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Abstract: Genetic screening provides basic information about frequency, epidemiology and inheritance of 

genetic diseases and so can be helpful in diagnosis, counselling and possible treatment. In the west, neonatal 

screening is mandatory for some biochemical genetic disorders by measuring metabolite concentrations in blood 

and by enzymatic analysis and DNA assays using blood, urine or tear samples. Neonatal screening (up to one 

month after birth) is important as it aids in identifying infants with a specific genetic disease so that therapy, if 

possible, may be initiated and consequences of untreated disease prevented. For the present study, preliminary 

neonatal screening was carried out by using the non-invasive method of urine sample collection to assess the 

incidence of any IEM in the general population.  
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 Introduction 

Public health concerns warranting attention about genetic diseases have developed (1) as the identification of 

individuals with a genetic disease can permit its management through genetic counselling, reproductive options, 

therapeutic abortions, prenatal diagnosis, disease management and/or delayed disease development. Genetic 

screening can assist in this by the identification of a genetic disease, a genetic predisposition to a disease, or a 

genotype, in an individual that increases the risk of having a child with a genetic disease. This process entails the 

testing of all or most of the members of a population for the presence of a genetic disease or the presence of 

particular alleles at a known locus (2), thereby providing basic information about the frequency, natural history 

and inheritance of the disease and in the diagnosis, counselling and treatment (if possible) of the genetic 

disease.  

As the frequency of a genetic disease can be affected by its regional distribution, the knowledge of its caseload 

(calculated from its frequency and heterogeneity) is required. Population screening for genetic diseases and 

carrier status can be carried out at prenatal, newborn and adult levels. New born screening involves the 

identification of genetic disease in an infant to allow the institution of a prophylactic or therapeutic programme 

to prevent injury to the child (3). In fact most developed countries screen all newborns for phenylketonuria 

(PKU). All the states of USA also screen for congenital hypothyroidism; most also screen for one or more 

haemoglobinopathies ( 4,5) while newborn screening for sickle cell anaemia in African- American infants and for 

Tay Sash’s disease in Ashkenazi Jews is further mandatory. Rarer newborn genetic screening programmes 

include galactosaemia, maple syrup urine disease, haemocystinuria and neural tube defects (6,7). In India, while 

there are scanty reports on inborn errors of metabolism (8,9), yet there is no population data on the incidence 

of genetic diseases. Hence in the present project, neonatal screening for biochemical defects with an underlying 

genetic basis was attempted.  
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 An inborn error of metabolism (IEM) is an inherited biochemical defect, generally a deficiency of an intracellular 

enzyme, which can cause diseases either by an accumulation of the enzyme's reactant/or because of a 

deficiency of the enzyme's product. Therefore the primary purpose of genetic screening during the neonatal 

period (pertaining to the first four weeks after birth) is to identify infants affected with specific genetic diseases, 

in order to initiate therapy and prevent the consequences of untreated disease.  

 Materials and Methods 

 Genetic screening for biochemical defects among the neonates (delivered in local nursing and maternity homes 

during 1997) and ascertainment of occupational/environmental exposure(s) and reproductive performance in 

this general population was carried out. Records were maintained for personal, health, dietary, medical and 

genetic histories on recommended pre-prepared questionnaires (10) and detailed family histories as pedigrees 

were also noted for each case. As blood; urine or tear samples from newborns can be utilized in order to 

determine various disorders of carbohydrate, lipid and amino acid metabolisms, for the present work urine 

samples were used, primarily because urine sampling is non-invasive, has easier availability and also because 

urinary tests are easier to perform for a pilot mass screening programme. The samples (5ml) collected in pre-

cleaned vials, were transported to the laboratory and processed for analysis within 4-6 hrs of sample collection.  

Up to a total of eight tests were performed on the new born and normal healthy adult urine samples for various 

inborn errors of carbohydrate and amino acid metabolisms (Table 1).  

 Results and Discussion  

 In the present study, a total of 83 newborns were studied varying in ages from day one to up to 20 days old with 

maternal ages ranging from 18-37 years and paternal ages in the range of 23-42 years. A normal gestational 

period was more frequent than pre-mature or late births along with more normal than caesarean delivery types 

(Table 2). . Most of the neonates studied were first-borns (n=41), followed by being second (n=28), third (n=11) 

or still younger (n=3) children. The overall male to female ratio of newborns was 1.77 and the general trend for 

neonates among sib ships also showed a higher male to female ratio. Sex ratios of 1.06-1.07 in new born 

populations and 1.17 for normal pregnancies and 1.16 for induced abortions by chorionic villi sampling have 

been reported in literature (13, 14, 15). In the present sample, as there are no new born registries, information 

on all births during the study period could not be ascertained -hence the new born sex ratio is probably 

confounded.  

It is generally prudent to record for the occupational histories of the parents in order to have information with 

respect to any incidental, accidental, or workplace exposures to physical, chemical and biological agents from 

the view point of genetic epidemiology (16). In the present study, most of the mothers were housewives (n=78) 

while most of the fathers were engaged in small-scale business, agricultural sector and on daily wages.  

