respondents with nail eating habit among maximum number of the respondents 

(70%). In case of females more common pica habits were nail and ice eating (37% 

and 36% respectively). Pica habit can be another risk factor for the spread of 

Toxoplasma gondii. It was observed during survey that nail and ice eating habits were 
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common among study respondents. There is possibility that oocysts for T. gondii 

or/and eggs of other parasites may get settled in nails and during nail biting these are 

likely be ingested (Annexure IIId3). It was further observed that ice eating habit was 

common among study subjects that can also be one of the important transmission risk 

factor as this ice was usually purchased from shops and the water from which ice is 

made is generally not reliable enough, resultantly any parasite or their stages can 

easily be transmitted to the consumer. 

During survey data was collected for sources of drinking water (Annexure IIId4). It 

was observed that 3 government filter plants were installed in these areas from where 

females and males of study population were consuming water for their drinking 

purpose. It was noted that water from filter plants was available at specific timings 

during which people can collect water in storage gallons, plastic bottles and coolers 

for their consumption. These water filtration facilities are open for two hours from 7 

a.m. to 9a.m. in the morning and evening whereas rest of the day they remain closed 

hence the provision of this facility was limited. Analysis of the collected data showed 

that most common source of water was municipal water supply i.e. 96% whereas only 

4% of the respondents had their own water pumps bored at homes using electric 

motors. It was gathered that only 30% of the respondents collected drinking water 

from government filters installed nearby their homes. When they were asked about 

water treatment methods at home, only 16% of them claimed that they often boil 

water especially during winters for drinking purpose (Annexure IIId5). Oocysts of T. 

gondii can be killed at 60
o
C and as from survey it was evident that very few 

respondents boil water before its consumption for drinking purpose, hence the 

respondents drinking unclean water are likely at more risk for the transmission of 

Toxoplasma oocysts via contaminated water. 

Data was also collected related to their dietary habits. Analysis revealed that very few 

of the respondents could afford to buy meat, milk and milk products. Due to 

affordability issues and their low income resources common diet for these families 

were pulses, cheap seasonal vegetables and fruits. As the participants were not having 

enough resources to get proper and sufficient diet, they are likely to suffer nutritional 

deficiency and compromized immunity against various types of infections. It was 

interesting to note that majority of the respondents (80%) narrated that they do not 
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care for washing of vegetables and fruits before eating and cooking (Annexure IIId6). 

The percentage of women (92%) appeared to be more careless in this regard. This 

evidently shows that study respondents also likely to encounter risk to get possible 

infection of Toxoplasma gondii and others as these unwashed fruits and vegetables 

might have parasitic stages i.e. oocysts. T. gondii can also be transmitted through 

oocyst contaminated meat that is not properly cooked therefore questions related to 

eat undercooked meat during cooking were also asked. It was found that in general, 

people have habit of cooking food for longtime but some of these respondents (15%), 

particularly females sometimes eat undercooked meat during cooking. 

Blood transfusion is also considered as a transmission risk factor for T. gondii, hence 

data was also collected for blood transfusion among respondents that revealed that 

only 20 respondents (4%) out of 500 subjects had transfusion in their life (Annexure 

IIId7). Out of these 20 subjects who had transfusion, 14 respondents were transfused 

once and rest had blood transfusion for 2-4 times. It was more common among 

females (n=15) that had transfusion during their child delivery procedures whereas 

transfusion due to some major traffic accidents was the main reason among males. 

The results of the questionnaire survey for blood transfusion showed that this can also 

be one of the contributing transmission risk factor although may be with least 

probability for the subjects participated in the study. 

Body mass index was calculated to assess the general health status of the study 

subjects. The mean±SEM was 24.1±0.16 Kg/m
2
 with a wide range as low as 15.50 

Kg/m
2 

and very high being 40.20Kg/m
2
. Most of the male respondents (75%) were in 

normal range of BMI with mean±SEM 22.18±0.13Kg/m
2 

(range: 18.50-25.00 Kg/m
2
). 

It was found that 13% of the males were under weight ranging from 15.50-18.40 

Kg/m
2
 (Figure 1.1 and 1.2).  It was noted that 10% of them were in overweight 

category (BMI range: 25.10-30.00Kg/m
2
) and 2% of them were obese with BMI 

values as high as 30.10-38.10Kg/m
2
 (Annexure IIIe). The data regarding female 

respondents revealed that mean±SEM of BMI values for 52% of them was 

23.92±0.12Kg/m
2 

with range
 
18.50-25.00Kg/m

2
. It was observed that 20% of the 

females were below the standard value (WHO, 2012) with mean 17.75±0.06Kg/m
2
 

ranging from 15.60 Kg/m
2 

to 18.50Kg/m
2 

(Figure
 
1.3). It was further noted that 25% 

females were overweight with BMI range 25.10-30.00Kg/m
2
 and 3% of them were  
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Figure 1.1: Comparison of mean BMI (Kg/m
2
) values of total (n=500), male and 

female (250 each) study respondents belonging to different age groups  
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Figure 1.2: Comparison (% age) of total (n=500), male and female respondents (250 

each) of the study falling in different categories of the standard reference BMI 

(Kg/m
2
) values (WHO, 2012)     

 

Figure 1.3: Comparison of mean BMI (Kg/m
2
) values of total (n=500), male and 

female respondents (250 each) of the study falling in different categories of BMI of 

the standard reference BMI (Kg/m
2
) values (WHO, 2012)     
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obese having BMI within 30.40-40.20 Kg/m
2
 (Annexure IIIf). It was peculiar to note 

that more women were in underweight and overweight categories as compared to the 

male respondents of the study. This seems multifactorial and factors with reference to 

the age, nutrients and life style may also be further investigated. The age wise 

comparison showed that, out of total respondents more subjects (8.25%) of the middle 

age group (36-44
+
 years) and 45 years and above (3.91%) were categorized as obese 

(Annexure IIIg). The same trend was reflected among male and female respondents of 

these age groups. 

Despite the fact that most of the respondents seemed within reference range of BMI 

but it was also evident through medical examination that general health of these 

respondents was not much satisfactory. When information was gathered about 

prevalence of various diseases/health problems, it was peculiar to note that almost 

everybody who participated in the study had health problems and/or complaints. 

Respiratory infections like flu, asthma and chest infections were more prevalent than 

other health problems in both male and female respondents (Annexure IIIh). Tonsilitis 

was also observed among study population comprising 17% and 25% for females and 

males respectively. Problems related to eyes, fever, cervical lymphadenopathy and 

various other diseases like arthritis and jaundice were also present among study 

population with variable percentages (Figure 1.4). It was noted that some subjects had 

more than one disease. Respondents also showed their medical files/prescriptions 

about their ailments. Some of them had persistant/chronic diseases like diabetes, 

thyroid problems and even there was one case of cancer, hepatitis C (n=2) and 

epilepsy (n=1) were reported among the subjects. 

Average random blood sugar level of the study respondents was also determined to 

know their diabetic status. Analysis of data revealed that mean±SEM value of glucose 

among respondents was 147.50±13.34 mg/dl (Figure 1.5). It was also found that male 

(n=250) and female (n=250) population had mean±SEM glucose value of 140±9.78 

mg/dl with range 80-37 mg/dl and 155±17.44 mg/dl (range: 79-300mg/dl)  

respectively (Annexure IIIi) being comparatively higher in females. Data analysis 

revealed that mean±SEM value was more in respondents of 36-44
+
 years and 45 years 

and above ages being 157.50±20.34mg/dl (range: 80-270mg/dl) and 180.00±30.48 

mg/dl (range: 110-380 mg/dl) respectively as compared to those falling in 27-35
+
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Figure 1.4: Percentage prevalence of various diseases/health complaints among 

respondents of the study (n=500) 
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Figure 1.5: Comparison of mean random blood glucose values (mg/dl) of study 

respondents (n=500) with corresponding upper and lower reference limits            

 

Figure 1.6: Comparison of mean random blood glucose (mg/dl) of the respondents of 

different age groups with corresponding upper and lower reference limits 
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years of age (132.50±14.53mg/dl) with range: 80-165mg/dl and respondents that 

belong to 18-26
+
 years of age with mean±SEM value of 120.00±13.12mg/dl with 

range of 79-130mg/dl (Figure 1.6). In these age groups the values of glucose was also 

found to be comparatively higher among females. It was found that only 70 subjects 

knew that they had diabetes for varied duration. They were taking no specific 

treatment for their problem. It was peculiar to note that almost all of the persons 

having diabetes develop this disease after 30 as circumstances suggest
 
that it would be 

most probably type II diabetes. When questions were asked for thyroid problems it 

was found that 4 women out of 250 were the previously diagnosed cases of thyroid 

problems for which they were aware. Among these 4 women two were having severe 

goiter already diagnosed whereas one woman was having hypothyroidism with severe 

menstrual irregularities. It was also found that woman suffering from hypothyroidism 

was not having any child even after twelve years of marriage. Whereas in fourth 

woman as per her medical report, increased TSH was recorded.  

Questions were particularly asked from the females about their menstrual cycle and its 

related irregularities, number of pregnancies and about their abortion/miscarriages 

history if any. It was noteworthy that most of the female subjects had some kind of 

menstrual irregularities including severe pains etc. There were certain question that 

were also asked such as date of their last menstrual period to assess that in which 

phase of menstrual cycle they were at the time of giving blood i.e. menstrual, luteal 

and follicular phase. It was found that majority of the females were in follicular phase 

(43%) followed by females in mid cycle and luteal phase of menstrual cycle with 

percentages of 36% and 17% respectively, whereas only 4% women were in post 

menopause stage. 

During survey questions were also asked from married female respondents (n=213) 

about number of pregnancies they had. It was found that out of these 213 female 

subjects majority had about 5 or more pregnancies. As far as current pregnancy was 

concerned, mostly women were either unaware or were not confirmed except few. It 

was peculiar to note that there were 17% (n=36) married female who never got 

pregnant. Out of these 36, majority of these subjects were married since 5-8 years, but 

they didn’t have pregnancy even once. There was one respondent who had severe 

degree of hypothyroidism and menstrual irregularities too. She had been married since 
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twelve years and she had these problems persistently since many years. It was 

concerning to find out from the collected data about abortion/miscarriage rate was 

quite high (53%) among the female participants of the study with 113 female subjects 

out of 213 married women. Out of these 113, it was found that 44% (n=50/113) had 

abortion once, 35% had twice and even there female subjects who had three or more 

times (20%) abortion/miscarriage history. They were asked about the reason and 

history for consultation. They didn’t know the exact reason of their problem. 

Information was sought about their child delivery procedures. It was noted that 

majority of females do not consult any gynaecologist even during child birth and after 

abortions/miscarriages. They mostly visit some nearby local clinics or take help from 

lady health workers of their localities. 

Detailed analysis of questionnaire survey showed that study respondents had low 

socioeconomic status with poor education and low income. Respondents were 

frequently exposed to feral cats suggesting their exposure to oocysts that make them 

more prone to the parasite. It was also noted that study subjects were habitual of pica 

habit and also use untreated water for drinking purpose in routine that render them 

more vulnerable to acquire Toxoplasma gondii infection. Assessment of general 

health status revealed that although most of the study subjects had normal BMI values 

but most of them had illnesses i.e. respiratory infections, thyroid problems and 

diabetes that shows that subjects may had comparatively low immunity due to which 

they may become more susceptible to parasitic infections like toxoplasmosis. General 

environment, housing conditions and lack of resources make them more vulnerable to 

various types of infections particularly parasitic such as Toxoplasma. 

 2. ANALYSIS OF SAMPLES  

Total 360 blood samples were analyzed for the detection of Toxoplasma gondii 

infection (Toxoplasma IgG and IgM antibodies) and determination of insulin, thyroid 

(TSH, T3 and T4) and reproductive hormones. The measured parameters were 

compared with reference to male and female as well as considering four age groups. 

a: Toxoplasma gondii (Toxo) IgG and IgM 

Toxoplasma IgG and IgM antibodies were determined to find out the prevalence 

percentage of Toxoplasma infection among male and female subjects of the study by 
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using ELISA technique as per protocol. On the basis of IgG and IgM detection, 

assessment was also made for chronic/latent and/or recent/acute infection. The study 

subjects that were found to be positive for Toxoplasma IgG only (cut off value: 

32IU/ml), the infection is considered to be chronic or latent. In case, subjects were 

positive for either IgM (Toxo IgM index >1) or for both IgG and IgM then the 

infection is categorized as acute/recent infection (BioCheck, USA). Analysis of serum 

samples showed that among total 360 subjects, 217 (60%) were seropositive for 

Toxoplasma infection (Figure 2.1). It was also found that male subjects had higher 

prevalence rate 86% (n=155/180) as compared to females with 34% (n=62/180) 

prevalence rate for the infection (Annexure IVa). Detailed analysis of the data 

revealed that 217 subjects that were found to be positive for Toxoplasma infection had 

mean±SEM IgG concentration 200.130±9.37IU/ml. (Annexure IVb, IVc and IVd). It 

was noted that the immunoglobulins titer of both IgG and IgM was variable among 

these subjects. They were detected with either Toxo IgG or Toxo IgG alongwith IgM 

reflecting chronic as well as acute/recent infection of Toxoplasma gondii among these 

subjects. There was no case detected with IgM only among study respodents. 

Out of 217 subjects who were found to be positive for Toxoplasma antibodies 58.5% 

(n=127) had latent/chronic Toxoplasma infection as their serum samples were 

detected with only anti-Toxo IgG antibodies. Whereas 90 of them (41.5%) appeared to 

have recent infection as both IgG and IgM antibodies were found to be present in their 

serum samples (Figure 2.2). Those subjects who were detected with IgG 

immunoglobulin, the concentration ranged from 33-470IU/ml with the mean±SEM 

200.58±141.50IU/ml. Similar pattern for IgG (range: 33-453.70IU/ml) was found for 

subjects who had both IgG and IgM in their serum samples with mean±SEM values of 

199.48±14.11IU/ml. It was concerning to note that chronic infection of Toxoplasma 

gondii was more prevalent among study subjects revealing that they might have been 

exposed for long period and may be with repeated exposure to oocyst contaminated 

surfaces. 

Gender wise comparison was also made in order to determine the total, chronic and 

recent Toxoplasma infection among male and female subjects. Out of 180 male 

subjects, 155 subjects (86%) were found to be positive for Toxoplasma gondii 

infection. The mean±SEM IgG value for these 155 subjects was 163.68±9.76IU/ml  
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Figure 2.1: Comparison of percentage prevalence of Toxoplasma gondii infection 

(Total, chronic and recent/acute) among subjects (n=360) detected with anti-Toxo 

antibodies (p<0.000) 

 

Figure 2.2: Comparison of percentage prevalence of total, chronic and acute/recent 

infection of T. gondii among subjects detected with IgG and/or IgG+IgM Toxoplasma 

antibodies by ELISA (p<0.000) 
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(range: 33-470IU/ml). Further analysis of the data of the subjects revealed that out of 

these 155, there were 95 males (61.3%) who had only IgG antibodies in their serum 

samples showing chronic infection with mean±SEM 168.50±13.11IU/ml (Figure 2.3). 

Whereas 60 male subjects (38.7%) were having both IgG and IgM antibodies in their 

serum samples (mean±SEM: 156.50±14.38IU/ml). The concentration range of 

immunoglobulin measured for male subjects chronic for Toxoplasma infection was 

33-470IU/ml for IgG that was also evidently similar to that reflected for total subjects. 

Toxo IgG and Toxo IgM were also determined for 180 females. It was found that 62 

females (34%) were positive for Toxoplasma infection. The mean±SEM concentration 

of IgG was found to be 291.24±17.23IU/ml which was significantly higher (p<0.05) 

than the mean±SEM value of total male subjects positive for Toxoplasma infection 

i.e. 163.68±9.76IU/ml. Male subjects positive for Toxoplasma infection had 

comparatively higher range (33-470IU/ml) for IgG than the females (48.4-

453.70IU/ml). It was noted that female subjects had higher mean value of IgG as 

compared to males which reflects the likelihood of more severe infection among 

females. Out of 62 female subjects with positive Toxoplasma infection, it was 

observed that 51.6% (n=32) of them had chronic infection as they were positive only 

for Toxoplasma IgG with mean±SEM value of 295.83±24.57IU/ml (between 49.8-

443.10IU/ml) as compared to females (n=30) who were positive both for IgG and IgM 

(48.4%) showing recent/acute infection with mean±SEM value of IgG as 

286.36±24.52IU/ml (from 48.4 to 453.7IU/ml). It was interesting to note that although 

female subjects had higher mean±SEM concentration than male subjects but there 

was not much difference between percentage prevalence of chronic and recent 

infections. In contrast, male subjects positive for Toxoplasma infection had significant 

difference (p<0.05) between prevalence rate of chronic and recent Toxoplasma 

infection.  

Data was analyzed for age wise comparison to assess the relationship of Toxoplasma 

infection with age. It was found that prevalence of Toxoplasma infection was 20% 

(n=43/217) for subjects ranging from 18-26
+
 years of age with mean±SEM value for 

IgG as 179.816±20.93IU/ml and range of 35-453.7IU/ml (Figure 2.4). It was found 

that 25% (n=54/217) of the study subjects belonging to age group ranging from 27-

35
+
 years had mean±SEM value of IgG as 167.46±19.47IU/ml with range of 33-450 
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Figure 2.3: Comparison of mean IgG concentration (IU/ml) for total, chronic and 

acute/recent Toxoplasma gondii infection among total subjects, male and female 

subjects by ELISA (p<0.000) 

 

Figure 2.4: Comparison of percentage prevalence of Toxoplasma gondii infection 

among total subjects (n=360) with reference to different age groups (p<0.001) 
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IU/ml (Figure 2.5). Whereas subjects who belonged to 36-44
+
 years of age had 29% 

(n=64/217) prevalence rate for Toxoplasma infection. The mean±SEM value for IgG 

among these subjects was found to be 202.93±19.20IU/ml that ranged between 45 to 

435IU/ml. In case of the subjects of 45 years of age and above had percentage 

prevalence of Toxoplasma infection as 26% (56/217) with mean±SEM IgG 

concentration of 242.88±17.42IU/ml (from 40 to 470IU/ml). Lowest percentage 

prevalence of total infection (20%) was found among subjects of youngest age group 

(18-26
+
 years) and highest prevalence rate (29%) was observed for subjects of 36-44

+
 

years of age. The mean±SEM value for IgG was also found to be higher among the 

senior age groups (36-44
+
 years and 45

+
 years of age and above). 

Data was analyzed for comparison with reference to latent/chronic and recent/acute 

infections among various age groups. It was found that subjects of 18-26
+
 years of age 

had prevalence rate of 49% for latent/chronic infection as their serum samples were 

positive only for IgG with mean±SEM value of IgG as 163.71±30.72IU/ml (range: 

35-442IU/ml). Whereas 51% of subjects had acute infection detected with both IgG 

and IgM antibodies with mean±SEM value of IgG as 195.81±28.84IU/ml (range: 36-

453.70IU/ml). The subjects of 27-35
+
 years of age had prevalence rate of 50% for 

both chronic and acute infection of Toxoplasma with IgG concentration of 

168.97±29.10IU/ml (range: 33-450IU/ml) and 165.94±26.44IU/ml (range: 33-

429.40IU/ml) respectively. Subjects belonging to 36-44
+
 years of age had 

significantly higher chronic infection with prevalence rate of 72% as their serum 

samples were positive only for IgG with mean±SEM of IgG as 203.93±16.72IU/ml 

(range: 33-435.10IU/ml). It was noted that only 28% of the study subjects belonging 

to 36-44
+
 years of age had acute infection as their serum contained both IgG and IgM 

antibodies. The concentration was detected from 33 to 435.10IU/ml with mean±SEM 

value of IgG as 206.48±33.471IU/ml. In case of study subjects belonging to 45 years 

of age and above, 59% had chronic infection with a percentage prevalence being 

positive only for IgG with mean±SEM value of IgG as 246.64±24.67IU/ml (range: 

40-470IU/ml). 41% of subjects of the same age group were detected with recent 

infection being positive for both IgG and IgM antibodies with mean±SEM value of 

IgG as 237.50±23.99IU/ml with range of 45-435.10IU/ml (Figure 2.5). 
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Figure 2.5: Comparison of mean IgG concentration (IU/ml) for Toxoplasma infection 

among total subjects (n=360) with reference to different age groups (p<0.001) 
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When the data of males and females was compared with reference to the four age 

groups. Percentage prevalence of Toxoplasma infection was 23.87%, 22.58%, 27.74% 

and 25.81% among male subjects belonging to 18-26
+
 years of age, 27-35

+
 years of 

age, 36-44
+
 years of age and those belonging to 45 years of age and above 

respectively (Figure 2.6). The mean±SEM values for IgG concentration was found to 

be as 153.02±19.73IU/ml with range 35-411IU/ml, 130.91±20.30 ranging from 33-

450IU/ml, 157.16±17.05 (range: 33-425IU/ml) and 209.22±19.83IU/ml with range of 

40-470IU/ml respectively (Figure 2.7). The data also revealed that the percentage 

prevalence rate of chronic/latent and acute/recent infection for subjects of 18-26
+
 

years of age was 51.4% and 48.6% respectively. The mean±SEM value of IgG for 

these subjects with chronic infection was found to be as 139.05±28.15IU/ml which 

ranged between 35 to 411IU/ml. Male subjects of 27-35
+
 years of age had higher 

prevalence rate of acute infection (54%) as compared to chronic (46%). The 

mean±SEM value of IgG for these subjects with chronic infection was calculated as 

119.25±30.79IU/ml (range: 33-450IU/ml). The mean±SEM value of IgG was found 

to be higher for subjects with acute infection of Toxoplasma being 

140.73±27.52IU/ml with range 33-390IU/ml.  

In case of males of group 3 (36-44
+
 years) chronic infection was more prevalent 

(81.4%) as compared to acute infection (18.6%). For subjects of this group the IgG 

levels ranged between 45-425IU/ml (mean±SEM 170.62±19.09IU/ml) reflecting 

chronic infection and 98.25±32.03IU/ml with range of 33-313IU/ml for those detected 

with recent/acute infection. Similar trend was found for male subjects belonging to 45 

years of age and above in which chronic infection was more prevalent (62.5%) being 

positive only for Toxoplasma IgG as compared to persons with acute infection 

(37.5%), as their serum samples contained both IgG and IgM antibodies. Detailed 

analysis revealed that mean±SEM value of IgG for male subjects of 45 years of age 

and above with chronic and acute Toxoplasma infection was found to be as 

219.44±28.40IU/ml ranging between 40 and 470IU/ml and 192.20±24.17IU/ml with 

range of 45-317IU/ml respectively. It is evident from the analysis that chronic 

infection of Toxoplasma gondii was more prevalent in male population of elder age 

group suggesting long exposure of these males to the parasite. 
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Figure 2.6: Comparison of percentage prevalence of Toxoplasma gondii infection 

among male subjects (n=180) with reference to different age groups (p<0.001) 

 

Figure 2.7: Comparison of mean IgG concentration (IU/ml) for Toxoplasma infection 

among male subjects (n=180) with reference to different age groups (p<0.000) 
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Highest prevalence percentage (34%) for Toxoplasma was found among female 

subjects belonging to 27-35
+ 

years of age and lowest rate (10%) was among the 

subjects of 18-26
+
 years of age (Figure 2.8). Whereas study subjects belonging to 

group 2 and group 4 had 30% and 26% prevalence respectively. The mean±SEM 

value for IgG concentration for female subjects of 18-26
+ 

years, 27-35
+
 years,   36-44

+
 

years and those of 45 years of age and above was found to be as 345.01±52.46IU/ml 

(range: 101.5-453.70IU/ml), 234.78±36.76IU/ml (range: 48.40-429.4IU/ml), 

299.69±27.41IU/ml (range:80.40-435.10IU/ml) and 327.05±26.06IU/ml (range: 

117.20-443.10IU/ml) respectively (Figure 2.9). It was noteworthy that mean 

concentration of IgG was significantly higher (p<0.05) in females as compared to 

male subjects of each age group.  

Data analysis revealed that percentage prevalence rate of acute/recent infection was 

higher (66.7%) in youngest age group (18-26
+
 years) of females who had both IgG 

and IgM as compared to subjects with chronic infection (33.3%) with serum samples 

positive only for IgG. The mean±SEM value of IgG for female subjects of 18-26
+
 

years of age with chronic infection was found to be 398.05±43.95 with range of 

354.10-442.00IU/ml as compared to female subjects with acute infection with 

mean±SEM value of IgG as 318.50±76.52IU/ml. In case of female subjects of 27-35
+
 

and 36-44
+
 years prevalence of IgG (latent/chronic infection) was 58% and 52.4% 

respectively as compared to those subjects with IgG and IgM both (recent/acute 

infection) being 42% and 47.6% respectively). The mean±SEM value of IgG for 

female subjects of 27-35
+
 years of age with chronic and acute infection was found to 

be 241.30±43.95IU/ml (range: 49.8-421.00IU/ml) and 225.82±58.43IU/ml (range: 

48.4-429.4IU/ml). Whereas the mean±SEM value of IgG for female subjects of 36-

44
+
 years of age with chronic and acute infection was 305.71±40.16IU/ml with range 

of 80.40-435.10IU/ml and 293.07±39.07IU/ml ranged 112.6-435.10IU/ml. It was 

observed that among females of 45 years of age and above percentage prevalence of 

chronic and acute/recent infection was same i.e. 50%. Analysis of data showed that 

mean±SEM value of IgG for these female subjects was found to be as 

331.66±38.39IU/ml and 322.43±37.83U/ml for chronic and acute Toxoplasma 

infection respectively. The results evidently show that for male (27.7%) and female 

subjects (34%) higher Toxoplasma infection was found in ages ranging from 36-44
+ 

years. It was also concerning to note that toxoplasmosis was more prevalent in male  
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Figure 2.8: Comparison of percentage prevalence of Toxoplasma gondii infection 

among female subjects (n=180) with reference to different age groups (p<0.05) 

 

Figure 2.9: Comparison of mean IgG concentration (IU/ml) for Toxoplasma infection 

among female subjects (n=180) with reference to different age groups (p<0.001) 
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population of younger age group i.e. 18-26
+
 years (23.87%) as compared to female 

subjects (10%) of same age group suggesting more exposure of these males to oocyst 

contaminated environment may be they happened to be engaged in different activities 

hence encountered more infection.It is evident from the data that the range of IgG 

concentration detected for the seropositive subjects varied from 33IU/ml upto 

470IU/ml. This wide range of detected concentration of Toxo IgG reveals that 217 

subjects that were detected with IgG only and/or IgG alongwith IgM were 

encountered with the varied magnitude of infection of variable duration. For the 

purpose of comparison, the data was further analyzed on the basis of three ranges of 

the IgG concentration measured during the study. IgG concentration range i.e. 33-

150IU/ml was considered low level of the infection whereas concentration 151-

300IU/ml and 301-470IU/ml was categorized as moderate and high levels of 

infection. 

Out of 217 subjects that were detected positive with Toxoplasma gondii, 106 (49%) 

subjects had IgG range from 33-150IU/ml, 49 (22.5%) subjects had 151-300IU/ml 

range for IgG, whereas 62 (28.5%) study subjects had high range i.e. 301-470IU/ml 

(Figure 2.10). For male subjects, it was found that out of 155 males positive for 

Toxoplasma gondii infection 57% had IgG concentration in low range, 27% were 

detected with moderate and only 16% had IgG concentration level in high range i.e. 

301-470.00IU/ml. In case of female subjects, it was found that 61.3% female subjects 

had IgG concentration in high range. 27.4% were in low range and only 11.3% female 

subjects had moderate level of IgG concentration in their serum samples. It was 

interesting to note that majority of the female subjects had IgG concentration in high 

range as compared to male subjects (Figure 2.11) with reference to different age 

groups (Annexure IVe and IVf). 

Results of the blood samples analysis for anti-Toxo antibodies revealed that 60% of 

total subjects had Toxoplasma infection. Data analysis showed that chronic infection 

of Toxoplasma gondii was prevalent (58.5%) among study subjects. Detailed analysis 

of data further showed that percentage prevalence of Toxoplasma infection was higher 

among male subjects (86%) as compared to females (34%). It was also noted that 

chronic toxoplasmosis was more prevalent in male population suggesting long 

exposure of males to contaminated surfaces as compared to female population. It was  



68 

 

 

 

 

 

 

 

Figure 2.10: Percentage of subjects detected with different concentration of IgG 

concentration among subjects positive for Toxoplasma gondii infection (p<0.05) 
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  Figure 2.11: Percentage comparison of different levels of IgG concentration for total respondents, male and female subjects positive                           

for Toxoplasma gondii infection with reference to different age groups (p<0.05) 
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further noted that for both male (27.7%) and female subjects (34%) higher 

Toxoplasma infection was found in persons belonging to 36-44
+
 years of age.  

Data of 360 subjects for which various parameters were measured was considered 

with reference to risk factors. The chi-square test revealed interesting relationship 

with some risk factors. Cat exposure, pica habits, consumption of municipal supply 

water and no water treatment for drinking purpose were found to be significantly 

associated with Toxoplasma infection (Table: 1). These observations evidently 

showed that these factors appeared to be contributory alongwith other additional 

factors in the spread of this parasitic infection. 

b. Insulin 

Serum samples of 360 randomly selected subjects were analyzed to find out the level 

of insulin hormone. The data was also compared on the basis of gender, age groups as 

well with reference to the recent and latent Toxoplasma infection in these subjects. 

Analysis of data regarding insulin level showed that mean±SEM insulin level of all 

the subjects (n=360) was 63.32±5.52μIU/ml (Figure 3.1). Results of the present study 

revealed that insulin concentration of 36% of the subjects was above normal reference 

value (Annexure Vd). Insulin concentration among those subjects who were detected 

as seropositive for Toxoplasma infection (n=217), was 81.80±8.24μIU/ml ranging 

from 1.23μIU/ml-493.53μIU/ml (Annexure Va). It was observed that 43% of these 

subjects had insulin level above the reference value being i.e. 177.51±13.77μIU/ml 

(Monobind, 2011). Whereas seronegative subjects had mean±SEM insulin 

concentration as 35.28±5.30 μIU/ml.  

It was further estimated that subjects with chronic Toxoplasma infection being 

positive only for IgG (n=127/217) had mean±SEM insulin concentration of 

123.78±12.65μIU/ml (1.23μIU/ml-493.53μIU/ml). Among these 127 subjects infected 

with chronic Toxoplasma gondii infection, 72 subjects were detected with insulin 

concentration well above the normal reference value (p<0.000). The analysis of serum 

samples showed that the study subjects with acute infection of Toxoplasma (IgG and 

IgM) were found to have mean±SEM insulin concentration of 20.06±2.16μIU/ml 

ranging from 1.58μIU/ml-79.14μIU/ml. In these subjects 76% were below and 24%  
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Table 1: Seroprevalence of toxoplasmosis and its association with various risk factors (n=360) 

Risk factors Variables 
Number 

(n=) 

Total (n=360) 

P 

value 

Male (n=180) 

P 

value 

Female (n=180) 

P 

value 
Positive 

(n=217) 

Negative 

(n=143) 

Positive 

(n=155) 

Negative 

(n=25) 

Positive 

(n=62) 

Negative 

(n=118) 

n % n % n % n % n % n % 

Cat exposure  Yes 337 207 61 130 39 0 149 72 15 11 

0 

58 28 115 89 

0 No 30 10 33 20 67 6 60 10 77 4 40 3 23 

Pica habits  

Yes 270 196 73 74 27 
0 

135 69 18 24 

0 

61 31 56 76 

0 No 90 21 23 69 77 20 95 7 10 1 5 62 90 

Pet/animals 

at home  

Yes 190 105 55 85 45 
>0.05 

80 76 14 16 
>0.05 

25 24 71 84 
>0.05 

No 170 112 66 58 34 75 67 11 19 37 33 47 81 

Municipal 

supply water 

for drinking  

Yes 340 210 62 130 38 
0 

150 71 18 14 

0 

60 29 112 86 

0 No 20 7 35 13 65 5 71 7 54 2 29 6 46 

Treatment of 

water at 

home 

Yes 80 32 40 48 60 
0 

17 53 20 42 

0 

15 47 28 58 

0 No 280 185 66 95 34 138 75 5 5 47 25 90 95 

Consumption 

of unwashed 

vegetables 

Yes 70 40 57 30 43 
>0.05 

25 63 15 50 
>0.05 

15 27 15 50 
>0.05 

No 290 177 61 113 39 130 73 10 9 47 27 103 91 

Blood 

transfusion 

Yes 20 2 10 18 90 
>0.05 

2 100 15 83 
>0.05 

0 0 3 17 
>0.05 

No 340 215 63 125 37 153 71 10 8 62 29 115 92 
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Figure 3.1: Comparison of mean insulin concentration (μIU/ml) among total subjects of the study (p<0.000) 
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(n=22/90) subjects were detected insulin concentration above the reference value 

mean±SEM 10.45±0.75μIU/ml. It was evident from the data that in case of being 

chronic/latent infection of Toxoplasma gondii insulin levels were significantly higher 

as compared to subjects with acute/recent infection (Figure 3.2).   

Analysis of data with reference to the male and female subjects detected with 

Toxoplasma infection revealed variable trend. Data showed that mean±SEM insulin 

level of total 180 male subjects was 102.45±10.00μIU/ml ranging from 1.23-493.53 

μIU/ml (Annexure Vb). Out of total 180 male subjects, 44% (n=79/180) had insulin 

level significantly above (p<0.000) the reference value (Annexure Ve).  The 

mean±SEM insulin level of 98.94±11.04μIU/ml (range: 1.23μIU/ml-493.53 μIU/ml). 

was found among male subjects (n=155/180) who were seropositive for Toxoplasma 

infection. 39% (n=61/155) of these seropositive subjects were found to have insulin 

above the reference value with mean±SEM 239.36±15.91 μIU/ml. It was also found 

that in case of seronegative male subjects (n=25) the mean concentration of insulin 

was 124.17±22.2μIU/ml (range: 2.37-354.31μIU/ml). 

It was determined that out of 155 seropositive males, the mean±SEM insulin 

concentration for 95 males with chronic infection of Toxoplasma gondii was 

151.05±15.78μIU/ml (ranged from 1.23μIU/ml-493.53μIU/ml). Out of these 95 male 

subjects, 51 subjects (54%) had mean±SEM insulin concentration as 

276.38±13.94μIU/ml that is significantly above the normal reference value (p<0.000). 

Out of 155 seropositive male subjects, 60 were detected with acute/recent Toxoplasma 

infection. The mean±SEM value of insulin for male subjects detected with both IgG 

and IgM (recent infection) was found to be 16.42±2.39μIU/ml ranging from 1.582-

79.14μIU/ml. Only 17% of the subjects were detected who had insulin level as 

mean±SEM: 50.51±7.03μIU/ml being higher than the reference value. 

Similarly data was analyzed for female subjects for comparison. The mean±SEM 

insulin level of 180 female subjects was 24.20±2.27μIU/ml with ranging 1.23 to 

232.09 μIU/ml (AnnexureVc). Among these subjects 72% (n=129/180) had insulin 

concentration below the reference value as compared to those who had insulin levels 

above (28%) the reference value (Annexure Vf).  In seropositive female subjects, the 

insulin concentration was found to be as mean±SEM 38.96±5.41μIU/ml (range: 2.46-

232.09μIU/ml). It was noteworthy that 53% of females had insulin concentration
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            Figure 3.2: Comparison of mean insulin concentration (μIU/ml) among seropositive (n=217) and seroneagtive (n=143) subjects             

of  study (p<0.00
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above than the reference value. Whereas Toxoplasma free subjects had insulin levels 

i.e. 16.45±1.59 μIU/ml (range: 1.23-92.18 μIU/ml). It was noted that only 15% had 

insulin level within reference range. The subjects with chronic toxoplasmosis had 

insulin concentration with mean±SEM 49.87±9.42μIU/ml that ranged between 2.98 to 

232.09μIU/ml. It was found that 69% of these females had higher insulin level 

(mean±SEM 68.44±11.73μIU/ml). Whereas females with recent infection of 

Toxoplasma were having mean±SEM value of insulin as 27.33±4.13μIU/ml ranging 

from 2.46-76.99μIU/ml. Among these, 37% were detected with insulin concentration 

above (mean±SEM 52.65±5.24μIU/ml) than the reference value. The data evidently 

reveals that mean insulin level was significantly higher among male subjects as 

compared to females. It was also found that mean±SEM concentration of insulin was 

more among both male and female subjects detected with chronic Toxoplasma 

infection.  

