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The maternal infections that are transmissible in utero at several stages of the 

pregnancy can be caused by a group of infectious organisms, namely 

TORCH. These are associated with multiple abortions, sterility, intrauterine 

foetal death or malformations because of the foetus’s inability to resist 

infectious organisms and the DNA damages caused by them. The oxidative 

stress plays a role in the pathophysiology of these abnormalities. The aim of 

the present study was to evaluate the role of oxidative stress and DNA 

damages in congenitally TORCH infected children. The study measured the 

level of oxidative stress by Malondialdehyde (MDA) test and the DNA 

damages are quantified by CBMN assay. Detailed demographic, lifestyle and 

clinical characteristics were compared with the results obtained. The mean 

CBMN frequencies as well as MDA values are observed to be higher in 47 

congenitally TORCH infected children than the 16 control children. The 

present study observed a positive correlation between congenital TORCH 

infection and the oxidative DNA damage and thereby measures the effect of 

teratogens in pregnant women. This aids to aware the people about the 

cytogenetic effects of the environmental factors. 
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Introduction 
 

During gestation, many microorganisms can infect the foetus, causing severe birth defects. Such organisms and the 

resulting clinical syndromes have been categorized as TORCH infections (Franca and Mugayar, 2004). The 

maternal infections that are transmissible in utero at several stages of the pregnancy can be caused by many 

organisms, of which the members of the TORCH complex, namely Toxoplasma gondii (T. gondii), Rubella virus 

(RV), Cytomegalovirus (CMV), the Herpes Simplex Virus (HSV) occupy prominent positions. These infections are 

associated with inadvertent outcomes like multiple abortions, sterility, intrauterine foetal deaths, still births, 

congenital malformations and other reproductive failures, especially when they are acquired during the first 

trimester of the pregnancy (Li et al., 2009). 

 

Every year, an estimated 7.9 million children are born with a serious birth defect of genetic or partly genetic origin. 

Over 1 million more infants are born with serious birth defects of post-conception origin including those that result 

from maternal exposure to environmental agents (teratogens) such as alcohol, rubella, syphilis, and iodine deficiency 

that can harm the developing foetus (MOD, 2006). 
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Congenital anomalies represent a significant cause of premature birth of child morbidity and mortality. From 

200,000 new borns per year, over 10,000 presented malformations. Epidemiologic studies have shown that the 

incidence of malformations is increasing and varies upon geographic features, race and gender. Perinatal mortality is 

generated in 66.66% of cases by congenital malformations; illnesses from perinatal period and the rest of them are 

generated by birth (Rodica et al., 2009). Congenital malformations can be divided into broad categories, one being 

malformations attributed to discrete environmental factors. Environmental causes of congenital anomalies are 

referred to as teratogenic. These are generally problems with the mother’s environment (Gilber, 2002). 

 

Infectious agents can create intrauterine infections leading to birth defects, abortion and stillbirth (Golalipour et al., 

2009). The ability of the foetus to resist infectious organisms is limited and the foetal immune system is unable to 

prevent the dissemination of infectious organisms to various tissues (Mladina et al., 2000).  

 

Oxidative stress is a condition in which the delicate balance existing between prooxidant (free radicals) production 

and their subsequent amelioration via the antioxidant defense system becomes skewed in favor of free radical 

expression (Cross and Halliwell, 1994). Oxidative stress is manifested at the maternal foetal interface from early 

pregnancy onwards. It plays a role in both the normal development of the placenta as well as in the pathophysiology 

of complications such as miscarriage, preeclampsia, intrauterine growth restriction (IUGR), and premature rupture 

of the membranes (Burton and Jauniaux, 2004). 

 

At molecular level, the oxidative damage to DNA cause polysaccharide ring cleavage, base modification or chain 

breakage, damage to cellular constituents etc. Damage to lipids leads to formation of lipid aldehydes, lipid peroxides 

(Kohen and Nyska, 2002; Valko et al., 2007; Lipinski, 2011). MDA is a byproduct of lipid peroxidation; therefore, 

an elevation in MDA levels may reflect an overproduction of lipid peroxides and/or impaired antioxidant defense 

mechanism.  

 

These lipid peroxides are produced mainly in the placenta due to membrane disruption by Reactive Oxygen Species 

(ROS) (Routledge, 2000). ROS are released from phagocytic cells that destroy cells infected with viruses, or 

bacteria, although surrounding tissue can also be affected leads to DNA damage. 

