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Abstract 

Background: Newborn screening is a comprehensive system that includes 

laboratory testing, diagnosis, follow-up, treatment, education, and evaluation. To 

be effective and successful, the newborn screening system requires continuous 

quality improvement focused on information sharing, technical assistance and 

standardized data.  The screening program targeting infants in the first month of 

age for congenital hypothyroidism, phenylketonuria and classical galactosemia. 

Metabolic disorders are not easily detected without screening because many of the 

symptoms are nonspecific and look like other more common disorders. Some of 

the disorders do not show any symptoms at all until damage has been occurred. In 

some of these cases damage irreversible. Screening means that metabolic disorders 

can be diagnosed before a baby gets sick.  

Objectives: to assess the neonatal screening program in Karbala governorate 

between 2013-2018 and to estimate the incidence of congenital hypothyroidism, 

phenylketonuria and galactosemia in Karbala and identify the obstacles or 

limitations in the program. 

Methods: a biometeric study conducted among all newborn below than 1month 

underwent screening from the beginning of program at the first of April 2013 to 31 

of March 2018 (5 years), study involve all 4 health sectors which belongs to 

Karbala Health Directorate. By reviewing of their records and screening results 

and further analyzing the data. Coverage rate, positive screening test percentage, 

incidence, positive predictive value and specific program indicators were 

measured.  

Results: The total coverage rate was 71.7% and slightly improve between 2013  

toward 2018. The incidence of congenital hypothyroidism was 1:1538 and male to 

female ratio was 1.1:1, the incidence of phenylketonuria was1: 7692 and incidence
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 of galactosemia was 1:934. Defaulters was identifying in different stage of 

program. The mean age at first sampling for those with positive screening test 

was11.4±7.8 days and median was 10 days, the mean age at second sampling 

was26.5 ±9.8 days and median was 23 days. The percentage of neonate that done 

the first sampling at age ten days and younger was generally low and under the 

international standard, the percentage of screening card samples to be received by 

the laboratory within 6 days of being taken was generally the same and above the 

international standard, the percentage of result to be available within four working 

days from date of received to lab and the percentage of neonates who diagnosed 

and received appropriate treatment by 28 days of age was increase between 2013 to 

2018 but generally below the international standard. Regular follow up was 53.6% 

for congenital hypothyroidism, 91.6% for phenylketonuria and 25% for 

galactosemia. 

Conclusions: generally, the program important and effective and need to be 

expanded to cover all Iraq. However, the coverage rate in Karbala Health 

Directorate was suboptimal compared to the international standard as well as the 

overall results of screening test, age of screening sampling, lab performance and 

follow up were below the international standard. 
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Definition of newborn screening: 

    Newborn screening (NBS) is a comprehensive system that includes laboratory 

testing, diagnosis, follow-up, treatment, education, and evaluation. To be effective 

and successful, the NBS system requires continuous quality improvement focused 

on information sharing, technical assistance and standardized data ((NewSTEPs) 

2016).  

   Aim of (NBS) is to identify a particular rare, but hereditary, critical, metabolic 

either or both congenital disorders that possibly will be life threatening 

(Alkhazrajy and Adnan 2016). Screening is the presumptive identification of 

unrecognized disease or defect by the application of  tests, examinations, or other 

procedures which can be applied rapidly. Screening tests sort out apparently well 

persons who probably have a disease from those who probably do not (Wilson, 

Jungner et al. 1968). Newborn screening in which each newborn infant is 

screened for up to50 specific metabolic disorders for early detection and 

intervention is the first program of population wide genetic testing. As a public 

health intervention, NBS has greatly improved the lives of thousands of affected 

children (Green, Dolan et al. 2006) 

     Choice of illness in the screening program should be built on the significances 

of the personal country. In this consider, the Wilson and Jungner criteria(Wilson, 

Jungner et al. 1968) can help as a beneficial model These were: 

1) Clinically and biochemically well recognized  disorder. 

2) Identified incidence in populations 

3) Disorder associated with significant morbidity and  mortality. 

4) Effective treatment available. 

5) Period before which intervention improves outcome. 

6) Availability of an ethical, safe, simple and robust screening test 

7) Cost-effectiveness of screening. 
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Epidemiology of genetic disease:  

Globally, at least 7.6 million children are born yearly with severe genetic or 

congenital malformations; 90% of these are born in mid and low income 

countries(Kaur and Singh 2010). 

    In the Middle East and North Africa area (MENA), the population in the region 

is about 400 million, with high birth rate and an estimated 10 million newborns per 

year. The majority of the population is of the Islamic faith and mostly Arab. The 

population is characterized by a high consanguinity (25–70%) and a high 

percentage of first-cousin marriages (Saadallah and Rashed 2007). 

   Haemoglobin disorders, inherited metabolic disorders, neurogenetic disorders 

and birth defects are relatively common among the population.(Saadallah and 

Rashed 2007). 
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History of newborn screening : 

   The story of neonatal screening dates occur  in 1959 when Dr Robert Guthrie 

established a test to discover extreme phenylalanine amounts by microbiological 

bacterial inhibition test on the dry blood spot (DBS) taster gathered on a filter 

paper(F.P) which also called with (Guthrie card) to confirm phenylketonuria in all 

neonates (Guthrie and Susi 1963). 

   Guthrie test turn out to be a routine in United States of America in 1962 

(Therrell and Adams 2007). Newborn screening programs, introduced in the 

1970 have improved the early diagnosis and treatment of several genetic diseases 

that are asymptomatic during the neonatal period. Their early detection can 

improve prognosis and lead to a newborn’s full development(Botler, Camacho et 

al. 2012). 