Age wise comparison was made to assess the relationship of insulin with age and 

incidence of Toxoplasma infection. It was observed that the mean±SEM concentration 

of insulin was 37.11±7.16μIU/ml (1.23-398.29μIU/ml) among total subjects of 18-26
+
 

years of age. The other groups of study subjects that were belonging to age groups 

ranging from 27-35
+
 years had mean±SEM value of insulin as 54.88±9.66μIU/ml with 

range of 1.58-410.69 μIU/ml. Whereas, subjects falling in group of 36-44
+
 years of 

age that were seropositive, the mean±SEM value of insulin was measured to be 

76.32±12.04μIU/ml (range: 1.23-482.30μIU/ml). In group 4, comprising subjects of 

45 years of age and above the insulin concentration was calculated as mean±SEM of 

84.98±13.65μIU/ml with range from 1.58-493.53μIU/ml.  Further analysis of the data 

showed that 26% of 18-26
+
 years, 36.7% of 27-35

+
 years, 42% of 36-44

+
 years were 

detected with insulin higher than the reference value being mean±SEM of 

117.27±20.39μIU/ml, 132.67±20.19μIU/ml, 169.29±20.53μIU/ml respectively. 

Among subjects of the group 4 (45
+
 years and above), 40% subjects were those who 

had insulin level i.e. 197.40±24.11μIU/ml above the reference value (Figure 3.3). 

Similar trend was observed among male subjects with reference to their age groups. 

The mean±SEM value of insulin was measured as 57.07±13.54μIU/ml, 

81.97±17.52μIU/ml, 121.95±21.45μIU/ml and 145.37±23.98μIU/ml for male subjects 

of 18-26
+
 years, 27-35

+
 years, 36-44

+
 years and of 45years and above respectively.  



76 

 

 

                                                                                                                                                                                                                              

 

 

 

 

 

 

 

 

 

 

         

 

                                                                                                                                                                                                                                          

Figure 3.3: Comparison of mean insulin concentration (μIU/ml) among total subjects with reference to different age groups (p<0.000)
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Analysis showed that 33%, 44%, 44% and 51% male subjects had insulin level above 

the reference value with mean±SEM as 154.86±26.51μIU/ml, 175.39±27.77μIU/ml, 

258.88±21.91μIU/ml and 276.81±25.35μIU/ml for total male subjects of 18-26
+
 

years, 27-35
+
 years, 36-44

+
 years and of 45 years and above respectively. For female 

subjects it was found that insulin concentration was comparatively low in young age 

group as compared to the subjects falling in other age groups. The mean±SEM value 

of insulin was 17.15±2.41μIU/ml (range: 1.23-70.54μIU/ml), 27.80±6.11μIU/ml 

(range: 2.98-232.09μIU/ml), 27.27±5.13μIU/ml (range: 2.10-185.73μIU/ml) and 

24.59±3.59μIU/ml (range: 2.46-90.49μIU/ml) for female subjects of 18-26
+
 years, 27-

35
+
 years, 36-44

+
 years and of 45 years and above respectively. The data analysis 

showed that 18%, 29%, 38% and 29% female subjects had insulin level above the 

reference value being 46.79±5.94μIU/ml, 66.96±16.96μIU/ml, 57.57±9.83μIU/ml and 

56.91±5.90μIU/ml respectively (Annexure Vf). 

Data was further analyzed with reference to the age to assess the relationship of 

Toxoplasma infection with age. It was found that the mean±SEM value for insulin 

was 49.83±μIU/ml with range of 1.23-13.85 μIU/ml among Toxopositive subjects 

subjects of age group18-26
+
 years (Figure 3.4). Mean±SEM 25.47±4.84 μIU/ml 

insulin concentration was detected among seronegative subjects of group 1 (18-26
+
 

years). Study subjects with Toxoplasma infection belonging to age group ranging 

from 27-35
+
 years had mean±SEM value of insulin as 62.06±13.43μIU/ml as 

compared to the seronegative subjects (mean±SEM: 44.11±13.35 μIU/ml) of this 

respective age group. Whereas subjects who belonged to 36-44
+
 years of age had 

Toxoplasma infection with the mean±SEM value of insulin as 124.88±20.58μIU/ml 

and in case of seronegative individuals of same age were detected with mean insulin 

concentration of 25.58±9.19 μIU/ml. Seropositive subjects of 45
+
 years of age and 

above had insulin concentration as 108.10±19.63μIU/ml (ranging from 1.58-

493.53μIU/ml). In case of seronegative subjects of same group mean insulin 

concentration was measured as 46.90±14.18 μIU/ml.  

Detailed analysis showed that among seropositive subjects, percentage of subjects 

with insulin level above the reference value was more as compared to those of 

seronegative subjects with regarding different age groups. Data analysis with 

reference to latent/chronic and recent/acute Toxoplasma infection in different age 
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Figure 3.4: Comparison of mean insulin concentration (μIU/ml) among subjects (seropositive and seroneagtive)                                                                

for Toxoplasma infection with reference to different age groups (p<0.000) 
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groups revealed interesting trend reflecting the increase in mean insulin concentration 

among higher age groups. It was found that total subjects of 18-26
+
 years of age 

detected with chronic infection (IgG only) had mean±SEM insulin as 

86.77±26.12μIU/ml (1.23-398.23μIU/ml) with 43% subjects above the reference 

value. Mean±SEM value of insulin was 14.57±2.97μIU/ml (range: 1.75-65.39μIU/ml) 

with higher concentration among 14% subjects of 18-26
+
 years of age with acute 

infection. The study subjects of 27-35
+
 years of age had insulin concentration 

mean±SEM 104.96±24.10μIU/ml (range: 1.58-410.69 μIU/ml) and mean±SEM 

19.17±3.65μIU/ml (range: 1.58-79.14μIU/ml) for those found positive for both 

chronic and acute infection of Toxoplasma respectively. More subjects (63%) had 

insulin value mean±SEM 163.53±30.33μIU/ml above the reference value as 

compared to 37% subjects with insulin level below mean±SEM 5.41±1.01μIU/ml the 

reference value among subjects of 27-35
+
 years of age with chronic infection. In 

contrast, comparatively less subjects i.e.  28% had insulin value above the reference 

value among subjects of 27-35
+
 years with acute infection of Toxoplasma gondii. 

Subjects belonging to 36-44
+
 years of age had insulin with mean±SEM value as 

96.93±15.85μIU/ml (range: 1.23-482.30μIU/ml) for subjects with chronic infection. 

Data analysis showed that study subjects belonging to 36-44
+
 years of age had acute 

infection with mean±SEM value of insulin as 25.49±5.35μIU/ml falling between 3.16 

to 76.211μIU/ml. Similar trend was noticed among total subjects of 36-44
+
 years 

being more subjects (57%) who had insulin value above (216.42±24.04μIU/ml) the 

reference value as compared to 43% subjects with insulin level below (mean±SEM 

5.88±0.43μIU/ml) the reference value among subjects of 27-35
+
 years of age with 

chronic infection. In comparison to it, 33% subjects had insulin value above the 

reference value (mean±SEM 51.45±8.28μIU/ml) among subjects of 36-44
+
 years of 

age with acute infection of Toxoplasma gondii. 

 Study subjects belonging to 45 years of age and above had chronic infection of 

Toxoplasma with mean±SEM value of insulin as mean±SEM 168.03±28.95μIU/ml 

(range: 1.582-493.53μIU/ml). It was found that subjects who belong to 45 years of 

age and above had acute infection with mean±SEM value of insulin as 

22.12±5.24μIU/ml with range of 1.93-78.29μIU/ml. Similarly out of total subjects of 

this age group, more subjects (64%) were observed with insulin value above the 
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reference value (mean±SEM 259.27±31.01μIU/ml) detected with chronic infection. 

Whereas comparatively less number (26%) of seropositive subjects of higher age 

group i.e. group 4 with acute infection were found with insulin value above the 

reference value being 58.40±9.68μIU/ml. 

Analysis of data showed that the mean±SEM value for insulin concentration for male 

subjects positive for Toxoplasma infection belonging to 18-26
+
 years of age, 27-35

+
 

years of age, 36-44
+
 years of age and 45 years of age and above was found to be as 

52.61±15.99μIU/ml with range 1.23-398.29μIU/ml, 71.63±19.41μIU/ml ranging from 

1.58-410.69μIU/ml, 121.82±22.22μIU/ml (ranged from 1.23 to 482.30μIU/ml) and 

137.25±26.01μIU/ml with range of 1.58-493.53μIU/ml respectively (Figure 3.5). 

Detailed analysis showed that among seropositive male subjects 24%, 37%, 44% and 

48% male subjects had insulin level above the reference value for group 1, 2, 3 and 4 

respectively. It was evident from these results that mean insulin concentration was 

found to be increased with the increase in age among male subjects. 

In comparison to it the mean±SEM value for insulin concentration for seronegative 

male subjects was found to be higher i.e. 77.71±18.30μIU/ml, 118.15±39.85μIU/ml, 

124.69±100.26μIU/ml and 210.34±54.55μIU/ml for male subjects belonging to 18-

26
+
 years of age, 27-35

+
 years of age, 36-44

+
 years of age and 45 years of age and 

above respectively. Insulin concentration was also determined for male subjects 

belonging to different age groups with either chronic or acute Toxoplasma infection.  

The concentration of insulin for male subjects belonging to 18-26
+
 years of age with 

chronic infection was found to be higher for chronic subjects with mean±SEM of 

91.77±28.59μIU/ml (range: 1.23-398.29μIU/ml) as compared to male of same age 

group with acute infection with mean±SEM value of insulin as 11.28±1.81μIU/ml 

(range: 1.75-32.64μIU/ml). Percentage of male subjects with either chronic or recent 

infection was 42% each for those whose insulin level was above the reference value.  

Male subjects of 27-35
+
 years of age had the mean±SEM value of insulin for these 

subjects with chronic infection as 135.41±36.57μIU/ml (range: 1.58-410.69μIU/ml)    

with 56% and 44% subjects above and below the reference value for insulin. Whereas 

among subjects with acute infection mean±SEM value of insulin was found to be 

17.92±4.69μIU/ml with range 1.58-79.14μIU/ml. More male subjects (79%) had 

insulin level below the reference value as compared to those (21%) whose insulin  
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Figure 3.5: Comparison of mean insulin concentration (μIU/ml) for Toxoplasma seropositive and seronegative male subjects            

 with reference to different age groups (p<0.000) 
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concentration was above the reference value. Data analysis also showed the increasing 

trend of insulin concentration with the increase in age. In case of male subjects 

belonging to 36-44
+
 years of age with chronic infection had mean±SEM value of 

insulin as 145.57±25.78μIU/ml with range of 1.23-482.30μIU/ml. Among chronic 

male subjects 49% subjects had mean insulin concentration above 

(285.37±17.30μIU/ml) and 51% male subjects had mean insulin below the reference 

value. For male subjects with acute Toxoplasma inection belonging to 36-44
+
 years of 

age the mean±SEM value of insulin was found to be 20.90±8.46μIU/ml (range: 3.16-

76.211μIU/ml). It was determined that among these subjects with acute infection 25% 

and 75% male subjects had mean insulin concentration above and below the reference 

value for insulin. 

Similar trend was found for male subjects belonging to 45 years of age and above in 

which the highest mean±SEM value of insulin for male subjects of this group was 

found to be as 208.61±34.37μIU/ml ranging between 1.58 to 493.53μIU/ml and 

18.32±5.75μIU/ml with range of 1.93-78.29μIU/ml for study subjects with chronic 

and acute Toxoplasma infection respectively. Data analysis showed that among male 

subjects who had latent/chronic T. gondii infection, insulin concentration of 64% 

subjects was above (mean±SEM: 321.92±23.98 μIU/ml) than the reference value. On 

the contrary male subjects with recent/acute infection had only 20% male subjects 

whose insulin concentration was above (mean±SEM: 55.66±15.63 μIU/ml) above the 

reference value. It was revealed from the analysis that average concentration of 

insulin was higher among male subjects as age increased. It was also evident that 

subjects with chronic infection had more insulin concentration as compared to those 

with acute infection of Toxoplasma.  

Analysis of data showed that the mean±SEM value for seropositive female subjects 

belonging to 18-26
+
 years of age, 27-35 

+ 
years of age, 36-44

+ 
years of age and 45 

years of age and above was measured as 32.67±11.67μIU/ml with range 8.08-

70.54μIU/ml, 44.44±13.13μIU/ml ranging from 4.39-232.09μIU/ml, 

38.65±8.93μIU/ml (range: 5.09-185.73μIU/ml) and 35.24±7.44μIU/ml with range of 

2.46-90.49μIU/ml respectively (Figure 3.6). Detailed analysis showed that among 

female subjects that were positive for Toxoplasma infection, the percentage with 

higher concentration was variable among different age goups.  
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Figure 3.6: Comparison of mean insulin concentration (μIU/ml) for seropositive and seronegative female subjects with reference                          

to different age groups (p<0.000)  
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In contrast, insulin concentration for female subjects without Toxoplasma  infection 

was found to be lower  being mean±SEM 14.76±1.96μIU/ml with range 1.23-

62.57μIU/ml, 15.64±3.01μIU/ml ranging from 2.98-82.65μIU/ml, 17.32±2.10μIU/ml 

(range: 2.10-92.18μIU/ml) and 18.72±3.42μIU/ml with range of 2.98-80.25μIU/ml for 

female subjects belonging to 18-26
+
 years of age, 27-35

+
 years of age, 36-44

+
 years of 

age and 45 years of age and above respectively. Analysis of data revealed that among 

seronegative female subjects lesser percentage of subjects was observed with insulin 

level above reference range being mean±SEM 41.57±5.79 μIU/ml in 13%, 

mean±SEM 45.72±18.49 μIU/ml among 12%, mean±SEM 54.20±15.35 μIU/ml in 

21% and 17% with mean±SEM 52.48±9.84 μIU/ml belonging to of group 1, 2, 3 and 

4 respectively. 

Insulin concentration was also determined for female subjects belonging to different 

age groups with either latent/chronic or acute/recent Toxoplasma infection.  The 

mean±SEM value of insulin for female subjects of 18-26
+
 years of age with chronic 

infection was found to be as 39.31±31.23μIU/ml (range: 8.08-70.54μIU/ml) with 50% 

subjects for each category of above and below the reference value for insulin. 

Whereas mean±SEM value of insulin was found to be lower for female subjects of 

18-26
+
 years of age with acute Toxoplasma infection i.e. 29.35±12.93μIU/ml with 

range of 8.08-65.39μIU/ml. Female subjects of 27-35
+
 years of age detected with 

chronic infection had the mean±SEM value of insulin as 60.67±21.39μIU/ml (range: 

6.68-23.09μIU/ml. Whereas mean±SEM value of insulin was found to be lower for 

female subjects of 27-35
+
 years of age with acute infection of Toxoplasma i.e. 

22.12±5.60μIU/ml (range: 4.39-49.04μIU/ml. It was calculated that more female 

subjects (73%) of 27-35
+
 years of age with chronic infection had insulin value 

(80.11±26.47μIU/ml) above the reference value. In contrast, less percentage of female 

subjects (25%) of 27-35
+
 years of age with acute infection of Toxoplasma gondii had 

insulin value (mean±SEM 46.23±2.81μIU/ml) above the reference value  among 

female subjects. 

Analysis of data further showed that among female subjects belonging to 36-44
+
 years 

of age with chronic infection had mean±SEM value of insulin as 47.27±15.75μIU/ml 

with range of 5.09-185.73μIU/ml. The mean±SEM value of insulin for female 

subjects of 36-44
+
 years of age with acute infection was found to be as 
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29.16±7.05μIU/ml with range of 5.27-69.96μIU/ml respectively. Data analysis 

showed higher percentage of female subjects belonging to 36-44
+
 years of age with 

chronic infection (73%) who had insulin value above the reference value 

(62.54±19.11μIU/ml). In case of female subjects of 36-44
+
 years of age with acute 

infection of Toxoplasma gondii. only 40% had insulin value above 

(51.84±7.92μIU/ml) the reference value. 

Similar trend was found for female subjects belonging to 45 years and above ages. In 

these subjects the mean±SEM value of insulin was found to be as 41.22±10.70μIU/ml 

with range of 2.98-90.49μIU/ml and 29.25±10.62μIU/ml with range of 2.46-

76.99μIU/ml for study subjects with chronic and acute Toxoplasma infection 

respectively. Data analysis also showed higher percentage of female subjects (63%) of 

4
th

 group i.e. 45 years of age and above with chronic infection (with Toxoplasma IgG 

only) had insulin value above the reference value (mean±SEM 58.79±10.09μIU/ml). 

Comparatively less female subjects (38%) of 45 years of age and above with acute 

infection of Toxoplasma gondii   the mean±SEM 61.14±14.73μIU/ml was observed 

for females who had insulin value above the reference value among female subjects. 

When comparison was made to find the association of insulin levels and Toxoplasma 

gondii infection, it showed that average insulin concentration was more in study 

subjects found seropositive as compared to those who were seronegative.  Difference 

was considered statistically significant (p<0.05). It is evidently reflected that 

latent/chronic Toxoplasma infection had significant association with insulin level as 

compared to recent/acute infection. The results are indicative of the fact that longer 

exposure with parasite may affect the host metabolism in such a way that ultimately 

leads to derangement of metabolic processes like diabetes. Results also revealed that 

insulin concentration had also association with age as its level increases with age 

among study subjects. 

On the basis of IgG concentration subjects were categorized and compared (Figure 

3.7, 3.8 and 3.9). The data was considered for seropositive subjects (n=217) with 

reference to the IgG range. In case of those detected with 32-150IU/ml, it was found 

that those subjects who belong to 36-44
+
 years and 45 years and above had higher 

percentage of total subjects (55% and 59% respectively) whose insulin level was 

above than the reference value. Same trend was observed for subjects with moderate 
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Figure 3.7: Comparison (%) of different levels of IgG concentration among 

seropositive subjects of different age groups with reference to insulin levels (p<0.001) 

 

Figure 3.8: Comparison (%) of different levels of IgG concentration among 

seropositive male subjects (n=155) of different age groups with reference to insulin 

levels (p<0.001) 

 

Figure 3.9: Comparison (%) of different levels of IgG concentration among 

seropositive female subjects (n=62) of different age groups with reference to insulin 

levels (p<0.001) 
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level of IgG range i.e. 151-300IU/ml. For higher level of range for IgG i.e. 301-

470IU/ml, opposite trend was noticed in which all the subjects had higher percentage 

of subjects who had insulin level below the reference value. 

Male subjects of 45 years of age and above with low level of IgG concentration had 

comparatively higher percentage of subjects whose insulin level was above than the 

reference value as compared to other age groups. Male subjects with moderate level 

of IgG i.e. 151-300IU/ml had higher percentage of persons whose insulin level was 

below the reference value as compared to those with insulin level above than the 

reference value of insulin for all the age groups. Whereas for male subjects with 

higher level of range for IgG i.e. 301-470IU/ml, it was noticed that among male 

subjects of 36-44
+
 years of age and 45 years of age and above had higher percentages 

of males (67% and 75% respectively) whose insulin level was higher than the 

reference value. In contrast to that male subjects of group 1 and 2 had higher 

percentage of male subjects (100% and 60% respectively) who had insulin level 

below the reference value. For female subjects with moderate level of IgG i.e. 151-

300IU/ml had higher percentage of subjects belonging to group 2 (100%) and 4 (67%) 

who had insulin level above the reference value. It was peculiar to note that for female 

subjects with high level of IgG, higher percentage was found for females who had 

insulin value above than the reference value in all age groups i.e. 18-26
+
 years (60%), 

27-35
+
 years (56%), 36-44

+
 years (69%) and 45 years of age and above (45%). 

Average random blood sugar level of the study subjects was also determined. 

Analysis of data revealed that mean±SEM value of glucose among subjects (n=360) 

was 172.27±3.71 mg/dl (Figure 1.5). It was also found that male (n=180) and female 

(n=180) population had mean±SEM glucose value of 182.4±5.72mg/dl with range 83-

432 mg/dl and 162.15±4.63mg/dl (range: 79-391 mg/dl) respectively (Figure 3.10) 

being comparatively higher in males. Mean random blood sugar level of the study 

subjects seropositive for Toxoplasma gondii infection was also determined. Analysis 

of data revealed that mean±SEM value of glucose among subjects positive for 

Toxoplasma infection (n=217) was 187.49±5.08 mg/dl (Figure 1.5). It was also found 

that seropositive male (n=155) and female (n=62) respodents had mean±SEM glucose 

value of 179.81±6.28mg/dl with range 83-432mg/dl and 206.67±7.88mg/dl (range: 

90-391 mg/dl) respectively being comparatively higher in females. 
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Figure 3.10: Comparison of mean serum glucose values (mg/dl) of study subjects                   

with corresponding upper and lower reference values  (n=500) 
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c. Thyroid Hormones (TSH, T3 and T4) 

Serum samples of 360 subjects that were tested or the Toxoplasma infection were 

analyzed to find out the levels of thyroid hormones i.e. TSH, T3 and T4. Results of the 

parameters were compared with reference to gender, age groups and also with 

Toxoplasma infection. Relationship between these parameters was also assessed. 

i.  TSH 

Data analysis revealed that mean±SEM of TSH concentration of the total (360) 

subjects was 2.96±0.21 μIU/ml that ranged from 0.018-42.11 μIU/ml. (Figure 4.1). It 

was found that the level of TSH hormone of these subjects was comparatively lower 

than the normal reference value i.e. 4.21μIU/ml (Monobind, 2011). Concentration of 

TSH for seropositive subjects (n=217) was measured as mean±SEM 2.93±0.20 

μIU/ml falling between 0.025-29.94 μIU/ml which reflected similar trend as was 

found among total subjects (Annexure VIa). In case of seronegative subjects (n=143), 

the mean±SEM concentration of TSH was calculated to be 3.01±0.44 μIU/ml (ranged: 

0.01-42.11 μIU/ml). Out of 217 seropositive subjects, 127 subjects had chronic 

Toxoplasma infection as only IgG was detected in their serum; the mean±SEM 

concentration of TSH of these subjects was 3.09±0.29μIU/ml ranging from 

0.14μIU/ml-29.94μIU/ml. 

As described earlier among 217 seropositive subjects 90 subjects were detected with 

acute infection of Toxoplasma being positive or both IgG and IgM antibodies. The 

mean±SEM TSH concentration of these subjects was calculated as 2.70±0.24μIU/ml 

with range: 0.02μIU/ml-13.17μIU/ml (Figure 4.2). Although the mean TSH values 

were found to be lower than the normal reference value, but range values were very 

high for all the subjects present in each category. It was peculiar to note that mean 

TSH concentration of the total subjects was below the normal reference value but the 

range was variable as the 63 subjects (17.5%) detected with TSH concentration higher 

than the reference concentration (8.33±0.93μIU/ml and ranged from  4.22μIU/ml-

42.117μIU/ml).  Similarly out of 217 seropositive subjects 19% of them had TSH 

concentration i.e. 7.02±0.69 μIU/ml ranged from 4.22-29.94 μIU/ml (Annexure VIIa). 
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Figure 4.1: Comparison of mean TSH concentration (μIU/ml) for total subjects of the study (n=360), male (n=180) and female (n=180) 

(p>0.05) 
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Figure 4.2: Comparison of mean TSH concentration (μIU/ml) among seropositive and seronegative subjects of the study (p>0.05)
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Gender wise comparison showed that mean±SEM TSH concentration of 180 male 

subjects was 2.66±0.15 μIU/ml with a range between 0.02 to 16.52 μIU/ml  

(Annexure VIb) that was comparatively lower than the mean±SEM level of 180 

female subjects i.e. 3.26±0.39 (0.01-42.11 μIU/ml). Among seropositive female 

subjects (n=62/180) mean TSH values was found to be 3.33±0.55μIU/ml ranging 

from 0.03-29.94μIU/ml. Whereas among seropositive subjects (n=155/180) the 

mean±SEM  concentration of TSH was 2.76±0.17μIU/ml (range from 0.02μIU/ml to 

16.52μIU/ml). Results showed that mean TSH value of seropositive females was 

comparatively higher than the males found to be seropositive or T. gondii infection. 

Comparison of TSH level was also made for those subjects that were not detected 

with any antibodies (seronegative i.e. 143). It was found that only seronegative 

subjects who belong to 36-44
+
 years were detected with mean±SEM 4.85±1.17 

μIU/ml (range: 0.14-30.51 μIU/ml) being comparatively higher than the reference 

value as well as other age groups. When the values were compared for chronic and 

acute cases, it was observed that out of 155 infected males with Toxoplasma infection, 

the mean±SEM of TSH for 95 males with chronic infection of Toxoplasma gondii 

was 2.76±0.17μIU/ml (range from 0.02μIU/ml-16.52μIU/ml) that was comparatively 

lower than the TSH with mean±SEM value of 4.10±0.96μIU/ml (range of 0.47-

29.94μIU/ml) for female subjects with latent/chronic toxoplasmosis (n=32). As 60 

males were detected with acute level of Toxoplasma infection (both Toxoplasma IgG 

and IgM antibodies, the mean±SEM concentration of TSH of these subjects was 

found to be 2.79±0.27μIU/ml ranging from 0.02-11.35μIU/ml. Almost similar  

concentration was found for female subjects (mean±SEM  2.51±0.49μIU/ml; range: 

0.03-13.17μIU/ml) belonging to same category. It was observed that among 

seropositive male and females,  only 18% and 23% subjects had TSH higher than the 

reference value with mean± SEM of 6.15±0.49 μIU/ml (4.22-16.52 μIU/ml) and 

8.75±1.79 μIU/ml (4.24-29.94 μIU/ml) respectively (Annexure VIIb and VIIc). 

Data was also compared regarding different age groups to determine the TSH level in 

tested serum samples (Figure 4.3). It was noteworthy that, although the mean 

calculated value of TSH was lower than the normal reference value but when range 

was observed, it was found that there were certain subjects who had very high TSH 

concentration than the normal reference value. Detected concentration range were 
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Figure 4.3: Comparison of mean T4 concentration (ug/dl) among total (n=360) subjects of the study with reference to different age     

groups (p>0.05)
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found to be 0.02-11.35 μIU/ml (mean±SEM  2.52±0.21 μIU/ml), 0.02-9.15 μIU/ml 

(mean±SEM  2.55±0.20 μIU/ml), 0.08-30.51 μIU/ml (mean±SEM  3.31±0.49 μIU/ml) 

and 0.01-42.11 μIU/ml (mean±SEM  3.45±0.63 μIU/ml) for subjects belonging to 18-

26
+
 years of age,  27-35

+
 years of age,  36-44

+
 years of age and 45 years of age and 

above respectively.  Mean TSH values were also comparatively lower when compared 

with the normal reference value with reference to different age groups of male and 

female subjects. Mean TSH concentration was also comparatively lower in all age 

groups of female subjects except those belonging to 36-44
+
 years of age with TSH 

values as mean±SEM 4.60±0.93 μIU/ml (range: 0.14-30.51 μIU/ml) being more than 

the reference value.  Mean±SEM values for female subjects belonging to 18-26
+
 years 

of age, 27-35
+
 years of age, and 45 years of age and above were found to be 

2.03±0.30 μIU/ml (range: 0.02-11.04 μIU/ml), 2.56±0.30 μIU/ml (range: 0.03-7.81 

μIU/ml), 3.85±1.19 μIU/ml (range: 0.01-42.11 μIU/ml)  respectively. 

In case of male subjects, the concentration range of TSH was 0.19-11.35 μIU/ml 

(mean±SEM  3.02±0.30 μIU/ml), 0.02-9.15 μIU/ml (mean±SEM  2.54±0.28 μIU/ml), 

0.08-4.85 μIU/ml (mean±SEM  2.05±0.19 μIU/ml) and 0.08-16.52 μIU/ml 

(mean±SEM  3.05±0.41 μIU/ml) belonging to 18-26
+
 years of age, 27-35

+
 years of 

age, 36-44
+
 years of age and 45 years of age and above respectively. Results showed  

that comparatively more females (19%) were found with TSH concentration above 

than the reference value as compared to the males (16%) was not much higher among 

age groups of both male and female subjects. Highest percentage was found to be  

present among female subjects of 36-44
+
 years of age (29%) with mean TSH level of 

10.90±2.49 μIU/ml (4.24-30.51 μIU/ml). 

The data was further considered for comparison of TSH concentration among 

seropositive and seronegative subjects of different age groups as well as those 

detected with IgG (latent/chronic) and IgG and IgM antibodies (recent/acute). It was 

observed that the mean±SEM value for TSH was 3.02±0.31μIU/ml that ranged as 

0.19-11.35μIU/ml for subjects of age 18-26
+
 years seropositive for Toxoplasma 

infection (Figure 4.4). Seropositive subjects for Toxoplasma infection belonging to 

age group ranging from 27-35
+
 years of age had TSH concentration mean±SEM as 

2.86±0.28μIU/ml (range: 0.02-9.15μIU/ml). Whereas subjects of 36-44
+
 years of of 

age that had mean±SEM value of TSH as 2.68±0.49μIU/ml with range 0.08-29.94 
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          Figure 4.4: Comparison of mean TSH concentration (μIU/ml) of seropositive and seronegative subjects with reference to 

          different age groups (p>0.05) 
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μIU/ml. In case of seropositive subjects of 45 years of age, the  TSH concentration 

was found to be as mean±SEM 3.19±0.40μIU/ml ranging from 0.24-16.52μIU/ml. 

Highest concentration range among seropositive subjects of different age groups was 

found to be present among those belonging to 36-44
+
 years of age (group 3). Similarly 

total seronegative subjects had comparatively low levels of TSH concentration except 

those of 36-44
+
 years of age i.e. 4.85±1.17 with range 0.14-30.51 μIU/ml.  

TSH concentration was also compared for subjects of different age groups detected 

with chronic and acute Toxoplasma infection. It was found that TSH mean values 

were low in all age groups for subjects with both chronic and acute infection of 

Toxoplasma. It was found that concentration range detected was different only for 

subjects of group 3 with either chronic (29.94 μIU/ml) or recent (13.17 μIU/ml) 

infection of the parasite. Among subjects with latent/chronic infection of 45 years of 

age and above (33%) the TSH concentration was found to be above than the reference 

value with mean±SEM 7.79±1.12 μIU/ml ranging from 4.80-16.52 μIU/ml. Analysis 

of data showed that the mean±SEM value for TSH concentration among male subjects 

positive for Toxoplasma infection belonging to 18-26
+
 years of age, 27-35

+
 years of 

age, 36-44
+
 years of age and 45 years of age and above was lower than the reference 

value i.e. 3.24±0.35μIU/ml with range 0.19-11.35μIU/ml, 2.85±0.33μIU/ml ranging 

from 0.02-9.15μIU/ml, 2.02±0.19μIU/ml (range: 0.08-4.85μIU/ml) and 

3.08±0.44μIU/ml with range of 0.31-16.52μIU/ml respectively (Figure 4.5). Similarly 

the mean±SEM value for TSH concentration for male subjects without Toxoplasma 

infection was found to be lower than normal reference value for all age groups.  

Similar trend regarding mean concentration of TSH was noted for female subjects 

detected with chronic or acute Toxoplasma infection.  Although there was not much 

difference between mean±SEM of TSH but the values were found to be higher for all 

female subjects with Toxoplasma infection i.e. acute as well as chronic. Subjects with 

chronic infection who belong to 45 years of age and above had highest TSH 

concentration (28%) above reference value and were detected with mean±SEM as 

7.48±1.60 μIU/ml (4.80-16.52 μIU/ml). 

Analysis of data showed that the mean±SEM value for female subjects with 

Toxoplasma gondii infection belonging to 18-26
+
 years, 27-35 

+ 
years, 36-44

+ 
years 
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           Figure 4.5: Comparison of mean TSH concentration (μIU/ml) among seropositive and seronegative male subjects with 

           reference to different age groups (p>0.05) 
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and 45 years of age and above was found to be lower i.e.  1.70±0.38μIU/ml with 

range 0.72-3.25μIU/ml, 2.88±0.55μIU/ml ranging from 0.03-7.81 μIU/ml, 4.11±1.41 

μIU/ml (range: 0.60-29.94μIU/ml) and 3.46±0.87μIU/ml with range of 0.24-

12.55μIU/ml respectively (Figure 4.6). In contrast to it the mean±SEM value for TSH 

concentration for female subjects without Toxoplasma infection was higher i.e. 

5.02±1.26μIU/ml with range 0.14-30.51μIU/ml for female subjects belonging to 36-  

44
+
 years of age.  

Comparison of TSH concentration for female subjects belonging to different age 

groups with either chronic or acute Toxoplasma infection revealed that female 

subjects belonging to 36-44
+
 years of age with chronic infection had mean±SEM 

value of TSH higher (5.00±2.515μIU/ml with range of 0.60-29.94μIU/ml). The 

mean±SEM concentration of TSH for female subjects of 36-44
+
 years of age with 

acute infection i.e. 4.96±1.50μIU/ml with range of 0.47-12.55μIU/ml. Similar trend 

was found for female subjects belonging to 45 years of age and above in which the  

mean±SEM value of TSH for female subjects of this group was detected to be as 

4.96±1.50μIU/ml and  1.97±0.62 μIU/ml among chronic and acute Toxoplasma 

infection respectively. It was noteworthy that 50% of the female subjects of 45
+
 with 

chronic infection were detected with mean TSH level of 8.33±1.56 μIU/ml (5.47-

12.55 μIU/ml) being higher than the normal reference value. 

ii. T3 

The reference value for T3 (1.68ng/ml) was compared with mean concentration 

detected among study subjects (Monobind, 2011). Results of the present study 

showed that mean±SEM concentration of T3 hormone 1.34±0.016 ng/ml among the 

study subjects (n=360) was within normal reference value of T3 i.e. 1.68ng/ml (Figure 

5.1), although the range varied between 0.63-3.57 ng/ml (Annexure VIa). It was 

found that out of these 360 total subjects only 9% subjects (n=32) had mean T3 value 

above than the reference value with mean of 1.98±0.08 ng/ml (Annexure VIIIa). The 

data was compared between seropositive and seronegative subjects. Seropositive 

subjects (n=217) had mean±SEM T3 concentration as 1.35±0.02 ng/ml (0.87-3.57 

ng/ml) with only 9% subjects (n=19/217) who had mean concentration of T3 above 

than the reference value i.e. 2.04±0.13 ng/ml.  
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             Figure 4.6: Comparison of mean TSH concentration (μIU/ml) among seropositive and seronegative female subjects with 

             reference to different age groups (p>0.05) 
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       Figure 5.1: Comparison of mean T3 concentration (ng/ml) among total subjects, male and female subjects of the study (p>0.05)
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Data analysis showed that seronegative subjects (n=143) had T3 concentration 

mean±SEM as 1.31±0.02 ng/ml being well within reference value. It was further 

observed that out of total seropositive subjects (n=217), 58.5% (n=127) subjects were 

detected with chronic Toxoplasma infection (only IgG antibodies) with T3 

concentration as mean±SEM 1.32±0.01ng/ml (0.87ng/ml-1.99ng/ml. Only 5.5% of 

study subjects detected for chronic infection had T3 with mean 1.78±0.03 ng/ml. In 

case of the subjects that were found with acute infection of Toxoplasma (IgG+IgM), 

the T3 concentration was detected as mean±SEM 1.40±0.04ng/ml ranging from 

0.95ng/ml-3.57ng/ml. It was interesting to note that more subjects with acute infection 

(13%) had mean T3 value above than the reference value as compared to those 

detected with IgG only being 5.5% (Figure 5.2). 

Gender wise comparison of T3 concentration among study subjects was also made 

considering chronic and acute type of infection. Analysis of data showed that 

mean±SEM of T3 hormone of total 180 male subjects of the study was 

1.32±0.01ng/ml (range of 0.87-2.79 ng/ml) with only 8% subjects who had mean T3 

value (1.87±0.07ng/ml) above than the reference value (Annexure VIIIb).  

Mean±SEM of T3 concentration was detected as 1.32±0.02ng/ml among male subjects 

who had Toxoplasma infection (Annexure VIb). In case of Toxoplasma free males i.e. 

seronegative group, the comparatively lower mean level of T3 i.e. 1.28±0.03ng/ml 

(1.04-1.73 ng/ml) was noted. It was determined that out of 155 seropositive males, the 

concentration of T3 of 95 males detected with chronic infection, the calculated mean 

concentration was 1.31±0.02ng/ml. Similarly the males detected with acute level of 

Toxoplasma infection have the mean±SEM value of T3 as 1.35±0.04 ng/ml.  