 Smoking, tobacco chewing and alcohol intake are well-documented dietary habits associated with a number of 

cancers. In fact, these habits along with exposure to other physical, biological or chemical agents are known to 

act synergistically for mutagenicity and/or carcinogenicity induction (17). The data indicate 13 fathers who 

smoked, 32 fathers took alcohol and a few overlaps. However, none of the parents chewed tobacco while the 

female parents neither smoked nor took alcohol.  

 On studying the reproductive histories of the parents of the newborns, it was observed that a complete 

spectrum of abortions, miscarriages, and stillbirths were reported. In three of the total abortion cases, there 
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were two abortions per family and in another family two stillbirths had occurred.  

Table 1: Different Tests Performed for Biochemical Genetic Disorders 
S.No. Test Performed Inborn errors of metabolism Diagnosis* 

1 Benedict's test  
   
   

Disorders of carbohydrate 

metabolism (glucose,fructose, 

pentose, galactose, lactose)  

Diabetes mellitus 

2 

 

Benedict's test  
   

Disorders of amino acid  Alkaptonuria  

3 Ferric Chloride spot 

test   
Disorders of lipid metabolism  Diabetes mellitus  

   

4 Ferric Chloride spot 

test  
Disorders of amino acid 

metabolism (homogenetisic acid 

phenyl pyruvic acid)  

Alkaptonuria, (PKU)  

Phenylketonuria, Tyrosinemia  

5 Dinitrophen   (DNPH) 

test   

   

Disorders of amino acid meta- 

bolism  (a-oxo acids)  
Maple Syrup Urine hydrazine    

disease (MSUD),PKU  

6 Cyanide-nitro-  

  

                           

prusside test  

Disorders of amino acid 

metabolism(cysteine, 

homocysteine  

Homocystinuria  Cystathioninuria   

7 Silver nitro- prusside 

test   

                                

Disorders of amino acid 

metabolism (homocystinuria)  
Homocystinuria   

8 Methylmalonic acid 

test  

  

Disorders of amino acid 

metabolism (methylmalonic acid)  
Methymalonic aciduria (MMA)  
   

* if positive test results (11,12) 

 Reproductive performance has been reported to be adversely effected by alcohol and smoking (18). In cases 

of abortions, 2 of the fathers had both, alcohol drinking and smoking habits, while fathers in the 2 other 

cases only took alcohol. Exposure to pesticides, fertilizers and liquid paraffin occurred in fathers with 

abortion cases. Smoking, alcohol in take, as well as X-ray examinations were also recorded - in miscarriage 

and still birth cases.  
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Table 2. : Pertinent Information of the Surveyed Neonate Population 

A)      Gestational Age (no.)  

Normal (38 ±2 wks.)     

76  

Early (36 ±2 wks.)     

3  

Late (40 ±2 wks)  

   

4  

B)      Delivery Types (no)  

Normal  68  

Caesarean  15  

C)      Sibship of Proband (no)  

   Male  Female  

I  25  16  

II  16  12  

III  9  2  

>III  3  NIL 

D) Age distribution  

Newborns age -days (no.)  Mother's age -year (no.)  Father's age -year (no.)  

   

1-5  37  18-22  25  23-27  47  

6-10  27  23-27  42  28-32  25  

11-15  13  28-32  11  33-37  6  

16-20  6  33-37  5  38-42  5  

D)      Occupation distribution 

Mothers Fathers 

House Wife 78  Businessmen 23  

Clerk/teacher  5  Daily wages           20  

      Agriculture 10  

      Government Service                                                                                                           7  

      Miscellaneous  23  

E)       Exposure history*        

X-Ray diagnostics  2  

Tetanus injections  2  

Antibiotics  3  

Fertility drugs  2  

Hypertension medication  1  

Petroleum Products  3  

Fertilizers and pesticides  5  

Common medications (OTC)  2  

* during mothers' gestation and during or just before conception in fathers. 

F) Life Style (Fathers)   

Smoker  13  

Alcohol  32  

Both  8  

G) Parents reproductive history & Medical history  

Miscarriages  4  Diabetes  2  

Abortions  10  Hypertension  3  

Still births  3  Downs Syndrome  1  
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Table 3: Biochemical tests performed on the neonate and adult urine samples 

     Positive  Negative  Indications  Further Tests  

 No.  No.  