   Dussault presented investigation for congenital hypothyroidism (Dussault, 

Coulombe et al. 1975). Following the diffusion and inception of newborn 

screening for Phenylketonuria  in the early sixties, classic galactosemia was firstly 

added to the panel Since then, numerous countries are screening for this disease, 

despite the criticisms about the opportunity of this procedure, treatment  

ineffectiveness on long-term outcome  (Porta, Pagliardini et al. 2015).  

 

Neonatal Screening Program in Iraq: 

   Newborn screening program in Iraq has been begun on April, 2013 when a pilot 

project implemented that includes two governorate: Baghdad and Karbala. The 

initial stage for further than 1year has concentrating on ability building creating the 

best efficient technology for first detection of two assigned disorders of inborn 

error of metabolism such as, phenylketonuria, galactosemia also congenital 

hypothyroidism by ( DELFIA technique), taken the blood from heel of baby by 

prick (MOH 2014) 
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   To test for these diseases, blood Sample is collected at proper age (72 hours-

5days) after birth and moreover up to 2 month of age those who had not 

investigated in hospitals that have neonate care units and primary health care 

centers(PHC). Screening is the 1
st
 step in a 2-step procedure. The initial test 

specifies a problem might be existing (primitive) , to proves whether or not the 

problem or illness is existing ,a 2
nd

 diagnostic test (confirmative) are done. The 

blood is dried onto a neonatal screening filter paper. This project will participate in 

reducing the rate of under-five mortality by two-thirds, to meeting Millennium 

Development Goal 4 between (1990-2015) (MOH 2014).          
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Disorders screened in Iraq:  

1. Congenital hypothyroidism: 

     Congenital hypothyroidism  is the most common cause of preventable mental 

retardation in children. Thus screening programs of Congenital hypothyroidism  

have been started for better management of the condition and preventing its related 

neurodevelopmental consequences (Hashemipour, Hovsepian et al. 2018). 

Congenital hypothyroidism is classified into transient and permanent Congenital 

hypothyroidism. A persistent deficiency of thyroid hormone leads to permanent 

Congenital hypothyroidism that requires life-long treatment. 

    A temporary deficiency of thyroid hormone lead to transient Congenital 

hypothyroidism discovered at birth, but then recovering to normal thyroid hormone 

production(Rastogi and LaFranchi 2010). 

    Normal thyroid function is necessary for the growing and neurodevelopment of 

newborns and young children. Anomalies of thyroid gland growth, function and 

immigration can all cause Congenital hypothyroidism (Simpser and Rapaport 

2010). When the thyroid gland fails to develop or function properly, Congenital 

hypothyroidism  occurs. The thyroid gland is absent in 80 to 85 percentage of 

cases,  severely reduced in size (hypo plastic), or abnormally located. These cases 

are classified as thyroid dysgenesis (De Felice and Di Lauro 2004).          

Congenital hypothyroidism is caused by inborn errors in the molecular steps of 

thyroid hormones biosynthesis, secretion or recycling in the remaining 15-20% of 

cases, These forms of congenital hypothyroidism  are specified with the term 

“dyshormonogenesis”, and are characterized by an enlargement of the gland 

(goiter), probably due to elevated TSH levels (Nettore, Cacace et al. 2013).     

   According to world-wide data taken from neonatal thyroid screening programs 

Congenital hypothyroidism  occurs with an incidence of 1:3000 to 

1:4000.Variation of incidence are more likely to the kind of screening method than 
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to ethnic affiliation, or as a result  of iodine deficiency thyroid disorders 

(Buyukgebiz 2013). For reasons that remain unclear, Congenital hypothyroidism  

affects more than twice as many females as males and there is an increased risk in 

infants with Down's syndrome (Rose and Brown 2006) and (Roberts, Moore et 

al. 1997). 

   Screening programs led to the effective early identification and treatment of 

infants with Congenital hypothyroidism and have eradicated the severe 

neurodevelopmental disorder resulting from delayed diagnosis(Léger, Olivieri et 

al. 2014) .  

   Thyroid function of the neonate can be affected by the mother’s thyroid status by 

way of placental transfer. While TSH is not transferred from the mother, small 

amounts of thyroxine (T4) and triiodothyronine (T3) do cross    

the placental barrier (Simpser and Rapaport 2010) . 

    Infants with Congenital hypothyroidism   are lethargic, constipated, feed slowly, 

and sleep more, often needing to be stimulated to feed. They, may feel cool to 

touch, may be hypotonic with slow reflexes, may have a hoarse cry and immaturity 

of hepatic glucuronyl transferase may cause prolonged jaundice (Kaye 

2006).Thyroid hormone replacement is treatment for Congenital hypothyroidism 

(Simpser and Rapaport 2010).  

 

2. Phenylketonuria: 

    Phenylketonuria is an autosomal recessive inborn error of phenylalanine 

metabolism if untreated or undiagnosed, the neurotoxic effects of excess 

phenylalanine can lead to impaired postnatal cognitive development, occurring in 

approximately 1:15,000 people, (El-Metwally, Yousef Al-Ahaidib et al. 2018). 

High rate of consanguinity relatives increase the risk of the disease(Ganji, Naseri 

et al. 2018). At birth, Infants with phenylketonuria appear normal, many have fair 



Chapter one  Introduction 
 

 7 
 

hair and skin, blue eyes, vomiting, an eczema- like rash, irritability, active muscle 

tendon reflexes and a mousy odor in the urine. later, seizures ,mental retardation 

and microcephaly happens (Thijeel 2013).The occurrence of phenylketonuria 

varies among ethnic groups and geographic regions worldwide (Hardelid, 

Cortina‐Borja et al. 2008). For example ,The incidence of phenylketonuria in 

Caucasian populations is between one patient in 10,000 and one patient in 15,000 

people. The treatment  of phenylketonuria  is phenylalanine-restricted diet ,which 

should be started as soon as diagnosis is confirmed, to decrease phenylalanine 

levels in the body(plasma, brain and urine), because phenylalanine is not 

synthesized endogenously (Thijeel 2013).  