Analysis of data showed that T3 level of 180 female subjects was mean±SEM 

1.35±0.02 ng/ml ranging from 0.63-3.57 ng/ml with only 10% subjects who had mean 

T3 values (2.05±0.13ng/ml) above than the reference value (Annexure VIIIc). It was 

noted that  mean±SEM concentration of T3 among  Toxoplasma infected female 

subjects was more or less similar being 1.43±0.05 ng/ml (Annexure VIc). Whereas 

Toxoplasma free female subjects had T3 concentration calculated as mean±SEM 

1.31±0.02 ng/ml. The T3 concentration in female subjects with chronic toxoplasmosis 

was 1.35±0.03 ng/ml with range of 1.01-1.99 ng/ml. Whereas females positive for 
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         Figure 5.2: Comparison of mean T3 concentration (ng/ml) among seropositive and seronegative subjects of the study (p>0.05)
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acute toxoplasmosis were having mean±SEM value of T3 as 1.51±0.10 ng/ml ranging 

from 0.97-3.57 ng/ml.  

Comparison was also made to determine the T3 level with reference to different age 

groups. Mean T3 values were also comparatively lower when compared with the 

normal reference value (1.68 ng/ml) with reference to different age groups of total 

study subjects (Figure 5.3). Similar trend was observed for male and female subjects 

when mean T3 values were analyzed for different age groups. It was found that the 

mean±SEM value for T3 was lower when compared with the normal reference value 

(1.68 ng/ml) present as 1.29±0.03 ng/ml (range: 0.87-1.80 ng/ml) for subjects of age 

18-26
+ 

years of age seropositive for Toxoplasma infection with 7% subjects who had 

T3 concentration i.e. 1.82±0.02 ng/ml above than the reference value. Study subjects 

with Toxoplasma infection belonging to age group ranging from 27-35
+
 years of age 

had mean±SEM value of T3 as 1.36±0.05 ng/ml with range of 0.9-3.57 ng/ml (Figure 

5.4). It was also noted that only 10% subjects had mean T3 concentration (1.71±3.57 

ng/ml) above than the reference value. Whereas subjects who belong to 36-44
+
 years 

of age that had Toxoplasma infection, the mean±SEM value of T3 was 1.41±0.04 

ng/ml (range: 0.98-3.49 ng/ml) with 11% subjects who had T3 concentration 

(2.05±0.19 ng/ml) above than the reference value.  

Analysis of data showed that among group 4, comprising of subjects of 45 years of 

age and above detected with Toxoplasma infection with T3 concentration was 

calculated to be mean±SEM 1.32±0.03 ng/ml ranging from 0.88-1.99 ng/ml among 

8% of the study subjects who had T3 concentration (1.98±0.07 ng/ml) that is above 

than the reference value. Highest range of T3 was found to be present as 1.71-3.57 

ng/ml and 1.7-3.49 ng/ml among those belonging to 27-35
+
 years of age and 36-44

+
 

years respectively. Analysis showed that total study subjects without Toxoplasma 

infection had comparatively low levels of T3 concentration. It was also found that all 

subjects either with chronic or recent infection had mean T3 value within the reference 

value that reflects that T. gondii infection may not have direct effect on T3 

concentration in serum samples of study subjects. 

Analysis of data showed that the mean±SEM value for T3 concentration for male 

subjects positive for Toxoplasma infection belonging to 18-26
+ 

years of age, 27-35
+
 

years of age, 36-44
+
 years of age and 45 years of age and above was 1.29±0.03 ng/ml 
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                 Figure 5.3: Comparison of mean T3 concentration (ng/ml) among total (n=360) subjects of the study with reference to different age 

                 groups (p>0.05) 
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           Figure 5.4: Comparison of mean T3 concentration (ng/ml) of seropositive and seronegative subjects with reference to different 

           age groups (p>0.05) 
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with range 0.87-1.80 ng/ml, 1.31±0.04 ng/ml ranging from 0.9-1.81 ng/ml, 1.37±0.05 

ng/ml (range: 0.98-2.79 ng/ml) and 1.31±0.03 ng/ml ranged between 0.88-1.99 ng/ml 

respectively (Figure 5.5). Similarly the mean±SEM for T3 among seronegative male 

subjects was found to be within normal reference value. Same trend was observed for 

mean T3 value for subjects with both latent and/or acute/recent infection. 

Analysis of data revealed that the mean±SEM value of T3 for female subjects 

seropositive for Toxoplasma gondii infection belonging to 18-26
+
 years of age, 27-35

+ 

years of age, 36-44
+ 

years of age and 45 years of age and above was 1.32±0.07 ng/ml 

(range 1.14-1.61 ng/ml), 1.46±0.12 ng/ml ranging from 1.01-3.57 ng/ml, 1.48±0.11 

ng/ml (range: 1.02-3.49 ng/ml) and 1.36±0.06 ng/ml (range 0.97-1.99 ng/ml) 

respectively (Figure 5.6). Similarly the mean±SEM for T3 concentration for female 

subjects who were seronegtive for Toxoplasma infection was found to be within 

normal reference value being 1.68 ng/ml. T3 concentration was also determined for 

female subjects belonging to different age groups with either chronic or acute 

Toxoplasma infection. Same trend was observed for mean T3 value for female subjects 

with latent/chronic as well as acute/recent infection. 

iii.    T4 

In general the data analysis regarding T4, showed that majority of the subjects (77%; 

n=278/360) had T4 value as mean±SEM 10.34±0.12 μg/dl; range: 8.09-22.95 μg/dl 

well above the normal reference value. Among subjects seropositive for Toxoplasma 

infection, 79% subjects (172/217) had mean TSH value above (10.38±0.14 μg/dl; 

range: 8.09-19.42 μg/dl) than the reference value (Annexure IXa). Analysis revealed 

that serum T4 concentration of 360 subjects was mean±SEM 9.56±0.12 μg/dl with 

range of 1.94-22.95 μg/dl (Figure 6.1). Results of the present study showed that 

mean±SEM value of T4 hormone of these subjects was comparatively higher than the 

normal reference value of T4 i.e. mean±SEM 8.06 μg/dl (Monobind, 2011). In case of 

subjects detected with Toxoplasma infection (n=217), the mean concentration of T4 

was found to be slightly higher i.e. 9.71±0.14 μg/dl (ranged between 5.17-19.42 

μg/dl) than the total subjects.  Results showed that in case of seronegative subjects, 

the concentration was calculated as mean±SEM 9.34±0.21μg/dl (1.94-22.95 μg/dl).  

In case of subjects with chronic (n=127) and acute/recent (n=90) Toxoplasma 

infection mean±SEM of T4 concentration was found to be 9.68±0.20μg/dl (5.17 μg/dl
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         Figure 5.5: Comparison of mean T3 concentration (ng/ml) among seropositive and seronegative male subjects with reference 

         to different age groups (p>0.05) 
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          Figure 5.6: Comparison of mean T3 concentration (ng/ml) among seropositive and seronegative female subjects with reference 

          to different age groups (p>0.05) 
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            Figure 6.1: Comparison of mean T4 concentration (ug/dl) for total subjects (n=360), male (n=180) and female (n=180) (p>0.05)
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-19.42μg/dl) and 9.75±0.21μg/dl (6.25μg/dl-17.52μg/dl) respectively that was higher 

than the normal reference value. It was concerning to note that mean T4 values were 

found to be higher than the normal value for each category whereas the range was 

wide (Figure 6.2). 79% of the subjects with chronic infection (n=100/127) had T4 

concentration above than the reference value with mean±SEM as 10.37±0.20μg/dl). 

Among subjects with acute infection (n=73/90) 81% had T4 concentration above than 

the reference value with mean±SEM being 10.33±0.21μg/dl. 

Gender wise comparison revealed that 83% seropositive male and 69% seropositive 

female subjects had T4 higher than the reference value with mean± SEM of 

10.44±0.17μg/dl and 10.18±0.27μg/dl respectively (Annexure IXb and IXc). Analysis 

of data showed that mean±SEM of T4 level for 180 male subjects was 10.00±0.17 

with range of 5.17-22.95μg/dl that was slightly higher than the mean±SEM of the  

female subjects being 9.13±0.16 ranging from 1.94-19.02μg/dl. It was also found that, 

in general the mean±SEM of T4 level of male and female subjects were higher than 

the reference value i.e. 8.06 μg/dl but range was variable. It was observed that 

mean±SEM of T4 was 9.89±0.17μg/dl (range from 5.17-19.42 μg/dl) among male 

subjects who had Toxoplasma infection and for females it was little more as 

9.25±0.26 μg/dl ranging from 5.51-17.52 μg/dl. Similar trend of wide ranged values 

of T4 was found in seronegative male subjects i.e. mean±SEM of 10.67±0.60μg/dl 

(7.08-22.95 μg/dl) that was comparatively higher than the Toxoplasma free female 

subjects with mean level of T4 as 9.06±0.21 μg/dl (range: 1.94-19.02 μg/dl). Data 

analysis revealed that out of 155 infected males with Toxoplasma infection, the 

mean±SEM of T4 concentration for 95 males with chronic infection was 9.83±0.24 

μg/dl (range from 5.17μg/dl-19.42μg/dl) that was not much higher than the T4 

concentration of females with chronic infection i.e. mean±SEM value of 9.23±0.31 

μg/dl with range of 5.51-13.67 μg/dl. The mean±SEM value of T4 among male 

subjects detected with acute infection (both Toxoplasma IgG and IgM antibodies) was 

found to be 9.99±0.24μg/dl ranging from 6.48-16.68 μg/dl that had negligible 

difference as compared to females with acute Toxoplasma infection having 

mean±SEM value of T4 as 9.27±0.43 μg/dl (range between 6.25-17.52 μg/dl). 

Data was also compared with reference to different age groups to determine the T4 

level in tested serum samples. Mean T4 values were comparatively higher when 
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           Figure 6.2: Comparison of mean T4 concentration (ug/dl)) among seropositive and seronegative subjects of study (p>0.05)
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compared with the normal reference value (8.06μg/dl) with reference to different age 

groups among total study subjects (Figure 6.3). Mean±SEM values were found to be  

9.35±0.17 μg/dl, 9.76±0.24 μg/dl, 9.56±0.23 μg/dl and 9.59±0.30 μg/dl for subjects 

belonging to 18-26
+
 years, 27-35

+
 years, 36-44

+
 years and 45 years of age and above 

respectively. Mean T4 values were also comparatively higher when compared with the 

normal reference value with reference to different age groups of male and female 

study subjects. Range values were found to be 6.48-13.61 μg/dl (mean±SEM 

9.57±0.22 μg/dl), 5.17-15.62 μg/dl (mean±SEM 10.14±0.35 μg/dl), 5.78-16.68 μg/dl 

(mean±SEM 10.06±0.36 μg/dl) and 07.07-22.95 μg/dl (mean±SEM 10.19±0.43 μg/dl) 

for male subjects belonging to 18-26
+
 years, 27-35

+
 years, 36-44

+
 years and 45 years 

of age and above respectively. The respective mean±SEM concentration of T4 for 

female subjects belonging to 18-26
+
 years, 27-35

+
 years, 36-44

+
 years and 45 years of 

age and above were found to be 9.13±0.25 μg/dl (4.72-13.52 μg/dl), 9.38±0.34 μg/dl 

(5.20-17.52 μg/dl), 9.01±0.28 μg/dl (5.51-14.70μg/dl) and 8.99±0.42μg/dl (194-

19.02μg/dl). 

Relationship was assessed regarding T4 concentration and seropositivity for 

Toxoplasma infection for tested serum samples.  Percentage of subjects who had 

mean T4 level above than the reference value was found slightly higher among all  age 

groups i.e. group 1; 81%, group 2; 80%, group 3; 80% and group 4; 77% respectively 

of total subjects found to be seropositive for Toxoplasma infection as compared to 

their subjects age groups who were seronegative for the infection being 79%, 78%, 

73% and 65% respectively. It was found that the mean±SEM value for T4 was found 

to be 9.31±0.21μg/dl (range: 6.48-13.61 μg/dl) for subjects of age 18-26
+
 years with 

Toxoplasma infection (Figure 6.4). Seropositive subjects belonging to age groups 

ranging from 27-35
+
 years of age, 36-44

+
 years of age and 45 years of age and above 

had mean±SEM value of T4 as 9.95±0.33 μg/dl with range of 5.17-17.52μg/dl, 

9.81±0.28 μg/dl with range 5.51-16.68 μg/dl and 9.67±0.29 μg/dl ranging from 6.59-

19.42 μg/dl respectively. 

Total study subjects without Toxoplasma infection had comparatively higher levels of 

T4 concentration than reference value for all age groups. Mean±SEM values for T4 

among all subjects; with or without Toxoplasma infection was found to be higher than 

the normal reference value i.e. 8.06μg/dl. Highest range values for T4 were found to 
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             Figure 6.3: Comparison of mean T4 concentration (ug/dl) among total (n=360) subjects of the study with reference to different age      

groups (p>0.05) 
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            Figure 6.4: Comparison of mean T4 concentration (ug/dl) of seropositive and seronegative subjects with reference to age groups (p>0.05)
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be present in subjects of group 4 belonging to 45 years of age and above for both 

infected (6.59-19.42μg/dl) and non-infected subjects (1.94-22.95μg/dl). T4 

concentration was also compared for subjects with chronic and acute Toxoplasma 

infection with reference to different age groups. It was found that in both type of 

Toxoplasma gondii infection (latent/chronic and recent/acute) the T4 concentration 

was higher than the normal reference value among all age groups.  

Analysis of data showed that the mean±SEM of T4 concentration for male subjects 

seropositive for Toxoplasma infection belonging to 18-26
+
 years, 27-35

+
 years, 36-44

+
 

years and 45 years of age and above had higher concentration of T4 than the reference 

value as 9.37±0.23 μg/dl with range 6.48-13.61 μg/dl, 10.10±0.42 μg/dl ranging from 

5.17-15.62 μg/dl, 10.07±0.37 μg/dl (range: 5.78-16.68 μg/dl) and 9.95±0.35 μg/dl 

with range of 7.07-19.42 μg/dl respectively (Figure 6.5). The mean±SEM T4 

concentration for male subjects that were seronegative for Toxoplasma infection was 

higher than normal reference value for all age groups. Similar higher trend was noted 

when T4 concentration was compared for male subjects belonging to different age 

groups with either chronic or acute Toxoplasma infection.  Although there was not 

much difference between mean±SEM of T4 but range values were found to be higher 

for male subjects of 45 years and above with (7.07-19.42μg/dl) and without with 

Toxoplasma infection (8.24-22.95μg/dl).  

Analysis of data showed that the mean±SEM value of T4 for female subjects detected 

seropositive for Toxoplasma gondii belonging to 18-26
+
 years of age, 27-35 

+ 
years of 

age, 36-44
+ 

years of age and 45 years of age and above was higher than reference 

value (8.06μg/dl) as mean±SEM 8.90±0.57μg/dl (range: 6.98-11.26μg/dl), 

9.67±0.55μg/dl (6.70-17.52μg/dl), 9.20±0.41 μg/dl (range: 5.51-12.35μg/dl) and 

8.97±0.52μg/dl (6.59-13.67μg/dl) respectively (Figure 6.6). The T4 concentration for 

female subjects that were seronegative was found to be higher than normal reference 

value for all age groups. Similar higher trend was noted when T4 concentration was 

measured for female subjects belonging to different age groups with either chronic or 

acute/recent Toxoplasma gondii infection.  Although there was negligible difference 

between mean±SEM of T4 concentration among different age groups but range values 

were found to be higher for female subjects of 45 years and above with (6.59-13.67 

μg/dl) and without with Toxoplasma infection (1.94-19.02μg/dl). 
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          Figure 6.5: Comparison of mean T4 concentration (ug/dl) among seropositive and seronegative male subjects with reference to            

different age groups (p>0.05) 
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           Figure 6.6: Comparison of mean T4 concentration (ug/dl) among seropositive and seronegative female subjects with reference 

           to different age groups (p>0.05) 
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Data was further analyzed to find out the correlation between TSH, T3 and T4. It was 

found that TSH had negative correlation with T4 (Figure 7.1 and 7.2). TSH was also 

found to be negatively correlated with T3 (Figure 7.3 and 7.4). Whereas T3 and T4 had 

positive correlation with each other (Figure 7.5 and 7.6). It was found that among four 

diagnosed case subjects for thyroid problems, two females had chronic Toxoplasma 

infection, one had acute infection whereas fouth female subject was found to be 

seronegative for T. gondii infection (Table 2). 

d: Reproductive hormones (FSH, LH, Testosterone and Estradiol) 

Present study also included detection of some reproductive hormones i.e. FSH, LH, 

testosterone (male) and estradiol (E2) in females among subjects of the study. Data 

was compared on the basis of age groups and with reference to Toxplasma gondii 

infection. 

A. Hormonal Analysis in Male Subjects 

i. FSH: The mean serum FSH concentration i.e. 4.79 ±0.32mlU/ml was found within 

the normal reference range (Reference range: 1-14 mlU/ml) among total male subjects 

of the study. In general mean FSH concentration among seropositive subjects was 

mean±SEM 4.96±0.36mlU/ml and among seronegative subjects was mean±SEM 

3.72±0.52mlU/ml being within normal reference range. There was not much 

difference noted between mean FSH concentration among both detected with 

latent/chronic and recent/acute infection (Figure 8.1). Comparison was also made on 

the basis of different age groups. The mean serum FSH concentration for subjects 

with Toxoplasma infection belonging to age group 18-26
+
 years was found as 4.10 

±0.44 mlU/ml, 4.76±0.71mlU/ml for group 27-35
+
 years and 4.91±0.950mlU/ml for 

age group 36-44
+
 years and 5.99±0.65 for group 4 that is of 45 years and above 

subjects (Figure 8.2).  Same trend was observed for seronegative male subjects with 

mean±SEM values of 2.21±0.53 mlU/ml, 4.90±0.82 mlU/ml, 2.65±0.77 mlU/ml and 

4.21±1.60 mlU/ml for subjects belonging to 18-26
+
 years, 27-35

+
 years, 36-44

+
 years 

and 45 years of age and above respectively (Annexure Xa). There was not any 

significant difference noted for FSH concentration among subjects infected with 

chronic or recent/acute infection with reference to age groups also. 
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Figure 7.1: Correlation between mean TSH (µIU/ml) and T4 (µg/dl) concentration in 

serum samples of total study subjects (r= -.228) 

 

 

Figure 7.2: Correlation between mean TSH (µIU/ml) and T4 (µg/dl) concentration in 

serum samples of total seropositive subjects (r=-.163) 
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Figure 7.3: Graph showing correlation between mean TSH (µIU/ml) and T3 (ng/ml) 

concentration in serum samples of total subjects (r= -.177) 

 

Figure 7.4: Graph showing correlation between mean TSH (µIU/ml) and T3 (ng/ml) 

concentration in serum samples of total subjects positive for Toxoplasma gondii 

infection (r=-.057) 
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Figure 7.5: Graph showing correlation between mean T3 (ng/ml) and T4 concentration 

in serum samples of total subjects (r= .387) 

 

 Figure 7.6: Correlation between mean T3 (ng/ml) and T4 concentration in serum  

samples of total subjects positive for T. gondii infection (r= .327) 
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Table 2: Assessment of anti-Toxoplasma antibodies and thyroid hormones among 

female subjects with diagnosed cases of thyroid problems 

Sr.       

No

. 

Age 

(years) 

IgG 

(IU/ml) 

IgG 

pos. 

IgM 

pos. 

TSH 

(uIU/ml)  

T3 

(ng/ml)  

T4 

(ug/dl)  
Remarks 

1 37 12.4 0 0 30.516 0.871 6.583 goiter 

2 36 324.8 1 0 29.941 1.029 7.826 hypothyroidism 

3 47 237.5 1 0 12.557 1.426 6.839 hypothyroidism 

4 29 62 1 1 0.031 3.572 17.52 hyperthyroidism 
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Figure 8.1: Comparison of mean FSH levels (mlU/ml) in serum of male subjects of 

the study with reference to Toxoplasma infection (p>0.05) 

 

 Figure 8.2: Comparison of mean serum FSH concentration (mlU/ml) among male  

subjects with reference to different age groups (p>0.05) 
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ii. LH: The mean serum LH was observed to be above the normal reference value i.e. 

1.24-7.8mlU/ml. It was calculated as mean±SEM 11.20± 0.59 mlU/ml for total 

subjects (Annexure Xb). LH was measured significantly higher (p<0.05) in infected 

male subjects (mean±SEM 11.89±0.66mlU/ml) as compared to the seronegative 

subjects (mean±SEM 6.93±0.88 mlU/ml). It was noted that the calculated mean±SEM 

value for Toxoplasma positive subjects was higher than the normal reference range of 

LH. Seropositive male subjects with IgG only (latent/chronic infection) were detected 

with higher concentration of LH (12.58±0.800mlU/ml) as compared to those males 

with recent/acute infection detected with both IgG and IgM antibodies (mean±SEM 

10.80± 1.14 mlU/ml) but the difference was not significant (Figure 8.3).  

The mean value of LH for male subjects positive for Toxoplasma gondii infection was 

found to be 10.49±0.90mlU/ml, 9.71±1.18mlU/ml, 11.57±1.07mlU/ml and 

15.66±1.76mlU/ml for age group 18-26
+ 

years, 27-35
+ 

 years, 36-44
+ 

 years and group 

4 comprising subjects with 45 years and older  respectively. These were found to be 

above than the normal reference value. It was also noted that elder subjects had 

comparatively highest levels of LH as compared to other age groups. As far as 

seronegative male subjects were concerned, it was noted that mean±SEM value of LH 

for group 1 and 4 was higher than the upper limit of reference value i.e. 8.82±1.60 

mlU/ml and 8.40±3.23 mlU/ml respectively. Whereas LH value for male subjects of 

group 2 and 3 was within the reference value i.e. 5.03±0.66 mlU/ml and 5.2±0.22 

mlU/ml respectively (Figure 8.4). When type of Toxoplasma infection was considered 

with reference to age groups, it was determined that mean±SEM value of LH for 

subjects belonging to 45 years and of above age among subjects with either chronic 

(15.75±1.76mlU/ml) or acute (15.51±3.78mlU/ml) infection was found to be 

comparatively higher than younger male subjects of the study. 

iii. Testosterone: Serum testosterone was also detected. It was noted that mean 

concentration of testosterone i.e. 2.88± 0.12ng/ml was slightly lower than normal 

range (3-10 ng/ml) among the male subjects of the study (Annexure Xc). Similarly the 

mean concentration of the hormone among Toxoplasma positive males was 

2.82±0.13ng/ml. The seronegative male subjects had mean testosterone concentration 

(3.28±0.28ng/ml) within reference range. Comparison between chronic and acute 

infection groups showed variable concentration being lower in subjects detected with 



125 

 

 

Figure 8.3: Comparison of mean LH levels (mlU/ml) in serum of male subjects of 

study with reference to Toxoplasma infection (p<0.05) 

 

Figure 8.4: Comparison of mean serum LH concentration (mlU/ml) among male 

subjects of different age groups (p<0.05) 
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only IgG in their serum i.e. 2.69±0.0.18ng/ml (Figure 8.5). In general, infected groups 

had lower testosterone as compared to Toxoplasma free subjects. But it was 

noteworthy that testosterone level among individuals was near to lower limits which 

is peculiar and need to be further investigated in detail.  

Mean testosterone level was also calculated with reference to age groups. It was noted 

that for subjects positive for Toxoplasma infection mean testosterone was found to be 

3.32 ±0.19ng/ml for age group 18-26
+ 

years while mean testosterone for age group 

27-35
+
, 36-44

+ 
 year and group 4 was found as 3.51 ± 0.26 ng/ml, 2.60±0.31 and 

2.12±0.21 respectively (Figure 8.6). Seronegative male had mean±SEM value of 

testosterone for group 1 and 2 within the reference value i.e. 3.15±0.30ng/ml and 

3.30±0.39ng/ml respectively. Whereas testosterone values for male subjects of group 

3 and 4 were slightly lower than the lower limit of reference value i.e. 2.64±0.35ng/ml 

and 2.68±0.32ng/ml respectively. It was peculiar to note that variation between 

testosterone levels was noted among male subjects belonging to different age groups 

and lowest levels were found to be in elder subjects that shows that Toxoplasma 

infection may have some role in disturbing the level of testosterone hormone in senior 

subjects. As far as FSH and testosterone relationship is concerned no evident pattern 

was observed. It was peculiar to note that testosterone and LH shows negative 

feedback mechanism with each other which means that if concentration of one 

hormone rises than other will be decreased and vice versa (Figure 8.7). 

B. Hormonal Analysis in Female Subjects 

Hormonal analysis (FSH, LH and estradiol) of serum samples of females subjects 

(n=180) of the study was carried out to determine probable relationship of 

Toxoplasma gondii infection with reproductive hormones in females. The average 

reproductive cycle in females is about 28 days, but it is normal to have a cycle that is 

shorter or longer for few days. The ovarian cycle consists of the follicular 

phase, ovulation and luteal phase (Capri, 2012). During questionnaire survey the 

questions were particularly asked about the menstrual cycle for the assessment of 

phase of the cycle. Data was categorized according to follicular phase, mid cycle,  

http://en.wikipedia.org/wiki/Follicular_phase
http://en.wikipedia.org/wiki/Follicular_phase
http://en.wikipedia.org/wiki/Follicular_phase
http://en.wikipedia.org/wiki/Ovulation
http://en.wikipedia.org/wiki/Luteal_phase
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Figure 8.5: Comparison of mean testosterone (ng/ml) levels in serum of male 

subjects of the study with reference to Toxoplasma infection (p>0.05) 

 

Figure 8.6: Comparison of mean serum testosterone (ng/ml) among male subjects 

with reference to different age groups (p>0.05) 
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Figure 8.7: Correlation of mean LH and testosterone concentration in serum of male 

subjects of study with reference to Toxoplasma infection (r= -0.217) 
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luteal phase and post menopausal stage. Levels of female reproductive hormones were 

assessed with reference to Toxoplasma gondii infection. 

i.   Follicular Phase 

The follicular phase starts on first day of menstrual cycle. It is the first part of the 

ovarian cycle.  During this phase, the ovarian follicles mature and get ready to release 

an egg. The mean value for FSH 15.45± 3.38 mlU/ml of female subjects of follicular 

phase (n=71) was found above the normal range of FSH i.e 3-12 mlU/ml (Annexure 

XIa). The normal value of LH in follicular phase of female ranged from 1.68-15 

mlU/ml (Monobind, 2011). The mean ±SEM value of LH in blood samples of the 

female subjects was detected as 28.18 ± 5.68 was also found above the normal range 

(1.68-15 mlU/ml). In case of estradiol the mean± SEM value was also higher among 

the study subjects (121.54 ±21.30 pg/ml) as compared to reference range (30-100 

pg/ml). The mean value of FSH, LH and estradiol were also compared with 

seronegative and seropositive subjects (Figure 9.1, 9.2 and 9.3).  

Data analysis showed alteration in hormonal level. It was evident from the results that 

mean FSH concentration among seronegative females in follicular phase was higher 

(17.62±4.56 mlU/ml) as compared to those who were seropositive (10.92±4.26 

mlU/ml). In contrast, mean concentration for both LH and estradiol among 

seropositive females was higher (23.16±7.76mlU/ml and 117±31.44pg/ml 

respectively) when compared with their respective reference values (Annexure XIb 

and XIc). On the contrary mean values for both LH and estradiol among seropositive 

female subjects were comparatively lower than those of seronegative female subjects 

(30.59±7.57mlU/ml and123.67±27.88 mlU/ml respectively). It was further analyzed 

that mean estradiol concentration was significantly higher among females with 

latent/chronic infection (136.60±56.07pg/ml) than those with recent/acute 

Toxoplasma infection (95.77±26.25 pg/ml). Whereas for FSH and LH difference was 

negligible as far as chronic and acute infections were considered. 

ii.   Mid Cycle 

Ovulation is the second phase of the ovarian cycle in which a mature egg is released 

from the ovarian follicles into the oviduct. The FSH, LH and estradiol concentration  
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Figure 9.1: Comparison between mean FSH (mlU/ml) level in serum samples of 

female subjects with reference to Toxoplasma infection (follicular phase) (p>0.05)  

 

Figure 9.2: Comparison between mean LH (mlU/ml) level in serum samples of 

female subjects with reference to Toxoplasma infection (follicular phase) (p>0.05) 

                                                                                                                 

Figure 9.3: Comparison between mean estradiol (pg/ml) level in serum samples of 

female subjects with reference to Toxoplasma infection (in follicular phase) (p<0.05) 
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was determined for female study subjects (n=54) in mid cycle. The mean FSH 

concentration 21.93±3.41.mlU/ml of mid cycle was found to be within the range of 

reference value when compared with reference value i.e.8-22mIU/ml. In mid cycle the 

detected average LH value 28.003±3.84 mlU/ml was within the normal range 

(reference range: 21.9-56.6 mlU/ml). When results were analyzed for estradiol level 

the mean±SEM value was found to be lower as 84.50±12.31 pg/ml when comparison 

was made with reference value (reference value: 100-400 pg/ml). In general, it was 

noted that Toxoplasma infected subjects with acute infection had higher mean levels 

of FSH and LH hormone (38.70±14.44mlU/ml  and 42.30±13.97 mlU/ml 

respectively) in mid cycle as compared to those who had chronic Toxoplasma 

infection (15.39±3.13mlU/ml  and 18.54±3.49mlU/ml respectively. Whereas mean 

estradiol concentration was comparatively significantly higher among chronic 

subjects (101.54±19.23pg/ml) as compared to females (52.87± 15.48pg/ml) with 

acute infection of Toxoplasma (Figure 9.4, 9.5 and 9.6 respectively).  

iii.     Luteal Phase 

The luteal phase of the menstrual cycle starts after ovulation occurs. The analysis of 

the data with reference to female subjects (n=33) in luteal phase showed that the 

mean±SEM of FSH was 30.89±6.23 mlU/ml found to be higher than the reference 

range (2-12mlU/ml). Similarly the mean ±SEM of LH was also above 31.133± 

5.35mlU/ml than the reference range i.e. 0.61-16.3 mlU/ml. While the mean ± SEM 

value of the estradiol was found to be 86.931 ± 20.79pg/ml, that was within normal 

reference values i.e. 60-150pg/ml. Data was also analyzed with reference to  

Toxoplasma infection. Among female subjects in luteal phase mean±SEM value of 

FSH in serum samples of seropositive and seronegative subjects was found to be 

23.59±10.69 mlU/ml and 33.62±7.63 mlU/ml respectively. It was noted that mean 

FSH concentration was comparatively higher (p<0.05) for chronic female subjects 

(38.67±22.95mlU/ml) of luteal phase as compared to females with acute infection 

(11.53±3.72 mlU/ml) of Toxoplasma gondii.  

Data analysis revealed that the LH level among female subjects with reference to 

seropositive (26.673±7.111 mlU/ml) and seronegative (32.80±6.91 mlU/ml) female 

subjects was higher than the upper limit of reference value. It was determined that 

mean±SEM value of LH for subjects with chronic and acute infection was above than  
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Figure 9.4: Comparison between mean FSH (mlU/ml) levels in serum samples of the 

female subjects (mid cycle) with reference to Toxoplasma infection (p<0.05) 

 

Figure 9.5: Comparison between mean LH (mlU/ml) levels in serum samples of the 

female subjects (mid cycle) with reference to Toxoplasma infection (p<0.05) 

                                                                                                                                                          

Figure 9.6: Comparison between mean estradiol (pg/ml) levels in serum samples of 

the female subjects (mid cycle) with reference to Toxoplasma infection (p<0.05) 
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the upper limit of reference value i.e. 26.64±12.64mlU/ml and 26.69±9.28 mlU/ml  

respectively. Result of mean±SEM estradiol level for Toxoplasma seropositive and 

seronegative female subjects was found to be as 70.45±32.11 pg/ml and 

93.10±26.20pg/ml.  It was determined that mean±SEM value of estradiol for females 

with chronic infection was significantly (p<0.05) higher (86.63±69.80 pg/ml) than 

those females (59.12±26.76 pg/ml) with acute Toxoplasma infection (Figure 9.7, 9.8 

and 9.9). 

iv.     Post menopause Stage 

It is the time after a woman's menstrual periods have ceased for 12 consecutive 

months.  During this stage, menopausal symptoms, such as hot flashes, can cause 

problems for many women. The mean concentration of FSH was 58.42 ± 4.56mlU/ml 

(n=22) within range of the FSH reference value (35-151mlU/ml). Same trend was 

observed or LH that had mean concentration value as 51.65 ± 7.69mlU/ml being 

within the reference range (14.2-52.3mlU/ml). In case of estradiol the mean± SEM 

was calculated to be 25.26 ±8.68 pg/ml and was found to be much higher in female 

study subjects than the normal value i.e. <18 pg/ml (Figure 9.10, 9.11 and 9.12). The 

mean value of FSH, LH and estradiol were also compared among Toxoplasma 

positive and seronegative subjects of the study. In postmenopausal stage mean FSH 

concentration among female study subjects was within normal reference value. 

Results showed that seronegative females (62.22±13.44 mlU/ml) had significantly 

higher concentration of LH than those female subjects who were seropositive 

(41.08±6.76mlU/ml) for the infection. It was also determined that mean±SEM 

concentration of LH for female subjects with chronic and acute infection was 

43.72±7.00mlU/ml and 37.91±13.17mlU/ml respectively with no significant 

difference. Mean value of estradiol was calculated as 33.92±16.60 pg/ml for 

Toxoplasma infected females of the study being significantly higher than that found in 

seronegative subjects (16.61±5.14mlU/ml). Although the mean±SEM value of 

estradiol for female subjects with chronic infection was was found to be 25.37±13.03 

pg/ml higher than the normal reference value i.e. <18pg/ml, but it was significantly 

lower than that of subjects with acute infection i.e. 44.18±34.82 pg/ml. 

Results of the present research work on correlation of Toxoplasma gondii infection 

with endocrine parameters for the assessment of immunopathogenic mechanisms in  
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Figure 9.7: Comparison between mean FSH (mlU/ml) levels in serum samples of the 

female subjects (luteal phase) with reference to Toxoplasma infection (p<0.05) 

 

Figure 9.8: Comparison between mean FSH (mlU/ml) levels in serum samples of the 

female subjects (luteal phase) with reference to Toxoplasma infection (p>0.05) 

 

Figure 9.9: Comparison between mean estradiol (pg/ml) levels in serum samples of 

the female subjects (luteal phase) with reference to Toxoplasma infection (p<0.05) 
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Figure 9.10: Comparison between mean FSH (mlU/ml) level in serum samples of 

female subjects (postmenopause phase) with reference to Toxoplasma infection  

 

Figure 9.11: Comparison between mean LH (mlU/ml) level in serum samples of 

female subjects (postmenopause phase) with reference to Toxoplasma infection  

 

Figure 9.12: Comparison between mean estradiol (pg/ml) level in serum samples of 

female subjects (postmenopause phase) with reference to Toxoplasma infection 

(p<0.05)  
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human population evidently reflect that overall poor education, low living and poverty 

appear to be important contributory transmission risk factors for Toxoplasma infection 

(Table 1). Data showed that Toxoplasma infection had positive association with age 

and was more prevalent among male population as compared to females. It was also 

found in this study that males detected with chronic T. gondii infection had higher 

percentage prevalence, this evidently reflects the possibility of long term and may be 

repeated exposure to oocyst contamination sources. Same trend was observed among 

seropositive subjects of older ages for insulin levels. It evidently revealed positive 

correlation with reference to age of the study subjects (Figure 10.1 and 10.2).  

