
63    Iranian Journal of Neonatology

Prevalence and Assessment of the Appropriate Laboratory 
Indices for Screening of Hemoglobinopathyies in 

Reza Bahrami1, Narjes Pishva

1Neonatology Research Center, Department of Pediatrics, Namazi Hospital, School of Medicine, Shiraz 
University of Medical Sciences, Shiraz Iran.

Abstract

Introduction:
Newborn screening is a systematic application of tests for early detection, diagnosis, and treatment of 
certain genetic or metabolic disorders that may lead to mortality and morbidity if untreated. As stated by 
WHO, each year over 330,000 babies are born w
Newborn screening for hemoglobinopathies could become one of the most important methods of 
decreasing mortality and morbidity and mitigating rising healthcare costs. The diversity and heterogeneous 
distribution of hemoglobin disorders make it necessary to develop strategies

Materials and Methods:
Overall, 499 healthy full term Iranian neonates were screened for hemoglobinopathies
originated from Fars province in southern part of Iran. The screening was performed on cord blood 
samples collected on EDTA. Following sample collection, complete blood cell count cell indices, 
osmotic fragility test and hemoglobin electrophoresi

Results:
Total prevalence of significant hematologic abnormal findings was 
prevalent one was Alpha thalassemia 
cell anemia (1.2%). The total analysis for detection of Alpha thalassemia by mean corpuscular volume 
(MCV) ≤ 94, mean corpuscular hemoglobin 
and these results were not appropriate to this discrete population. 

Conclusion:
We suggested the new cut off points for neonatal screening programs of the Iranian population be 
MCV≤96 and MCH ≤31 for Alpha thalassemia
significant savings in spiraling healthcare costs and mitigate
healthcare budget savings realized from preventive screening justi
thalassemia program. We recommended a neonatal screening program for southern Iranian population 
and also designed a new format for neonatal discharge summary. 
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Newborn screening is a systematic application of tests for early detection, diagnosis, and treatment of 
certain genetic or metabolic disorders that may lead to mortality and morbidity if untreated. As stated by 

 babies are born worldwide with a severe form of hemoglobinopathy. 
Newborn screening for hemoglobinopathies could become one of the most important methods of 
decreasing mortality and morbidity and mitigating rising healthcare costs. The diversity and heterogeneous 

ion of hemoglobin disorders make it necessary to develop strategies at the country level.

 healthy full term Iranian neonates were screened for hemoglobinopathies
originated from Fars province in southern part of Iran. The screening was performed on cord blood 
samples collected on EDTA. Following sample collection, complete blood cell count cell indices, 
osmotic fragility test and hemoglobin electrophoresis were performed. 

Total prevalence of significant hematologic abnormal findings was 12.4% in this study
prevalent one was Alpha thalassemia (6.4%) followed by hereditary spherocytosis 

alysis for detection of Alpha thalassemia by mean corpuscular volume 
mean corpuscular hemoglobin (MCH) ≤ 27, and hemoglobin level ≤ 

and these results were not appropriate to this discrete population. 

We suggested the new cut off points for neonatal screening programs of the Iranian population be 
 for Alpha thalassemia. A successful disease prevention strategy could lead to 

significant savings in spiraling healthcare costs and mitigate the scarcity of blood products. The 
healthcare budget savings realized from preventive screening justifies the spending on such a national 
thalassemia program. We recommended a neonatal screening program for southern Iranian population 

new format for neonatal discharge summary. 
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treatment of certain genetic or metabolic 
disorders. Early screening 
reduction of mortality and morbidity in the 
longer term. The selection of screening 
methods has been based on several factors 
such as frequency of the disorder in the 
population, availability of a cost effective 
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orldwide with a severe form of hemoglobinopathy. 
Newborn screening for hemoglobinopathies could become one of the most important methods of 
decreasing mortality and morbidity and mitigating rising healthcare costs. The diversity and heterogeneous 

at the country level.

 healthy full term Iranian neonates were screened for hemoglobinopathies who were 
originated from Fars province in southern part of Iran. The screening was performed on cord blood 
samples collected on EDTA. Following sample collection, complete blood cell count cell indices, 

 in this study, the most 
followed by hereditary spherocytosis (4.8%), and sickle 

alysis for detection of Alpha thalassemia by mean corpuscular volume 
and hemoglobin level ≤ 14 indicated failure 