 

3. Galactosemia:  

    Galactosemia is an inborn error of galactose metabolism and autosomal  

recessive disorder that results from a deficiency in one of three enzymes, 

Galactokinase(GALK),galactose-1-phosphate uridyltransferase (GALT) or uridine 

diphosphate galactose 4'epimerase(GALE)(Anderson 2018). 

  There are three basic forms of GALT deficiency: (Berry 2012) 

1) Classic galactosemia  

    2) Clinical variant galactosemia 

    3) Biochemical variant galactosemia.  

   The incidence galactosemia of widely varies worldwide, with an estimated 

incidence of 1:19,000 to 1:44,000 in Europe (with a higher incidence in the Irish 

Traveller population) and the USA (LindseyWelling, Bernstein et al. 2016). The 

Galactosemia symptoms seen in the early stage during the feeding of breast milk. 

The early symptoms are; seizures, vomiting, hypoglycemia, jaundice (yellow skin 

and the white eyes), the liver enlargement,  failure to gain weight, irritability, poor 

feeding, lethargy and diarrhea (Ali, Khan et al. 2017).  
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    Reproductive problems caused by premature ovarian failure occur  in females 

with classic galactosemia (Bosch 2006). While galactosemia morbidity and 

mortality is amenable to management by galactose-restricted diet, the chronic 

morbidity in classic galactosemia in not amenable to management by diet.  

The earlier the institution of galactose-restricted diet the better the prognosis, as 

children with galactosemia are challenged in their early days by life-threatening 

amounts of galactose, given that breast milk is rich in lactose that is a disaccharide 

composed of galactose (Kotb, Mansour et al. 2018). 
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Evaluation of  programs 

   Evaluation of any program is a systematic and objective assessment of an on-

going or completed program, its design, implementation and results. The aim is to 

regulate the relevance and fulfillment of objectives, development efficiency, 

effectiveness, impact and sustainability (Kahan 2008). So evaluation of any  

Program significant to recognize, verify or increase the effect of products or 

facilities on customers or clients, Better delivery mechanisms to be more effective 

and confirm that you're doing what you think you're doing(McNamara 1998). 

   Newborn screening program  was assessed in different areas of the world with 

variation in results  (Ganji, Naseri et al. 2018), (Al Hosani, Salah et al. 2014), 

(Hettiarachchi 2014), (Ltd 2014), (Dabbous, El et al. 2008). Including one study 

conducted in Baghdad  by Alkhazrajy and Hassan in 2014(Alkhazrajy and Adnan 

2016). This study aimed to assess the NBS program implementation in Karbala 

governorate within 5 year period. 
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  Objective of study 

 To assess the neonatal screening program results in Karbala governorate     

between 2013-2018. 

 To estimate the incidence of congenital hypothyroidism, phenylketonuria 

and galactosemia in Karbala governorate.  

 

 

 



 
 

CHAPTER 
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Methodology  
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2-1 Study design: 

   The study was a biometeric study. 

2-2 Study setting: 

     The data collection was carried out in Karbala health directorate which includes four 

Sectors these are Center Sector, Primary health care sector in Husseiniya , Alhur Sector 

and Primary health care sector in al-hindiyah, all these Sectors involved in study at 

Karbala governorate,  Iraq. The data collection was done between the 1
st 

April 2013to 

the 1
st
 April 2018.  

2-3Study sample: 

    All newborns records from all four primary health Sectors (Center Sector, Al-

Husseiniya,  Alhur, and Al-Hindiyah health Sectors) at the beginning of program in 

April 2013 till first of April 2018 were including in this study. 

 2-4 Data source:  

    It includes records files of results of all infants involve in the screening 

programs in all four primary health Sectors (Center sector, Al-Husseiniya , Alhur, 

and Al-Hindiyah health Sectors).The records of all registered screened neonates 

from the  beginning of program at April 1, 2013 to March 31, 2018 were reviewed 

and  included. The information about the number of lived birth for each year obtain 

from ministry of health annual statistical report for the years 2014- 2017(MOH 

2014, MOH 2015, MOH 2016, MOH 2017) and from Statistics section in Karbala  

health Directorate regarding the period of April-December 2013, and January-

March 2018. 
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     Data collection Tools and Instruments 

    In Iraq, neonatal screening still novel, and families mainly bring their neonates 

for the vaccination, and most of them come within the second to third week of life. 

The health care providers will explain the screening test and its importance to the 

families of babies and encourage them to participate in the program. 

 Records of screened of newborns(Central Public Health Laboratory in 

Karbala):  the total number of screened newborns(153,281) for each year was 

taken from Central Public Health Laboratory in Karbala. Recording of the 

needed information about the infant, which called demographic date on the 

filter paper cards and the blood specimens put on specific circle found in this 

card (appendix-A)  

 Number of live births from Iraqi ministry of health (MOH) annual statistical 

report  

 Laboratory results  for phenylketonuria, Congenital hypothyroidism and 

 galactosemia screening taken from Central Public Health Laboratory while the 

result of confirmatory test take place outside  Iraq(Jordan country) by tandem mass 

spectrometry. Positive screening tests results detected then the test is repeated in 

the same(F.P), if it is still positive then confirmatory tests Should be performed to 

confirm Congenital hypothyroidism by tacking blood serum sample while in case 

of phenylketonuria and galactosemia a new (F.P) is used for confirmation. The 

screening and confirmatory test for Congenital hypothyroidism takes place in 

Central Public Health Laboratory.  