In general insulin was also found to have a positive correlation with thyroid hormones 

regarding age of the subjects (Figure 11.1-11.6). When comparison was made to find 

the association for levels of thyroid hormones and Toxoplasma gondii infection, it 

revealed that although difference was statistically non significant (p<0.05) but overall 

level of all thyroid hormones was comparatively higher in those subjects who had 

Toxoplasma infection than those of who were negative for the infection. Data analysis 

showed negative correlation of Toxoplasma IgG with different thyroid hormones 

(Figure 12.1-12.6). Analysis of data regarding reproductive hormones among study 

subjects revealed that testosterone and estradiol had negative feedback mechanism 

with FSH and LH in all the study subjects. Infection with Toxoplasma appears to alter 

the synthesis of these hormones that ultimately appear to have direct effect on the 

functioning of reproductive hormones and hence compromising the reproductive 

health of study subjects. Toxoplasmosis appears to be a serious health concern in 

study population that is being evidently reflecting through the altered pattern of 

different endocrine hormones. The subjects of the study raise concern for detailed 

multidisciplinary studies to address the issue of toxoplasmosis being one of the public 

health risks. 
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Figure 10.1: Correlation between mean insulin (μIU/ml) and IgG (IU/ml) 

concentration in serum samples of total (n=360) study subjects (r=0.136) 

 

Figure 10.2: Correlation between mean insulin (μIU/ml) and IgG (IU/ml) 

concentration in serum samples of seropositive (n=217) subjects (r=0.136) 
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Figure 11.1: Correlation between mean insulin (μIU/ml) and TSH (μIU/ml) 

concentration in serum samples of total (n=360) study subjects (r=0.03) 

 

 

Figure 11.2: Correlation between mean insulin (μIU/ml) and TSH (μIU/ml) 

concentration in serum samples of seropositive (n=217) subjects (r=0.106) 
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Figure 11.3: Correlation between mean insulin (μIU/ml) and T3 (ng/ml) concentration 

in serum samples of total (n=360) study subjects (r=0.029) 

 

 

Figure 11.4: Correlation between mean insulin (μIU/ml) and T3 (ng/ml) concentration 

in serum samples of seropositive (n=217) subjects (r=-0.055) 
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Figure 11.5: Correlation between mean insulin (μIU/ml) and T4 (μg/dl) concentration 

in serum samples of total (n=360) study subjects (r=0.178) 

 

Figure 11.6: Correlation between mean insulin (μIU/ml) and T4 (μg/dl) concentration 

in serum samples of seropositive(n=217) subjects  (r=0.128) 
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Figure 12.1: Correlation between mean IgG (IU/ml) and TSH (μIU/ml) concentration 

in serum samples of total (n=360) study subjects (r=0.033) 

 

Figure 12.2: Correlation between mean IgG (IU/ml) and TSH (μIU/ml) concentration 

in serum samples of seropositive (n=217) subjects (r=-0.004) 
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Figure 12.3: Correlation between mean IgG (IU/ml) and T3 (ng/ml) concentration in 

serum samples of total (n=360) study subjects (r=0.069) 

 

Figure 12.4: Correlation between mean IgG (IU/ml) and T3 (ng/ml) concentration in 

serum samples of seropositive (n=217) subjects (r=-0.003) 
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Figure 12.5: Correlation between mean IgG (IU/ml) and T4 (μg/dl) concentration in 

serum samples of total (n=360) study subjects (r=-0.032) 

 

Figure 12.6: Correlation between mean IgG (IU/ml) and T4 (μg/dl) concentration in 

serum samples of seropositive (n=217) subjects (r=-0.120) 
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DISCUSSION 

Present study was conducted to find out correlation between toxoplasmosis and some 

endocrine parameters for the assessment of immunopathogenic mechanisms in human 

population ranging from 18-63
+
 years from some randomly selected areas of North 

Lahore. The results of the study revealed that the prevalence of Toxoplasma gondii 

infection among the study population was high (60%). Analysis of data evidently 

showed that among seropositive subjects, about 58.5% of the study subjects had 

latent/chronic Toxoplasma infection as they were detected with anti-Toxoplasma IgG 

antibodies whereas 41.5% of them were detected with IgG and IgM antibodies 

reflecting the presence of recent/acute infection. Genderwise comparison showed that 

percentage prevalence of Toxoplasma infection was higher among male subjects of 

the study (86%) as compared to females (34%) this reflects that the males are either 

become more exposed to parasites or are more susceptible to the infection.  

Comparison was also made in order to assess the prevalence of Toxoplasma gondii 

infection among the study subjects belonging to various age groups. Percentage 

prevalence of the parasite was found to be correlated with age. It was found that 

overall percentage prevalence of Toxoplasma was 20%, 25%, 29% and 26% 

respectively for subjects belonging to 18-26
+
 years, 27-35

+
 years, 36-44

+
 years and 45 

years and above respectively. Lowest percentage prevalence was found among the 

youngest age group i.e. 18-26
+
 years. These results evidently suggest a positive 

association of Toxoplasma infection with the increase in age reflecting the long term 

and/or continous exposure to such infections. The results of the study are similar to 

the findings reported by Garcia et al. (2004) in Brazil. In another study conducted by 

Alvarado-Esquivel et al. (2014) in Mexico positive association of Toxoplasma gondii 

infection was reported with age and more respondents with less education were found 

to be seropositive for Toxoplasma infection suggesting the need for creating 

awareness regarding parasitic infections among general public to adopt optimal 

preventive measures to minimize the parasitic transmission. 

Present study also assessed the relationship of Toxoplasma gondii with various 

endocrine parameters i.e. insulin, thyroid hormones and reproductive hormones 

among male (FSH, LH and testosterone) and female subjects (FSH, LH and estradiol). 

Results appeared to be concerning as alteration in certain endocrine hormones was 
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evident and found to be positively correlated with Toxoplasma gondii infection. It is 

depictive of the fact that Toxoplasma infection is likely to alter the hormonal system if 

not directly, hence can cause derangement of the physiological mechanisms and may 

lead to metabolic disorders.  

In present study infection of T. gondii was found to be significantly linked with low 

socioeconomic status, poor education and low income of the study subjects. It was 

evident from the visits and questionnaire survey that in general, respondents were 

possibly often exposed to feral cats resultantly become in contact with oocysts that is 

contributory to enhancement of the chances of harboring parasites and become 

infected. Risk factors such as frequent exposure to stray cats, pica habits, 

consumption of municipal water supply and specially using water for drinking 

without treatment were found to be significantly associated with Toxoplasma gondii 

infection. In present study, prevalence of Toxo IgG and IgM against T. gondii was 

found to be 60% which is in agreement with the study conducted at Punjab and Azad 

Kashmir, Pakistan, respectively that reported “63% and 48%” prevalence rate (Khan 

et al., 2011). These studies concluded that the prevalence rate of Toxoplasma 

infection was significantly related to the increasing age, lower educational status and 

consumption of unwashed vegetables. Findings of present study are also in 

accordance with prevalence rate of Toxoplasma gondii that was found to be quite high 

“59%” in Egypt and seropositivity rate was significantly linked with less or no 

education at all (Elsheikha et al., 2009).  

In another study conducted by Rostami et al. (2014), very high seroprevalence rate of 

for Toxoplasma gondii was found among HIV patients in Iran. In their study T. 

gondii seropositivity was found to be associated with the different transmission risk 

factors including age, consumption of undercooked meat and of unwashed raw 

vegetables or fruits. Avelino et al. (2004) also detected high prevalence of 

toxoplasmosis in Brazil and concluded that low income, poor education and more 

exposure to flies, cockroaches and rats were possibly the major risk factors for higher 

seropositivity. The corpophagus creatures were considered to be an important vehicle 

for transmission of oocysts to its intermediate host including humans. On the other 

hand, some studies in Thailand, London and Sri Lanka reported low seroprevalence of 

T. gondii in women of childbearing age (Nissapatorn et al., 2011b; Flatt and Shetty, 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Elsheikha%20HM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
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2012; Iddawela et al., 2017). Differences in prevalence rates reported by all these 

studies could be accounted on the basis of host age, gender, environmental conditions, 

exposure to stray cats in study areas and the effectiveness of the management 

practices to avoid the exposure etc.  

It was evident from the results of the current study that there was no case among the 

study respondents that had only Toxoplasma IgM antibodies in their serum samples. 

There are some reports that documented that with acute infection, T. gondii specific 

IgM appear initially and antibody levels become negative in few months (Subasinghe 

et al., 2011). In present study, the negative Toxoplasma IgM results rule out 

possibility of very recently acquired Toxoplasma infection. This situation was quite 

concerning because this may be related with chronic Toxoplasma infection reflecting 

the occurrence for a longer period of time. The results also affirm that risk factors are 

persistent in environment and susceptible population including pregnant woman and 

children are at more and repeated risk. Similar findings were reported by Arshad 

(2010) with no case of IgM Toxoplasma antibodies among children in Lahore. It 

warrants the situation revealing that in general the population might became infected 

congenitally as well as occasionally from general environment as has been reported in 

several studies where no or few IgM positivity was found as compared to IgG 

(Nissapatorn et al., 2011a; Iddawela et al., 2017).  

Serology is the most important tool for laboratory diagnostics of toxoplasmosis. The 

main serological marker for the diagnosis of recent toxoplasmosis is the specific IgM 

antibody. It is considered as highly sensitive marker of acute infection of Toxoplasma 

gondii. The diagnosis of chronic stage of infection or of past exposure to T. gondii is 

made by detection of specific IgG antibodies and the absence of the acute-phase 

marker IgM (Marcolino et al., 2000). In Pakistan mostly the work is done with 

reference to prevalence of Toxoplasma gondii infection. This prevalence and its 

relevance with the titers of IgG antibodies has not been considered. In present 

research work it was noteworthy that high titers of IgG concentration even up till 

470IU/ml were present among the study subjects particularly in subjects with senior 

age groups (Figure 2.11). Results showed that out of 217 seropositive subjects, 28.5% 

had high range of IgG level i.e. 301-470IU/ml. It was found that highest IgG 

concentration (242.88±17.42IU/ml) was present in subjects of 45 years and above. 
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This strongly indicates that serum IgG concentration tends to increase with age and 

reflect the presence of infection for long. The results further indicated that levels of 

antibodies in body are correlated with immune response of the study population as 

was also reported by Bobrovnik et al. (2014). 

Results of the present study showed that overall 58.5% of seropositive subjects had 

chronic/latent infection of T. gondii as they were seropositive only for anti-

Toxoplasma IgG in contrast with those being seropositive recent/acute infection as 

they were positive both of IgG and IgM antibodies specific for Toxoplasma. These 

results are indicative of the fact that people of the study areas are continuously 

exposed to such risk factors that lead to the infection. There is enough evidence in this 

regard that chronic/latent infection is more prevalent among older age groups. In a 

study conducted in KPK, Pakistan similar results were recorded as positive 

association of chronic Toxoplasma gondii with reference to age (Majid et al., 2016). 

High prevalence rate for chronic Toxoplasma infection was present for respondents in 

Brazil and was concluded that higher prevalence of toxoplasmosis is associated with 

increasing a greater chance of acquiring infection due to increased exposure to the 

various transmission factors over time (Vitaliano et al., 2015). 

In present research work data evidently reveals that there was significant difference 

between seropositivity rates of Toxoplasma among male and female study 

respondents. Relatively higher prevalence of T. gondii among male subjects may be 

due to low resistance or high susceptibility of male hosts as compared to female hosts 

or may be more and/or frequent exposure to various risk factors. Besides domestic 

environment, job related factors may also be contributory in this regard. These 

findings suggest more work with reference to occupational exposure and other risk 

factors. Further literature has also revealed that the levels of immunoglobin, including 

IgG, IgM, and IgA are usually greater in females than in males. Females are more 

resistance to parasitic infections than males because of the gender associated 

differences in exposure and due to more concentration of testosterone in males that 

has immunosuppressive properties (Meisheri et al., 2003; Qureshi, 2004). 

Data analysis showed that higher Toxoplasma infection was found in age group  

ranging from 36-44
+
 years. In accordance to our results a study in west Iran observed 

high IgG seropositivity in older women compared to younger women (Ahmadpour et 
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al., 2017). Similarly in another study in Ethopia Toxoplasma gondii infection rate was 

found to be higher between age range of 36-44
+
 years of age (Negero et al., 2017). 

Darweesh et al. (2018) also reported that elder women had comparatively more 

seroprevalence rate for Toxoplasma gondii infection. The results suggested that older 

people may have had greater exposure when they were younger and this could inflate 

with the increase in age. In various studies lower levels of education have been 

associated with a lack of awareness of the disease, low socioeconomic status, poor 

hygiene status and various professional activity with greater exposure to contaminated 

soil (Daryani et al., 2014). It was evident from the results of survey that respondents 

were not aware about various health issues and practices of frequent hand washing 

resultantly they become more prone to different parasitic infections. 

Diagnosis of the disease is based on epidemiological history of the area, clinical 

manifestation and laboratory tests. The availability of accurate diagnostic tests is 

essential for the detection and control of Toxoplasma gondii infections. In Swabi 

Pakistan, seroprevalence percentage of Toxoplasma gondii was found to be “19.25%” 

(Faisal et al., 2014). Ahmad et al. (2012) reported that among human population 

prevalence rate was “11.33%” in Lahore. Anees et al. (2014) has reported “10%” 

prevelance rate for the study respondents residing in Lahore.
 
Accuracy of

 
diagnostic 

methods is very much essential to obtain precise results. In these studies latex 

agglutination test has been used as diagnostic tool which is comparatively less 

sensitive to detect Toxoplasma antibodies. This may be one of the important reasons 

for the high seroprevalence observed in current study in which ELISA has been used 

to determine the specific T. gondii antibodies.  

In humans Toxoplasma gondii is likely to be acquired either through ingestion of meat 

contaminated with bradyzoites and/or consumption of unwashed vegetables 

contaminated with oocysts present in the environment (Fromont et al., 2009). These 

bradyzoites/oocysts are transformed into tachyzoites in host body. At this time levels 

of IgM and IgG both raise indicating the acute/recent stage of the T. gondii infection. 

These tachyzoites are transformed into bradyzoites (interconvertible with tachyzoites 

depending upon host immune system) and get settled in various body organs 

especially in skeletal muscles and central nervous system (CNS). As soon the host 

immune system weakens and there is still repeated exposure to infective stages, there 
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is likelihood that infected hosts may also suffer from repeated infections especially 

related to various endocrine hormones. This situation is very concerning that as this 

parasite permanently reside in host body this reconversion of tachyzoites into 

bradyzoites and of bradyzoites again into tachyzoites alongwith repeated exposure of 

host to oocyst contaminated surfaces makes the host more vulnerable to various health 

problems. 

Analysis of data showed that in present study meat played a negligible
 
role in the 

transmission of Toxoplasma gondii because raw or uncooked meat consumption was a 

rare habit among study population, since most families have no access to meat due to 

poor economic conditions. People mostly consume vegetables and pulses as their 

major diet. It is more likely that raw vegetables might be contaminated by soil oocysts 

shed through cat feces and as level of personal hygienic practices was not up to the 

mark, it may act as important transmission route of the parasite. It was evident from 

the survey results that average total family income among study population was 

16000 Rs/month with average 7 persons in their families. They were living in small 

houses with minimal daily life facilities. Literacy rate was very poor for the study 

respondents due to which they were not aware of infection and parasitic diseases. Low 

income, pressure of earning more and more for large number of family members and 

low educational levels are the obvious factors that make them vulnerable to such 

infections. There are enough evidences in this regard that have been reported in other 

studies (Mohammed, 2011; Siddiqui et al., 2014). The results of the study are 

indicative of the fact that respondents with low socioeconomic status had no access to 

proper nutrition and were suffering from many health problems either of acute or 

chronic nature affecting various body organs. 

Urbanization in developing countries is associated with poor socioeconomic 

conditions due to overcrowding and poverty resulting in higher seroprevalence for 

parasitic infections like Toxoplasma gondii (Munoz-Zanzi et al., 2013; Aqeely et al., 

2014). Lahore is one of the largest metropolitan cities of Pakistan but still there are 

many ignored areas here where general life style and health facilities for the residents 

are needed to be improved urgently as is evidently clear from the results of present 

research work. In Pakistan, even in big cities the water supply infrastructure is old and 

in need of modernization. Relatively few houses have their proper water supply and it 
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is even subjected to contamination due to inadequate sewage systems within the city. 

Drinking water from a contaminated reservoir without any treatment has been 

considered as an important source of Toxoplasma gondii infection (Ertug et al., 2005). 

In the present study it was evidently reflected that seroprevalence of Toxoplasma 

gondii infection among male and female population was significantly associated with 

consumption of unfiltered/unboiled municipal supply water for drinking purpose. It 

was evident from the frequent visits to the families that study respondents were very 

much exposed to cat’s excrements. This situation ultimately adds up to more risk 

factors and likely exposure to acquire Toxoplasma gondii infection.  

As oocyst of the parasite persists in environment for a longer period of time, there is 

strong possibility that the water storage tanks, utensils and other surfaces inside their 

houses are contaminated with oocysts from which it can easily be transmitted to the 

residents. Bahia-Oliveira et al. (2003) have reported that drinking unfiltered water 

increased the risk of seropositivity for the Toxoplasma gondii infection in Brazil 

population. In another study, drinking unboiled water was found to be a significant 

risk factor for T. gondii seropositivity among participants of the study. It was 

indicated that contamination of drinking water by T. gondii are common and drinking 

boiled water is a way of avoiding T. gondii infection. It was strongly suggested in 

their study that surveillance of water hygiene should be done properly to minimize the 

parasitic burden (Yang et al., 2017). 
 

Exposure through soil and cat feces alongwith pica habits appears to be the causative 

agents of the infection. In the present study analysis of data has revealed that 

seropositive male and female respondents were found to have significant association 

with onycophagia. These results are in agreement with the previous findings of 

Arshad (2010). It was found in their study that seropositivity was strongly associated 

with pica habits specially the nail eating habit. As narrated earlier, because of high 

number of definitive feline hosts, the burden of oocysts in environment must be very 

much high. Thus oocyst contamination of environment seems to be the major factor 

for high percentage prevalence of Toxoplasma gondii infection among these subjects.  

It was evident from the survey that mostly male population was involved in petty jobs 

like as vendors or laborers that make them more exposed to oocyst contaminated 
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surfaces finally resulting in higher seropositivity rate. These findings are similar to 

those of Kortbeek et al. (2004).  

Assessment of general health status revealed that although most of the study subjects 

had normal BMI values but majority of these respondents had illnesses i.e. respiratory 

infections i.e. pneumonia, flu, tonsillitis, lymphadenopathy, thyroid problems and 

diabetes that showed that subjects may had comparatively low immunity due to which 

they may become more susceptible to parasitic infections like toxoplasmosis. Among 

study respondents there was a female subject who had breast cancer and was also 

found to be seropositive for Toxoplasma infection. Although there was only one such 

case of severely immunocompromised subjects in present study but even then as it 

was positive for Toxoplasma infection. The results of the study strongly suggest the 

need to elaborate and highlight the issue so that effective measures can be adopted to 

manage Toxoplasma gondii infection.   

Currently scanty information is available about the seroepidemiology of Toxoplasma 

gondii infection and its role in affecting the endocrine hormones among human 

population particularly in Pakistan. Present research work evidently revealed that 

mean insulin concentration was significantly higher among seropositive study 

respondents i.e.  81.80±8.24μIU/ml as compared to those who were seronegative for 

Toxoplasma infection 35.28±5.30μIU/ml. It was found that among subjects detected 

with chronic Toxoplasma infection the mean insulin level was significantly higher 

(123.78±12.65μIU/ml) as compared to those with acute/recent infection 

(20.06±2.16μIU/ml) indicating that longer exposure with parasite may affect the host 

metabolism in such a way that ultimately leads to severe metabolic diseases like 

diabetes. Toxoplasma infection can add up to the probable cause for chronic 

pancreatitis and also insufficiency of the levels of insulin. Shirabazou et al. (2013) 

reported that the incidence of Toxoplasma gondii infection and diabetes was high. 

Presence of tachyzoites in the pancreas might directly weaken the pancreas cells. 

When β cells are injured, insulin levels would be affected. The results of present 

research work are reflective of the derangement of the physiological mechanisms and 

suggest more detailed studies in this regard. 

Higher insulin levels were found among seropositive males (239.36±15. 91μIU/ml) as 

compared to seropositive female subjects i.e. 38.96±5.41μIU/ml. It might be due to 
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high resistance of female hosts as compared to male subjects as review of literature 

has also shown that the levels of various antibodies like IgM, IgA, IgG and IgE are 

more in females than male individuals representing both elevated immediate and 

delayed type hypersensitivity (Morales-Montor et al., 2004). Reports have revealed 

that due to gender associated variations in exposure to contaminated surfaces or 

because of high concentration of male reproductive hormones i.e. testosterone, that is 

immunosuppressive in nature, males are considered more susceptible to different 

parasitic infections as compared to females (Shirbazou et al., 2011). Immunological 

differences exist between the sexes, and genetic and behavioral differences (Klein, 

2004). Findings of current study draw support from the study conducted by Gokce et 

al. (2008b). It was reported in their study that Toxoplasma gondii infection had 

significant association with prevalence of diabetes and strongly suggested that 

Toxoplasma can impair the body metabolism by affecting the pancreatic function.  

Siyadatpanah et al. (2013) reported the association between Toxoplasma infection and 

development of diabetes and showed that chronic toxoplasmosis may significantly 

lead to diabetes mellitus. Another study Modrek et al. (2015) reported that majority of 

the diabetic subjects were seropositive for Toxoplasma infection. Mousavi et al. 

(2016) also detected T. gondii in diabetic patients and showed significant higher 

association between toxoplasmosis and diabetes. The results reported by Zandman-

Goddard et al. (2009) and Shapira et al. (2010) support the findings of the present 

study. These findings and suggestions demonstrated that genetic individual 

susceptibility is the main factor accountable for seroepidemiology of autoimmune 

diseases and triggering or defending agents depend on nutritional habits, lifestyle, 

socioeconomic status, environmental factors and various types of infections.  

It was evidently reflected from the results of present work that rise in insulin 

concentration was positively correlated with the increase of age and Toxoplasma 

gondii infection. It was found that the mean±SEM value for insulin was 

49.83±μIU/ml, 62.06±13.43μIU/ml, 124.88±20.58μIU/ml and 108.10±19.63μIU/ml 

among seropositive Toxopositive subjects of age group 18-26
+
 years, 27-35

+
, 36-44

+
  

and 45 years and of above age respectively (Figure 3.4). Similar findings with highest 

prevalence of “51%” were reported in diabetic patients of 30-50
+
 years of age infected 

with Toxoplasma gondii infection (Saheb, 2017). In present study insulin levels were 
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found to be raised and had positive association with age of the study respondents. 

There are few studies that only reported seroprevalence of Toxoplasma gondii 

infection among diabetic persons. Role of autoantibodies must also be investigated in 

detail as Toxoplasma gondii infection is an opportunistic infection that affects the host 

immune system. There is strong possibility that chronic infection of T. gondii may 

affect the host immune system in such a way that lead to the production of 

autoantibodies. Such study will help to reveal the exact mechanism and the role of 

Toxoplasma gondii in the development of diabetes mellitus specially and other 

metabolic diseases in general. 

Relationship of thyroid hormone levels was also assessed with Toxoplasma infection. 

When comparison was made to find the association for levels of thyroid hormones 

and Toxoplasma gondii infection, it revealed that although difference was statistically 

non significant but overall levels of all thyroid hormones was comparatively higher in 

seropositive respondents than those of who were seronegative for Toxoplasma gondii 

infection. It was peculiar to note that mean TSH concentration of the total respondents 

was below the normal reference value but the range was variable as 17.5% 

respondents were detected with TSH concentration being (8.33±0.93μIU/ml) above 

the reference value.  Similarly out of 217 seropositive subjects 19% of the 

respondents had mean TSH concentration above than the normal value.  Mean TSH 

concentration was also comparatively within normal reference value in all age groups 

of subjects except those females belonging to 36-44
+
 years of age. It was found that 

female respondents belonging to 36-44
+
 years of age with chronic infection had 

mean±SEM value of TSH higher as of 5.00±2.515μIU/ml.  

Analysis of data revealed that mean±SEM T3 level of 360 respondents was well 

within the reference. It was found that out of these 360 total respondents only 9% 

subjects had mean T3 concentration above than the reference value. In general the data 

regarding T4, evidently showed that majority of the subjects (77%) had mean T4 value 

well above the normal reference value being 10.34±0.12μg/dl. Among respondents 

seropositive for Toxoplasma infection, 79% subjects had mean TSH concentration 

above than the reference value i.e. 10.38±0.14μg/dl. Gender-wise comparison 

revealed that 83% and 69% of seropositive male and female respondents had T4 

concentration higher than the reference value. Mean T4 values were also 
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comparatively higher than the normal reference value with reference to different age 

groups as well as latent/chronic and acute/recent infection of T. gondii. These results 

are evidently reflective of the alteration in thyroid hormones that may result into 

changes in metabolic activities. 

The results of the present study are in agreement with other studies. Salman (2007) 

reported that T3 was found at almost normal level in majority of IgM, IgG positive T. 

gondii patients. Increased serum level of T4 and T3 was observed reflecting that 

Toxoplasma gondii may initiate the development of a state of hyperthyroidism, 

mainly among elder respondents. It was suggested that this may be due to reactivation 

of latent toxoplasmosis which may persist after or within 6 months of recovery from 

first initiation of toxoplasmosis. This may also be due to direct involvement of thyroid 

gland by T. gondii, multiplication in thyroid tissue and subsequent alteration of 

thyroid hormones. Toxoplasma gondii may also cause neurological stimuli for 

hypothalamus–pituitary-thyroid axis for accelerating proteolysis of the thyroglobulin 

that then cause release of T4 and T3 into the blood stream (Barrett et al., 2010). The 

total T4 concentrations may have been slightly increased because of increase in 

thyroid hormone binding proteins among study subjects as was also suggested by 

Canaris et al. (2000). In current study 9% study respondents had elevated T3 hormone 

levels above than the reference value. These finding require more detailed research 

work including subjects with some reproductive health problems as was also 

suggested in different studies (Poppe et al., 2007; Krassas et al., 2010).  

The prevalence of abnormal biochemical thyroid function reported here is substantial. 

Correlation of overall rate of toxoplasmosis of with abnormal thyroid functions in the 

present study is essential to keep peoples healthy because prevalence rates are high 

and there is a strong link between damage caused to thyroid gland by the Toxoplasma 

parasite. Being a tissue parasite, its multiplication and propagation in the thyroid 

gland actually causes tissue changes such as hyperplasia (Gillespie and Pearson, 

2001). The results of the study strongly suggest that females should be monitored for 

Toxoplasma antibodies and thyroid function tests must be conducted prior to child 

conceiving or prior to marriage. From the results of this study about some thyroid 

function tests in relation to Toxoplasma gondii infection, it is strongly recommended 

to carry on further studies with larger sample size of susceptible groups to assess all 
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elements of thyroid hormones including free T3 etc. in order to obtain obvious 

explanation about the role of parasitic agents in thyroid problems. 

In present research work there was not any significant difference noted for FSH 

concentration among male respondents infected with chronic or recent/acute infection 

and with reference to age groups also. Makker et al. (2009) and Zghair et al. (2015) 

also reported that male subjects infected with Toxoplasma inection had a normal mean 

concentration of serum FSH hormone in both latent/chronic and recent/acute 

Toxoplasma infection. The results of present study are also in accordance with AL-

Karboli (2011) who revealed that no significant difference found in FSH level among 

seropositive subjects. In contrast to the results of present study Boepple et al. (2008) 

demonstrated that there was a significant increase of FSH levels in subjects infected 

with Toxoplasma gondii infection. These results may be related to the different age 

group and/or to the different hormonal kits utilized. 

In present study the mean serum LH was observed to be above the normal reference 

value for total study respondents. LH was significantly higher in seropositive male 

subjects (mean±SEM 11.89±0.66mlU/ml) as compared to seronegative male 

respondents. Although difference was not significant but comparison between 

seropositive subjects with chronic/latent Toxoplasma infection showed higher 

concentration of LH as compared to those males with recent/acute infection. When 

type of Toxoplasma infection was considered with reference to age groups, it was 

found that mean±SEM value of LH for subjects belonging to 45 years and of above 

age for respondents with either chronic or acute infection was comparatively higher 

than male study respondents of younger age groups. Study by Boepple et al. (2008) 

demonstrated similar result with significant increase of LH levels among seropositive 

male subjects and explained this increase to impaired feedback of anterior pituitary by 

leydig cells. In contrast to present findings, increase in FSH level was reported in their 

study. Contrary to current findings Oktenli et al. (2004) have also demonstrated that 

concentration of FSH, LH and testosterone were significantly lower than controls in 

serum of male patients during acute toxoplasmosis. In another study conducted by 

Babu et al. (2004) increased levels of FSH and LH hormones with low testosterone 

concentration were reported among subjects positive for Toxoplasma infection. The 

results suggest more detailed studies with reference to toxoplasmosis and reproductive 
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hormones as this parasite is considered to be contributory to augment reproductive 

disorders. 

Parasite-induced changes to the host endocrine system provide a possible mechanism 

of altering host behavior and other necessary functions. Alteration of testosterone 

during toxoplasmosis can result in changes in behavioral, physiologic and 

immunological parameters of affected respondents in long time. Serum testosterone 

was also detected for respondents of the current study. It was noted that the mean 

concentration was slightly lower than the normal range of testosterone among male 

respondents. Similarly the mean concentration of the hormone among Toxoplasma 

positive males was comparatively lower than the lower limit of the normal reference 

value. Comparison between chronic and acute infection groups showed variable 

concentration being lower in respondents detected with latent infection with only IgG 

in their serum. In general infected groups had lower testosterone as compared to 

seronegative subjects. These findings need to be further investigated in detail for 

validation. As in some other studies it was reported that there was a significant 

positive correlation between the level of testosterone and anti-Toxoplasma antibodies 

(Sultan and Magdy, 2015). 

In present study, it was peculiar that variation between testosterone hormonal levels 

was noted among male respondents belonging to different age groups and lowest 

levels were found to be in elder subjects that revealed the fact that Toxoplasma 

infection may play some role in disturbing the level of testosterone hormone in 

subjects of older age groups. These results are in accordance with those reported by 

Hussien et al. (2018) who found that the respondents belonging to senior age group 

i.e. 51-60
+
 years showed a lower mean concentration of testosterone in both acute and 

chronic infected males. It was further elaborated in their research study that as far as 

relationship of testosterone and FSH was concerned with Toxoplasma gondii 

infection, although mean levels were higher than normal but it was found to be 

statistically non significant. In another study the testosterone concentration in 

Toxoplasma infected group was significantly less than non infected group (Eslamirad 

et al., 2013). It was concluded that the chronic T. gondii infection may affect the 

reproductive hormones and their associated functions in male subjects.  
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In contrast to these studies, a recent study by Zouei et al. (2018) has reported higher 

mean concentration of testosterone in respondents infected with Toxoplasma gondii 

infection. In another study carried out by Zghair et al. (2015) revealed that 

Toxoplasma infected men had a higher concentration of testosterone than seronegative 

subjects. The difference was attributed to the strain of T. gondii as was also reported 

by Vallochi et al. (2005). Similarly previous studies by Peyron et al., 2006 and Flegr 

et al., 2008 are in agreement with the findings of present study. According to results 

of the present study, it was concerning to note that T.  gondii infection may affect the 

female reproductive performance by affecting the levels of different reproductive 

hormones. It was revealed that female hormones i.e. FSH, LH and estradiol were 

comparatively high among infected females as compared to seronegative female 

subjects.  

These results are in contrast to those reported by Al-Gazi et al. (2016) showed that 

Toxoplasma gondii infection significantly decreased serum FSH, LH and estrogen in 

female rats.  This difference may be due to the animal model used by them in 

experiment or may also be due to physiological differences of both humans and 

animals. The difference between the results of the present study and those reported by 

other investigations might be attributed to the host-parasite relationship which 

depends upon the virulence of T. gondii strain, time of exposure to infection, the 

immune status and age of the infected hosts. Alteration in the levels of FSH, LH, 

testosterone and estradiol manifest the function of Gonadotropin-releasing Hormone 

(GnRH) at the level of pituitary gland hence need further investigation.  

In general results of present study revealed that nutritional and health status of the 

residing population was not much satisfactory leading to compromised immune state 

that make them more vulnerable to such infections. Pregnant women are also at more 

risk to acquire Toxoplasma infection that can be very dangerous for the future child 

due to congenital nature of the parasite. This situation provides an indirect evidence 

for the higher seroprevalence rate of the study population as if a mother is infected 

with Toxoplasma gondii infection during pregnancy, male embryos are likely to 

survive better and then they carry infection throught their life as chronic/latent 

infection as has been reported in many studies (Kanková et al., 2007; Shojaee et al., 

2018). Current situation demands that health sector should make serious efforts to 
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provide proper health facilities to improve the reproductive health status and fitness of 

population. Data analysis evidently showed that hormonal imbalance of reproductive 

hormones or malfunction in term of variation especially with reference to Toxoplasma 

infection may lead to severe health problems. It may cause miscarriages and/or 

abortions in case of females and may also cause infertility problems both in male and 

female subjects. Detailed studies must be conducted to reveal the in depth mechanism 

that result in malfunctioning of these reproductive hormones in general and specially 

with reference to parasitic infections.  

Toxoplasma gondii is an opportunistic parasite that resides in its host body and has the 

ability to affect various systems and their functioning including endocrine system that 

is of utmost importance in regulating the normal functioning of human body. It is 

concerning to note that available work done in Pakistan is of very basic nature in 

which only prevalence of infection has been investigated among different regions of 

Pakistan mostly by using LAT. There is lack of information regarding the 

investigation of role of Toxoplasma gondii infection that how it alters the endocrine 

hormones and affects physiological mechanisms among human population. The 

results of the present study provide evidence and raise concern regarding this 

opportunistic parasite that affects the host silently and leads to severe health 

problems. This study show evident correlation between Toxoplasma gondii infection 

and changes in various endocrine parameters. High prevalence rate of Toxoplasma 

antibodies among study respondents and significant association of T. gondii infection 

was evidently reflected from the results of present study. Seroprevalence of 

Toxoplasma gondii among adult human population was directly associated with poor 

personal hygienic practices, low socioeconomic status and education level suggesting 

the need for awareness programmes for general public health so as to minimize the 

burden of parasitic diseases in both urban and rural settings.  

Keeping in view the nature of the parasite being “silent killer” and the high 

seroprevalence of Toxoplasma gondii infection among general population, it is 

strongly recommended that more detailed and coherent studies are needed in this 

perspective. This will not only help to improve the general health status of the public 

and bring healthy upcoming generations especially as toxoplasmosis is a congenital 

infection and persist in host body for its life time but also will provide understanding 
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of the changes in pathophysiological mechanisms as a result of such infections. The 

results of the present research work evidently revealed alteration in different 

endocrine parameters that strongly emphasize the need of detailed multidisciplinary 

studies to understand the mechanism of this parasitic infection in depth. Keeping in 

consideration the high seroprevalence of Toxoplasma gondii, it is the need of the hour 

that more efforts should be done effectively to identify population infected with 

Toxoplasma gondii and effective control measures against Toxoplasma infection must 

be adopted in order to improve the public health on a broad spectrum.  

CONCLUSION 

Analysis of serum samples through ELISA technique has revealed that seroprevalence 

of Toxoplasma gondii infection was very high among human population from some 

selected areas of Lahore. Present study on the seroprevalence of Toxoplasma gondii 

among adult human population has revealed high seroprevalence percentage of the 

parasite by using ELISA technique. Results of the present research evidently showed 

that both chronic and acute infections of Toxoplasma were present in population. 

Gender-wise comparison revealed that male study group had comparatively more 

prevalence rate than of females. Age-wise comparison showed highest prevalence for 

subjects having ages between 36-44
+
 years followed by persons of age greater than 45 

years. In contrast to that lowest prevalence was observed for individuals of younger 

age groups suggesting that older people are exposed more to oocysts contaminated 

surfaces and may be with repeated infection due to the cumulative effect of exposure 

to the infective stages of the parasite. Seroprevalence of Toxoplasma gondii among 

adult human population was found to be directly associated with socioeconomic status 

and education level suggesting the need for awareness programmes for general public 

health so as to minimize the burden of parasitic diseases which are generally ignored.  

Results of the study evidently revealed relationship of Toxoplasma gondii infection 

with various endocrine hormones. T. gondii infection had a positive correlation with 

insulin levels and it was recorded to be increased with age in present study. It is 

suggested that Toxoplasma may alter the metabolic pathway in such a way that it can 

lead to diabetes mellitus that is mainly controlled by insulin.  Data analysis also 

showed some alteration in levels of thyroid hormones that is suggestive of the effects 

on metabolism in different ways as thyroid gland and its associated hormones are 
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considered to be responsible for maintenance of overall body metabolism. Changes in 

reproductive hormonal level among male and female subjects of the study were 

suggestive of the possible contributory role of Toxoplasma infection leading to 

reproductive problems.  

Data evidently suggested that besides various risk factors life style habits of the 

respondents have an important role in the transmission of T. gondii. There are limited 

studies in this direction worldwide and currently no study is available with reference 

to develop or assess the role of Toxoplasma infection with endocrine hormones 

especially in Pakistan. Present situation demands more coherent and large scale 

studies regarding vulnerable groups to find out the relationship of toxoplasmosis with 

various associated transmission risk factors and in depth mechanism of the study. 