We suggested the new cut off points for neonatal screening programs of the Iranian population be 
A successful disease prevention strategy could lead to 

the scarcity of blood products. The 
fies the spending on such a national 

thalassemia program. We recommended a neonatal screening program for southern Iranian population 

ereditary spherocytosis, 

treatment of certain genetic or metabolic 
disorders. Early screening may causes 
reduction of mortality and morbidity in the 
longer term. The selection of screening 
methods has been based on several factors 
such as frequency of the disorder in the 
population, availability of a cost effective 



Bahrami R, et al

64    Iranian Journal of Neonatology Vol.3, No.2, Summer 2012

screening test and the availability of 
treatment.  
The prevalence of hemoglobinopathies vary 

between countries and now hemoglobin 
disorders are endemic in 71% of 229
countries and potentially affect 89% of births 
(1). The World Health Organization has 
indicated that each year over 330,000 babies 
are born worldwide with a different severe 
form of hemoglobinopathies (1). The high 
prevalence of hemoglobinopathies should 
result in screening for hemoglobinopathies 
that is mandated by state law (2). 
Screening for sickle cell anemia, 

thalassemia and congenital spherocytic 
anemia (three common forms of hemoglo-
binopathies) would result in early detection 
of these abnormalities which would 
subsequently reduce the mortality and 
morbidity of these genetic disorders. 
Early detection of sickle cell anemia, which 

is an autosomal recessive disorder, would 
lead to appropriate administration of 
prophylactic penicillin. Gaston and Verter 
presented children who received prophylactic 
penicillin and developed a significantly 
reduced rate of streptococcus pneumonia 
infections (2). Thalassemia, mutations or 
deletions of one or more of the globin genes, 
is another form of hemoglobinopathy. Two of 
the forms are more familiar, alpha and beta 
thalassemia, although there are several 
subtypes for these two groups. Early 
diagnosis of these abnormalities in 
combination with modern medical care can 
ensure long-term survival of patients (3). 
Congenital spherocytic anemia is a common 
disorder of the surface layer of red blood cells 
in which the affected cells overwhelm easily. 
The frequency is estimated about 1 in 2,000
to 5,000 persons and affected neonates are 
prone to severe hemolytic anemia crises, 
chronic hemolytic anemia, gallstone and 
marrow expansion. For this reason, early 
detection of this abnormality is critical in 
order to avoid further manifestations (4). 
To sum up, newborn screening for 

hemoglobinopathies is an important method 

of decreasing mortality and morbidity. An 
accurate and early diagnosis must be made 
because each hemoglobinopathy requires 
specific management and carries a different 
prognosis. The pervasiveness, diversity and 
heterogeneous distribution of hemoglobin 
disorders make it necessary to develop 
strategies at the country level for early and 
preemptive care.

Materials and Methods
This study was conducted in Hafez hospital 

nurseries in Shiraz from April 2010 to 
December 2011 and the local ethical 
committee approved the protocol. Overall, 
506 healthy Iranian full term neonates were 
screened for hemoglobinopathies. Newborns 
with prematurity, congenital or obvious 
abnormalities were excluded. The screening 
was performed on cord blood samples 
collected on EDTA tubes. Prior to blood 
collection, the umbilical cord was wiped 
with gauze to reduce maternal blood 
contamination. Following blood collection, 
initial hematologic analysis was done 
immediately at the Hafez hospital laboratory 
using an automated blood cell (Symex 
Le800) and then all samples were referred to 
referral laboratory for hemoglobin 
electrophoresis and an osmotic fragility test.
Samples were analyzed by isoelectric 
focusing on cellulose acetate gels (pH=8.6) 
and agarose gels (pH=6) (5). The results were 
positive for alpha thalassemia by detection of 
Bart’s hemoglobin and positive for sickle cell 
anemia by detection of hemoglobin S. The 
osmotic fragility test was performed 
according to the manufacturer’s guidelines of 
Parpart Ah et al. (6 and more than 0.50 grams 
per liter was significant for the marking of 
positive results. Indexes of complete cell 
count such as hemoglobin (Hb), mean 
corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH) and mean 
cell hemoglobin concentration (MCHC) were 
used as screening methods for early detection 
of hemoglobinopathies. Subsequently, all 
data were analyzed with SPSS version 17.
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Results
Four hundred ninety-nine enrolled neonates 

fulfilled our inclusion criteria in order to be 
analyzed for hemoglobinopathies and others 
were excluded. A total of 61(12.4%) 
newborns screened positive for haemoglo-

binopathies; 6.4% were female and 5.8%
were male. The prevalence of alpha 
thalassemia, hereditary spherocytosis and 
sickle cell anemia was 6.4%, 4.8% and 1.2%
respectively. 