 The number of children who diagnosed with confirmatory test and loss to 

follow up and number of children with regular visit to hospital  were obtain 

from Karbala teaching hospital for children(Screening program unite) and Al 

Hindia General hospital. 
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 Laboratory technique: primitive screening test for Congenital 

hypothyroidism was done by measure TSH level by using DELFIA 

technique. When the primitive screening results are abnormal, blood should 

be collected by venipuncture as soon as possible to confirm the abnormal 

screening results by using mini vidas system. For screening(Primitive) test : 

nTSH (F.P) is measure, and for confirmatory test: serum nTSH and  T4 are 

measured. The result interpreted according to the following reference value:    

Test Age Reference value 

TSH 

1 – 4 Days 1-39  µ|U/ml 

1 week – 5 months 1.7-9.1  µ|U/ml 

5 months – 20 years 0.7 – 6.4  µ|U/ml 

T4 

1 – 3 Days 152-292 nmol/ml 

1 – 4 week 126-212  nmol/ml 

1 – 4 months 93-189  nmol/ml 

 

    In  the screening method for phenylketonuria, for screening test: n phenylalanine 

(F.P) is measured. For confirmatory test: n phenylalanine, Tyrosine and 

phenylalanine/ Tyrosine ratio (F.P) are measured. The result interpreted according 

to the following reference value :  

Reference value Test 

10-150 μM/L n phenylalanine 

-200 μM/L 10 Tyrosine 

0.28-3.0 Phenylalanine/ Tyrosine ratio 
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   Screening method for galactosemia: in screening test: n total galactose (F.P) is 

measured. But for confirmatory test: n total galactose, (GALT) G 1-p uridyl 

transferase (F.P) is measured. The result interpreted according to the following 

reference value: 

 

Reference value Test 

< 9.9 mg/dl n total galactose 

>3.0 U/g Hb ((GALT) G 1-p uridyl transferase 

 

(Adopted by Central Public Health Laboratory in Karbala) 

     

2-5 Statistical analysis: 

   The following equation was used: 

 

                                           Number screened  

1. Coverage rate =                                                               * 100 

                                   Number should be screened  

   

                                                     New case for each disease  

2- Incidence for each disease =                                                     *  k                 

                                                       Number of lived birth      

                                                                   Number of positive screening test 

3-Percentage of neonate with positive =                                                        * 100 

                        Screening test                               Number screened 

 

                                                     Number of positive confirmatory test 

4- Positive predictive value =                                                                       *   100 

                                                      Number of +ve screening test    
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                                                     Number of positive confirmatory test 

5- Detection ability  =                                                                                     *   100 

                                                                       Number screened    

 

   Data of patient records were entered and analyzed using the statistical package for 

social sciences(SPSS) version 23. Specific program indicators include age at sampling, 

time taken to deliver the specimen to Central Public Health Laboratory, elapsed in lab 

and neonate age when treatment was initiated and compared to international 

standard(Simpson, Randall et al. 1997).  

 

2-6 Ethical and administrative approval:   

   An official permission at 27April 2018 obtained from Family and Community 

Medicine department of medical college of Kerbala University, also from Research 

Ethical Committee in Karbala Health Directorate, from Central Public Health 

Laboratory, from Karbala Teaching Hospital for Children and verbal consent was 

taken from Al Hindai General Hospital (appendix-B).  
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     Result:            

   The total number of neonate that should be screened in period between  April 

2013 to 1
st
 April 2018 were 213615 neonates while the neonate that screened were 

153281 neonates, the total coverage of screening program was 71.7%. The highest 

coverage rate was in 2015 (84.6%) and the lowest coverage was in first years of 

program (61%), all this and more was showed in table1. 

Table  1-coverage rate of screened neonate for 5 consecutive years.  

            

   From all neonates screened, the total number of positive screening test since 1st 

April 2013 to 1
st
 April 2018 for three screened disease were 681. All those invited 

by phone calling to do second confirmatory test, only 25 family was not inform 

because the parent may give wrong phone number or no answer. From those who 

inform about primitive test result 418 families respond to call and done the 

confirmative test, 238 families were not responding to call. From those who 

response to call and done the confirmatory test, 191 neonates had positive 

confirmatory test, 12 neonates had borderline result and 215 neonates had negative 

confirmatory test. Those who had positive confirmatory test, 26 neonates not start 

treatment at Karbala Teaching hospital for Children while 165 neonate start 

Years  No. should be screen  No. of screened Coverage rate % 

From 1
st
April 2013 31243 19071 61% 

2014 43943 35244 80.2% 

2015 41894 35453 84.6% 

2016 42757 28565 66.8% 

2017 43296 27264 62.9% 

To 1
st
 April 2018 10482 7684 73.3% 

Total  213615 153281 71.7% 
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treatment, the remainder number which represent 30% from coverage rate either go 

to the private clinic outside hospital or take the treatment from another side. All 

this showed in figure1.  

 

Figure 1- Flow chart to show data sets available for the program evaluation. 
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   In the following table, note the overall incidence of congenital hypothyroidism  

was 6.5:10000 (1:1538), and there is increased incidence between 2014 and 2016. 

Table 2- Distribution of the sample by screening, confirmatory tests and incidence  

of congenital hypothyroidism in 5 consecutive years. 

Congenital 

hypothyroidism   

+ve 

ST 

 

% of +ve 

ST 

+ve 

CT 

 

DA% PPV Incidence/10000 

 

2013 43 0.22% 10 0.052 23.2% 3.2/10000 

2014 88 0.24% 34 0.096 38.6% 7.7/10000 

2015 69 0.19% 33 0.093 47.8% 7.8/10000 

2016 78 0.27% 32 0.112 41% 7.4/10000 

2017 51 0.18% 24 0.088 47% 5.5/10000 

To 1
st
 April 

2018 

11 0.1% 6 0.078 54.5% 5.7/10000 

Total  340 0.22% 139 0.090 40.8% 6.5:10000(1:1538) 

ST= screening test, CT= confirmatory test, PPV= Positive predictive value, DA=Detection 

ability 

    The number of neonate with positive confirmatory test for congenital 

hypothyroidism  and male was 74(53.2%) while the number of neonate with positive 

confirmatory test and female was 65(46.8%) this showed in figure 2. The male to 

female ratio was 1.1:1(P:0.37).  