Thorough screening of high risk groups and health education to reduce exposure to 

risk factors by means of simple practical measures involving lifestyle, food 

preparation and hygiene are suggested for practical implementations. Awareness 

campaigns regarding hygienic practices are also suggested to reduce the risk to 

various hazards responsible for the exposure and infections.  

RECOMMENDATIONS 

On basis of the present study following recommendations are drawn for further 

research work and public health managemen:                         

a. For further research work: 

 Wide scale seroepidemiological studies of Toxoplasma gondii are strongly 

recommended in different areas of Pakistan with reference to susceptible groups 

by using ELISA and PCR techniques. 

 Relationship of insulin with Toxoplasma infection is proposed to be assessed 

further to understand the relationship between toxoplasmosis and pancreatic 

dysfunction such as diabetes mellitus. 

 Role of autoantibodies suggested to be investigated to understand the mechanism 

of Toxoplasma gondii infection that may affects the host body metabolism. 
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 Studies are recommended to determine the free thyroxin levels among human and 

animal population to find out the functioning of thyroid hormones with reference 

to latent and acute toxoplasmosis. 

 More detailed research studies related to molecular level findings of Toxoplasma 

gondii (determination of specific strains) by using PCR technique are also 

proposed especially among human population and also in other intermediate hosts. 

 Research work with reference to occupational exposure as well the association of 

latent toxoplasmosis and psychological disorders is suggested to further 

investigate correlation between latent toxoplasmosis, occupational exposure and 

psychological disorders etc.                                                                                                                           

b. For public health awareness/management: 

 Awareness campaigns regarding the control of the domestic and particularly stray 

cats are strongly recommended as it is important in limiting the transmission of 

risk for infection.  

 TORCH examination in developed countries is a matter of routine for pregnant 

mothers. Due to high incidence of such infections pregnant women must be 

screened so that to minimize the congenital transmission. 

 A health program should be established to increase the people's knowledge 

regarding Toxoplasma gondii infection and other such diseases, the possible 

transmission risk factors and their impacts on the public health. 
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Annexure I: Life cycle of Toxoplasma gondii 

                        (Molan et al., 2016) 
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Annexure IIa: Map showing different localities selected for the study 

(Source: https://www.politicpk.com/lahore-uc-list-detail) 

   Suk Nehr       Mehmood Booti

        N 
        N 
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Annexure IIb: Consent form 

 

ID. No.__________________ 

 

 

I----------------------------S/D/W/O--------------------------- am fully aware with the 

purpose of the study. I am giving my blood with my consent in full senses for the 

purpose of research work to Miss Mateen Arshad for her Ph.D. research project. 

 

I shall have no conflict of the interest with the results of the study. My personal 

information and blood analysis results will not be disclosed to any person or 

institution without my prior permission 

 

 

 

 

 

____________________________ 

 

Signature/Thumb Impression 
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Annexure IIc: BMI categories for adult human population (WHO, 2012) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*For BMI calculations were made by using following formula:
  

BMI = Weight in Kilograms/ Height in meter
 2

 

Height in meters = Height in inches / 39.37 = ________m       

(Height in meters)
2
 =  m

 2
 

BMI = Kg / m
 2
 

 

 

 

BMI category *BMI range (Kg/m
2
) 

Underweight Less than 18.5 

Normal 18.5-25 

Over weight 25.1-30 

Obese Above 30 
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Annexure IIIa: Number of respondents of the study with reference to 

different age groups 

Age groups 

(years) 

Total (n=500) Male (n=250) Female (n=250) 

n % n % n % 

18-21
+
 66 44.6 30 40 36 49 

22-26
+
 82 55.4 45 60 37 51 

Total (18-26
+
) 148 30 75 30 73 29 

27-30
+
 52 46.4 30 46 22 47 

31-35
+
 60 53.6 35 54 25 53 

Total (27-35
+
) 112 22 65 26 47 19 

36-39
+
 49 44.5 25 42 24 48 

40-44
+
 61 55.4 35 58 26 52 

Total (36-44
+
) 110 22 60 24 50 20 

45-48
+
 78 60 23 46 55 69 

49 and above 52 40 27 54 25 31 

Total (45 & 

above) 
130 26 50 20 80 32 

Grand total 500 100 250 100 250 100 

Number of male and female respondents for different parameters with 

reference to different age groups 

Age groups 

(years) 

Total (n=360) Male (n=180) Female (n=180) 

n % n % n % 

18-26
+
 90 25 45 25 45 25 

27-35
+
 90 25 45 25 45 25 

36-44
+
 90 25 45 25 45 25 

45 and above 90 25 45 25 45 25 

Grand total 360 100 180 100 180 100 
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Annexure IIIb: Education status of the respondents of the study 

Education status 
Total (n=500) Male (n=250) Female  (n=250) 

n % n % n % 

Literate 332 66 195 78 137 55 

Illiterate 168 34 55 22 113 45 

Total 500 100 250 100 250 100 

 Education level of the literate respondents (n=332) 

Education level 
Total (n=332) Male (n=250) Female  (n=250) 

n % n % n % 

Primary 65 19 29 15 36 26 

Middle 155 47 111 57 44 32 

Matric 57 17 20 10 37 27 

Intermediate 27 8 15 8 12 9 

Graduation 16 5 10 5 6 4 

Masters and others 12 4 10 5 2 2 

Total 332 100 195 100 137 100 

Annexure IIIc: Total family Income of the respondents 

Average  Income 

(Rs) 

Total (n=500) Male (n=250) Female  (n=250) 

n % n % n % 

< 5000 90 18 15 6 75 30 

6000
+
-15000 315 63 200 80 115 46 

16000
+
-30000 75 15 25 10 50 20 

30000
+
-60000 20 4 10 4 10 4 

Total 500 100 250 100 250 100 
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Annexure IIId: Percentage prevalence of risk factors for Toxoplasma gondii among the 

respondents of the study 

Risk factors Variables Total 
Male (n=250) 

Female  

(n=250) 

n % n % n % 

1.Cat exposure  

Rare 30 6 12 5 18 7 

Frequent 337 67 162 65 175 70 

Often 133 27 76 30 57 23 

Total 500 100 250 100 250 100 

2. Pet/animals at 

home 

Yes 320 64 220 88 100 40 

No 180 36 30 12 150 60 

Total 500 100 250 100 250 100 

Type of pet/animals 

kept at home 

Cat 4 1 0 0 4 4 

Donkey 60 19 40 18 20 20 

Buffalo 130 41 90 41 40 40 

Cow 56 17 35 16 21 21 

Pigeon & 

Hens 70 22 55 25 
15 15 

Total 320 100 220 100 100 100 

3. Pica habits 
Yes 330 66 176 70 154 62 

No 170 34 74 30 96 38 

Total 500 100 250 100 250 100 

Type of pica habit 

Soil 30 9 6 3 24 16 

Cement 20 6 3 2 17 11 

Nail 180 55 123 70 57 37 

Ice 100 30 44 25 56 36 

Total 330 100 176 100 154 100 

4. Source of 

drinking water 

Motor 

pump 20 4 12 5 
8 3 

Muncipal 330 66 153 61 177 71 

Government 

filters 
150 30 85 34 65 26 

Total 500 100 250 100 250 100 

5. Treatment of 

water at home 

Yes 80 16 25 10 55 22 

No 420 84 225 90 195 78 

Total 500 100 250 100 250 100 

Type of water 

treatment 

Boiling 64 80 21 84 43 78 

Water filters 

at home 
16 20 4 16 12 22 

Total 80 100 25 100 55 100 

6. Responses 

regarding 

consumption habits 

of washing of 

vegetables & fruits 

Yes 100 20 80 32 20 8 

No 400 80 170 68 230 92 

Total 500 100 250 100 250 100 

7. Blood transfusion 
Yes 20 4 5 2 15 6 

No 480 96 245 98 235 94 

Total 500 100 250 100 250 100 
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Annexure IIIe: Average BMI (Kg/m
2
) values for the respondents of the study with reference to different age groups  

 

Age 

groups 

(years)  

Number of  respondents (n=500) Number of male respondents (n=250) Number of female respondents (n=250) 

n= 

Under 

weight 

(<18.5) 

Normal 

BMI        

(18.5-25) 

Over 

weight   

(25-30) 

Obese 

(>30) 

n= 

Under 

weight 

(<18.5) 

Normal 

BMI  (18.5-

25) 

Over weight 

(25.1-30) 

Obese 

(>30) 

n= 

Under 

weight 

(<18.5) 

Normal 

BMI   

(18.5-25) 

Over 

weight  

(25-30) 

Obese 

(>30) 

 

 

 
 

(Kg/m2) 

                      

(Kg/m2) (Kg/m2) (Kg/m2) (Kg/m2) (Kg/m2) (Kg/m2) (Kg/m2) (Kg/m2) (Kg/m2) (Kg/m2) (Kg/m2) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

18-26+ 132 
17.4±0.40            

(15.5-18.4) 

22.95±0.7             

(18.5-25) 

25.1±0.20                 

(25.1-30) 
- 49 

17±0.101             

(15.5-18.4) 

22.2±0.11             

(18.5-25) 
- - 83 

17.8±0.020             

(15.5-18.4) 

23.7±0.11             

(18.5-25) 

25.1±0.001                  

(25.1-30) 
- 

27-35+ 169 
17.2±0.50                 

(15.5-18.4) 

22.65±0.35                  

(18.5-25) 

25.55±0.05                  

(25.1-30) 
- 83 

16.7±0.1                  

(15.5-18.4) 

22.3±0.12                  

(18.5-25) 

26±0.01                  

(25.1-30) 
- 86 

17.7±0.03                 

(15.5-18.4) 

23±0.01                  

(18.5-25) 

25.1±0.01                  

(25.1-30) 
- 

36-44+ 97 
17.05±0.35                 

(15.5-18.4) 

23.7±1.3                  

(18.5-25) 

25.7±0.35                  

(25.1-30) 

30.25±5.12
1                  

(30.5-40.2) 

64 
16.7±0.11                  

(15.5-18.4) 

22.4±0.10                  

(18.5-25) 

26.2±0.01                  

(25.1-30) 

30.1±7.531                  

(30.1-38.1) 
33 

17.4±0.021                 

(15.5-18.4) 

25±0.21                  

(18.5-25) 

25.2±0.01                  

(25.1-30) 

30.4±6.231                  

(30.4-40.2) 

45 

&above 
102 

17.55±0.35            

(15.5-18.4) 

22.9±1.1             

(18.5-25) 

25.6±0.01             

(25.1-30) 

30.9±1.91             

(30.5-33.5) 
54 

17.2±0.11             

(15.5-18.4) 

21.8±0.21             

(18.5-25) 

26±0.101             

(25.1-30) 

30.8±0.00            

(30.8) 
48 

17.9±0.03            

(15.5-18.4) 

24±0.41             

(18.5-25) 

25.2±0.001             

(25.1-30) 

30.8±2.98             

(30.5-33.5) 

Total number 

(n) 

500 

  

  

17.3±0.109 
(15.5-18.4) 

23.05±0.22  
(18.5-25) 

25.5±0.110 
(25.1-30) 

30.5±6.331 
(30.1-40.2) 

250 
16.9±0.12 
(15.5-18.4) 

22.18±0.13 
(18.5-25) 

26±0.012 
(25.1-30) 

30.4±7.53 
(30.1-38.1) 

250 
17.75±0.06 
(15.5-18.4) 

23.92±0.33  
(18.5-25) 

25.1±0.012 
(25.1-30) 

30.7±7.598 
(30.4-40.2) 

82 (16.4%) 318 (63.6%) 88 (17.6%) 12(2.4%) 250 32 (13%) 188 (75%) 25 (10%) 5 (2%) 250 50 (20%) 130 (52%) 63(25% 7(3%) 
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Annexure IIIf:  Percentage (%) of male and female respondents with reference to different age groups falling                                       

in different categories for reference values of BMI (Kg/m
2
) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                          

 

Age groups 

(years)  

 

 

Number of male respondents (n=250) Number of female respondents (n=250) 

 n= 

Under 

weight 

(<18.5) 

(Kg/m2) 

Normal 

BMI (18.5-

25) 

(Kg/m2) 

Over weight 

(25-30) 

(Kg/m2) 

Obese 

(>30) 

(Kg/m2) 

n= 

Under 

weight 

(<18.5) 

(Kg/m2) 

Normal 

BMI (18.5-

25) 

(Kg/m2) 

Over 

weight 

(25-30) 

(Kg/m2) 

Obese 

(>30) 

(Kg/m2) 

n % n % n % n % n % n % n % n % 

18-

26+ 

 

18-

21+ 21 6 43 15 43 0 0 0 0 48 13 72 32 58 3 30 0 0 

22-

26+ 

28 8 57 20 57 0 0 0 0 35 5 28 23 42 7 70 0 0 

n=4

9 14 28.6 35 71.4 0 0 0 0 

n=8

3 18 22 55 66 10 12 0 0 

27-

35+ 

27-

30+ 35 2 25 30 46 3 30 0 0 30 2 25 13 39 15 33 0 0 

31-

35+ 

48 6 75 35 54 7 70 0 0 56 6 75 20 61 30 67 0 0 

n=8

3 8 9.64 65 78.3 10 12.04 0 0 

n=8

6 8 9.3 33 38.4 45 

52.

3 0 0 

36-

44+ 

36-

39+ 24 0 0 20 44 4 40 0 0 14 3 30 7 47 0 0 4 100 

40-

44+ 

40 5 100 25 56 6 60 4 

10

0 19 7 70 8 53 4 

10

0 0 0 

n=6

4 5 7.8 45 70.3 10 15.6 4 6.3 

n=3

3 10 30.4 15 45.4 4 

12.

1 4 12.1 

45 

and 

above 

45-

48+ 32 1 20 30 70 1 20 0 0 23 4 40 14 52 3 75 2 67 

49 

and 

above 

22 4 80 13 30 4 80 1 

10

0 25 10 60 13 48 1 25 1 33 

n=5

4 5 9.26 43 

79.6

1 5 9.26 1 

1.8

5 

n=4

8 14 29.2 27 56.3 4 8.3 3 6.2 

Total number 

(n) 250 32 13 188 75.2 25 10 5 2 250 50 20 130 52 63 25 7 3 
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Annexure IIIg: Percentage of the total respondents (n=500) with reference to different  

age groups falling in different categories of reference values of BMI (Kg/m
2
)  

 
 

 

Age groups (years) 

(n=500) 

 

 

Number of respondents (n=500) 

Number 

of 

responden

ts (n) 

Under weight 

(<18.5) 

(Kg/m
2
) 

Normal BMI 

(18.5-25) 

(Kg/m
2
) 

Over weight 

(25-30) 

(Kg/m
2
) 

Obese (>30) 

(Kg/m
2
) 

n % n % n % n % 

18-26
+
 

 

18-21+ 69 19 59 47 52 3 30 0 0 

22-26+ 
63 13 41 43 48 7 70 0 0 

n=132 32 24.29 90 68.12 10 7.57 0 0 

27-35
+
 

27-30+ 65 4 25 43 44 18 33 0 0 

31-35+ 
104 12 75 55 56 37 67 0 0 

n=169 16 9.47 98 57.99 55 32.54 0 0 

36-44
+
 

36-39+ 38 3 20 27 45 4 29 4 50 

40-44+ 
59 12 80 33 55 10 71 4 50 

n=97 15 15.46 60 61.85 14 14.43 8 8.25 

45 and 

above 

45-48+ 55 5 26 44 63 4 44 2 50 

49 and 

above 

47 14 74 26 37 5 56 2 50 

n=102 19 18.6 70 68.6 9 8.8 4 3.91 

Total number  500 82 16.4 318 63.6 88 17.6 12 2.4 
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Annexure IIIh:  Percentage prevalence of various diseases/health 

complaints among respondents of the study (n=500) 

Health problems Total (n=500) Male (n=250) 

Female 

(n=250) 

n % n % n % 

Flu 300 60 138 55 162 65 

Asthma 11 2 5 2 6 2 

Chest infection 40 8 25 10 15 6 

Tonsilitis 106 21 63 25 43 17 

Fever 10 2 5 2 5 2 

Eye problems 10 2 2 1 8 3 

 Lymphadenopathy 7 1.4 5 2 2 1 

Arthritis 4 1 2 1 2 1 

Jaundice 8 1.6 5 2 3 1.2 

Cancer 1 0.2 0 0 1 0.4 

Hepatitis C 2 0.4 0 0 2 1 

Epilepsy 1 0.2 0 0 1 0.4 

Diabetes 70 14 25 10 45 18 

Thyroid problem 4 0.8 - - 4 1.6 

Annexure IIIi: Average glucose values (mg/dl) for the respondents 

with reference to different age groups 

Age 

groups 

(years) 

Number of 

respondents 

(n=500) 

Male  (n=250) Female  (n=250) 

n= 

Glucose 

(mg/dl) 

n= 

Glucose 

n= 

Glucose 

(mg/dl) (mg/dl) 

Mean+ 

SEM 

(Range) 

Mean+ 

SEM 

(Range) 

Mean+ SEM 

(Range) 

18-26
+
 132 

120±13.12                         

(79-130) 
49 

115±10.22                         

(80-130) 
83 

125±14.12                         

(79-130) 

27-35
+
 169 

132.5±14.53                         

(80-165) 
83 

13±16.453                         

(90-165) 
86 

130±20.5                         

(80-145) 

36-44
+
 97 

157.5±20.34                        

(80-270) 
64 

150±21.31                        

(80-270) 
33 

165±23.431                        

(80-250) 

45 &above 102 
180±30.481                         

(79-130) 
54 

160±31.89                         

(110-380) 
48 

200±29.521                         

(120-300) 

Total 500 
147.5±13.34                        

(79-380) 

25

0 

140±9.78                        

(80-380) 

25

0 

155±17.44                        

(80-380) 
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Annex 1Va: Anti-Toxoplasma IgG concentration (IU/ml) and serological status of IgG and 

IgM  (Positive/Negative) among male and female subjects in Lahore (n=360) 

Sr. 

No. 
I.D Name Age(Yrs) 

Anti-Toxoplasma 

antibodies 

IgG (IU/ml) IgM 

Conc 

Posi     

/Neg 

Posi     

/Neg 
1 208 Nabeel 31 73 1 1 

2 209 Alamdar 32 243 1 1 

3 211 Khalil  27 175 1 1 

4 212 Shafique Shafee 44 66 1 0 

5 213 Ashraf Manzoor 55 18 0 0 

6 214 Shoukat Gujjar 63 317 1 1 

7 220 Danial Maqsood 20 266 1 0 

8 222 Nadeem Babar 24 55 1 0 

9 223 Akbar 42 97 1 1 

10 224 Niamat 48 73 1 0 

11 227 Shehbaz 18 47 1 0 

12 228 Ishfaq 23 107 1 0 

13 229 Azhar 18 44 1 0 

14 231 Ali Humayu 20 287 1 1 

15 232 Abeer  19 25 0 0 

16 233 Razak  40 114 1 0 

17 234 Humayu 57 277 1 1 

18 236 Ramzan 19 100 1 0 

19 241 Khawar 23 115 1 1 

20 243 Ayaan 18 67 1 1 

21 244 Hamza 18 66 1 1 

22 245 Latif 20 42 1 0 

23 247 Wajid 20 316 1 1 

24 250 Younis 45 134 1 1 

25 136 Allah Rakha 46 284 1 0 

26 137 Bilal 22 52 1 0 

27 138 Asif Gujjar 48 88 1 0 

28 139 Amjad 35 40 1 1 

29 140 Javed 46 80 1 0 

30 144 Iqbal Arshad 27 211 1 1 

31 149 Shafique Butt 52 231 1 0 

32 150 Mustansar Ali 32 318 1 1 

33 154 Abid Ali 26 242 1 0 

34 155 Waseem 34 184 1 0 

35 156 Asif Bashir 30 42 1 0 

36 157 Shakeel Bashir 41 102 1 0 

37 158 Daanish Shehzad 21 140 1 1 



lv 

 

38 159 Shehzad 22 154 1 1 

39 161 Sadiq Butt  53 54 1 1 

40 162 Zeeshan 23 65 1 0 

41 163 Waqar 25 302 1 1 

42 164 Abul Rehman 25 30 0 0 

43 165 Abid Habib 22 36 1 1 

44 166 Mansoor 29 69 1 1 

45 167 Sardar 52 40 1 0 

46 168 Azhar 41 86 1 0 

47 170 Jehan zeb 24 73 1 1 

48 171 Bashir 45 195 1 1 

49 172 Raju 32 83 1 1 

50 173 Zia u Allah 47 300 1 1 

51 174 Babar Hussain 32 302 1 0 

52 176 Nasir  27 89 1 1 

53 177 Tariq  39 71 1 1 

54 178 Shehzad 36 42 1 1 

55 179 Zeeshan 18 64 1 1 

56 180 Akaash 21 42 1 0 

57 181 Manzoor 36 258 1 0 

58 183 Wakas 25 249 1 1 

59 184 Jameel 24 269 1 1 

60 185 Allah Rakha 50 101 1 1 

61 188 Zeeshan 19 48 1 1 

62 191 Shehzad  30 286 1 0 

63 192 Waris ali 40 95 1 1 

64 193 Sana u allah Butt 54 60 1 0 

65 194 Asghar 26 277 1 0 

66 195 Iftikhar 19 23 0 0 

67 196 Sajid Butt 54 66 1 0 

68 199 Wati 27 75 1 0 

69 204 Shakeel Bashir 25 133 1 0 

70 205 Azeem 30 67 1 0 

71 206 Shabbir 26 285 1 1 

72 207 Ghulam Abbas 36 313 1 1 

73 71 Suleman Arshad 19 51 1 1 

74 72 Faiz Ahmed 60 240 1 1 

75 73 Hidayat 60 274 1 1 

76 74 Miraj Din 56 222 1 0 

77 75 Nooran Shah 39 59 1 0 

78 76 Rashid Mubarak Ali 24 124 1 0 

79 77 Nasir Ali 37 45 1 0 

80 78 Waris Ali 50 67 1 0 

81 79 Shabbir  30 87 1 0 
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82 80 Fiaz Ali 36 117 1 0 

83 81 Abdul Waheed 59 45 1 1 

84 82 Mumtaz 45 281 1 1 

85 83 Mubarak Ali 45 107 1 1 

86 84 Fakeer 58 265 1 1 

87 85 Younis 50 278 1 0 

88 86 Rafaqat 33 207 1 1 

89 90 Waheed 38 267 1 0 

90 88 Afzal 27 10 0 0 

91 95 Ehsan Raza 37 21 0 0 

92 96 Suleman Mumtaz 26 411 1 0 

93 97 Ishfaq Ahmed 28 90 1 1 

94 99 Khair Din 65 20 0 0 

95 100 Siddiq 51 25 0 0 

96 101 Ahmed Karamat 37 170 1 0 

97 103 Razak Mushtaq 42 150 1 0 

98 104 Nisar Ahmed 28 10 0 0 

99 105 Aslam Siddiq 50 300 1 0 

100 108 Asif Ashraf 28 450 1 0 

101 109 Khalid Ghulam 38 80 1 0 

102 110 Rehan Afzal 21 87 1 1 

103 112 Raza Azal 22 12 0 0 

104 114 Shehr Yar 21 410 1 0 

105 117 Shoaib Sarfraz 20 140 1 0 

106 118 Nisar Mushtaq 38 180 1 0 

107 121 Qaiser Mansha 38 21 0 0 

108 123 Jilani 21 411 1 1 

109 124 Tanveer Younis 36 110 1 0 

110 126 Mujahid 24 24 0 0 

111 128 Qaiser Maqbool 31 35 1 0 

112 129 Shehbaz Ahmed 31 390 1 1 

113 131 Kamran 26 50 1 0 

114 132 Qasim Shareef 48 180 1 1 

115 133 Tahir Mehmood 49 40 1 0 

116 134 Shahid Hafeez 41 126 1 0 

117 1 Usman Omer hayat 25 35 1 0 

118 2 Kamran Miraj Din 37 400 1 0 

119 3 Abdul Waheed 28 36 1 1 

120 4 Nasir Shehnawaz 43 419 1 0 

121 5 Ihsaan Munawar 41 66 1 0 

122 6 Azeem Shabbir 22 22 0 0 

123 7 Khalid Islam Din 40 95 1 0 

124 8 Nouman Irshad 49 377 1 0 

125 9 Shehzan Yaseen 39 93 1 1 
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126 10 Ishfaq Ahmed 46 415 1 0 

127 11 Fyaz Ahmed 42 95 1 0 

128 12 Ghulam Abbas 28 39 1 0 

129 13 Qasim Butt 29 37 1 1 

130 14  Imran Ali 47 460 1 0 

131 15 Shehbaz Iahfaq 48 350 1 0 

132 16 Imran Miraj 37 110 1 0 

  17 Adnan Miraj 38 425 1 0 

134 18 Qaiser Mehmood 30 22 0 0 

135 19 Imran Faiz 29 17 0 0 

136 20 Abdul Rasheed 43 185 1 0 

137 21 Zubair Aslam 49 110 1 0 

138 22 Imran Mumtaz 41 50 1 0 

139 23 Shehzad Ayub 32 15 0 0 

140 24 Zafar Ali 34 40 1 0 

141 25 Abid Javed 49 470 1 0 

142 26  Akram Nazeer 40 189 1 0 

143 27 Ameen Electric 34 105 1 1 

144 28 Ihsaan Mustafa 29 19 0 0 

145 29 Kuram Jameel 29 33 1 1 

146 30 Furqan 33 390 1 1 

147 31 Wariz Fazil 34 109 1 0 

148 32 Sarfraz Rasheed 42 112 1 0 

149 33 Latif Sharif 33 65 1 0 

150 34 Ibrar 34 60 1 0 

151 35 Khurram  23 23 0 0 

152 36 Badr u slam Electric 33 34 1 0 

153 37 Wakas Ilyas 31 33 1 0 

154 38 Shzad Khan 39 172 1 0 

155 39 Shehzad Abdul Ghani 39 380 1 0 

156 40 Tariq Sslam Admin 23 14 0 0 

157 41 Bilal Nawaz 33 40 1 1 

158 42 Arslan 43 190 1 0 

159 43 Murtaza 49 185 1 0 

160 44 Naveed Salamat 42 42 1 1 

161 45 Qaiser Khalid 40 56 1 0 

162 46 Shahid Boota 46 113 1 1 

163 47 Muzammal Saeed 31 45 1 1 

164 48 Shakeel Nazir 44 200 1 0 

165 49 Khadim Barkat 47 17 0 0 

166 50 Iftikhar Shahnwaz 35 10 0 0 

167 51 Akram 35 22 0 0 

168 52 Habib 46 360 1 0 

169 53 Waqar a Razak 35 24 0 0 
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170 54 Waseem Majeed 35 10 0 0 

171 55 Shoukat Mushtaq 44 33 1 1 

172 56 Frzand 48 406 1 0 

173 57 Shabbir Ali 44 117 1 0 

174 58 Tariq Mukhtar 47 188 1 0 

175 59 Zeeshan Sarwar 47 156 1 0 

176 60 Asif Barkat 45 180 1 0 

177 61 Imran Rasheed 43 416 1 0 

178 62 Abdul Razzak 44 187 1 0 

179 63 Ghafoor Ahmed 43 178 1 0 

180 64 Khalid Mehmood 50 10 0 0 

Mean±SEM (for males)   144.27±9.22   

Range  

   

10-470 

 

  

SD±       123.41     
181 288 Shamshad 37 13.5 0 0 

182 289 Shehnaz 40 24.4 0 0 

183 290 Safia saeed 38 10.2 0 0 

184 291 Rubina usman 35 20.7 0 0 

185 292 Nageena Irfan 30 16.7 0 0 

186 293 Iram Imran 27 5.1 0 0 

187 294 Guddi 35 12.7 0 0 

188 295 Rakhshanda                                            
sana u alah 

45 7.7 0 0 

189 296 Shazia ilyas 45 20.9 0 0 

190 297 Ayesha Habib 26 7.6 0 0 

191 298 Rani 50 27.8 0 0 

192 300 Saira Shafqat 25 14.6 0 0 

193 301 Safia Sarwar 40 411.4 1 0 

194 302 Shehnaz AAshraf 40 400 1 1 

195 304 Anti Habib 60 430.1 1 1 

196 305 Plwaha Mother 37 12.4 0 0 

197 306 Abida Shaheen 50 19.1 0 0 

198 307 Kausar Parveen 45 343.5 1 1 

199 308 Anti Khalida 50 414.5 1 0 

200 309 Sonia Laila 29 16.5 0 0 

201 311 Aia Asif 45 21.8 0 0 

202 213 Almas Suleman 40 18.1 0 0 

203 214 Bano Aif 40 23.2 0 0 

204 215 Saadia Afzal 35 29.2 0 0 

205 217 Mussarat 44 21.1 0 0 

206 218 Shaista Bano 45 8.3 0 0 

207 219 Yasmeen Khan 26 10.4 0 0 

208 222 Bano Latif 30 26.6 0 0 

209 225 Tahira Saleem 31 20.1 0 0 
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210 229 Sakeena Anwar 30 421 1 0 

211 230 Nageena Ghafoor 35 27.1 0 0 

212 232 Karshaid Arshad 30 15.2 0 0 

213 235 Shamshad Kausar 44 9.4 0 0 

214 237 Naheed Fatima 28 27.6 0 0 

215 242 Musarrat Ijaz 44 18.2 0 0 

216 243 Jameela Majeed 30 382.8 1 0 

217 246 Zubaida 35 21.6 0 0 

218 247 Madeeha Shahid 18 101.5 1 1 

219 248 Safia Hafeez 50 9.6 0 0 

220 249 Naila Qasim 34 18.3 0 0 

221 251 Basheera Mehnga 59 7.3 0 0 

222 252 Azra Ashiq 50 9.7 0 0 

223 254 Kausar Zahid 51 443.1 1 0 

224 255 Saima Riaz 23 22.5 0 0 

225 256 Uzma Khalid 26 12.3 0 0 

226 257 Asia Azhar 44 10.5 0 0 

227 259 Naila Akahtar 37 325.2 1 1 

228 260 Nusrat Miraj Din 31 17 0 0 

229 261 Samina Azal 34 142.3 1 0 

230 262 Safia Bashir 58 9.2 0 0 

231 263 Nazeera Ashraf 51 18.2 0 0 

232 264 Nargis Maskeen 49 117.2 1 1 

233 265 Sania Sarwar 22 6.8 0 0 

234 266 kiran Fakeer 18 8.2 0 0 

235 267 Nazeera Ali Sher 52 22.5 0 0 

236 269 Nafeesa Arshad 25 13.5 0 0 

237 270 Rubina Arif 38 15.2 0 0 

238 271 Hina Ijaz 18 13.3 0 0 

239 272 Shamim Rasheed 43 435.1 1 0 

240 273 Salma Aslam 43 435.1 1 1 

241 275 Nadra Siddiq 25 10.9 0 0 

242 276 Zareena Arshad 43 20.9 0 0 

243 278 Anna Fiaz 22 19.6 0 0 

244 279 Saba Ali 26 13.1 0 0 

245 280 Kanwal Zahid 20 14.1 0 0 

246 282 KainatA 18 7.2 0 0 

247 284 Kausar Ramzan 31 419.8 1 0 

248 286 Najma Sarfraz 25 20.8 0 0 

249 161 Nasreen Talib 23 11.5 0 0 

250 163 Anti Safia 49 12.2 0 0 

251 164 Rabia Shaheen 36 324.8 1 0 

252 165 Nasreen Arshad 48 322.5 1 0 

253 166 Noreen Talib 27 21.5 0 0 
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254 167 Anwari Talib 43 18 0 0 

255 168 Habiba Bibi 54 439.7 1 0 

256 169 Sultana 48 378.6 1 1 

257 175 Bushra Yousaf 42 112.6 1 1 

258 177 Nasreen Zafar 33 16.8 0 0 

259 178 Nazeera Bibi Younis 46 11.8 0 0 

260 183 Abida Adrees 34 17.5 0 0 

261 184 Sakeena Naseer 25 6 0 0 

262 188 Irshad Bashir 42 25.1 0 0 

263 190 Farwa Sajid 18 442 1 0 

264 191 Salma nisar 34 12.5 0 0 

265 192 Faiz bibi 57 12.9 0 0 

266 195 Haneefa sultan 53 25.8 0 0 

267 196 Shareefa nazir 55 254.9 1 0 

268 197 Nazeera hanif 55 391.6 1 0 

269 198 Khalida latif 29 26.3 0 0 

270 199 Zahida parveen 49 10 0 0 

271 200 Yasmeen qayyum 43 21.1 0 0 

272 201 Rehan a samad 39 8.3 0 0 

273 202 Hina naveed 39 29.4 0 0 

274 203 Shakeela sif 39 392.8 1 0 

275 204 Shamim mehboob 32 291.6 1 0 

276 205 Salma mumtaz 32 76.1 1 0 

277 206 Azra rehmat 48 355.5 1 1 

278 207 Rasoola younis 47 22.3 0 0 

279 208 Shagufta shareef 42 13.2 0 0 

280 209 Najma khalid 48 28.3 0 0 

281 211 Muqaddas shareef 19 10.5 0 0 

282 11 Saadia mustansar 27 369.2 1 1 

283 110 Rasheed bibi 54 337.3 1 1 

284 112 Sangeeta 33 336 1 1 

285 115 Parveen 34 12.6 0 0 

286 119 Sobia yousaf 28 138.2 1 1 

287 121 Hafeeza bibi 49 26.3 0 0 

288 122 Gul taj 38 17.4 0 0 

289 126 Rafia 47 11.1 0 0 

290 127 bisma 22 8 0 0 

291 128 Saneela 24 6.9 0 0 

292 130 Mumtaz 37 24.8 0 0 

293 131 Zareena arshad 39 138.7 1 1 

294 132 Nazia saleem 47 237.5 1 0 

295 133 Sumaira razzak 37 363.1 1 0 

296 134 Iffat shahbaz 33 48.4 1 1 

297 135 Umme salma 32 16.5 0 0 
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298 138 Shamim rabia 38 294 1 0 

299 139 Shehnaz waris 33 378 1 0 

300 140 Mehwish 26 11.8 0 0 

301 141 Nasreen akhtar 32 385 1 0 

302 142 Sana ashraf 24 354.1 1 0 

303 143 Bushra bibi 46 149.5 1 0 

304 146 Gul naaz 28 17.2 0 0 

305 147 Rasheeda bibi 48 411.5 1 1 

306 148 Sakeena bibi 56 205.8 1 1 

307 149 Tamseela younis 21 26.7 0 0 

308 150 Shamim pervaiz 42 296.4 1 1 

309 151 Razia saleem 47 30 0 0 

310 152 Mehreen 22 7.2 0 0 

311 153 Taqdees 21 14.4 0 0 

312 154 Rukhsaar saleem 20 15.5 0 0 

313 156 Shakeela nisar 27 370.9 1 1 

314 157 Sumaira javed 23 453.7 1 1 

315 159 Rabia 23 16.9 0 0 

316 62 Zahida tariq 31 51.1 1 0 

317 63 nagina sajid 47 13.7 0 0 

318 64 basheera bibi 41 408.3 1 0 

319 65 khalida yassen 41 26.7 0 0 

320 66 nageena shafiq 41 86 1 0 

321 67 rehana kausar 42 123.5 1 1 

322 68 amina liaqat 23 11.5 0 0 

323 69 shaheen 32 56.8 1 0 

324 70 tahira abid 31 429.4 1 1 

325 71 sana shahid 19 19.8 0 0 

326 73 azra parveen 44 401 1 0 

327 74 mrs shahid 24 29.1 0 0 

328 75 allah rakhi 33 52.5 1 1 

329 76 mumtaz 65 16 0 0 

330 77 shumaila riaz 21 22.5 0 0 

331 78 jamila ashraf 38 12.3 0 0 

332 79 mrs mohsin 22 28.3 0 0 

333 80 samina shafiq 20 10.3 0 0 

334 81 shubana tariq 24 19.8 0 0 

335 82 Ayesha majid 28 26 0 0 

336 83 Razia khalid 39 166 1 0 

337 84 Aneela aslam 28 30 0 0 

338 85 Parveen ali 46 29.8 0 0 

339 86 Razia tariq 41 80.4 1 0 

340 87 Sakeena bibi 63 29.3 0 0 

341 88 Shama 36 337.6 1 1 
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342 89 Rehana ashiq 29 8.9 0 0 

343 90 Maria shahid 20 10.7 0 0 

344 91 Nazeera bibi 41 347.1 1 1 

345 92 Shakeela shabbir 29 62 1 1 

346 93 Parveen 46 29.8 0 0 

347 94 Kishwar bibi 46 9.1 0 0 

Annex 1Va: Anti-Toxoplasma IgG concentration (IU/ml) and serological status of IgG and 

IgM  (Positive/Negative) among male and female subjects in Lahore (n=360) 

Sr. 