Table 1: The Prevalence of Hemoglobinopathies in the Population

Hereditary 
spherocytosis

Sickle cell 
anemia

Alpha 
thalassemia

Normal 
hemoglobin

Hemoglobinopathies

Sex

14

(2.8%)

1

(0.2%)

14

(2.8%)

225

(45.2%)
Male

10

(2.0%)

5

(1.0%)

18

(3.6%)

212%

(42.2%)
Female

According to a former study in Thailand, 
MCV ≤94 Femto Liter (Fl) was appropriate 
for detection of alpha thalassemia as a 
screening method with specificity and 
sensitivity about 70% and 80% (7,18). 
However, in our population, this level 
caused missing about 56% of neonates who 
were positive for alpha thalassemia with 
hemoglobin electrophoresis therefore we 
analyzed the higher level of MCV 
systematically. MCV≤96 FL were 
appropriate for our population with a 

detection of 82% in cases of alpha 
thalassemia (P<0.482) (Table 2).
Alternatively, MCH≤ 27 Pico gram (Pg) 

was presented as a screening method for 
alpha thalassemia however only 25% of 
neonates who were positive for these 
hemoglobinopathies in our population 
were diagnosed with this level. Different 
levels of MCH were evaluated for best 
sensitivity and specificity and had been 
summarized in table 3.

Table 2: The Sensitivity and Specificity of Different Levels of MCV for Detection of  Alpha 
Thalassemia in Iranian full Term Neonates.

98 Fl97 Fl96 Fl95 Fl94 FlMCV  levels

81%63%78%75%57%Sensitivity

0.639180.639180.6060130.5736950.393899Lower Limit95% Confidence Interval

0.9238360.9238360.9036870.8825670.740476Upper Limit

90%87%93%93%0.946352Specificity

0.8768130.8768130.9034410.9034410.920754Lower Limit95% Confidence Interval

0.9317020.9317020.9518420.95184296%Upper Limit

38%38%44%43%43%Positive predictive value

98%98%98%98%96%Negative predictive value
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Table 3: The Sensitivity and Specificity of Different Levels of MCH (Pg) for Detection of  Alpha 
Thalassemia in Iranian Full Term Neonates.

MCH  level

Sensitivity
95% Confidence Interval

Specificity
95% Confidence Interval

Positive predictive value

Hemoglobin level and MCHC were 
presented as screening indexes for hereditary 
spherocytosis. Hb ≤ 14 was acceptable for 
other populations (7) however in our study 
about 56% of neonates who were positive 
for hereditary spherocytosis with the 
osmotic fragility test showed Hb level higher 
than 14. For that reason, we assessed higher 
levels of hemoglobin and at level of 
about 91.3% of cases were diagnosed but 
with unacceptable sensitivity and speci
and all levels are presented in ROC curve in 
figure 1. 

95%
Interval

P-valueStd. 
error(a)

Area

Lower 
Bound
0.4430.8230.260.494

Fig1: ROC Curve for Sensitivity and 
Specificity of Hemoglobin Level in Detection 
of Hereditary Spherocytosis
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The Sensitivity and Specificity of Different Levels of MCH (Pg) for Detection of  Alpha 
Thalassemia in Iranian Full Term Neonates.

29 Pg27 Pg

60%24%
0.4223840.117433Lower Limit
0.765720.426305Upper Limit
93%98%
0.9132910.962326Lower Limit
0.9589920.990546Upper Limit
41%47%

Hemoglobin level and MCHC were 
presented as screening indexes for hereditary 

 was acceptable for 
however in our study 

 of neonates who were positive 
for hereditary spherocytosis with the 
osmotic fragility test showed Hb level higher 

we assessed higher 
n and at level of 16

 of cases were diagnosed but 
with unacceptable sensitivity and specificity 
and all levels are presented in ROC curve in 

95% Confidence 
Interval

Upper 
Bound

Lower 
Bound

0.5450.443

ROC Curve for Sensitivity and 
Specificity of Hemoglobin Level in Detection 

For MCHC, we compared former data with 
our results and MCHC ≥ 
level in the Thailand study, nonetheless
our population, different levels of MCHC 
were analyzed for detection of the best cut 
off point for this index. Data are presented as 
a ROC curve below.

P-valueStd. 
error(a)

Area

0.0740.26.0.454.