  

In India, the studies relating oxidative stress and TORCH infection that leads to DNA damage and the resulting 

congenital anomalies in children, was not carried out. This throw light to the fact that people are unaware about the 

impact of such infection and the extent of genetic instability it can cause. Hence the present study was undertaken to 

assess the effect of increased oxidative stress and to quantify the extent of somatic DNA damages in congenitally 

TORCH infected children. This may aid to aware the people about the effect of the environmental factors and 

thereby the prevention of congenital anomalies due to TORCH infection. 

 

Materials and Methods 
 

The study was carried out in forty seven children suffering with varying degrees of congenital TORCH infection. 

Sixteen healthy children were also selected as control for this study. The samples were recruited from various 

maternity centers of Kerala for genetic testing to Genetika, Centre for Advanced Genetic Studies, Trivandrum, 

Kerala. Detailed demographic, lifestyle, and clinical characteristics were recorded using proforma. Cytokinesis-

Block Micronuclei (CBMN) Assay was performed on each sample by using Cytochalasin B for quantitating the 

extent of somatic DNA damages.  

 

Eight ml of venous blood was collected aseptically from all the subjects by venepuncture after overnight fasting. 

4ml was transferred into the vacuutainer containing sodium heparin to perform the CBMN assay. The remaining 4ml 

was transferred into plain tube and allowed to clot. With the serum, malondialdehyde test is performed to detect the 

frequency of oxidative stress in the study subjects. MDA was determined using thiobarbituric acid as main reagent 

and the values are measured on semi-auto analyser at 540nm. 

 

Two parallel cultures were set up for each sample, culture A & B. The culture A was for detecting constitutional 

chromosome anomalies by using peripheral blood lymphocyte culture method described by Moorhead et al., (1960), 

and GTG banded karyotypes were prepared according to ISCN pattern 1995. The culture B was for quantitating the 

extent of somatic DNA damages by Cytokinesis Block Micronuclei (CBMN) assay. 
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Lymphocyte cultures were prepared for each subject and were performed in 10 ml RPMI 1640 supplemented with 

100 units/ ml penicillin, 100 units/ml streptomycin, 15% foetal bovine serum and 1% phytohemagglutinin. At 44
th
 hr 

after initiation, cells were blocked in cytokinesis by adding cytochalasin B (Sigma, final concentration, 4.5μg/ml). 

The total incubation time for all cultures was 72 hr. After incubation, the cells were fixed in 3:1 methanol/glacial 

acetic acid, dropped onto clean microscopic slides, air dried, and stained with Giemsa stain. For each sample, 1,000 

binucleated cells were scored at 100X magnification. The number of micronuclei per 1,000 binucleated cells was 

recorded. 

 

Results 
 

Forty seven children with varying degrees of congenital abnormalities or clinical abnormalities viz cleft lip, low set 

ears, webbed neck, dysmorphism, depressed nasal bridge, congenital heart disease, developmental delay, cystic 

hygroma, etc who were suffering from congenital TORCH infections were selected. The age of these children 

ranged from 4 days to 2 years. Sixteen, age and sex matched healthy childrens were selected as control study. The 

maternal age of these children ranged from 20 to 38 years with a mean age of 27.1 and the paternal age was 22 to 41 

years with a mean age of 32.04. Various demographic, clinical, lifestyle and physiological condition were recorded 

and correlated with the extent of DNA damages and oxidative stress.  

 

The Cytokinesis block micronuclei assay revealed that there is a statistical significant increase in the mean CBMN 

frequency among the study subjects (12.89) than the control subjects (10.16). In the case of MDA value, it was 

found to be 1.7 in study subjects and 1.35 in control subjects. The present study observed a significantly high level 

of MDA in study subjects when compared to the control subjects (Table: 1). 

 

TABLE 1: 

DISTRIBUTION OF MDA VALUE AND MEAN CBMN FREQUENCY AMONG STUDY AND CONTROL SUBJECTS  

  

 

 

 
The distribution of CBMN frequency and MDA value in study subjects according to age were given in the table 2. 

The age of the children were ranged from 4 days to 2 years. Among the 47 study subjects, 19.14% above the age of 

one year showed the highest mean CBMN frequency of 12.96. The study showed significant relationship between 

the paternal age and the mean CBMN frequency. As the paternal age (32 to 41) and maternal age (>35) increased, 

the study showed significant relationship with mean CBMN frequency .i.e, the older the parents the greater the mean 

CBMN frequency. The study observed that there is a significant relationship between the mean CBMN frequencies 

and increased duration of married life. 