No. 
I.D Name Age(Yrs) 

Anti-Toxoplasma 

antibodies 

IgG (IU/ml) IgM 

Conc 

Posi     

/Neg 

Posi     

/Neg 
348 95 Nasreen 19 31.2 0 0 

349 96 Fzeelat 24 331.4 1 1 

350 97 Rubina 36 11.5 0 0 

351 98 Asma wasim 36 10.8 0 0 

352 99 Safia shakeel 21 16.1 0 0 

353 100 Samina 29 49.8 1 0 

354 101 Fozia shoolat 36 414.5 1 1 

355 102 Faiza 19 21.4 0 0 

356 103 Mahnoor shahid 19 8.9 0 0 

357 104 Lubna 27 12.9 0 0 

358 105 Shamim 49 11.6 0 0 

359 107 Maryam 21 387.4 1 1 

360 108 Maryam cousin 20 10 0 0 

Mean±SEM (for females)   111.37±11.40   

Range  

   

5.1-

453.7 

 

  

SD±       152.98     

Grand total n=360     217 90 

Mean±SEM     127.45±7.36   

Range  

   

5.1-

470 

 

  

SD±       139.75     
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Annexure 1Vb: Seroprevalence of toxoplasmosis among male and female subjects of various age groups 

(n=217/360) 

Sr. No. 
Age Groups                            

(Yrs) 

IgG concentration and 

percentage prevalence for 

subjects positive for T. 

gondii infection 

IgG concentration and 

percentage prevalence for 

subjects positive for 

chronic T. gondii infection 

IgG concentration and 

percentage prevalence for 

subjects positive for acute 

T. gondii infection 

1 
18-26

+ 
  

(n=90) 

 

mean±SEM:179.18±20.93 mean±SEM:163.71±30.72 mean±SEM:195.18±28.84 

range: 35-453.7 range: 35-442 range: 36-453.7 

SD:137.27 SD:140.78 SD:135.30 

 

    

19.8% (43/217) 49%(21/43) 51%(22/43) 

2 
27-35

+ 
    

(n=90) 

mean±SEM:167.46±19.47 

range: 33-450 

SD:143.134 

 

24.8% (54/217) 

mean±SEM:168.97±29.10 

range: 33-450 

SD:151.238 

 

50%(27/54) 

mean±SEM:165.94±26.44 

range: 33-429.40 

SD:137.424 

 

50%(27/54) 

3 
36-44

+ 
   

(n=90) 

mean±SEM:203.93±16.72 

range: 33-435.10 

SD:133.788 

 

29% (64/217) 

mean±SEM:202.93±9.20 

range: 45-435 

SD:130.288 

 

72%(46/64) 

mean±SEM:206.48±34.47 

range: 33-435.10 

SD:146.252 

 

8%(18/64) 

4 
45

+ 
  and 

above  (n=90) 

mean±SEM:242.88±17.42r

ange: 40-470 

SD:13.415 

 

25.8% (56/217) 

mean±SEM:246.64±24.67 

range: 40-470 

SD:141.746 

 

59%(33/56) 

mean±SEM:237.50±23.99 

range: 45-430.10 

SD:115.082 

 

41%(23/ 56) 

Total                  

(n=360) 

mean±SEM:200.130±9.37

range: 33-470 

SD:138.094 

 

60%(217/360) 

mean±SEM:200.58±12.55 

range: 33-470 

SD:141.52 

 

58.5%(127/217) 

mean±SEM:199.48±14.1

1 range: 33-453.7 

SD:133.886 

 

41.5%(90/217) 
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Annexure 1Vc: Seroprevalence of Toxoplasma gondii among male subjects belonging to various age groups 

(n=155/180) 

Sr. No. 
Age Groups                            

(Yrs) 

IgG concentration and 

percentage prevalence for 

subjects positive for T. 

gondii infection 

IgG concentration and 

percentage prevalence for 

subjects positive for chronic 

T. gondii infection 

IgG concentration and 

percentage prevalence for 

subjects positive for acute 

T. gondii infection 

1 
18-26

+ 
      

(n=45) 

mean±SEM:153.02±19.37 mean±SEM:139.05±28.15 mean±SEM:167.77±27.99 

 range: 35-411  range: 35-411  range: 36-411 

SD:120.02 SD:122.73 SD:118.77 

    

 23.87% (37/155) 51%(19/37) 49%(18/37) 

2 
27-35

+ 
      

(n=45) 

mean±SEM:130.91±20.30 

range: 33-450 

SD:20.30 

 

22.58% (35/155) 

mean±SEM:119.25±30.79 

range: 33-450 

SD:123.17 

 

46%(16/35) 

mean±SEM:140.73±27.52 

range: 33-390 

SD:119.96 

 

54%(19/35) 

3 
36-44

+ 
      

(n=45) 

mean±SEM:157.16±17.05 

range: 33-425 

SD: 111.83 

 

27.7% (43/155) 

mean±SEM:170.62±19.09 

range: 45-425 

SD: 112.93 

 

81%(35/43) 

mean±SEM:98.25±32.03 

range: 33-313 

SD: 90.62 

 

19%(8/43) 

4 
45

+ 
 and  above 

(n=45) 

mean±SEM:209.22±19.83r

ange: 40-470 

SD:125.44 

 

25.81% (40/155) 

mean±SEM:219.44±28.40 

range: 40-470 

SD:142.016 

 

62.5%(25/40) 

mean±SEM:192.20±24.17 

range: 45-317 

SD:93.620 

 

37.5%(15/40) 

Total                             

(n=180) 

mean±SEM:163.68±9.76 

range: 33-470 

SD:121.53 

 

86% (155/180) 

mean±SEM:168.50±13.11 

range: 33-470 

SD:127.86 

 

61%(95/155) 

mean±SEM:156.05±14.38 

range: 33-411  

SD:111.410 

 

39%(60/155) 
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Annexure 1Vd: Seroprevalence of Toxoplasma gondii among female subjects of various age groups 

(n=62/180) 

Sr. No. 
Age Groups                            

(Yrs) 

IgG concentration and 

percentage prevalence for 

subjects positive for T. 

gondii infection 

IgG concentration and 

percentage prevalence for 

subjects positive for 

chronic T. gondii infection 

IgG concentration and 

percentage prevalence for 

subjects positive for acute 

T. gondii infection 

1 
18-26

+ 
 

(n=45) 

mean±SEM:345.01±52.46 mean±SEM:398.05±43.95 mean±SEM:318.50±76.52 

 range: 101.5-453.7  range: 354.1-442  range: 101.5-453.7 

SD:128.51 SD:62.54 SD:153.05 

 

    

9.7% (6/62) 33%(2/6) 67%(4/6) 

2 
27-35

+ 
 

(n=45) 

mean±SEM:234.78±36.76 

range: 48.4-429.4 

SD:160.26 

 

30.6% (19/62) 

mean±SEM:241.30±49.54 

range: 49.8-421 

SD:164.324 

 

58%(11/19) 

mean±SEM:225.82±58.43 

range: 48.4-429.4 

SD:165.28 

 

42%(8/19) 

3 
36-44

+ 
 

(n=45) 

mean±SEM:299.69±27.41 

range: 80.4-435.1 

SD: 125.64 

 

33.8% (21/62) 

mean±SEM:305.71±40.16 

range: 80.4-435.1 

SD: 133.211 

 

52%(11/21) 

mean±SEM:293.07±39.07 

range: 112.6-435.1 

SD: 123.58 

 

48%(10/21) 

4 

45
+ 

 and 

above 

(n=45) 

mean±SEM:327.05±26.06 

range: 117.2-443.1 

SD:104.26 

 

25.8% (16/62) 

mean±SEM:331.66±38.39 

range: 149.5-443.1 

SD:108.60 

 

50%(8/16) 

mean±SEM:322.43±37.83 

range: 117.2-430.1 

SD:107.012 

 

50%(8/16) 

Total (n=180) 

mean±SEM:291.24±17.23 

range: 48.4-453.7 

SD:135.72 

 

34%(62/180) 

mean±SEM:295.83±24.57 

range: 49.8-443.10 

SD:138.99 

 

52%(32/62) 

mean±SEM:286.36±24.52 

range: 48.4-453.7  

SD:134.347 

 

48%(30/62) 



lxvi 

 

 

Annexure IVe:  Number and percentages of study subjects categorized with reference to concentration range of IgG 

Age 

groups 

(Years) 

Total (n=217)   

Age 

groups 

(Years) 

Male (n=155) 

Age 

groups 

(Years) 

Female (n=62) 

Concentration range for IgG Concentration range for IgG Concentration range for IgG 

Low 

range 

(32-150)                                    

(n=106) 

Moderate 

range    

(151-300)                      

(n=49) 

High 

range 

(301-

470)                      

(n=62) 

32-150                                    

(n=89) 

151-300                      

(n=42) 

301-470                       

(n=24) 

32-150                                    

(n=17) 

151-300                      

(n=7) 

301-470                       

(n=38) 

n % n % n % n % n % n % n % n % n % 

18-26+ 

(n=43) 
25 58 8 19 10 23 

18-26+ 

(n=37) 
24 65 8 22 5 13 

18-26+ 

(n=6) 
1 17 0 0 5 83 

27-35+ 

(n=54) 
33 61 7 13 14 26 

27-35+ 

(n=35) 
24 69 6 17 5 14 

27-35+ 

(n=19) 
9 47.4 1 5.2 9 47.4 

36-44+ 

(n=64) 
31 48 14 22 19 30 

36-44+ 

(n=43) 
26 60 11 26 6 14 

36-44+ 

(n=21) 
5 24 3 14 13 62 

45 & 

above 

(n=56) 

17 30 20 36 19 34 

45 & 

above 

(n=40) 

15 37.5 17 42.5 8 20 

45 & 

above 

(n=16) 

2 12 3 19 11 69 

Grand 

total 
106 49 49 22.5 62 28.5 

Grand 

total 
89 57 42 27 24 16 

Grand 

total 
17 27.4 7 11.3 38 61.3 
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Annexure IVf: Number and percentages of study subjects categorized with reference to concentration range of IgG 

Age 

groups 

(Years) 

Total (n=217) Male (n=155) Female (n=62) 

Conc. range Conc. range Conc. range 

32-150                                    

(n=106) 

151-300                      

(n=49) 

301-470                       

(n=62) 

32-150                                    

(n=89) 

151-300                      

(n=42) 

301-470                       

(n=24) 

32-150                                    

(n=17) 

151-300                      

(n=7) 

301-470                       

(n=38) 

IgG 
IgG+ 

IgM 
IgG 

IgG+ 

IgM 
IgG 

IgG+ 

IgM 
IgG 

IgG+ 

IgM 
IgG 

IgG+ 

IgM 
IgG 

IgG+ 

IgM 
IgG 

IgG+ 

IgM 
IgG 

IgG+ 

IgM 
IgG 

IgG+ 

IgM 

18-26+ 14 11 3 5 4 6 14 10 3 5 2 3 0 1 0 0 2 3 

27-35+ 17 16 3 4 7 7 12 12 2 4 2 3 5 4 1 0 5 4 

Total 
31/62  

(50%) 

27/44 

(61%) 

6/30 

(20%) 

9/19 

(47%) 

11/35 

(31%) 

13/27 

(48%) 

26/54 

(48%) 

22/35 

(63%) 

5/25 

(20%) 

9/17 

(53%) 

4/16 

(25%) 

6/8   

(75%) 

5/8 

(62.5%) 

5/9   

(56%) 

1/5   

(20%) 
0 

7/19 

(37%) 

7/19  

(37%) 

36-44+ 21 10 13 1 12 7 19 7 11 0 5 1 2 3 2 1 7 6 

45 & 

above 
10 7 11 9 12 7 9 6 9 8 7 1 1 1 2 1 5 6 

Total 
31/62 

(50%) 

17/44 

(39%) 

24/30 

(80%) 

10/19 

(57%) 

24/35 

(69%) 

14/27 

(52%) 

28/54 

(52%) 

13/35 

(37%) 

20/25 

(80%) 

8/17 

(47%) 

12/16 

(75%) 

2/8    

(25%) 

3/8   

(37.5) 

4/9    

(44%) 

4/5   

(80%) 

2/2 

(100%) 

12/19 

(63%) 

12/19 

(63%) 

Grand 

total 

62/106 

(59%) 

44/106 

(41%) 

30/49 

(61%) 

19/49 

(39%) 

35/62 

(56%) 

27/62 

(44%) 

54/89 

(61%) 

35/89 

(39%) 

25/42 

(60%) 

17/42 

(40%) 

16/24 

(67%) 

8/24 

(33%) 

8/17 

(47%) 

9/17 

(53%) 

5/7   

(71%) 

2/7    

(29%) 

19/38  

(50%) 

19/38 

(50%) 
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Annexure Va: Analysis of serum samples for insulin levels  among total subjects of various age         

groups (n=360) 

Sr. 

No. 

Age 

Groups                            

(Yrs) 

Insulin level 

among total 

subjects   

(µIU/ml) 

Insulin level 

among subjects 

with Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among subjects 

with chronic 

Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among 

subjects with 

acute 

Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among subjects 

negative for 

Toxoplasma 

infection  

(µIU/ml) 

1 

18-26
+
 37.11±7.16 49.83±13.85 86.77±26.12 14.57±2.97 25.47±4.84 

(n=90) 1.23-398.29 1.23-398.29 1.23-398.23 1.75-65.39 1.23-144.82 

  67.94 90.85 119.71 13.93 33.236 

    
    

2 

27-35
+
 

54.88±9.66 62.06±13.43 104.96±24.10 19.17±3.65 44.11±13.35 

(n=90) 1.58-410.69 1.58-410.69 1.58-410.69 1.58-79.14 2.37-354.31 

  91.69 98.72 125.23 19 80.13 

    
    

3 

36-44
+
 76.32±12.04 96.93±15.85 124.88±20.58 25.49±5.35 25.58±9.19 

(n=90) 1.23-482.30 1.23-482.30 1.23-482.30 3.164-76.21 2.109-224.96 

  114.28 126.82 139.58 22.73 46.89 

  
     

4 

45 & 

above 
84.98±13.65 108.10±19.63 168.03±28.95 22.12±5.24 46.90±14.18 

(n=90) 1.58-493.53 1.58-493.53 1.58-493.53 1.93-78.29 2.81-325.66 

  129.5 146.95 166.32 25.14 82.69 

    
    

Total (n=360) 

63.32±5.52 

1.23-493.53 

81.80±8.24 123.78±12.65 20.06±2.16 35.28±5.30 

1.23-493.53 1.23-493.53 1.58-79.14 1.23-354.316 

104.75 

  

121.38 142.57 20.52 63.88 
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Annexure Vb: Analysis of serum samples for insulin levels among male subjects of various age              

groups (n=180) 

Sr. 

No. 

Age 

Groups                            

(Yrs) 

Insulin level 

among total 

subjects   

(µIU/ml) 

Insulin level 

among subjects 

with Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among subjects 

with chronic 

Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among 

subjects with 

acute 

Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among subjects 

negative for 

Toxoplasma 

infection  

(µIU/ml) 

1 
18-26

+
 

(n=45) 

              

57.07±13.54 

1.23-398.29 

90.89 

 

52.61±15.99 

1.23-398.29 

97.26 

 

 

91.77±28.59 

1.23-398.29 

124.65 

 

 

11.28±1.81 

1.75-32.64 

7.67 

 

 

                      

                

77.71±18.30 

5.371-144.82 

51.77 

 

 

2 
27-35

+
 

(n=45) 

81.97±17.52 

1.58-410.69 

117.57 

71.63±19.41 

1.58-410.69 

114.84 

 

 

 

135.41±36.57 

1.58-410.69 

146.28 

 

 

17.92±4.69 

1.58-79.14 

20.45 

 

 

                           

 

118.15±39.85 

2.37-354.31 

126.02 

 

3 
36-44

+
 

(n=45) 

121.95±21.45 

1.23-482.30 

142.30 

 

121.82±22.22 

1.23-482.30 

144.04 

 

 

 

145.57±25.78 

1.23-482.30 

150.35 

 

 

 

20.90±8.46 

3.16-76.21 

23.92 

 

 

 

             

124.69±100.26 

24.43-224.96 

141.79 

 

 

 

4 

45 & 

above 

(n=45) 

145.37±23.98 

1.58-493.53 

160.87 

 

137.25±26.01 

1.58-493.53 

164.50 

 

 

 

208.61±34.37 

1.58-493.53 

171.87 

 

 

 

18.32±5.75 

1.93-78.29 

22.30 

 

 

 

             

210.34±54.55 

2.81-325.66 

121.99 

 

 

 

Total (n=180) 

102.45±10.00 

1.23-493.53 

134.17 

 

                      

98.94±11.04 

1.23-493.53 

137.52 

 

 

 

             

151.05±15.78 

1.23-493.53 

153.87 

 

 

 

           

16.42±2.39 

1.58-79.14 

18.52 

 

 

 

                 

124.17±22.2 

2.373-354.31 

11.07 
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Annexure Vc: Analysis of serum samples for insulin levels among female subjects of various age 

groups  (n=180) 

Sr. 

No. 

Age 

Groups                            

(Yrs) 

Insulin level 

among total 

subjects   

(µIU/ml) 

Insulin level 

among 

subjects with 

Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among 

subjects with 

chronic 

Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among 

subjects with 

acute 

Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among 

subjects 

negative for 

Toxoplasma 

infection  

(µIU/ml) 

1 
18-26

+
 

(n=45) 

                  

17.15±2.41 

8.08-70.54 

16.16 

 

                  

32.67±11.67 

8.08-70.54 

28.60 

 

39.31±31.23 

8.08-70.54 

44.16 

29.35±12.93 

8.08-65.39 

25.87 

                 

14.76±1.96 

1.23-62.57 

12.29 

2 
27-35

+
 

(n=45) 

27.80±6.11 

4.39-232.09 

41.01 

 

                     

44.44±13.13 

4.39-232.09 

57.25 

 

 

60.67±21.39 

6.68-23.09 

70.95 

 

 

22.12±5.60 

4.39-49.04 

15.85 

 

 

                 

15.64±3.01 

2.98-82.65 

15.37 

 

 

3 
36-44

+
 

(n=45) 

               

27.27±5.13 

5.09-185.73 

34.44 

 

38.65±8.93 

5.09-185.73 

40.92 

 

 

                 

47.27±15.75 

5.09-185.73 

52.25 

 

 

 

29.16±7.05 

5.27-69.96 

22.30 

 

 

 

        

17.32±2.10 

2.109-92.18 

24.31 

 

 

 

4 

45 & 

above 

(n=45) 

24.59±3.59 

2.46-90.49 

24.14 

 

                   

35.24±7.44 

2.46-90.49 

29.78 

 

 

 

41.22±10.70 

2.98-232.09 

30.26 

 

 

 

29.25±10.62 

2.46-76.99 

30.04 

 

 

 

                  

18.72±3.42 

2.98-80.25 

18.44 

 

 

 

Total        

(n=180) 

24.20±2.27 

1.23-232.09 

30.50 

 

38.96±5.41 

2.46-232.09 

42.64 

 

 

49.87±9.42 

2.98-232.09 

53.34 

 

 

27.33±4.13 

2.46-76.99 

22.63 

 

 

                 

16.45±1.59 

1.23-92.18 

17.31 
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Annexure Vd: Analysis of serum samples for insulin conc. (Above the reference value) among total subjects of various 

age groups                   

Sr. 

No. 

Age 
Groups                            

(Yrs) 

Insulin level 

among total 
subjects   

(µIU/ml) 

Insulin level 

among subjects 
with Toxoplasma 

infection  

(µIU/ml) 

Insulin level 

among subjects 
with chronic 

Toxoplasma 

infection (µIU/ml) 

Insulin level 

among subjects 
with acute 

Toxoplasma 

infection  (µIU/ml) 

Insulin level 

among subjects 
negative for 

Toxoplasma 

infection  (µIU/ml) 

1 
18-26+ 

(n=90) 

n=23/90 (26%) n=12/43 (28%) n=9/21 (43%) n=3/22 (14%) 
n=11/47 (23%) 

117.27±20.39 156.54±34.42 194.43±38.00 42.87±11.27 74.43±11.82 

30.58-398.29 30.58-398.29 70.54-398.29 30.58-65.39 31.02-144.82 

92.82 119.25 114.01 19.52 39.23 

2 
27-35+ 

(n=90) 

n=33/90 

(36.70%) n=23/54 (43%) n=17/27 (63%) n=6/27 (22%) n=10/36 (28%) 

132.67±20.19 133.76±24.72 163.53±30.33 49.43±6.64 130.17± 36.71 

25.31-410.69 30.45-410.69 30.45-410.69 31.48-79.14 25.31-354.31 

116.01 118.57 125.06 16.28 116.09 

3 
36-44+ 

(n=90) 

n=38/90 (42%) n=32/64 (50%) n=26/46 (57%) n=6/18 (33%) n=6/26 (23%) 

169.25±20.53 185.48±22.68 216.42±24.04 51.45±8.28 82.66±31.09 

25.13-482.30 25.13-482.30 26.10-482.30 25.13-76.21 26.67-224.96 

126.57 128.31 122.58 20.29 76.17 

4 

45 & 

above  

(n=90) 

n=36/90 (40%) n=27/56 (48%) n=21/33 (64%) n=6/23 (26%) n=9/34 (26%) 

197.40±24.11 214.63±29.11 259.27±31.01 58.40±9.68 145.70±38.25  

25.66-493.53 25.66-493.53 35.19-493.53 25.66-78.29 29.35-325.66 

144.66 151.27 142.11 23.72 114.77 

Total (n=360) 

n=130/360 

(36%) n=94/217 (43%) n=72/127 (57%) n=22/90 (24%) n=36/143 (25%) 

158.56±11.15 177.51±13.77 213.46±15.4 51.63±4.22 109.10±15.55 

25.13-493.53 25.13-493.53 26.10-493.53 25.13-79.24 25.31-354.31 

127.17 133.59 131.26 19.35 93.35 

Analysis of serum samples for insulin conc. (below the reference value) among total subjects of various age groups                                        

Sr. 

No. 

Age 
Groups                            

(Yrs) 

Insulin level 
among total 

subjects   

(µIU/ml) 

Insulin level 
among subjects 

with Toxoplasma 

infection  
(µIU/ml) 

Insulin level 
among subjects 

with chronic 

Toxoplasma 
infection  µIU/ml) 

Insulin level 
among subjects 

with acute 

Toxoplasma 
infection  (µIU/ml) 

Insulin level 
among subjects 

negative for 

Toxoplasma 
infection  (µIU/ml) 

1 
18-26+ 

(n=90) 

n=67/90 (74%) n=31/43 (72%) n=12/21 (57%) n=19/22 (86%) n=36/47 (77%) 

9.59±0.63 8.52±0.88 6.03±0.76 10.10±1.24 10.51±0.89 

1.23-22.5 1.23-21.44 1.23-9.31 1.75-21.44 1.23-22.5 

5.22 4.94 2.65 5.44 5.35 

2 
27-35+ 

(n=90) 

n=57/90 (63.3%) n=31/54 (57%) n=10/27 (37%) n=21/27 (78%) n=26/36 (72%) 

9.85±0.83 8.87±1.16 5.41±1.01 10.52±1.54 11.01±1.17 

1.58-24.78 1.58-21.93 1.58-12.83 1.58-21.93 2.37-24.78 

6.32 6.51 3.21 7.08 286.47 

3 
36-44+ 

(n=90) 

n=52/90 (58%) n=32/64 (50%) n=20/46 (43%) n=12/18 (67%) n=20/26 (77%) 

8.40±0.78 8.37±1.03 5.88±0.43 12.51±2.24 8.46±1.21 

1.23-24.43 1.23-23.73 1.23-8.78 3.16-23.73 2.10-24.43 

5.65 5.86 1.95 7.78 5.43 

4 

45 & 

above  

(n=90) 

n=54/90 (60%) n=29/56 (52%) n=12/33 (36%) n=17/23 (74%) n=25/34 (74%) 

10.04±0.80 8.92±1.10 8.36±2.09 9.32±1.22 11.33±1.14 

1.58-24.78 1.58-24.78 1.58-24.78 1.93-17.57 2.81-21.99 

5.91 5.96 7.25 5.06 5.7 
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Total (n=360) 

n=230/360 

(64%) n=123/217 (57%) n=55/127 (43%) n=68/90 (76%) n=107/143 (75%) 

9.49±0.38 8.66±0.52 6.38±0.54 10.45±0.75 10.44±0.54 

1.23-24.78 1.23-24.78 1.23-24.78 1.58-23.73 1.23-24.78 

5.76 5.78 4.04 6.28 5.62 

 

 

Annexure Ve: Analysis of serum samples for insulin conc. (Above the reference value) among male respondents of 

various age groups                   

Sr. 

No. 

Age 

Groups                            
(Yrs) 

Insulin level 

among total 
respondents   

(uIU/ml) 

Insulin level 

among respondents 
with Toxoplasma 

infection  (uIU/ml) 

Insulin level among 

respondents with 
chronic Toxoplasma 

infection  (uIU/ml) 

Insulin level 

among respondents 
with acute 

Toxoplasma 

infection  (uIU/ml) 

Insulin level 

among 
respondents 

negative for 

Toxoplasma 
infection  (uIU/ml) 

1 
18-26+ 

(n=90) 

n=15/45 (33%) n=9/37 (24%) n=8/19 (42%) n=1/18 (6%) n=6/8 (75%) 

154.86+26.51 190.22+39.90 209.92+39.35 32.64+0 101.82+12.67 

32.64-398.29 32.64-398.29 100.50-398.29  63.53-144.82 

102.68 119.72 111.31  31.04 

2 
27-35+ 

(n=90) 

n=20/45 (44%) n=13/35 (37%) n=9/16 (56%) n=4/19 (21%) n=7/10 (70%) 

175.39+27.77 180.25+36.12 237.67+38.34 51.03+10.32 166.37+45.95 

29.88-410.69 31.48-410.69 101.25-410.69 31.48-79.14 29.88-354.31 

124.21 130.26 115.03 20.64 121.57 

3 
36-44+ 

(n=90) 

n=20/45 (44%) n=19/43 (44%) n=17/35 (49%) n=2/8 (25%) n=1/2 (50%) 

258.88±21.91 260.66±23.02  285.37±17.30 50.67±25.53 224.96±0 

25.13-482.30 25.13-482.30 218.45-482.30 25.13-76.21  

98.02 100.37 71.36 36.11  

4 

45 & 

above  

(n=90) 

n=23/45 (51%) n=19/40 (48%) n=16/25 (64%) n=3/15 (20%) n=4/5 (80%) 

276.81±25.35 279.88±30.52 321.92±23.98 55.66±15.63 262.22±21.78 

25.66-493.53 25.66-493.53 80.00-493.53 25.66-78.29 231.88-325.66 

121.61 133.05 95.95 27.07 43.56 

Total 

(n=180) 

n=79/180(44%) n=61/155 (39%) n=51/95 (54%) n=10/60 (17%) n=18/25 (72%) 

223.42±13.71 239.36±15.91 276.38±13.94 50.51±7.03 169.41±23.16 

25.13-493.53 25.13-493.53 80.000-493.53 25.13-79.14 29.88-354.31 

121.88 124.27 99.55 22.23 98.28 

Analysis of serum samples for insulin conc. (below the reference value) among male respondents of various age groups                                        

Sr. 
No. 

Age 

Groups                            

(Yrs) 

Insulin level 

among total 
respondents   

(µIU/ml) 

Insulin level 

among respondents 
with Toxoplasma 

infection  (µIU/ml) 

Insulin level among 

respondents with 
chronic Toxoplasma 

infection  (µIU/ml) 

Insulin level among 

respondents with 
acute Toxoplasma 

infection  (µIU/ml) 

Insulin level 

among 
respondents 

negative for 

Toxoplasma 

infection  

(µIU/ml) 

1 
18-26+ 

(n=90) 

n=30/45 (67%) n=28/37 (76%) n=11/19 (58%) n=17/18 (94%) n=2/8 (25%) 

8.18±0.91 8.38±0.96 5.84±0.81 10.02±1.38 5.41±0.03 

1.23-21.44 1.23-21.44 1.23-9.31 1.75-21.44 5.37-5.44 

5 5.12 2.7 5.69 0.05 

2 
27-35+ 

(n=90) 

n=25/45 (56%) n=22/35 (63%) n=7/16 (44%) n=15/19 (79%) n=3/10 (30%) 

7.24±1.20 7.45±1.35 3.94±0.66 9.09±1.82 5.65±1.76 

1.58-21.92 1.58-21.93 1.58-7.20 1.58-21.93 2.37-8.43 

6.03 6.34 1.75 7.07 3.06 



lxxiii 

 

3 
36-44+ 

(n=90) 

n=25/45 (56%) n=24/43 (51%) n=18/35 (51%) n=6/8 (75%) n=1/2 (50%) 

7.85±1.21 7.13±1.02 5.76±0.44 10.9±3.37 24.43±0 

1.23-24.43 1.23-22.67 1.23-8.78 3.16-22.67  

5.95 4.89 2.03 8.25  

4 

45 & 

above  

(n=90) 

n=22/45 (49%) n=21/40 (52%) n=9/25 (36%) n=12/15 (80%) n=1/5 (20%) 

7.96±1.12 8.20±1.14 7.16±1.92 8.98±1.42 2.81±0 

1.58-21.27 1.58-21.27 1.58-21.27 1.93-17.40  

5.26 5.26 5.78 4.94  

Total 

(n=180) 

n=101/180 

(56%) n=94/155 (61%) n=44/95 (46%) n=50/60 (83%) n=7/25 (28%) 

7.82±0.54 7.82±0.55 5.78±0.49 9.61±0.86 7.86±2.86 

1.23-24.43 1.23-22.67 1.23-21.27 1.58-22.67 2.37-24.43 

5.48 5.35 3.29 6.14 7.58 

 

 

 

 

Annexure Vf: Analysis of serum samples for insulin conc.(Above the reference value) among female respondents of 

various age groups                                                   

Sr. 

No. 

Age 

Groups                            
(Yrs) 

Insulin level 
among total 

respondents   

(µIU/ml) 

Insulin level 
among respondents 

with Toxoplasma 

infection  (µIU/ml) 

Insulin level among 
respondents with 

chronic Toxoplasma 

infection  (µIU/ml) 

Insulin level among 
respondents with 

acute Toxoplasma 

infection  (µIU/ml) 

Insulin level 
among 

respondents 

negative for 
Toxoplasma 

infection  

(µIU/ml) 

1 
18-26+ 

(n=90) 

n=8/45 (18%) n=3/6 (50%) n=1/2 (50%) n=2/4 (50%) n=5/39 (13%) 

46.79±5.94 55.50±12.54 70.54±0 47.98±17.40 41.57±5.79 

30.58-70.54 30.58-70.54  30.58-65.39 31.02-62.57 

16.82 21.73  24.61 12.96 

2 
27-35+ 

(n=90) 

n=13/45 (29%) n=10/19 (53%) n=8/11 (73%) n=2/8 (25%) n=3/26 (12%) 

66.96±16.96 73.33±21.36 80.11±26.47 46.23±2.81 45.72±18.49 

25.31-232.09 30.45-232.09 30.45-232.09 43.41-49.04 25.31-82.65 

61.17 67.57 74.87 3.97 32.04 

3 
36-44+ 

(n=90) 

n=17/45 (38%) n=12/21 (57%) n=8/11 (73%) n=4/10 (40%) n=5/24 (21%) 

57.57±9.83 58.97±12.76 62.54±19.11 51.84±7.92 54.20±15.35 

26.10-185.73 26.10-185.73 26.10-185.73 36.38-69.96 27.67-92.18 

40.55 44.23 54.06 15.84 34.32 

4 

45 & 

above  

(n=90) 

n=13/45 (29%) n=8/16 (50%) n=5/8 (63%) n=3/8 (38%) n=5/29 (17%) 

56.91±5.90 59.67±7.73 58.79±10.09 61.14±14.73 52.48±9.84 

29.35-90.49 31.71-90.49 35.19-90.49 31.71-76.99 29.35-80.25 

21.3 21.88 22.58 25.51 22 

Total (n=180) 

n=51/180 (28%) n=33/62 (53%) n=22/32 (69%) n=11/30 (37%) n=18/118 (15%) 

58.10±5.62 63.18±8.05 68.44±11.73 52.65±5.24 48.80±5.68 

25.31-232.09 26.10-232.09 26.10-232.09 30.58-76.99 25.31-92.18 

40.18 46.24 55.02 17.38 24.1 
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Analysis of serum samples for insulin conc. (Below the reference value) among female respondents of various age groups                   

Sr. 

No. 

Age 
Groups                            

(Yrs) 

Insulin level 
among total 

respondents   

(µIU/ml) 

Insulin level 
among respondents 

with Toxoplasma 

infection  (µIU/ml) 

Insulin level among 
respondents with 

chronic Toxoplasma 

infection  (µIU/ml) 

Insulin level among 
respondents with 

acute Toxoplasma 

infection  (µIU/ml) 

Insulin level 
among 

respondents 

negative for 
Toxoplasma 

infection  µIU/ml) 

1 
18-26+ 
(n=90) 

n=37/45 (82%) n=3/6 (50%) n=1/2 (50%) n=2/4 (50%) n=34/39 (87%) 

10.74±0.85 9.84±1.75 8.08 10.72±2.63 10.82±0.91 

1.23-22.5 8.08-13.35  8.08-13.35 1.23-22.5 

5.19 3.04  3.72 5.36 

2 
27-35+ 

(n=90) 

n=32/45 (71%) n=9/19 (47%) n=3/11 (27%) n=6/8 (75%) n=23/26 (88%) 

11.89±1.03 12.34±1.95 8.84±1.99 14.09±2.55 11.71±1.24 

2.98-24.78 4.39-20.56 6.68-12.83 4.39-20.56 2.98-24.78 

5.85 5.85 3.45 6.25 5.97 

3 
36-44+ 
(n=90) 

n=28/45 (62%) n=9/21 (43%) n=3/11 (27%) n=6/10 (60%) n=19/24 (79%) 

8.88±1.02 11.55±2.39 6.56±0.86 14.04±3.14 7.61±0.92 

2.10-23.73 5.09-23.73 5.09-8.08 5.27-23.73 2.10-17.22 

5.44 7.19 1.49 7.7 4.03 

4 

45 & 

above  
(n=90) 

n=32/45 (71%) n=8/16 (50%) n=3/8 (38%) n=5/8 (62%) n=24/29 (83%) 

11.47±1.05 10.81±2.68 11.95±6.58 10.12±2.61 11.69±1.13 

2.46-24.78 2.46-24.78 2.98-24.78 2.46-17.57 2.98-21.99 

5.99 7.58 11.4 5.84 5.53 

Total (n=180) 

n=129/180 

(72%) n=29/62 (47%) n=10/32 (31%) n=19/30 (63%) n=100/118 (85%) 

10.80±0.49 11.41±1.17 9.01±1.92 12.67±1.43 10.62±0.54 

1.23-24.78 2.46-24.78 2.98-24.78 2.46-23.73 1.23-24.78 

5.66 6.34 6.08 6.26 5.46 

 

 

Annexure VIa: Analysis of serum samples for TSH levels among total subjects of various age groups 

Sr. 

No. 