 



Results                                                                                           Chapter three  
 

61 
 

 

Figure 2  gender distribution among congenital hypothyroidism. 

   The total numbers of neonates with positive screening test for phenylketonuria 

were 56 neonates, while those with positive confirmatory test were 29 neonates. 

And the positive predictive value (PPV) of was 51.8%, the overall incidence of 

phenylketonuria was 1.3:10000 (1: 7692). 

    Table 3- Number and percentage for screening and confirmatory test and 

incidence for Phenylketonuria in 5 consecutive years. 

Phenylketonuria +ve ST 

 

% of +ve ST 

 

+ve CT 

 

DA% PPV Incidence/10000 

 

2013 10 0.052% 5 0.026 50% 1.6/10000 

2014 20 0.056% 8 0.022 40% 1.8/10000 

2015 11 0.031% 6 0.016 54.5% 1.4/10000 

2016 5 0.017% 3 0.010 60% 1.6/10000 

2017 8 0.029% 6 0.022 75% 1.3/10000 

To 1
st
 April 2018 2 0.026% 1 0.013 50% 9.5/10000 

Total  56 0.036% 29 0.018 51.8% 1.3:10000(1: 7692) 

53.2% 
(74) 

46.8% 
(65) 

Male

female
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   Table 4- Number and percentage for screening and confirmatory test and 

incidence for galactosemia in 5 consecutive years. 

Galactosemia  +ve ST 

 

% of +ve 

ST 

+ve CT 

 

DA% PPV Incidence/10000 

2013 47 0.24 % 1 0.005 2.1% 3.2/10000 

2014 111 0.31 % 11 0.031 9.9% 2.5/10000 

2015 69 0.19 % 4 0.011 5.7% 9.5/10000 

2016 42 0.14 % 2 0.007 4.7% 4.6/10000 

2017 13 0.047 % 4 0.014 30.7% 9.2/10000 

To 1
st
 April 2018 3 0.039 % 1 0.013 33.3% 9.5/10000 

Total 285 0.18 % 23 0.015 8% 1:10000(1:9345) 

 

 The result  in the above table: 

1) Only 23 cases were confirmed as Galactosemia.  

2) More cases were in year of 2014. 

3) Among  285 screened newborn only 8% had Galactosemia with incidence 

rate of 1/10000. 

4) There is large number of false +ve in screening test.   

The mean age at first sampling for those with positive screening test was11.4±7.8 

days and median was 10 days. The percentage of neonate that done the first 

sampling at age ten days and younger was calculated for Congenital 

hypothyroidism  years and this showed in figure 3. According to international 

standard the percentage should be 100%. 
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Figure 3   The percent  of neonates  that did the first sampling at age of ten days 

and younger for each year. 

   The percentage of screening card samples received by the laboratory within 6 

days of being taken was also measure for each year and this showed in figure 4. 

According to international standard the percentage  should be 95%. 

 

 

 Figure 4  The percent of screening card samples received by the laboratory within 

6 days of being taken for each years. 
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    The percent of result to be available within four working days from date of 

received to lab was also measure for each year and this showed in figure 5. 

According to international standard the percentage should be 100%. 

 

 

Figure 5 The  percent of available results within four working days for each year. 

   The mean age at second sampling was26.5 ±9.8 days and median was 23 days. 

The percentage  of neonates who diagnosed and received appropriate treatment by 

28 days of age for each year was showed in figure 6. According to international 

standard the percentage  should be 95%. 
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Figure 6 The percent of neonates who diagnosed and received appropriate 

treatment by 28 days of age for each year. 

 

   The numbers of children with regular follow up for congenital hypothyroidism 

were 67(53.6%) while those children those losses to follow up were 58 (46.4%). 

The numbers of children with regular follow up for phenylketonuria were 

22(91.6%) while those children those losses to follow up were 2 (8.4%). The 

numbers of children with regular follow up for galactosemia were 4(25%) while 

those children those losses to follow up were 12 (75%) figure 7. 
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GALT= Galactosemia 

Figure 7 The percent of Congenital hypothyroidism, phenylketonuria, galactosemia 

children according to follow up in hospital. 
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Discussion  

    In  this study, which is the first study in Karbala governorate about 

NBS, the universal coverage of newborn screening program was 71.7%, 

this rate coverage in compare to international standard (99%) is 

suboptimal (Rose and Brown 2006). The lowest coverage was found at 

start of program at 2013 (61%), which was less than nine months. Then at 

2014 and 2015 the coverage rate increase to 80.2%, 84.6% for that year 

respectively. The sharp decline in coverage rates percentages between 

2015 and 2016 from 80s to 60s was probably due to the reduction of the 

upper age limit in inclusion criteria to one month from two month at 

starting of the program (appendix-C). Other cause for the sharp decrease 

is that the program had faced time of pausing due to lack of lab materials 

in 2016 and 2017 for 2-3 months in each year.   

    However, this rate is higher than a study done at 2014 in Baghdad city 

where the coverage rate was 66% (Alkhazrajy and Adnan 2016).  In 

Alexandria\ Egypt program the coverage rate was 49.4% in 2001 and 

increase to 82.7% in 2005(Dabbous, El et al. 2008). While a study done 

in the United Arab Emirates (UAE) the rate of coverage neonatal 

screening increased from 50% in 1998 to 95% in 2010
 
(Al Hosani, Salah 

et al. 2014). In Saudi Arabia (Al-Madina Al-Munawara region) the 

screening program coverage was nearly 97% of the total infants born in 

Madina region over 10 years(Al-Maghamsi, Al-Hawsawi et al. 2002), in 

Sri Lanka the coverage rate reach 99.9% in 2014 (Hettiarachchi 2014). 