TABLE 2: 

 

DISTRIBUTION OF MDA VALUE AND MEAN CBMN  

FREQUENCY ACCORDING TO THE AGE OF THE STUDY SUBJECTS 
 

 

 

 

 

 

 

 

 

 

Variable Number MDA Value 
Mean CBMN 

Frequency 

Study  47 1.7 12.89 

Control 16 1.35 10.16 

Category Variable Number Percentage MDA 

Mean 

CBMN 

Frequency 

Age  of 

Children  

<1 31 65.95% 1.61 12.48 

1 7 14.89% 1.81 12.85 

>1 9 19.14% 1.89 12.96 
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Subjects with the history of drug intake and the history of chronic illness among parents showed higher mean 

CBMN frequency. This clearly indicates a significant relationship between the mean CBMN frequency and the 

history of drug intake and illness. 

 

Regarding the TORCH investigation 18 (38.29%) of the children reported toxoplasma IgG positivity, 33 (70.21%) 

showed rubella IgG positivity, 37 (78.72%) showed CMV IgG positivity and 15 (31.91%) showed HSV IgG 

positivity. Eight out of forty seven study subjects reported IgG positivity in toxoplasma, rubella, CMV, HSV and the 

rest showed one or two IgG positivity. 

 

The study frankly observed that subjects with CMV IgG positivity showed increased CBMN frequency as well as 

increased MDA level than the IgG negative subjects. This is also true among subjects with toxoplasma, rubella, 

CMV, HSV. The mean CBMN frequency was found to be increased with increased severity of the clinical 

conditions moreover the children born to advance paternal age, history of chronic illness among parents and the 

history of various drug intake also showed increased mean CBMN frequency. 

Discussion 

The purpose of the present study was to investigate the oxidative stress and DNA damages in children with 

congenital TORCH infection.  It is well known that the best time to identify and address risk factors for poor 

reproductive health outcomes for mothers and babies is not after but before conception through preconception care 

(Johnson et al., 2006). Infections are one of those risks, because certain infectious diseases carry a real threat to 

mothers and the foetus in utero (Lassi et al., 2014). 

 

The development of the cytokinesis-block (CB) technique has made the human lymphocyte micronucleus assay 

(MN) a reliable and precise method for assessing chromosome damage. The level of genetic integrity of human 

populations is increasingly under threat due to industrial activities that result in exposure to chemical and physical 

genotoxins (Fenech and Morley, 1985). 

 

In the present study it was observed that children above 1 year age had high mean CBMN frequency. It was 

analyzed that the severity of TORCH infection gets increased when the age of the children increases. They show 

congenital abnormality with increasing mean CBMN frequency. Paternal age and maternal age had influenced in the 

TORCH positive babies. The mean CBMN frequency was higher in increasing age compared to others. In the 

present study the duration of married life also influenced the TORCH infected babies. 

 

Some studies show that foetal infection may manifest in case of an infection in an immunized pregnant woman 

when she has been immunized for that particular agent (Toxoplasma Gondii, Cytomegalovirus) before pregnancy, 

although it is much lower in intensity (Guerina, 2005). A reliable diagnosis of acute T. gondii, RV, or CMV 

infection in pregnant women is the main objective of the TORCH diagnostic assays. Generally, detection of IgM 

antibodies is a sensitive indicator of an ongoing or recent infection (Bobic et al., 1991; Gras et al., 2004). 

Improvements in IgM and IgG avidity assays assist the clinician in detecting acute infection and distinguishing 

between a primary and secondary immune response (Grangeot et al., 1997; Lazzarotto et al., 1997). 

Conclusion 

TORCH infection cause severe birth defects. The children who had reported TORCH infection showed increased 

mean CBMN frequency and MDA value. The mean CBMN frequency was increased with increasing paternal age, 

chronic illness and history of drug intake. The mean CBMN frequency and MDA value was increased in 

toxoplasma, rubella, CMV, HSV, IgG positivity than the subjects with IgG negativity. Also the TORCH infected 

children showed increased DNA damages and increased level of oxidative stress that leads to severe congenital 

anomalies. Avoiding contact with pet animals may help to get rid of the chance of TORCH infection.  
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