Age 

Groups                            
(Yrs) 

TSH level 

among total 

subjects   
(µIU/ml) 

TSH level among 

subjects with 

Toxoplasma 
infection  (µIU/ml) 

TSH level among 

subjects with 

chronic Toxoplasma 
infection  (µIU/ml) 

TSH level among 

subjects with acute 

Toxoplasma 
infection  (µIU/ml) 

TSH level among 

subjects negative 

for Toxoplasma 
infection  

(µIU/ml) 

1 
18-26+ 
(n=90) 

2.52+0.21 3.02+0.31 2.91+0.34 3.14+0.53 2.06+0.28 

0.02-11.35 0.19-11.35 0.72-6.88 0.19-11.35 0.02-11.04 

2.07 2.09 1.58 2.52 1.97 

2 
27-35+ 
(n=90) 

2.52+0.20 2.86+0.28 2.86+0.35 2.86+0.46 2.08+0.26 

0.02-9.15 0.02-9.15 0.56-7.61 0.02-9.15 0.08-6.33 

1.95 2.12 1.83 2.42 1.57 

3 
36-44+ 

(n=90) 

3.31+0.49 2.68+0.49 2.73+0.63 2.56+0.66 4.85+1.17 

0.08-30.51 0.08-29.94 0.14-29.94 0.08-13.17 0.14-30.51 

4.69 3.92 4.3 2.83 6 

4 

45 and 

above 

(n=90) 

3.45+0.63 3.19+0.40 3.88+0.62 2.19+0.30 3.89+1.54 

0.01-42.11 0.24-16.52 0.42-16.52 0.24-5.66 0.01-42.11 

5.99 3.01 3.59 1.47 9.01 
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Total 

(n=360) 

2.96+0.21 2.93+0.20 3.09+0.29 2.70+0.24 3.01+0.44 

1.23-493.53 0.025-29.94 0.14-29.94 0.02-13.17 0.01-42.11 

4.07 2.96 3.34 2.32 5.33 

Analysis of serum samples for T3 levels among total subjects of various age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

T3 level 
among total 

subjects   

(ng/ml) 

T3 level among 
subjects with 

Toxoplasma 

infection  (ng/ml) 

T3 level among 
subjects with 

chronic Toxoplasma 

infection  (ng/ml) 

T3 level among 
subjects with 

acute Toxoplasma 

infection  (ng/ml) 

T3 level among subjects 
negative for 

Toxoplasma infection  

(ng/ml) 

1 
18-26+ 

(n=90) 

1.31+0.02 1.29+0.03 1.34+0.04 1.24+0.04 1.32+0.03 

0.80-1.90 0.87-1.80 0.87-1.79 0.96-1.80 0.80-1.90 

0.23 0.208 0.211 0.19 0.25 

2 
27-35+ 

(n=90) 

1.33+0.03 1.36+0.05 1.27+0.04 1.45+0.09 1.28+0.04 

0.75-3.57 0.9-3.57 0.9-1.77 0.98-3.57 0.75-2.09 

0.34 0.38 0.21 0.48 0.27 

3 
36-44+ 

(n=90) 

1.38+0.03 1.41+0.04 1.33+0.02 1.63+0.14 1.30+0.04 

0.87-3.49 0.98-3.49 0.98-1.72 0.98-3.49 0.87-1.73 

0.35 0.39 0.19 0.63 0.22 

4 

45 and 

above 
(n=90) 

1.33+0.02 1.32+0.03 1.32+0.03 1.32+0.05 1.33+0.05 

0.63-2.39 0.88-1.99 0.88-1.99 0.95-1.99 0.63-2.39 

0.27 0.23 0.22 0.24 0.33 

Total 

(n=360) 

1.34+0.016 1.35+0.02 1.322+0.01 1.40+0.04 1.31+0.02 

0.63-3.57 0.87-3.57 0.87-1.998 0.95-3.57 0.63-2.39 

0.305 0.32 0.2 0.43 0.27 

 Analysis of serum samples for T4 levels among total subjects of various age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

T4 level 
among total 

subjects   

(µg/dl) 

T4 level among 
subjects with 

Toxoplasma 

infection  (µg/dl) 

T4 level among 
subjects with 

chronic Toxoplasma 

infection  (µg/dl) 

T4 level among 
subjects with 

acute Toxoplasma 

infection (µg/dl) 

T4 level among subjects 
negative for 

Toxoplasma infection  

(µg/dl) 

1 
18-26+ 

(n=90) 

9.35+0.17 9.31+0.21 9.44+0.30 9.19+0.304 9.38+0.26 

4.72-13.61 6.48-13.61 7.30-13.61 6.48-11.67 4.72-13.52 

1.61 1.41 1.41 1.43 1.8 

2 
27-35+ 

(n=90) 

9.76+0.24 9.95+0.33 9.67+0.49 10.22+0.45 9.48+0.36 

5.17-17.52 5.17-17.52 5.17-15.62 6.68-17.52 5.20-14.39 

2.35 2.46 2.55 2.37 2.2 

3 
36-44+ 

(n=90) 

9.56+0.23 9.81+0.28 9.67+0.33 10.18+0.57 8.93+0.37 

5.51-16.68 5.51-16.68 5.51-16.37 6.25-16.68 5.72-14.70 

2.22 2.3 2.25 2.45 1.89 

4 

45 and 

above 
(n=90) 

9.59+0.30 9.67+0.29 9.86+0.44 9.39+0.36 9.46+0.65 

1.94+22.95 6.59-19.42 6.59-19.42 6.80-12.07 1.94-22.95 

2.93 2.24 2.54 1.73 3.84 

Total 

(n=360) 

9.56+0.12 9.71+0.14 9.68+0.20 9.75+0.21 9.34+0.21 

1.94-22.95 5.17-19.42 5.17-19.42 6.25-17.52 1.94-22.95 

2.32 2.18 2.26 2.06 2.51 
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Annexure VIb: Analysis of serum samples for TSH levels among male respondents of various age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

TSH level 
among total 

respondents   

(µIU/ml) 

TSH level among 
respondents with 

Toxoplasma 

infection  (µIU/ml) 

TSH level among 
respondents with 

chronic 

Toxoplasma 
infection  (µIU/ml) 

TSH level among 
respondents with 

acute 

Toxoplasma 
infection µIU/ml) 

TSH level among 
respondents negative 

for Toxoplasma 

infection  (µIU/ml) 

1 
18-26+ 

(n=45) 

3.02+0.30 3.24+0.35 3.08+0.35 3.41+0.63 1.99+0.32 

0.19-11.35 0.19-11.35 0.94-6.88 0.19-11.35 0.92-3.73 

2.04 2.16 1.56 2.69 0.9 

2 
27-35+ 

(n=45) 

2.54+0.28 2.85+0.33 2.71+0.38 2.98+0.53 1.45+0.34 

0.02-9.15 0.02-9.15 0.56-5.41 0.02-9.15 0.08-3.37 

1.9 1.98 1.53 2.33 1.08 

3 
36-44+ 

(n=45) 

2.05+0.19 2.02+0.19 2.06+0.23 1.84+0.33 2.83+0.98 

0.08-4.85 0.08-4.85 0.14-4.85 0.08-3.11 1.84-3.82 

1.27 1.27 1.35 0.96 1.39 

4 

45 and 

above 
(n=45) 

3.05+0.41 3.08+0.44 3.54+0.67 2.30+0.34 2.84+1.09 

0.08-16.52 0.31-16.52 0.42-16.52 0.31-5.16 0.08-6.3 

2.77 2.84 3.38 1.34 2.44 

Total (n=180) 

2.66+0.15 2.67+0.17 2.75+0.22 2.79+0.27 2.01+0.28 

0.02-16.52 0.02-16.52 0.14-16.52 0.02-11.35 0.08-6.3 

2.09 2.16 2.19 2.14 1.44 

Analysis of serum samples for T3 levels among male respondents of various age groups 

Sr. 

No. 

Age 
Groups                            

(Yrs) 

T3 level 

among total 

respondents   
(ng/ml) 

T3 level among 

respondents with 

Toxoplasma 
infection  (ng/ml) 

T3 level among 

respondents with 

chronic 
Toxoplasma 

infection  (ng/ml) 

T3 level among 

respondents with 

acute 
Toxoplasma 

infection (ng/ml) 

T3 level among 

respondents negative 

for Toxoplasma 
infection  (ng/ml) 

1 
18-26+ 

(n=45) 

1.29+0.02 1.29+0.03 1.34+0.04 1.23+0.04 1.28+0.04 

0.87-1.80 0.87-1.80 0.87-1.79 0.96-1.80 1.16-1.50 

0.199 0.21 0.21 0.19 0.12 

2 
27-35+ 

(n=45) 

1.29+0.03 1.31+0.04 1.24+0.05 1.37+0.05 1.23+0.04 

0.9-1.81 0.9-1.81 0.9-1.77 0.98-1.81 1.04-1.46 

0.22 0.24 0.22 0.24 0.14 

3 
36-44+ 

(n=45) 

1.37+0.04 1.37+0.05 1.32+0.03 1.60+0.21 1.48+0.25 

0.98-2.79 0.98-2.79 0.98-1.72 0.98-2.79 1.22-1.73 

0.32 0.32 0.19 0.61 0.35 

4 

45 and 

above 

(n=45) 

1.31+0.03 1.31+0.03 1.29+0.04 1.34+0.06 1.32+0.07 

0.88-1.99 0.88-1.99 0.88-1.78 0.958-1.99 1.13-1.48 

0.21 0.22 0.2 0.25 0.16 

Total (n=180) 

1.32+0.01 1.32+0.02 1.311+0.02 1.35+0.04 1.28+0.03 

0.87-2.79 0.87-2.79 0.87-1.79 0.95-2.79 1.04-1.73 

0.24 0.25 0.2 0.32 0.16 

Analysis of serum samples for T4 levels among male respondents of various age groups 

Sr. 

No. 

Age 
Groups                            

(Yrs) 

T4 level 

among total 
respondents   

(µg/dl) 

T4 level among 

respondents with 
Toxoplasma 

infection  (µg/dl) 

T4 level among 

respondents with 
chronic 

Toxoplasma 

infection  (µg/dl) 

T4 level among 

respondents with 
acute Toxoplasma 

infection (µg/dl) 

T4 level among 

respondents negative 
for Toxoplasma 

infection  (µg/dl) 

1 
18-26+ 
(n=45) 

9.57+0.22 9.37+0.23 9.39+0.322 9.36+0.34 10.46+0.53 

6.48-13.61 6.48-13.61 7.30-13.61 6.48-11.67 8.18-12.32 

1.47 1.41 1.4 1.47 1.51 

2 
27-35+ 
(n=45) 

10.14+0.35 10.10+0.42 9.86+0.76 10.29+0.44 10.28+0.65 

5.17-15.62 5.17-15.62 5.17-15.62 6.68-14.73 7.08-14.39 

2.39 2.49 3.07 1.95 2.08 

3 
36-44+ 

(n=45) 

10.06+0.36 10.07+0.37 9.85+0.41 11.00+0.91 9.92+0.99 

5.78-16.68 5.78-16.68 5.78-16.37 9.08-16.68 8.92-10.92 

2.4 2.45 2.4 2.58 1.41 
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4 

45 and 

above 
(n=45) 

10.19+0.43 9.95+0.35 10.03+0.52 9.81+0.40 12.09+2.76 

7.07-22.95 7.07-19.42 7.11-19.42 7.07-12.07 8.24-22.95 

2.9 2.25 2.6 1.58 6.18 

Total (n=180) 

10.00+0.17 9.89+0.17 9.83+0.24 9.99+0.24 10.67+0.60 

5.17-22.95 5.17-19.42 5.17-19.42 6.48-16.68 7.08-22.95 

2.34 2.2 2.4 1.86 3.04 

 

 

 

 

Annexure VIc: Analysis of serum samples for TSH levels among female subjects of various age groups 

Sr. 

No. 

Age 

Groups                            

(Yrs) 

TSH level 

among 

total 

subjects   

(µIU/ml) 

TSH level among 

subjects with 

Toxoplasma 

infection  (µIU/ml) 

TSH level among 

subjects with 

chronic Toxoplasma 

infection  (µIU/ml) 

TSH level among 

subjects with 

acute 

Toxoplasma 

infection µIU/ml) 

TSH level among 

subjects negative for 

Toxoplasma infection  

(µIU/ml) 

1 
18-26+ 

(n=45) 

2.03+0.30 1.70+0.38 1.31+0.59 1.89+0.51 2.08+0.34 

0.02-11.04 0.72-3.25 0.72-1.91 0.74-3.25 0.02-11.04 

2.01 0.93 0.84 1.03 2.13 

2 
27-35+ 

(n=45) 

2.56+0.30 2.88+0.55 3.09+0.68 2.59+0.97 2.32+0.33 

0.03-7.81 0.03-7.81 0.65-7.61 0.03-7.81 0.1-6.33 

2.02 2.42 2.25 2.76 1.68 

3 
36-44+ 
(n=45) 

4.60+0.93 4.11+1.41 5.00+2.51 3.13+1.16 5.02+1.26 

0.14-30.51 0.60-29.94 0.60-29.94 0.67-13.17 0.14-30.51 

6.28 6.46 8.34 3.68 6.22 

4 

45 and 

above 
(n=45) 

3.85+1.19 3.46+0.87 4.96+1.50 1.97+0.62 2.53+1.32 

0.01-42.11 0.24-12.55 0.47-12.55 0.24-5.66 0.01-35.44 

8.03 3.49 4.24 1.76 6.75 

Total 

(n=180) 

3.26+0.39 3.33+0.55 4.10+0.96 2.51+0.49 3.22+0.53 

0.01-42.11 0.03-29.94 0.47-29.94 0.03-13.17 0.01-42.11 

5.34 4.36 5.43 2.68 5.81 

Analysis of serum samples for T3 levels among female subjects of various age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

T3 level 

among 

total 
subjects   

(ng/ml) 

T3 level among 

subjects with 

Toxoplasma 
infection  (ng/ml) 

T3 level among 

subjects with 

chronic Toxoplasma 
infection  (ng/ml) 

T3 level among 

subjects with 

acute 
Toxoplasma 

infection (ng/ml) 

T3 level among 

subjects negative for 

Toxoplasma infection  
(ng/ml) 

1 
18-26+ 
(n=45) 

1.33+0.03 1.32+0.07 1.36+0.13 1.30+0.10 1.33+0.04 

0.80-1.90 1.14-1.61 1.23-1.50 1.14-1.61 0.80-1.90 

0.26 0.18 0.13 0.21 0.27 

2 
27-35+ 

(n=45) 

1.37+0.06 1.46+0.12 1.31+0.06 1.66+0.28 1.30+0.06 

0.75-3.57 1.01-3.57 1.01-1.64 1.14-3.57 0.75-2.09 

0.433 0.55 0.21 0.8 0.31 

3 
36-44+ 
(n=45) 

1.38+0.05 1.48+0.11 1.33+0.05 1.65+0.21 1.28+0.04 

0.87-3.49 1.02-3.49 1.02-1.58 1.12-3.49 0.87-1.62 

0.38 0.5 0.19 0.67 0.21 

4 
45 and 
above 

(n=45) 

1.34+0.04 1.36+0.06 1.43+0.09 1.29+0.09 1.37+0.07 

0.63-2.39 0.97-1.99 1.15-1.99 0.97-1.67 0.63-2.39 

0.32 0.25 0.25 0.25 0.35 

Total 

(n=180) 

1.35+0.02 1.43+0.05 1.35+0.03 1.51+0.10 1.31+0.02 

0.63-3.57 0.97-3.57 1.01-1.99 0.97-3.57 0.63-2.39 

0.35 0.44 0.21 0.59 0.29 
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Analysis of serum samples for T4 levels among female subjects of various age groups 

Sr. 

No. 

Age 
Groups                            

(Yrs) 

T4 level 

among 
total 

subjects   

(µg/dl) 

T4 level among 

subjects with 
Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects with 
chronic Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects with 
acute 

Toxoplasma 

infection (µg/dl) 

T4 level among 

subjects negative for 
Toxoplasma infection  

(µg/dl) 

1 
18-26+ 

(n=45) 

9.13+0.25 8.90+0.57 9.87+1.39 8.41+0.51 9.16+4.72 

4.72-13.52 6.98-11.26 8.48-11.26 6.98-9.37 4.72-13.52 

1.73 1.4 1.96 1.03 1.79 

2 
27-35+ 

(n=45) 

9.38+0.34 9.67+0.55 9.39+0.49 10.05+1.18 9.17+0.43 

5.20-17.52 6.70-17.52 7.45-11.41 6.70-17.52 5.20-13.67 

2.29 2.43 1.63 3.33 2.2 

3 
36-44+ 

(n=45) 

9.01+0.28 9.20+0.41 8.90+0.47 9.52+0.71 8.85+0.39 

5.51-14.70 5.51-12.35 5.51-11.70 6.25-12.35 5.72-14.70 

1.9 1.9 1.56 2.26 1.92 

4 

45 and 

above 

(n=45) 

8.99+0.42 8.97+0.52 9.33+0.85 8.61+0.64 9.31+0.64 

1.94-19.02 6.59-13.67 6.59-13.67 6.80-11.94 1.94-19.02 

2.86 2.1 2.42 1.82 3.27 

Total 

(n=180) 

9.13+0.16 9.25+0.26 9.23+0.31 9.27+0.43 9.06+0.21 

1.94-19.02 5.51-17.52 5.51-13.67 625-17.52 1.94-19.02 

2.22 2.07 1.78 2.36 2.31 

 

 

 

Annexure VIIa: Analysis of serum samples for TSH levels (above the reference value) among total subjects of various 

age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

TSH level among 

total subjects   
(uIU/ml) 

TSH level among 

subjects with 
Toxoplasma 

infection  

(uIU/ml) 

TSH level among 

subjects with 
chronic 

Toxoplasma 

infection  (uIU/ml) 

TSH level among 

subjects with 
acute Toxoplasma 

infection  

(uIU/ml) 

TSH level 

among 
subjects 

negative for 

Toxoplasma 
infection  

(uIU/ml) 

1 
18-26+ 

(n=90) 

n=12/90 (13%) n=9/43 (21%) n=4/21 (19%) n=5/22 (23%) n=3/47 (6%) 

6.73±0.68 6.09±0.71 5.39±0.52 6.64±1.22 8.66±1.27 

4.4-11.35 4.4-11.35 4.42-6.88 4.4-11.35 6.67-11.04 

2.36 2.14 1.05 2.74 2.2 

2 
27-35+ 

(n=90) 

n=17/90 (19%) n=13/54 (24%) n=6/27 (22%) n=7/27 (26%) n=4/36 (11%) 

5.76±0.33 5.97±0.41 5.61±0.47 6.28±0.65 5.05± 0.43 

4.29-9.15 4.29-9.15 4.34-7.61 4.29-9.15 4.44-6.33 

1.39 1.48 1.17 1.73 0.86 

3 
36-44+ 

(n=90) 

n=16/90 (18%) n=7/64 (11%) n=5/46 (11%) n=2/18 (11%) n=9/26 (35%) 

9.72±2.10 9.39±3.63 9.61±5.08 8.83±4.34 9.98±2.66 

4.22-30.51 4.22-29.94 4.22-29.94 4.48-13.17 5.05-30.51 

8.43 9.62 11.36 6.14 7.98 

4 

45 and 

above 

(n=90) 

n=18/90 (20%) n=13/56 (23%) n=11/33 (33%) n=2/23 (9%) n=5/34 (15%) 

10.58±2.53 7.42±0.97 7.79±1.12 5.41±0.24 18.79±8.23  

4.45-42.11 4.8-16.52 4.80-16.52 5.16-5.66 4.45-42.11 

10.76 3.52 3.73 0.35 18.4 

Total (n=360) 

n=63/360 (17.5%) n=42/217 (19%) n=26/127 (12%) n=16/90 (18%) 

n=21/143 

(15%) 

8.33±0.93 7.02±0.69 7.27±1.05 6.60±0.64 10.95±2.36 

4.22-42.117 4.22-29.94 4.22-29.94 4.29-13.17 4.44-42.11 

7.4 4.5 5.39 2.57 10.83 



lxxix 

 

Analysis of serum samples for TSH levels (within the reference value) among total subjects of various age groups 

Sr. 

No. 

Age 

Groups                            
(Yrs) 

TSH level among 

total subjects   
(uIU/ml) 

TSH level among 

subjects with 

Toxoplasma 
infection  

(uIU/ml) 

TSH level among 

subjects with 

chronic 
Toxoplasma 

infection  (uIU/ml) 

TSH level among 

subjects with 

acute Toxoplasma 
infection  

(uIU/ml) 

TSH level 
among 

subjects 

negative for 
Toxoplasma 

infection  

(uIU/ml) 

1 
18-26+ 

(n=90) 

n=78/90 (87%) n=34/43 (79%) n=17/21 (81%) n=17/22 (77%) 

n=44/47 

(94%) 

1.88±0.11 2.21±0.19 2.33±0.24 2.10±0.29 1.02±0.12 

0.02-4.14 0.19-4.14 0.72-4.10 0.19-4.14 0.02-3.73 

1 1.11 1.02 1.22 0.83 

2 
27-35+ 

(n=90) 

n=73/90 (81%) n=41/54 (76%) n=21/27 (78%) n=20/27 (74%) 

n=32/36 

(89%) 

1.80±0.13 1.87±0.16 2.08±0.22 1.66±0.24 1.71±0.21 

0.02-4.18 0.02-4.18 0.56-4.18 0.02-4.02 0.08-4.10 

1.13 1.08 1.04 1.11 1.2 

3 
36-44+ 

(n=90) 

n=74/90 (82%) n=57/64 (89%) n=41/46 (89%) n=16/18 (89%) 

n=17/26 

(65%) 

1.92±0.12 1.86±0.13 1.89±0.17 1.77±0.20 2.14±0.32 

0.08-4.11 0.08-4.11 0.14-4.11 0.08-3.11 0.14-3.82 

1.11 1.04 1.13 0.82 1.33 

4 
45 and 
above 

(n=90) 

n=72/90 (80%) n=43/56 (77%) n=22/33 (67%) n=21/23 (91%) 

n=29/34 

(85%) 

1.67±0.12 1.91±0.16 1.93±0.22 1.88±0.24 1.32±0.18 

0.018-3.94 0.24-3.94 0.42-3.63 0.24-3.94 0.01-3.88 

1.06 1.06 1.04 1.11 0.97 

Total (n=360) 

n=297/360 (82.5%) 

n=154/217 

(81%) n=101/127 (88%) n=74/90 (82%) 

n=122/143 

(85%) 

1.82±0.06 1.97±0.08 2.01±0.10 1.85±0.12 1.64±0.09 

0.018-4.18 0.025-4.14 0.14-4.18 0.02-4.14 0.01-4.10 

1.08 1.06 1.07 1.07 1.06 
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Annexure VIIb: Analysis of serum samples for TSH levels (above the reference value) among male subjects of various 

age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

TSH level 

among total 
subjects   

(µIU/ml) 

TSH level among 
subjects with 

Toxoplasma 

infection  
(µIU/ml) 

TSH level among 

subjects with 

chronic 
Toxoplasma 

infection  

(µIU/ml) 

TSH level among 
subjects with 

acute Toxoplasma 

infection  
(µIU/ml) 

TSH level among 
subjects negative 

for Toxoplasma 

infection  
(µIU/ml) 

1 
18-26+ 
(n=45) 

n=09/45 (20%) n=09/37 (24%) n=04/19 (21%) n=05/18 (28%) n=0/18 (0%) 

6.09±0.71 6.09±0.71 5.39±0.52 6.64±1.22 - 

4.4-11.35 4.4-11.35 4.42-6.88 4.4-11.35 - 

2.14 2.14 1.05 2.74 - 

2 
27-35+ 
(n=45) 

n=08/45 (18%) n=08/35 (23%) n=03/16 (19%) n=05/19 (26%) n=0/10 (0%) 

5.74±0.55 5.74±0.55 5.18±0.23 6.07±0.87 - 

4.29-9.15 4.29-9.15 4.71-5.41 4.29-9.15 - 

1.56 1.56 0.4 1.96 - 

3 
36-44+ 

(n=45) 

n=03/45 (7%) n=03/43 (7%) n=03/35 (9%) n=0/8 (0%) n=0/2 (0%) 

4.63±0.20 4.63±0.20 4.63±0.20 - - 

4.22-4.85 4.22-4.85 4.22-4.85 - - 

0.35 0.35 0.35 - - 

4 
45 and 
above 

(n=45) 

n=09/45 (20%) n=08/40 (20%) n=07/25 (28%) n=01/15 (7%) n=01/5 (20%) 

7.09±1.25 7.19±1.41 7.48±1.60 5.16±0.00 6.3 

4.80-16.52 4.80-16.52 4.80-16.52 - - 

3.76 4.01 4.24 - - 

Total (n=180) 

n=29/180 (16%) n=28/155 (18%) n=17/95 (18%) n=11/60 (18%) n=01/25 (4%) 

6.51±0.47 6.15±0.49 6.08±0.70 6.25±0.65 6.3 

4.24-16.52 4.22-16.52 4.22-16.52 4.29-11.35 - 

2.56 2.61 2.92 2.18 - 

Analysis of serum samples for TSH levels (within the reference value) among male subjects of various age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

TSH level 
among total 

subjects   

(µIU/ml) 

TSH level among 
subjects with 

Toxoplasma 

infection  

(µIU/ml) 

TSH level among 
subjects with 

chronic 

Toxoplasma 
infection (µIU/ml) 

TSH level among 
subjects with 

acute Toxoplasma 

infection  

(µIU/ml) 

TSH level among 
subjects negative 

for Toxoplasma 

infection  

(µIU/ml) 

1 
18-26+ 

(n=45) 

n=36/45 (80%) n=28/37 (76%) n=15/19 (79%) n=13/18 (72%) 
n=08/08 (100%) 

2.25±0.18 2.33±0.21 2.46±0.25 2.17±0.36 1.99±0.32 

0.19-4.14 0.19-4.14 0.94-4.10 0.19-4.14 0.92-3.73 

1.08 1.13 0.98 1.31 0.9 

2 
27-35+ 

(n=45) 

n=37/45 (82%) n=27/35 (77%) n=13/16 (81%) n=14/19 (74%) n=10/10 (100%) 

1.85±0.17 2.00±0.20 2.14±0.28 1.87±0.30 1.45±0.34 

0.02-4.02 0.02-4.02 0.56-3.97 0.02-4.02 0.08-3.37 

1.09 1.07 1.01 1.15 1.08 

3 
36-44+ 

(n=45) 

n=42/45 (93%) n=40/43 (93%) n=32/35 (91%) n=8/8 (100%) n=02/02 (100%) 

1.87±0.17 1.82±0.17 1.81±0.20 1.84±0.33 2.83±0.98 

0.08-4.11 0.08-4.11 0.14-4.11 0.08-3.11 1.84-3.82 

1.1 1.08 1.13 0.96 1.39 

4 
45 and 
above 

(n=45) 

n=36/45 (80%) n=32/40 (80%) n=18/25 (72%) n=14/15 (93%) n=04/05 (80%) 

2.04±0.18 2.05±0.18 2.01±0.23 2..10±0.30 1.98±0.86 

0.08-3.94 0.31-3.94 0.42-3.61 0.31-3.94 0.08-3.88 

1.09 1.03 0.98 1.12 1.73 

Total (n=180) 

n=151/180 
(84%) n=127/155 (82%) n=78/95 (82%) n=49/60 (82%) n=24/25 (96%) 

1.99±0.08 2.02±0.09 2.02±0.12 2.01±0.16 1.83±0.23 

0.02-4.14 0.02-4.14 0.14-4.11 0.02-4.14 0.08-3.88 

1.09 1.08 1.06 1.13 1.16 
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Annexure VIIc: Analysis of serum samples for TSH levels (above the reference value) among female subjects of 

various age groups 

Sr. 

No. 

Age 

Groups                            
(Yrs) 

TSH level among 

total subjects   
(µIU/ml) 

TSH level among 

subjects with 

Toxoplasma 
infection  

(µIU/ml) 

TSH level among 

subjects with 

chronic 
Toxoplasma 

infection (µIU/ml) 

TSH level among 

subjects with 

acute Toxoplasma 
infection  

(µIU/ml) 

TSH level among 

subjects negative 

for Toxoplasma 
infection  

(µIU/ml) 

1 
18-26+ 

(n=45) 

n=03/45 (7%) n=0/06 (0%) n=0/02 (0%) n=0/04 (0%) 
n=03/39 (8%) 

8.66±1.27 - - - 8.66±1.27 

6.67-11.04 - - - 6.67-11.04 

2.2 - - - 2.2 

2 
27-35+ 

(n=45) 

n=09/45 (20%) n=05/19 (26%) n=03/11 (27%) n=02/08 (25%) n=04/26 (15%) 

5.77±0.44 6.35±0.63 6.05±0.94 6.81±0.99 5.05± 0.433 

4.34-7.81 4.34-7.81 4.34-7.61 5.81-7.81 4.44-6.333 

1.32 1.42 1.64 1.41 0.86 

3 
36-44+ 

(n=45) 

n=13/45 (29%) n=04/21 (19%) n=02/11 (18%) n=02/10 (20%) n=9/24 (37.5%) 

10.90±2.49 12.96±6.02 17.09±12.85 8.83±4.34 9.98±2.66 

4.24-30.51 4.24-29.94 4.24-29.94 4.48-13.17 5.05-30.51 

8.99 12.05 18.17 6.14 7.98 

4 
45 and 
above 

(n=45) 

n=09/45 (20%) n=05/16 (31%) n=04/08 (50%) n=01/08 (12.5%) n=04/29 (14%) 

14.07±4.77 7.79±1.32 8.33±1.56 5.66± 21.91±9.83  

4.45-42.11 5.47-12.55 5.47-12.55 - 4.45-42.11 

14.31 2.95 3.12 - 19.66 

Total (n=180) 

n=34/180 (19%) n=14/62 (23%) n=09/32 (28%) n=05/30 (17%) n=20/118 (17%) 

10.18±1.62 8.75±1.79 9.51±2.69 7.39±1.54 11.18±2.47 

4.24-42.11 4.24-29.94 4.24-29.94 4.48-13.17 4.44-42.11 

9.46 6.69 8.07 3.44 11.06 

Analysis of serum samples for TSH levels (within the reference value) among female subjects of various age groups 

Sr. 

No. 

Age 

Groups                            

(Yrs) 

TSH level among 

total subjects   

(µIU/ml) 

TSH level among 
subjects with 

Toxoplasma 

infection  
(µIU/ml) 

TSH level among 
subjects with 

chronic 

Toxoplasma 
infection (µIU/ml) 

TSH level among 
subjects with 

acute Toxoplasma 

infection  
(µIU/ml) 

TSH level among 
subjects negative 

for Toxoplasma 

infection  
(µIU/ml) 

1 
18-26+ 

(n=45) 

n=42/45 (93%) n=06/06 (100%) n=02/2 (100%) n=04/04 (100%) n=36/39 (92%) 

1.56±0.12 1.70±0.38 1.31±0.59 1.89±0.51 1.53±0.13 

0.02-3.28 0.72-3.25 0.72-1.91 0.74-3.25 0.02-3.28 

0.82 0.93 0.84 1.03 0.81 

2 
27-35+ 

(n=45) 

n=36/45 (80%) n=14/19 (74%) n=8/11 (73%) n=06/8 (75%) n=22/26 (85%) 

1.75±0.19 1.63±0.29 1.98±0.40 1.18±0.37 1.83±0.26 

0.03-4.18 0.03-4.18 0.65-4.18 0.03-2.55 0.1-4.10 

1.18 1.09 1.15 0.9 1.26 

3 
36-44+ 

(n=45) 

n=32/45 (71%) n=17/21 (81%) n=09/11 (82%) n=08/10 (80%) n=15/24 (62.5%) 

2.04±0.20 2.03±0.23 2.32±0.36 1.71±0.25 2.04±0.34 

0.14-4.07 0.60-4.07 0.60-4.07 0.67-2.91 0.14-3.79 

1.13 0.95 1.08 0.72 1.35 

4 

45 and 

above 

(n=45) 

n=36/45 (80%) n=11/16 (69%) n=04/8 (50%) n=07/8 (87.5%) n=25/29 (86%) 

1.30±0.15 1.49±0.33 1.59±0.70 1.44±0.38 1.22±0.16 

0.01-3.63 0.24-3.63 0.47-3.63 0.24-3.17 0.01-3.45 

- 1.1 1.4 1.02 0.81 

Total (n=180) 

n=146/180 

(81%) n=48/62 (77%) n=23/32 (72%) n=25/30 (83%) n=98/118 (83%) 

1.65±0.08 1.75±0.14 1.99±0.23 1.54±0.17 1.60±0.10 

0.01-4.18 0.03-4.18 0.47-4.18 0.03-3.25 0.01-4.10 

1.03 1.02 1.12 0.88 1.04 
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Annexure VIIIa: Analysis of serum samples for T3 levels (above the reference value) among total subjects of various age 

groups 

Sr. 

No. 

Age 

Groups                            
(Yrs) 

T3 level among 

total subjects   
(ng/ml) 

T3 level among 
subjects with 

Toxoplasma 

infection  (ng/ml) 

T3 level among 
subjects with 

chronic Toxoplasma 

infection  (ng/ml) 

T3 level among 
subjects with 

acute Toxoplasma 

infection  (ng/ml) 

T3 level among 
subjects negative 

for Toxoplasma 

infection  (ng/ml) 

1 
18-26+ 

(n=90) 

n=6/90 (7%) n=2/43 (5%) n=1/21 (5%) n=1/22 (5%) n=4/47 (8.5%) 

1.82±0.02 1.79±0.005 1.79 1.8 1.84±0.03 

1.73-1.90 1.79-1.80 - - 1.73-1.90 

0.06 0.007 - - 0.07 

2 
27-35+ 

(n=90) 

n=9/90 (10%) n=5/54 (9%) n=1/27 (4%) n=4/27 (15%) n=4/36 (11%) 

1.99±0.20 2.13±0.36 1.77 2.22±0.45 1.81± 0.09 

1.71-3.57 1.72-3.57 - 1.72-3.57 1.71-2.09 

0.6 0.8 - 0.9 0.18 

3 
36-44+ 
(n=90) 

n=10/90 (11%) n=9/64 (14%) n=3/46 (7%) n=6/18 (33%) n=1/26 (4%) 

2.05±0.19 2.09±0.21 1.71±0.007 2.28±0.29 1.73 

1.7-3.49 1.7-3.49 1.7-1.72 1.75-3.49 - 

0.6 0.63 0.01 0.71 - 

4 

45 and 

above 

(n=90) 

n=7/90 (8%) n=3/56 (5%) n=2/33 (6%) n=1/23 (4%) n=4/34 (12%) 

1.98±0.07 1.92±0.07 1.89±0.10 1.99 2.02±1.13  

1.76-2.39 1.78-1.99 1.78-1.99 - 1.76-2.39 

0.2 0.12 0.14 - 0.26 

Total (n=360) 

n=32/360 (9%) n=19/217 (9%) n=7/127 (5.5%) n=12/90 (13%) n=13/143 (9%) 

1.98±0.08 2.04±0.13 1.78±0.03 2.19±0.19 1.88±0.05 

1.7-3.57 1.7-3.57 1.7-1.99 1.72-3.57 1.71-2.39 

0.46 0.58 0.1 0.69 0.19 

Analysis of serum samples for T3 levels (within the reference value) among total subjects of various age groups 

Sr. 

No. 