Anyhow this result or that in Baghdad is not unexpected and might even 

considered good as a newly introduced  program. If take in account the 

status or context of the health system and health services in Iraq which 

suffer many crises. Also it could be attributed to the low percentage of the 
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first visit of neonate to(PHC)and lower awareness and knowledge of 

families about NBS program.  

   Adding to that the program had some periods of delay due to lack of lab 

materials, or long holidays in Karbala during the Million visits hosted in 

the city including the biggest annual mass gathering in the world “the 

Arbaeen Visit of Imam Hussein (Abutiheen 2014)where most Primary 

health care centers stopped its routine work for several days to two weeks 

during Arbaeen visit. While other explanation for this shortage in 

coverage is the high birth rate in Karbala which ranged between 36.1 – 

38.7/ 1000 population within years of study (MOH 2014, MOH 2015, 

MOH 2016, MOH 2017). 

   For Congenital hypothyroidism, the overall incidence was 1:1538.  In 

compare to other countries as following table: 

Location Incidence rate Name of first author , year 

Iran 2/1000 (Veisani, Sayehmiri et al. 2014) 

Turkey 1/2736–1/2326 (Simşek, Karabay et al. 2003) 

Greek Cypriot 1/1800 (Skordis, Toumba et al. 2005) 

Italy 1/1446 (Corbetta, Weber et al. 2009) 

 

This difference in the incidence may be due to different TSH cutoff 

values, and may also due to  regional different in the levels of iodine 

deficiency. 

    The result of program for congenital hypothyroidism revealed that 

male to female ratio was 1.1:1. There is no statistical difference between 

male to female (P:0.37) which is not significant. There are varying 

findings about congenital hypothyroidism occurrence risk with regard to 

gender. Some researchers have showed that congenital hypothyroidism 

occurrence is associated with boy gender(Dorreh, Chaijan et al. 2014) 

and (Zeinalzadeh and Talebi 2012). whereas others have found an 
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increased risk of Congenital hypothyroidism in girls(Medda, Olivieri et 

al. 2005) and (Abdelmoktader 2013) or no variation (Ghafoor, Mohsin 

et al. 2013) and (Malik and Butt 2008). This difference probably due to 

many factors including, differing statistical methods, study design, 

sample size, different prevalence across the populations and chance may 

be related to variation in the association between gender and Congenital 

hypothyroidism occurrence. 

   The program had low positive predictive value (PPV) (40.8%) for 

congenital hypothyroidism The result of the program was a round similar 

to Iran program Low (33%) (PPV) (Karamizadeh, Saneifard et al. 

2012). In this study, the program had relatively high positive screening 

test percentage (0.22%) In compare to Iraqi study that done in Baghdad 

pooled positive screening test percentage (0,047%) (Alkhazrajy and 

Adnan 2016) while Macedonia have positive screening test percentage 

(0.18%) (Anastasovska, Koviloska et al. 2014).The cause behind this 

may be related to transient  abnormalities of thyroid function in the 

newborn period. 

   Based on finding of this study, the total incidence of phenylketonuria in 

Karbala province was 1: 7692. This ratio varies in different countries: 

Location Incidence rate Name of first author , year 

Iran 1:6662 (Ganji, Naseri et al. 2018) 

Arabian countries more than 1:5000 (Williams, Mamotte et al. 2008) 

Turkey 1:2600 (Williams, Mamotte et al. 2008) 

Brazil 1:8690 (Ramalho, Ramalho et al. 2014) 

Finland 1:200000 (Williams, Mamotte et al. 2008) 

Japan 1:125000 (Williams, Mamotte et al. 2008) 
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   The cause behind this different  may be due to hereditary factors, 

awareness of families, high consanguinity and different in coverage rate 

of testing which use to diagnose the disease.  

   For phenylketonuria, the program had pooled positive screening test 

percentage (0.036%) is high in compare to other Iraqi study that done in 

Baghdad pooled positive screening test percentage 0.014% (Alkhazrajy 

and Adnan 2016). In another hand ,this study  had PPV (51.8%) in 

compare to PPV in United Arab Emirates was 13.7%(al-Hosani, Salah et 

al. 2003).  

   Regard the galactosemia, the overall incidence was 1:9345and in 

compare to the other countries: 

Location Incidence rate Name of first author , year 

Southern Iran 1:6000 (Senemar, Ganjekarimi et al. 2011) 

White 

Americans 

1:47000 (Senemar, Ganjekarimi et al. 2011) 

United 

Kingdom 

1:70000 (Senemar, Ganjekarimi et al. 2011) 

Ireland 1:23000 (Senemar, Ganjekarimi et al. 2011) 

 

The incidence of galactosemia in Karbala and Southern Iran was being 

higher than that in other countries; this might be because the number of 

consanguineous marriages in these countries is higher than other 

populations. 

   For galactosemia , the pooled positive  screening test percentage  was 

high (0.18%) in compare to other Iraqi study  was 0.011% (Alkhazrajy 

and Adnan 2016) %). But on reviewing the table for these percentage  

from beginning of program till 1
st
 April 2018 there were improvement in 

positive screening test percentage  from 0.24% in 2013 to 0.039% 
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2018,this is might be increasing cutoff value of n total galactose ( normal 

value< 9.9 mg/dl) from 12 mg/dl at the beginning of program to 

>20mg/dl that used in screening test of galactosemia in addition to that 

and galactose concentration influence with storage and transportation 

conditions . The PPV was to low (8%), in compare to other International 

studies  such as in Philippines, PPV was (16.7%), Sweden (64.3%) and 

USA (87.0%) (Ltd 2014). This low PPV as mentioned previously, 

probably because  difference in the cut-off value, different technique that 

used in every country but in general theirs also improvement for every 

year in positive predictive value from 2.1% in 2013 to 33.3% in 2018.  