Benedict’s test for reducing sugars  

Newborn  7  33  Glucose/other sugars +  To rule out/confirm 

diagnosis  Adult  3  47  

Benedict’s test for homogenistic acid  

Newborn  7  33  Alkaptonuria  Testing for 

Alkaptonuria  Adult  0  50  

Ferric chloride test for aceto acetic acid  

Newborn  7  33  Diabetes mellitus  To rule out/confirm 

diagnosis  
Adult  0  50  

Ferric chloride test for homogenistic acid  

Newborn  2  38  Alkaptonuria  

Phenyylketonuria  

Tyrosinemia  

Specific test to rule 

out/confirm 

diagnosis  
Adult  0  50  

Dinitrophenylhydrazine (DNPH) test  

Newborn  3  37  Maple syrup urine disease 

PKU  

To rule out/confirm 

diagnosis  
Adult  2  48  

Nitroprusside Cyanide test  

Newborn  1  39  Homocystinuria 

Cystathinouria  

Silver nitroprusside 

test  
Adult  0  50  

Silver nitroprusside spot test 

Newborn  1  39  Homocystinuria  To rule out/confirm 

diagnosis  
Adult  0  50  

Methylmalonic acid (MMA) spot test 

Newborn  1  39  Methylmalonic aciduria  To rule out/confirm 

MMA  
Adult  0  50  

   Medical records revealed hypo-and hyper-tension and one case of Down Syndrome in the neonate families.  

 In the sensitive gestational, pre-conceptional and conceptional periods in parents, X-ray diagnosis, tetanus 

injections, antibiotics and OTC medication besides drugs for fertility and gynaecological disorders were other 

confounding factors.  

 Urine analysis was carried out for 40 of the neonates surveyed. A single specimen of urine can be used for 

qualitative tests while for quantitative work, 24 h specimens are best (12). The urine specimens were coded and 

only then analysed.  

In order to standardise the test protocols under our laboratory conditions, a total of 50 adult urine samples (25 

females and 25 males) were also analysed for the various tests. Only three samples were positive for Benedict's 

test for disorders of carbohydrate metabolism and two for the DNPH test for ketoaciduria (all females) in the 

control sample. One of the female control subjects testing positive in both tests, was on some medication, taking 
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some biochemical products. The details of the various test results are presented in Table 3. The test results with 

Benedict's reagent showed 7 cases with positive results and 33 negative in the newborn samples; in the control 

samples, 3 cases tested positive. Positive results indicate presence of glucose or other reducing substances. 

There were 4 cases testing positive with the Ferric chloride test in the newborn samples indicating diabetes, 

though none tested positive in the adult samples. Presence of glucose is not confirmation enough that the 

person has diabetes. Hence it is more important to exclude diabetes for which a glucose tolerance test is 

recommended. In order to know the nature of the reducing substance, chromatographic procedures can show 

up which sugar is present and the diagnosis confirmed.  

The Benedict's test for homogentisic acid (HA) showed 7 newborn samples and 3 adult samples testing positive 

indicating alkaptonuria. However, none of the urine samples darkened on standing. On testing for HA by Ferric 

Chloride test, only 2 newborn samples tested positive though these urine samples also did not darken on 

standing. Specific tests for PKU and tyrosinemia need to be performed for the exact diagnosis.  

The results of the DNPH test showed that 3 newborn samples tested positive indicating Maple Syrup Urine 

Disease (MSUD) or PKU though 2 adult samples from healthy persons also were positive. The urine samples 

however had no odour; it is preferable to test specifically in such cases so as to reach an exact diagnosis or to do 

re-testing with stringency.  

 Results of the Cyanide-Nitroprusside test showed one newborn sample to be positive indicating Homocystinuria 

or Cystathioninuria. In such cages, the Silver condition 'Homocystinuria', subject to confirmatory testing. In the 

results of the samples which were tested for the methylmalonic aciduria, one of the newborn samples showed a 

positive result indicating specific testing for an exact diagnosis.  

The findings of the study hence indicate that pilot investigations for biochemical genetic defects in the 

newborns, using appropriate urinary tests can form a part of a preliminary mass screening programme. For exact 

diagnostics however, and for the purposes of gathering incidence data on various genetic disorders, more 

stringent and specific tests with blood/plasma samples need to be performed.  

Future strategies in Newborn Screening probably would 'also include genetic screening for susceptibility to 

common diseases after an indication with specific environmental conditions. This would allow an individual 

prognosis regarding disease risks. Preventive measures (1) such as avoidance of certain food stuffs, tobacco 

usage, alcohol, other drugs, or occupational exposure to specific environmental conditions, such as dust or 

chemicals might be recommended depending upon the specific results.  

   

 

 

 

 

 



INDIAN JOURNAL OF MATERNAL AND CHILD HEALTH, 2013   JUL – SEP;15(3) 

 

 8 

 

References   

1. Vogel F, Motulsky AG. Human Genetics -Problems and Approaches, Third edition, Springer- Verlag, Berlin, 

1996.  

2. McKonkey, E H. Human Genetics -The Molecular Revolution. Jones and Uarllett Publishers, London, 1993. 

3. Scriver C R, Bcaudet AL, Sly W S, Vallc D. 1'he metabolic basis of inherited disease.6th edition, McGraw-

Hill Inc, New York, 1989.  

4. American Academy of Pediatrics -Committee on Genetics. Newborn screening fact sheets. Pediatrics 

1989, 83 : 449-464.  

5. National Research Council Committee for the study of I EM. Genetic Screening program, principles and 

research. National Academy of Sciences, Washington, 1975.  

   

 

 
 

 

 

 

 

 

 

 

 

 

 