Fig2: ROC Curve for Sensitivity and 
Specificity of MCHC Level in Detection of 
Hereditary Spherocytosis

Discussion
Total prevalence of hemoglobinopathies 

in our population as a sample of souther 
Iranianian population was 
the heterogeneous reports are available for 
the prevalence of hemoglobinopathy in 

The Sensitivity and Specificity of Different Levels of MCH (Pg) for Detection of  Alpha 

31 Pg

78%
0.5955820.422384
0.9005590.76572
93%
0.9054950.913291
0.9534380.958992
44%

For MCHC, we compared former data with 
≥ 35 was acceptable 

level in the Thailand study, nonetheless in 
population, different levels of MCHC 

were analyzed for detection of the best cut 
off point for this index. Data are presented as 

95% Confidence 
Interval

Upper 
Bound

Lower 
Bound

0.5040.403

ROC Curve for Sensitivity and 
Specificity of MCHC Level in Detection of 

Total prevalence of hemoglobinopathies 
in our population as a sample of souther 

population was 12.4% although 
the heterogeneous reports are available for 
the prevalence of hemoglobinopathy in 
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Iran. This prevalence was 15% in north 
area, 8-15% in south, 8% in Isfahan, and 
28% in Booshehr (8). The prevalence of 
hemoglobinopathies is heterogeneous in 
other countries had been stated such as 1.4%
in Saudi Arabia (9), 0.04% in United Arab 
Emirates (10), 2.1% in Bahrain (11), 0.4% in 
Oman (12). This diversity in the results is 
likely evidence of several factors such as 
genetic, environmental and migration patterns 
on the epidemiology of hemoglobinopathies. 
Consideration of regional epidemiology of 
these abnormalities is necessary when 
evaluating the necessity and cost 
effectiveness of screening neonates for 
hemoglobinopathies. Since the population in 
the Iran are at high risk for 
hemoglobinopathies, all infants should be 
tested in the neonatal period by means of a 
national screening programs (13,16). 
Selection of the best technique for screening 
is crucial in a location-specific neonatal 
screening program. Moreover, the 
effectiveness of any screening program 
depends on the test sensitivity, cost 
effectiveness and the availability of method 
chosen to test discrete populations. Different 
opinions exist about the adequacy of 
universal or selective screening of newborns 
for hemoglobinopathies (14,15,17,19). The 
costs of selective screening are much less 
than for universal screening but failure to 
detect all cases is a defect of this cost 
effective method so universal screening is 
recommended, particularly in a high 
prevalence regions. The techniques used for 
neonatal screening must have a high rate of 
sensitivity and specificity for the 
identification of newborns with a clinically 
significant hemoglobinopathies. Our target 
was to present the best indices for screening 
of these disorders with the usage of a simple 
complete cell count test. 
As mentioned in our results, another study 

by Tritiposm in Thailand recommended 
MCV≤94 Fl and MCH≤ 27 Pg as acceptable 
levels for screening alpha thalassemia but in 
our population, these levels are not 

appropriate because after hemoglobin 
electrophoresis, we found that we missed a 
significant group of neonates who were 
positive for alpha thalassemia. With that in 
mind, we analyzed our data for detection of 
the best test levels for our population and all 
neonates who are positive for alpha 
thalassemia were assessed again with MCV 
≤ 96 FL as acceptable sensitivity (78%) and 
specificity (93%) for the detection of alpha 
thalassemia. MCH is another index for 
screening of alpha thalassemia but in our 
study the threshold level of this index was not 
accurate for our population. Thus, we 
concluded that MCH ≤ 31 Pg is the best level 
for a screening program for the detection of 
alpha thalassemia instead of MCH ≤ 27.
For hereditary spherocytosis, a hemoglobin 

level ≤ 14 and MCHC ≥ 31 were used as 
screening levels but this method had not 
been found sensitive in our population. 
According to statistical analysis and the 
ROC curve presented in figure 1 and 2, it is 
not possible or appropriate to use acceptable 
levels of Hb and MCHC as a screening 
method for hereditary spherocytosis.

Conclusions and recommendations
The prevalence of spherocytosis and 

hemoglobinopathies in this newborn 
screening study, suggests that neonatal 
screening for hemoglobinopathies should be 
considered mandatory at the national level 
and integrated into neonatal screening 
program. A successful disease prevention 
strategy could lead to significant savings of 
spiraling healthcare costs and mitigate 
scarcity of blood products thus making early 
screening cost effective in the longer term. 
Another aspect of this study was to present 
the modified cut off points when screening 
for alpha thalassemia in our population.
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