The positive screening test percentage it’s still high, the high number total 

galactose in the screening tests may be caused by deficiency of any one of 

the other two enzymes causing galactosemia (GALK and GALE) that are 

not included in this screening program, so we need to refer this cases to 

pediatric metabolic specialist must be done in these cases to measure the 

level of the other two enzyme (Galactosemia variants).  

   The mean age at first sampling for those with positive screening test 

was 11.4 ±7.8 days and median was 10 days and the mean age at second 

sampling was 26.5 ±9.8 days and median was 23 days. But, other 

countries had extremely lesser day i.e., at United Arab Emirate the first 

sampling was in 5.3 day and the second sampling was in 15.4 days (al-

Hosani, Salah et al. 2003) While in Sri Lanka the median age of the 

program at  screening sample was (1.0 day) and mean age at second 

sampling was 23.0 (Hettiarachchi 2014) The cause may be referral to 

different in educational levels and health system between countries. 

   The appropriate age of sampling in the NBS was a matter of debate. 

The optimum age of sampling on various causes as, the number of 
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disorders investigated for and screening technique (Dabbous, El et al. 

2008) ).  

   Timeliness in NBS, is a time sensitive process in which a delay in 

specimen collection, transport, testing, and/or reporting of results could 

lead to serious consequences for a newborn that is affected by one of the 

disorders currently screened((NewSTEPs) 2016). A comparison of 

timeliness of the screening program indicators in this study shows that 

some of newborn screening program indicators was improved between 

2013 and 2018 like elapsed in laboratory for less than 4 days, from 62.9% 

in 2013 to 70.6% in 2017/2018 this improvement may be due to the 

training provided to laboratory technicians and adding new laboratory 

staff. Also the age at start treatment before 28 days from 25% in 2013 to 

82% in 2017/2018 this may be due to the improvement in laboratory 

performance and increase education about program among health care 

provider. The speed of sampling arrived to laboratory within 6 days was 

above the international standard since 2013, this probably due to speed of 

vehicle delivery of specimens to laboratory 2-3 time per week. While the 

age at first sampling was nearly the same between 2013 to 2015, 

thereafter some improvement from2016-2018, but still low and below the 

international standard, this may be due to low percentage first visit to 

PHC after birth  associated with availability of BCG vaccine. The parents 

don’t bring their neonates earlier for screening ,So emphasize and 

encourage health care providers on families about importance of newborn 

screening.   

    About children follow up in hospital, the high percentage  of loss to 

follow up in case of galactosemia may be due to unavailability of special 

milk formula for those children and some of families take their children 

for private clinic and don't bring their for hospital for follow up or the 
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child are die from complication of their disorder while the cause of high 

follow up in case of phenylketonuria  may be due to availability of special 

milk formula for those children. For Congenital hypothyroidism  about 

half of children were lost, the cause may be due to unavailability of 

special drug for that disease and as mentioned previously some of 

families take their children for private clinic and don't bring their for 

hospital other half who had regular follow up to hospital was follow for 

checkup investigations. 

             

Limitations of study 

 1-The data collection time was short.  

2-There was no computerized data base in Central Public Health 

Laboratory to obtain full information for each sample take. 

3-Defaulters were found in every level of evaluation of program 

this influence on study result.  

.    
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Conclusion 

 the coverage rate in Karbala Health Directorate was suboptimal compared to 

the international standard. 

 The incidence of three screened diseases was considered as high. 

 the overall results of screening test, age of screening sampling, lab 

performance and follow up were below the international standard. 
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Recommendation 

  Increase community awareness through health education about 

program in form of health Awareness campaigns, perinatal and antenatal 

health education even in premarital state; provide information sheet and 

adequate information given by midwife, nurse and health care providers 

to parents on program, proper time of sampling and important of disease. 

  Better recall system for defaulters to take second sample which is 

considered very important for confirmation of disease.   

  Reassess the cut-off values used in this program which influence on 

false positive screening test results. 

  Increase training for laboratory staff to improve their performance and 

adding new staff with provision of laboratory materials, reactivation of 

referral system to reduce the missed cases and provide drugs and special 

milk formula to decrease loss to follow up.  
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 -انخلاطـــــــت :

 ٚعبٌَٕ انذٍٚ الأؽفبل نخحذٚذ انعبيت نهظحت يُخظى بزَبيح ْٕ انٕلادة حذٚثٙ غزبهت إٌ: انخهفٛت

 ًٚكٍ لا لأػزار انخعزع لبم أٔ ، طزٚزٚبً الاعزاع ظٕٓر لبم علاخٓب ًٚكٍ حبلاث يٍ

 يٍ ٔاحذ شٓز ٔحخٗ انٕلادة بعذ الأٔنٗ انمهٛهت الأٚبو فٙ انزػع ٚشًم انغزبهت بزَبيح. علاخٓب

 اكخشبف ًٚكٍ لا. ٔخلاكخٕطًٛٛب ٕٚرٚب كٛخٌٕ ،فُٛٛم انخهمٙ انذرلٛت انغذة نمظٕر انعًز

 كأَٓب ٔحبذٔ يحذدة غٛز الأعزاع يٍ انعذٚذ لأٌ انفحض دٌٔ بظٕٓنت الأٚؼٛت الاػطزاببث

 حذٔد حخٗ الإؽلاق عهٗ أعزاع أ٘ حظٓز لا الاػطزاببث بعغ. أخزٖ شبئعت  اػطزاببث

 حشخٛض ًٚكٍ أَّ ٚعُٙ انخحز٘. انؼزر إطلاذ ًٚكٍ لا ، انحبلاث ْذِ بعغ فٙ. انؼزر

 .انطفم ًٚزع أٌ لبم الأٚؼٛت الاػطزاببث

 بٍٛ كزبلاء يذُٚت فٙ انٕلادة حذٚثٙ الأؽفبل غزبهت بزَبيح َخبئح حمٛٛى: انذراطّ يٍ انغزع