Age 
Groups                            

(Yrs) 

T3 level among 
total subjects   

(ng/ml) 

T3 level among 

subjects with 

Toxoplasma 
infection  (ng/ml) 

T3 level among 

subjects with 

chronic Toxoplasma 
infection  (ng/ml) 

T3 level among 

subjects with 

acute Toxoplasma 
infection  (ng/ml) 

T3 level among 

subjects negative 

for Toxoplasma 
infection  (ng/ml) 

1 
18-26+ 
(n=90) 

n=84/90 (93%) n=41/43 (95%) n=20/21 (95%) n=21/22 (95%) 
n=43/47 (91.5%) 

1.27±0.02 1.27±0.02 1.32±0.04 1.21±0.03 1.27±0.03 

0.80-1.65 0.87-1.61 0.87-1.60 0.96-1.61 0.80-1.65 

0.19 0.18 0.19 0.15 5.35 

2 
27-35+ 

(n=90) 

n=81/90 (90%) n=49/54 (91%) n=26/27 (96%) n=23/27 (85%) n=32/36 (89%) 

1.26±0.02 1.28±0.02 1.25±0.03 1.32±0.04 1.21±0.03 

0.75-1.65 0.9-1.65 0.9-1.64 0.98-1.65 0.75-1.54 

0.2 0.02 0.19 0.2 0.2 

3 
36-44+ 
(n=90) 

n=80/90 (89%) n=55/64 (91%) n=43/46 (93%) n=12/18 (67%) n=25/26 (96%) 

1.30±0.02 1.30±0.02 1.30±0.02 1.30±0.05 1.28±0.04 

0.87-1.65 0.98-1.65 0.98-1.65 0.98-1.62 0.87-1.62 

0.18 0.17 0.17 0.19 0.2 

4 

45 and 

above 
(n=90) 

n=83/90 (92%) n=53/56 (95%) n=31/33 (94%) n=22/23 (96%) n=30/34 (88%) 

1.27±0.02 1.29±0.02 1.29±0.03 1.29±0.04 1.24±0.04 

0.63-1.68 0.88-1.67 0.88-1.67 0.95-1.67 0.63-1.68 

0.2 0.18 0.17 0.2 0.22 

Total (n=360) 

n=328/360 

(91%) 

n=198/217 

(81%) n=120/127 (94.5%) n=78/90 (87%) n=130/143 (81%) 

1.34±0.016 1.29±0.01 1.29±0.01 1.28±0.02 1.25±0.01 

0.63-3.57 0.87-1.67 0.87-1.67 0.95-1.67 0.63-1.68 

0.3 0.18 0.18 0.19 0.2 
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Annexure VIIIb: Analysis of serum samples for T3 levels (above the reference value) among total male  subjects of 

various age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

T3 level among 

total subjects   

(ng/ml) 

T3 level among 

subjects with 
Toxoplasma 

infection  (ng/ml) 

T3 level among 
subjects with 

chronic 

Toxoplasma 
infection  (ng/ml) 

T3 level among 

subjects with 
acute Toxoplasma 

infection  (ng/ml) 

T3 level among 

subjects negative 
for Toxoplasma 

infection  (ng/ml) 

1 
18-26+ 
(n=45) 

n=2/45 (4%) n=2/37 (5%) n=1/19 (5%) n=1/18(6%) n=0/8 (0%) 

1.79±0.005 1.79±0.005 1.79± 1.80± - 

1.79-1.80 1.79-1.80 - - - 

0.007 0.007 - - - 

2 
27-35+ 

(n=45) 

n=3/45 (7%) n=3/35 (9%) n=1/16 (6%) n=2/19(10%) n=0/10 (0%) 

1.78±0.01 1.78±0.01 1.77 1.79±0.01 - 

1.77-1.81 1.77-1.81 - 1.77-1.81 - 

0.02 0.02 - 0.02 - 

3 
36-44+ 

(n=45) 

n=6/45 (13%) n=5/43 (12%) n=2/35 (6%) n=3/8 (37.5%) n=1/2(50%) 

1.97±0.17 2.02±0.20 1.71±0.01 2.23±0.29 1.73 

1.7-2.79 1.7-2.79 1.7-1.72 1.8-2.79 - 

0.42 0.46 0.01 0.5 - 

4 
45 and 
above 

(n=45) 

n=2/45 (4%) n=2/40 (5%) n=1/25 (4%) n=1/15 (7%) n=0/5 (0%) 

1.89±0.10 1.89±0.10 1.78 1.99 - 

1.78-1.99 1.78-1.99 - - - 

0.14 0.14 - - - 

Total (n=180) 

n=14/180 (8%) n=13/155 (8%) n=6/95 (6%) n=7/60 (12%) n=1/25 (4%) 

1.87±0.07 1.89±0.08 1.74±0.01 2.01±0.13 1.735 

1.7-2.79 1.71-2.79 1.7-1.79 1.77-2.79 - 

0.28 0.29 0.03 0.36 - 

Analysis of serum samples for T3 levels (within the reference value)  among total male subjects of various age groups 

Sr. 

No. 

Age 

Groups                            

(Yrs) 

T3 level among 

total subjects   

(ng/ml) 

T3 level among 

subjects with 

Toxoplasma 

infection  (ng/ml) 

T3 level among 
subjects with 

chronic 

Toxoplasma 
infection  (ngml) 

T3 level among 

subjects with 

acute Toxoplasma 

infection  (ng/ml) 

T3 level among 

subjects negative 

for Toxoplasma 

infection  (ng/ml) 

1 
18-26+ 

(n=45) 

n=43/45(96%) n=35/37 (95%) n=18/19 (95%) n=17/18 (94%) 
n=8/8 (100%) 

1.26±0.02 1.26±0.03 1.32±0.04 1.19±0.03 1.28±0.04 

0.87-1.60 0.87-1.60 0.87-1.60 0.96-1.37 1.16-1.50 

0.17 0.18 0.19 0.14 0.12 

2 
27-35+ 
(n=45) 

n=42/45 (93%) n=32/35 (91%) n=15/16 (94%) n=17/19 (90%) n= 10/10 (100%) 

1.26±0.02 1.26±0.03 1.20±0.04 1.32±0.05 1.23±0.04 

0.9-1.61 0.9-1.61 0.9-1.61 0.98-1.6 1.04-1.46 

0.18 0.2 0.2 0.21 0.14 

3 
36-44+ 

(n=45) 

n=39/45 (93%) n=38/43 (88%) n=33/35 (94%) n=5/8 (62.5%) n=1/2 (50%) 

1.28±0.02 1.28±0.02 1.29±0.02 1.22±0.09 1.22 

0.98-1.65 0.98-1.65 0.98-1.65 0.98-1.46 - 

0.17 0.17 0.16 0.21 - 

4 
45 and 
above 

(n=45) 

n=43/45 (96%) n=38/40 (95%) n=24/25 (96%) n=14/15 (93%) n=5/5 (100%) 

1.28±0.02 1.28±0.02 1.27±0.03 1.29±0.04 1.32±0.07 

0.88-1.67 0.88-1.67 0.88-1.67 0.95-1.65 1.13-1.48 

0.17 0.18 0.18 0.18 0.16 

Total (n=180) 

n=166/180 

(92%) 

n=143/155 

(92%) n=89/95 (94%) n=53/60 (88%) n=24/25 (96%) 

1.27±0.01 1.27±0.01 1.28±0.01 1.26±0.02 1.26±0.02 

0.87-1.67 0.87-1.67 0.87-1.67 0.95-1.65 1.04-1.50 

0.17 0.18 0.17 0.18 0.13 
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Annexure VIIIc: Analysis of serum samples for T3 levels (above the reference value) among female subjects of various 

age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

T3 level among 

total subjects   

(ng/ml) 

T3 level among 

subjects with 
Toxoplasma 

infection  (ng/ml) 

T3 level among 
subjects with 

chronic 

Toxoplasma 
infection  (ng/ml) 

T3 level among 

subjects with 
acute Toxoplasma 

infection  (ng/ml) 

T3 level among 

subjects negative 
for Toxoplasma 

infection  (ng/ml) 

1 
18-26+ 

(n=45) 

n=04/45 (9%) n=0/6 (0%) n=0/2 (0%) n=0/4 (0%) n=04/39 (10%) 

1.84±0.03 - - - 1.84±0.03 

1.73-1.90 - - - 1.73-1.90 

0.07 - - - 0.07 

2 
27-35+ 

(n=45) 

n=06/45 (13%) n=02/19 (11%) n=0/11 (0%) n=02/08 (25%) n=04/26 (15%) 

2.09±0.30 2.65±0.92 - 2.65±0.92 1.81± 0.09 

1.71-3.57 1.72-3.57 - 1.72-3.57 1.71-2.09 

0.73 1.3 - 1.3 0.18 

3 
36-44+ 

(n=45) 

n=03/45 (7%) n=3/21 (14%) n=0/11 (0%) n=3/10 (30%) n=0/24 (0%) 

2.33±0.58 2.33±0.58 - 2.33±0.58 - 

1.75-3.49 1.75-3.49 - 1.75-3.49 - 

1 1 - 1 - 

4 

45 and 

above 
(n=45) 

n=05/45 (11%) n=01/16 (6%) n=01/8 (12.5%) n=0/8 (0%) n=04/29 (14%) 

2.01±0.10 1.99± 1.99± - 2.02±0.13  

1.76-2.39 - - - 1.76-2.39 

0.22 - - - 0.26 

Total (n=180) 

n=18/180 (10%) n=6/62 (10%) n=01/32 (3%) n=05/30 (17%) n=12/118 (10%) 

2.05±0.13 2.38±0.36 1.99 2.46±0.43 1.89±0.05 

1.71-3.57 1.72-3.57 - 1.72-3.57 1.71-2.39 

0.56 0.89 - 0.98 0.19 

Analysis of serum samples for T3 levels (within the reference value) among female subjects of various age groups 

Sr. 

No. 

Age 

Groups                            
(Yrs) 

T3 level among 

total subjects   
(ng/ml) 

T3 level among 

subjects with 

Toxoplasma 

infection  (ng/ml) 

T3 level among 

subjects with 

chronic 
Toxoplasma 

infection  (ng/ml) 

T3 level among 

subjects with 

acute Toxoplasma 

infection  (ng/ml) 

T3 level among 

subjects negative 

for Toxoplasma 

infection  (ng/ml) 

1 
18-26+ 

(n=45) 

n=41/45 (81%) n=6/6 (100%) n=02/2 (100%) n=4/4 (100%) 
n=35/39 (90%) 

1.28±0.03 1.32±0.07 1.36±0.13 1.30±0.10 1.27±0.03 

0.80-1.65 1.14-1.61 1.23-1.5 1.14-1.61 0.80-1.65 

0.21 0.18 0.19 0.21 0.22 

2 
27-35+ 

(n=45) 

n=39/45 (87%) n=17/19 (89%) n=11/11 (100%) n=6/8 (75%) n=22/26 (85%) 

1.26±0.03 1.32±0.05 1.31±0.06 1.33±0.08 1.21±0.04 

0.75-1.65 1.01-1.65 1.01-1.64 1.14-1.65 0.75-1.54 

0.22 0.2 0.21 0.21 0.22 

3 
36-44+ 

(n=45) 

n=42/45 (93%) n=18/21 (86%) n=11/11 (100%) n=07/10 (70%) n=24/24 (100%) 

1.31±0.03 1.34±0.04 1.33±0.05 1.36±0.06 1.28±0.04 

0.87-1.62 1.02-1.62 1.02-1.58 1.12-1.62 0.87-1.62 

0.19 0.17 0.19 0.15 0.21 

4 

45 and 

above 
(n=45) 

n=40/45 (89%) n=15/16 (94%) n=07/8 (87.5%) n=8/8 (100%) n=25/29 (86%) 

1.26±0.03 1.32±0.05 1.35±0.04 1.29±0.09 1.22±0.04 

0.63-1.68 0.97-1.67 1.15-1.56 range 0.97 0.63-1.68 

0.22 0.2 0.12 1.67 0.23 

Total (n=180) 

n=162/180 

(90%) n=56/62 (90%) n=31/32 (97%) n=25/30 (83%) n=106/118 (90%) 

1.28±0.01 1.33±0.02 1.33±0.03 1.32±0.04 1.25±0.02 

0.63-1.68 0.97-1.67 1.01-1.64 0.97-1.67 0.63-1.68 

0.21 0.18 0.18 0.2 0.22 
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Annexure IXa: Analysis of serum samples for T4 levels (above the reference value) among total subjects of various age 

groups 

Sr. 

No. 

Age 

Groups                            
(Yrs) 

T4 level among 

total subjects   

(µg/dl) 

T4 level among 

subjects with 

Toxoplasma 
infection  (µg/dl) 

T4 level among 

subjects with 

chronic 
Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects with 

acute Toxoplasma 
infection  (µg/dl) 

T4 level among 

subjects negative 

for Toxoplasma 
infection  (µg/dl) 

1 
18-26+ 

(n=90) 

n=72/90 (80%) n=35/43 (81%) n=18/21 (86%) n=17/22 (77%) n=37/47 (79%) 

9.90±0.14 9.74±0.19 9.76±0.29 9.72±0.27 10.04±0.22 

8.15-13.61 8.26-13.61 8.48-13.61 8.26-11.67 8.15-13.52 

1.26 1.16 1.24 1.11 1.34 

2 
27-35+ 
(n=90) 

n=71/90 (79%) n=43/54 (80%) n=19/27 (70%) n=24/27 (89%) n=28/36 (78%) 

10.55±0.23 10.69±0.32 10.80±0.49 10.61±0.45 10.33± 0.30 

8.09-17.52 8.09-17.52 8.09-15.62 8.33-17.52 8.27-14.39 

1.95 2.15 2.13 2.21 1.6 

3 
36-44+ 

(n=90) 

n=70/90 (78%) n=51/64 (80%) n=36/46 (78%) n=15/18 (83%) n=19/26 (73%) 

10.27±0.23 10.53±0.27 10.41±0.32 10.81±0.56 9.58±0.40 

8.10-16.68 8.10-16.68 8.27-16.37 8.10-16.68 8.11-14.70 

1.97 1.99 1.93 2.18 1.76 

4 
45 and 
above 

(n=90) 

n=65/90 (72%) n=43/56 (77%) n=26/33 (79%) n=17/23 (74%) n=22/34 (65%) 

10.66±0.33 10.40±0.31 10.57±0.47 10.14±0.32 11.17±0.77  

8.11-22.95 8.11-19.42 8.17-19.42 8.11-12.07 8.24-22.95 

2.68 2.04 2.41 1.34 3.63 

Total (n=360) 

n=278/360 

(77%) 

n=172/217 

(79%) n=100/127 (79%) n=73/90 (81%) n=106/143 (74%) 

10.34±0.12 10.38±0.14 10.37±0.20 10.33±0.21 10.27±0.21 

8.09-22.95 8.09-19.42 6.34-19.42 8.10-17.52 8.11-22.95 

2.02 1.93 2.04 1.82 2.17 

Analysis of serum samples for T4 levels (within the reference value) among total subjects of various age groups 

Sr. 

No. 

Age 
Groups                            

(Yrs) 

T4 level among 
total subjects   

(µg/dl) 

T4 level among 

subjects with 

Toxoplasma 
infection  (µg/dl) 

T4 level among 

subjects with 
chronic 

Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects with 

acute Toxoplasma 
infection  (µg/dl) 

T4 level among 

subjects negative 

for Toxoplasma 
infection  (µg/dl) 

1 
18-26+ 
(n=90) 

n=18/90 (20%) n=8/43 (19%) n=3/21 (14%) n=05/22 (23%) n=10/47 (21%) 

7.15±0.18 7.41±0.17 7.48±0.13 7.36±0.27 6.95±0.30 

4.72-7.94 6.48-7.94 7.30-7.75 6.48-7.94 4.72-7.84 

0.8 0.48 0.23 0.61 0.96 

2 
27-35+ 

(n=90) 

n=19/90 (21%) n=11/54 (20%) n=8/27 (30%) n=3/27 (11%) n=8/36 (22%) 

6.80±0.21 7.02±0.24 6.98±0.32 7.11±0.42 6.49±0.37 

5.17-7.95 5.17-7.95 5.17-7.92 6.68-7.95 5.20-7.80 

0.93 0.82 0.9 0.72 1.04 

3 
36-44+ 
(n=90) 

    n=20/90 (22%) n=13/64 (20%) n=10/46 (22%) n=3/18 (17%) n=07/26 (27%) 

7.07±0.17 7.01±0.22 6.99±0.26 7.06±0.44 7.18±0.31 

5.51-7.97 5.51-7.88 5.51-7.88 6.25-7.78 5.72-7.97 

0.79 0.8 0.85 0.77 0.84 

4 

45 and 

above 
(n=90) 

n=25/90 (28%) n=13/56 (23%) n=07/33 (21%) n=06/23 (26%) n=12/34 (35%) 

6.81±0.24 7.27±0.12 7.25±0.19 7.29±0.18 6.31±0.44 

1.94-8.04 6.59-8.04 6.59-8.04 6.80-7.94 1.94-7.81 

1.2 0.46 0.5 0.44 1.55 

Total (n=360) 

n=82/360 (23%) n=45/217 (21%) n=27/127 (21%) n=13/90 (19%) n=37/143 (26%) 

6.94±0.10 7.16±0.10 7.14±0.14 7.24±0.13 6.69±0.19 

1.94-8.04 5.17-8.04 5.17-8.04 6.25-7.95 1.94-7.97 

0.96 0.67 0.73 0.55 1.19 
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Annexure IXb: Analysis of serum samples for T4 levels (above the reference value) among male subjects of various age 

groups 

Sr. 

No. 

Age 
Groups                            

(Yrs) 

T4 level among 
total subjects   

(µg/dl) 

T4 level among 

subjects with 

Toxoplasma 
infection  (µg/dl) 

T4 level among 

subjects with 
chronic 

Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects with 

acute Toxoplasma 
infection  (µg/dl) 

T4 level among 

subjects negative 

for Toxoplasma 
infection  (µg/dl) 

1 
18-26+ 
(n=45) 

n=38/45 (84%) n=30/37 (81%) n=16/19 (84%) n=14/18 (78%) n=8/8 (100%) 

9.95±0.20 9.82±0.21 9.75±0.30 9.90±0.30 10.46±0.53 

8.18-13.61 8.26-13.61 8.71-13.61 8.26-11.67 8.18-12.32 

1.25 1.16 1.22 1.14 1.51 

2 
27-35+ 

(n=45) 

n=39/45 (87%) n=30/35 (86%) n=12/16 (75%) n=18/19 (94%) n=9/10 (90%) 

10.69±0.32 10.71±0.38 11.04±0.74 10.49±0.42 10.63± 0.61 

8.09-15.62 8.09-15.62 8.09-15.62 8.33-14.73 8.31-14.39 

2.03 2.11 2.57 1.79 1.85 

3 
36-44+ 

(n=45) 

n=36/45 (80%) n=34/43 (79%) n=26/35 (74%) n=8/8 (100%) n=2/2 (100%) 

10.72±0.35 10.77±0.37 10.70±0.40 11.00±0.91 9.92±0.99 

8.31-16.68 8.31-16.68 8.31-16.37 9.08-16.68 8.92-10.92 

2.12 2.16 2.07 2.58 1.41 

4 

45 and 

above 
(n=45) 

n=39/45 (87%) n=34/40 (85%) n=21/25 (84%) n=13/15 (87%) n=5/5 (100%) 

10.60±0.46 10.38±0.37 10.50±0.56 10.19±0.36 12.09±2.76  

8.17-22.95 8.17-19.42 8.17-19.42 8.43-12.07 8.24-22.95 

2.9 2.17 2.58 1.32 6.18 

Total (n=180) 

n=153/180 

(85%) 

n=129/155 

(83%) n=76/95 (80%) n=53/60 (88%) n=24/25 (96%) 

10.50±0.17 10.44±0.17 10.52±0.24 10.34±0.23 10.82±0.61 

8.09-22.95 8.09-19.42 8.09-19.42 8.26-16.68 8.81-22.95 

2.16 1.97 2.16 1.68 3.02 

Analysis of serum samples for T4 levels (within the reference value) among male subjects of various age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

T4 level among 

total subjects   

(µg/dl) 

T4 level among 

subjects with 
Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects with 

chronic 

Toxoplasma 
infection  (µg/dl) 

T4 level among 

subjects with 
acute Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects negative 
for Toxoplasma 

infection  (µg/dl) 

1 
18-26+ 
(n=45) 

n=07/45 (16%) n=7/37 (19%) n=3/19 (16%) n=4/18 (22%) n=0/8 (0%) 

7.47±0.18 7.47±0.18 7.48±0.13 7.46±0.33 - 

6.48-7.94 6.48-7.94 7.30-7.75 6.48-7.94 - 

0.49 0.49 0.23 0.66 - 

2 
27-35+ 

(n=45) 

n=6/45 (13%) n=5/35 (14%) n=4/16 (25%) n=1/19 (6%) n=1/10 (10%) 

6.51±0.29 6.40±0.33 6.33±0.42 6.68 7.08 

5.17-7.17 5.17-7.17 5.17-7.17 - - 

0.72 0.74 0.84 - - 

3 
36-44+ 

(n=45) 

     n=9/45 (20%) n=9/43 (21%) n=9/35 (26%) n=0/8 (0%) n=0/2 (0%) 

7.08±0.25 7.08±0.25 7.08±0.25 - - 

5.78-7.88 5.78-7.88 5.78-7.88 - - 

0.71 0.71 0.71 - - 

4 
45 and 
above 

(n=45) 

n=06/45 (13%) n=6/40 (15%) n=4/25 (16%) n=2/15 (13%) n=0/5 (0%) 

7.50±0.15 7.50±0.15 7.57±0.20 7.37±0.29 - 

7.07-8.04 7.07-8.04 7.11-8.04 7.07-7.66 - 

0.37 0.37 0.4 0.42 - 

Total (n=180) 

n=27/180 (15%) n=27/155 (17%) n=19/95 (20%) n=07/60 (12%) n=01/25 (4%) 

7.15±0.13 7.15±0.13 7.09±0.17 7.32±0.21 7.08 

5.17-8.04 5.17-8.04 5.17-8.04 6.48-7.94 - 

0.68 0.7 0.74 0.57 - 
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Annexure Ixc: Analysis of serum samples for T4 levels (above the reference value)  among female subjects of various       

age groups 

Sr. 

No. 

Age 

Groups                            
(Yrs) 

T4 level among 

total subjects   
(µg/dl) 

T4 level among 
subjects with 

Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects with 

chronic 
Toxoplasma 

infection  (µg/dl) 

T4 level among 
subjects with 

acute Toxoplasma 

infection  (µg/dl) 

T4 level among 
subjects negative for 

Toxoplasma 

infection  (µg/dl) 

1 
18-26+ 
(n=45) 

n=34/45 (76%) n=05/6 (83%) n=2/2 (100%) n=3/4 (75%) n=29/39 (74%) 

9.83±0.22 9.28±0.52 9.87±1.39 8.89±0.27 9.93±0.24 

8.15-13.52 8.41-11.26 8.48-11.26 8.41-9.37 8.15-13.52 

1.28 1.16 1.96 0.48 1.3 

2 
27-35+ 

(n=45) 

n=32/45 (71%) n=13/19 (68%) n=07/11 (64%) n=6/8 (75%) n=19/26 (73%) 

10.38±0.33 10.65±0.64 10.39±0.41 10.97±1.38 10.19± 0.34 

8.27-17.52 8.44-17.52 8.44-11.41 8.5-17.52 8.27-13.67 

1.87 2.34 1.1 3.38 1.51 

3 
36-44+ 

(n=45) 

n=33/45 (73%) n=16/21 (76%) n=9/11 (82%) n=7/10 (70%) n=17/24 (71%) 

9.72±0.29 9.91±0.37 9.39±0.36 10.58±0.67 9.53±0.44 

8.10-14.70 8.10-12.35 8.27-11.70 8.10-12.35 8.11-14.70 

1.66 1.51 1.1 1.77 1.82 

4 

45 and 

above 
(n=45) 

n=26/45 (58%) n=09/16 (56%) n=05/8 (62.5%) n=4/8 (50%) n=17/29 (59%) 

10.74±0.46 10.45±0.53 10.83±0.74 9.97±0.80 10.90±0.66  

8.11-19.02 8.11-13.67 9.57-13.67 8.11-11.94 8.29-19.02 

2.37 1.59 1.66 1.6 2.72 

Total (n=180) 

n=125/180 

(69%) n=43/62 (69%) n=23/32 (72%) n=20/30 (67%) n=82/118 (69%) 

10.13±0.16 10.18±0.27 10.05±0.28 10.32±0.49 10.11±0.20 

8.10-19.02 8.10-17.52 8.27-13.67 8.10-17.52 8.11-19.02 

1.82 1.79 1.34 2.22 1.85 

Analysis of serum samples for T4 levels (within the reference value)  among female subjects of various age groups 

Sr. 

No. 

Age 

Groups                            

(Yrs) 

T4 level among 

total subjects   

(µg/dl) 

T4 level among 

subjects with 

Toxoplasma 

infection  (µg/dl) 

T4 level among 
subjects with 

chronic 

Toxoplasma 
infection  (µg/dl) 

T4 level among 

subjects with 

acute Toxoplasma 

infection  (µg/dl) 

T4 level among 

subjects negative for 

Toxoplasma 

infection  (µg/dl) 

1 
18-26+ 
(n=45) 

n=11/45 (24%) n=01/6 (17%) n=0/2 (0%) n=1/4 (25%) n=10/39 (26%) 

6.95±0.27 6.98 - 6.98 6.95±0.30 

4.72-7.84 - - - 4.72-7.84 

0.91 - - - 0.96 

2 
27-35+ 

(n=45) 

n=13/45 (29%) n=6/19 (32%) n=04/11 (36%) n=2/8 (25%) n=07/26 (27%) 

6.93±0.28 7.53±0.19 7.64±0.11 7.32±0.62 6.41±0.41 

5.20-7.95 6.70-7.95 7.45-7.92 6.70-7.95 5.20-7.80 

1.01 0.46 0.23 0.88 1.1 

3 
36-44+ 

(n=45) 

 n=12/45 (27%) n=5/21 (24%) n=2/11 (18%) n=3/10 (30%) n=7/24 (29%) 

7.06±0.25 6.90±0.45 6.66±1.15 7.06±0.44 7.18±0.31 

5.51-7.97 5.51-7.82 5.51-7.82 6.25-7.78 5.72-7.97 

0.88 1 1.63 0.77 0.84 

4 

45 and 

above 
(n=45) 

n=19/45 (42%) n=7/16 (44%) n=3/8 (37.5%) n=4/8 (50%) n=12/29 (41%) 

6.59±0.29 7.07±0.17 6.83±0.14 7.24±0.26 6.31±0.44 

1.94-7.94 6.59-7.94 6.59-7.08 6.80-7.94 1.94-7.81 

1.29 0.45 0.24 0.52 1.55 

Total (n=180) 

n=55/180 (31%) n=19/62 (31%) n=09/32 (28%) n=10/30 (33%) n=36/118 (31%) 

6.84±0.14 7.17±0.14 7.15±0.25 7.18±0.18 6.67±0.20 

1.94-7.97 5.51-7.95 5.51-7.92 6.25-7.95 1.94-7.97 

1.06 0.65 0.76 0.57 1.2 
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Annexure Xa: Analysis of serum samples for FSH levels among male subjects of different age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

FSH level 

among total 
subjects   

(mlU/ml) 

FSH level among 

subjects with 
Toxoplasma infection  

(mlU/ml) 

FSH level among 

subjects with chronic 
Toxoplasma 

infection  (mlU/ml) 

FSH level among 

subjects with acute 
Toxoplasma 

infection  (mlU/ml) 

FSH level among 

subjects negative 
for Toxoplasma 

infection(mlU/ml) 

1 
18-26+ 

(n=45) 

3.77+0.39 4.10+0.44 3.23+0.51 5.03+0.69 2.21+0.53 

0.071-13.35 0.071-13.35 0.071-7.47 1.28-13.35 0.53-4.20 

2.64 2.73 2.24 2.94 1.51 

2 
27-35+ 

(n=45) 

4.79+0.57 4.76+0.71 4.14+0.94 5.28+1.05 4.90+0.82 

0.12-17.71 0.12-17.71 0.51-14.63 0.12-17.71 2.42-10.22 

3.88 4.2 3.76 4.57 2.61 

3 
36-44+ 
(n=45) 

4.80+0.91 4.91+0.95 5.08+1.14 4.15+1.23 2.65+0.77 

0.43-36.88 0.43-36.88 0.43-36.88 1.62-11.99 1.88-3.42 

6.03 6.16 6.66 3.49 1.09 

4 

45 and 

above 

(n=45) 

5.79+0.61 5.99+0.65 5.06+0.77 7.54+1.10 4.21+1.60 

0.41-17.73 1.12-17.73 1.12-16.79 2.49-17.73 0.41-9.07 

4.1 4.16 3.86 4.29 3.59 

Total (n=180) 

4.79+0.32 4.96+0.36 4.55+0.49 5.62+6.51 3.72+0.52 

0.07-36.88 0.07-36.88 0.07-36.88 0.12-17.73 0.41-10.22 

4.34 4.53 4.81 4.01 2.62 

Annexure Xb: Analysis of serum samples for LH levels among male subjects of different age groups 

Sr. 
No. 

Age 

Groups                            

(Yrs) 

LH level 

among total 

subjects   
(mlU/ml) 

LH level among 

subjects with 

Toxoplasma infection  
(mlU/ml) 

LH level among 

subjects with chronic 

Toxoplasma 
infection  (mlU/ml) 

LH level among 

subjects with acute 

Toxoplasma 
infection  (mlU/ml) 

LH level among 

subjects negative 

for Toxoplasma 
infection mlU/ml) 

1 
18-26+ 
(n=45) 

10.19+0.79 10.49+0.90 11.01+1.62 9.94+0.74 8.82+1.60 

3.45-31.80 3.45-31.80 3.45-31.80 4.74-16.34 3.92-15.41 

5.31 5.48 7.07 3.16 4.53 

2 
27-35+ 

(n=45) 

9.67+0.97 9.71+1.18 10.64+1.69 8.93+1.66 5.03+0.66 

2.78-36.35 2.78-36.35 2.78-29.25 3.77-36.35 2.88-9.37 

6.52 6.98 6.79 7.23 2.1 

3 
36-44+ 

(n=45) 

11.28+1.04 11.57+1.07 12.33+1.27 8.37+1.16 5.2+0.22 

1.55-28.77 1.55-28.77 1.55-28.77 5.21-14.41 4.98-5.42 

6.92 6.96 7.4 3.29 0.311 

4 

45 and 

above 
(n=45) 

14.85+1.63 15.66+1.76 15.75+1.76 15.511+3.78 8.40+3.23 

2.06-61.40 2.06-61.40 2.06-27.64 5.47-61.40 3.04-20.97 

10.98 11.17 8.8 14.65 7.24 

Total (n=180) 

11.20+0.59 11.89+0.66 12.58+0.80 10.80+1.14 6.93+0.88 

1.55-61.40 1.55-61.40 1.55-31.80 3.77-61.40 2.88-20.97 

8.01 8.25 7.79 8.88 4.44 

Annexure Xc: Analysis of serum samples for testosterone levels among male subjects of different age groups 

Sr. 

No. 

Age 

Groups                            
(Yrs) 

Testosterone 

level among 

total subjects   
(ng/ml) 

Testosterone level 

among subjects with 

Toxoplasma infection  
(ng/ml) 

Testosterone level 

among subjects with 

chronic Toxoplasma 
infection  (ng/ml) 

Testosterone level 

among subjects with 

acute Toxoplasma 
infection  (ng/ml) 

Testosterone level 

among subjects 

negative for 
Toxoplasma 

infection  (ng/ml) 

1 
18-26+ 

(n=45) 

3.34+0.18 3.32+0.19 3.49+0.25 3.15+0.30 3.40+0.50 

1.29-6.14 1.29-6.14 1.79-6.14 1.29-4.99 1.39-5.61 

1.22 1.19 1.09 1.3 1.42 

2 
27-35+ 

(n=45) 

3.39+0.22 3.51+0.26 3.4+0.377 3.30+0.39 3.55+0.44 

0.24-6.99 0.24-6.99 0.58-5.76 0.24-6.99 0.22-4.97 

1.54 1.59 1.5 1.69 1.4 

3 
36-44+ 

(n=45) 

2.67+0.30 2.60+0.31 2.59+0.37 2.64+0.35 4.15+1.03 

0.02-11.45 0.02-11.45 0.02-11.45 1.17-3.97 3.12-5.18 

2.01 2.02 2.2 1.01 1.45 

4 

45 and 

above 
(n=45) 

2.13+0.19 2.12+0.21 1.78+0.26 2.68+0.32 2.21+0.60 

0.22-4.72 0.22-4.72 0.229-4.68 0.56-4.72 0.22-3.67 

1.33 1.34 1.3 1.27 1.34 

Total (n=180) 

2.88+0.12 2.82+0.13 2.69+0.18 3.01+0.18 3.28+0.28 

0.02-11.45 0.023-11.45 0.023-11.45 0.24-6.99 0.22-5.61 

1.62 1.64 1.78 1.4 1.43 
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Annexure XIa: Analysis of serum samples for FSH levels among female subjects in different reproductive phases 

Sr. 

No. 

Reproductive 

phase (Reference 

value) 

FSH level 

among total 

subjects   
(mlU/ml) 

FSH level among 

subjects with 

Toxoplasma 
infection(mlU/ml) 

FSH level among 

subjects with 

chronic 
Toxoplasma 

infection  (mlU/ml) 

FSH level among 

subjects with 

acute Toxoplasma 
infection  

(mlU/ml) 

FSH level among 

subjects negative 

for Toxoplasma 
infection 

(mlU/ml) 

1 
Follicular                  

(3-12mIU/ml) 

15.45+3.38 10.92+4.26 12.10+7.11 9.63+4.74 17.62+4.56 

0.02-117.07 0.02-89.76 0.02-89.76 0.49-55.78 0.062-117.07 

28.48 20.44 24.65 15.74 31.59 

2 
Mid cycle                   

(8-22mIU/ml) 

21.93+3.41 26.43+7.35 15.39+3.13 38.70+14.44 19.48+3.46 

1.67-116.95 1.67-116.95 1.67-34.69 4.93-116.95 2.18-101.04 

25.1 32.04 9.91 43.34 20.52 

3 
Luteal                        

(2-12mIU/ml) 

30.89+6.23 23.59+10.69 38.67+22.95 11.53+3.72 33.62+7.63 

0.75-105.59 3.58-101.51 3.58-34.69 4.20-22.43 0.75-105.59 

35.83 32.08 45.91 8.32 37.41 

4 

Post meno 

pause                               

(35-151mIU/ml) 

58.42+4.56 58.25+7.26 55.17+6.10 61.94+15.11 58.59+5.90 

11.37-104.35 11.37-104.35 34.28-77.87 11.37-104.35 27.91-79.83 

21.42 24.1 14.94 38.8 19.57 

Annexure XIb: Analysis of serum samples for LH levels among female subjects in different reproductive phases 

Sr. 

No. 

Reproductive 

phase (Reference 
value) 

LH level 

among total 
subjects   

(mlU/ml) 

LHlevel among 

subjects with 
Toxoplasma 

infection  

(mlU/ml) 

LH level among 

subjects with 
chronic 

Toxoplasma 

infection  (mlU/ml) 

LH level among 

subjects with 
acute Toxoplasma 

infection  

(mlU/ml) 

LH level among 

subjects negative 
for Toxoplasma 

infection  

(mlU/ml) 

1 

Follicular                  

(1.68-

15mIU/ml) 

28.18+5.68 13.16+7.76 22.37+11.91 24.02+10.32 30.59+7.57 

1.47-238.59 1.47-134.18 1.47-134.18 1.72-101.66 1.48-238.59 

47.91 37.22 41.25 34.25 52.46 

2 

Mid cycle                   

(21.9-

56.6mIU/ml) 

28.00+3.84 29.79+7.21 18.54+3.49 42.30+13.97 27.03+4.52 

1.81-116.48 1.81-116.48 1.81-33.45 3.48-116.48 3.44-115.78 

28.23 31.46 11.04 41.91 26.74 

3 

Luteal                        

(0.61-

16.3mIU/ml) 

31.13+5.35 26.67+7.11 26.64+12.64 26.69+9.28 32.80+6.91 

0.68-99.22 4.83-63.13 8.32-63.13 4.83-55.53 0.68-99.22 

30.75 21.33 25.28 20.76 33.86 

4 

Post meno 

pause                               

(14.2-

52.3mIU/ml) 

51.65+7.69 41.08+6.76 43.72+7.00 37.91+13.17 62.22+13.44 

8.84-145.25 8.84-78.98 20.17-61.34 8.84-78.98 16.58-145.25 

36.1 22.44 17.16 29.46 44.58 

Annexure XIc: Analysis of serum samples for estradiol levels among female subjects in different reproductive phases 

Sr. 

No. 

Reproductive 

phase (Reference 
value) 

Estradiol 
level among 

total subjects   

(pg/ml) 

Estradiol level 
among subjects 

with Toxoplasma 

infection (pg/ml) 

Estradiol level 

among subjects 

with chronic 
Toxoplasma 

infection  (pg/ml) 

Estradiol level 

among subjects 

with acute 
Toxoplasma 

infection (pg/ml) 

Estradiol level 

among subjects 

negative for 
Toxoplasma 

infection (pg/ml) 

1 
Follicular                  

(30-100pg/ml) 

121.54+21.30 117+31.44 36.60+56.07 95.77+26.25 123.67+27.88 

0.1-870.70 0.58-700 0.58-700 1.02-208.59 0.1-870.70 

179.51 150.81 194.23 87.09 193.22 

2 
Mid cycle                   

(100-400pg/ml) 

84.50+12.31 78.49+13.44 101.54+19.23 52.87+15.48 87.76+17.66 

0.10-433.59 0.105-214.45 6.15-214.45 0.10-148.82 0.62-433.59 

90.5 58.58 60.81 46.46 104.5 

3 
Luteal                        

(60-150pg/ml) 

86.93+20.79 70.45+32.11 84.63+69.80 59.12+26.76 93.10+26.20 

0.09-589.45 4.68-292.96 4.68-292.96 11.71-157.03 0.09-589.45 

119.47 96.33 139.6 59.85 128.39 

4 

Post meno 

pause                               

(<18pg/ml) 

25.26+8.68 33.92+16.60 25.37+13.03 44.18+34.82 16.61+5.14 

0.13-182.81 0.80-182.81 0.80-87.89 1.46-182.81 0.13-47.46 

40.75 55.05 31.91 77.87 17.06 

 