 فٙ خلاكخٕطًٛٛب ٔ كٛخٌٕ انفُٛٛم  ، انخهمٙ انذرلٛت انغذة لظٕر حبلاث ٔحمذٚز 2013-2018

 .لٕٛد أٔ عٕائك أ٘ ٔححذٚذ كزبلاء

 فٙ انبزَبيح بذاٚت يٍ اندذد انًٕانٛذ خًٛع حشًم يظخعزػت يمطعٛت دراطت: انذراطت ؽزٚمت 

 نٕسارة انظُٕ٘ انخمزٚز يٍ انبٛبَبث عهٗ انحظٕل حى. 2018 أبزٚم يٍ الأٔل حخٗ 2013 ابزٚم

 ، انعبيت نهظحت انًزكش٘ انًخخبز ، كزبلاء فٙ انظحت يذٚزٚت فٙ الإحظبء لظى ، انظحت

 َٔظبت ، انخغطٛت يعذل لٛبص حى. انعبو انُٓذٚت يظخشفٗ ٔ ، نلأؽفبل  انخعهًٛٙ كزبلاء يظخشفٗ

 يحذدة ٔيؤشزاث الاٚدببٛت انخُبئٛت انمًٛت انًزع، حذٔد َظبت ، الإٚدببٙ انفحض اخخببر

 .نهبزَبيح

 يعذل ٔكبٌ. 2018 ٔ 2013 عبيٙ  بٍٛ ححظٍ يع٪: 71.7 انكهٙ انخغطٛت يعذل كبٌ: انُخبئح    

 ٔكبٌ ،( 1.1: 1) الإَبد إنٗ انذكٕر َٔظبت( 1538: 1)انخهمٙ انذرلٛت انغذة لظٕر حذٔد

 حى انًخظزبٍٛ(. 7692: 1)   ٕٚرٚب كٛخٌٕ فُٛٛم حذٔد بًُٛب(  9345: 1)  خلاكخٕطًٛٛب حذٔد

 نذٚٓى انذٍٚ لأٔنئك انعُٛبث أخذ عُذ انعًز يخٕطؾ بهغ. انبزَبيح يٍ يخخهفت يزاحم  فٙ ححذٚذْى

 انعُٛبث أخذ عُذ انعًز يخٕطؾ ٔكبٌ ، أٚبو 10 انًخٕطؾ ٔكبٌ ٕٚيًب 11.4 إٚدببٙ فحض اخخببر

 يُٓى الأٔنٗ انعُٛت أخذث انخٙ نهًٕانٛذ انًئٕٚت انُظبت كبَج. ٕٚيًب 23 ٔانًخٕطؾ ٕٚيًب 26.5 انثبَٙ

-2016 عبيٙ بٍٛ لهٛم ححظٍ ٔخٕد يع ٔلهٛهّ  يخشببٓت عبو بشكم اٚبو عشزة يٍ الم  عًز فٙ

 انخٙ انفحض بطبلت نعُٛبث انًئٕٚت انُظبت كبَج ،بًُٛب انذٔنٙ انًعٛبر يٍ الم ٔنكُٓب 2018



 

 
 

 انًعٛبر فٕق ٔ يخشببٓت اٚؼب عبو بشكم انعُٛبث أخذ يٍ أٚبو 6 غؼٌٕ فٙ انًخخبز ٚخهمبْب

 انعًم يٍ أٚبو أربعت غؼٌٕ فٙ يخبحت طخكٌٕ نهُخٛدت انًئٕٚت انُظبت فئٌ، اخز خبَب ،يٍ انذٔنٙ

 ٕٚيًب 28 لبم انًُبطب انعلاج ٔحهمٕا شخّظٕا انذٍٚ انٕنذاٌ َٔظبت  الاطخلاو حبرٚخ يٍ انًخخبز فٙ

 كبَج اٚؼب. انذٔنٙ انًعٛبر يٍ ألم عبو بشكم ٔنكٍ 2018 ٔ 2013 بٍٛ سادث لذ انعًز يٍ

 فُٛٛم٪  91.6 ٔ ، انخهمٙ انذرلٛت انغذة لظٕر حبلاث يٍ٪ 53.6  انًُخظًت  انًزاخعت َظبّ

 .نهدلاكخٕطًٛٛب٪  25 ٔ ٕٚرٚب كٛخٌٕ

 انُخبئح ٔكبَج انذٔنٙ انًعٛبر يٍ الم انخغطٛت يعذل كبٌ ، عبو بشكم: ٔانخٕطٛبث الاطخُخبخبث

 ٚمخزذ نذنك يُخفؼًب انًخخبز ٔأداء انعُٛبث، أخذ عُذ  انطفم ٔعًز ، انغزبهت لاخخببر الإخًبنٛت

 عهٗ ٔانحزص انغزبهت بزَبيح اًْٛت حٕل  انبزَبيح فٙ ٔانعبيهٍٛ ٔالايٓبث الاببء يعزفت سٚبدة

 يبكز ٔلج فٙ انٕلادة بعذ الأنٗ انشٚبرة اًْٛت

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 تقييم برنامج الغربلة لحديثي الولادة في محافظة كربلاء

             8102/ سنوات المقدسة خلال خمس 

   رسالة                                      

خبيعت كزبلاء كدشء يٍ يخطهببث  –رطبنت يمذيت انٗ يدهض كهٛت انطب 

  َٛم شٓبدة انذبهٕو انعبنٙ فٙ ؽب الأطزة 

 من قبل   

 

 فاطمة محمد تاج الدين
 

 بكالوريوس طب وجراحه عامة
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