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Abstract
Background: Neonates affected by hereditary spherocytosis may suffer from significant jaundice. This study was 
conducted on neonates with jaundice hospitalized at the Children’s Hospital in Bandar Abbas, South Iran, to 
determine the frequency of hereditary spherocytosis among them.  
Patients and Methods: In this cross-sectional study, 814 neonates with jaundice hospitalized at the Children’s Hospital 
in Bandar Abbas, South Iran, were studied from August 2013 to August 2014. Neonates with serum bilirubin levels 
requiring phototherapy were included in the study, while those whose parents did not consent to their children 
entering the study, those with congenital abnormalities, infections, bile duct obstruction, and ill neonates were 
excluded from the study. Peripheral blood smears were prepared for neonates with MCHC≥ 36g/dl, and osmotic 
fragility tests were carried out if spherocytes were found in the blood smear. 
Results: Of the 814 studied neonates, 58.1% were boys and 41.9% girls. Their average bilirubin, hemoglobin, and 
MCHC levels at the start of the study were 16.96 ± 3.49, 14.69 ± 2.19, and 34 ± 1.37, respectively. Ninety eight 
percent (798 neonates) had MCHC levels below 36 and 2% (16 neonates) had MCHC levels equal to or over 36, but 
the osmotic fragility tests of all these 16 neonates were normal. 
Conclusion: In the present study none of the hospitalized neonates with jaundice had hereditary spherocytosis. 
More studies with larger sample size and longer duration are recommended to further study the causes of jaundice 
and the prevalence of hereditary spherocytosis in Iran.
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Introduction
 Hereditary spherocytosis (HS) is a prevalent 

hemolytic disease among populations in northern 
Europe 1, 2, affecting approximately one in every 
5000 live births. There is no correct estimate 
of its prevalence in other societies, but it is less 
common in African, American, and Southeast Asian 
populations 3. HS is the most prevalent hereditary 
disorder of the red blood cell and causes cell-wall 
fragility. The most common molecular defects are 
ankyrin, α-spectrin, β-spectrin, band-3, and protein 
4.2 defects 1, 2. HS causes red blood cells to take on 
abnormal shapes, to have greater metabolic needs, 
and to be destroyed more readily in the spleen 4. 

HS has autosomal dominant and autosomal 
recessive types, and in 75% of the cases is inherited 
as the autosomal dominant type 5, 6, and passed on 

less frequently as the autosomal recessive type.           
Anemia is the most frequent presenting 

complaint, followed by splenomegaly, jaundice, 
and a positive family history 4. HS often manifests 
itself with jaundice in the first few days of life. Fifty 
percent of HS patients with spherocytosis may have 
a history of neonatal jaundice, and in 91% of them 
jaundice appears in the first week of life (bilirubin 
> 10 mg/dl) 3. 

Jaundice also happens in healthy neonates, and 
it must be monitored and followed-up to prevent 
bilirubin encephalopathy 7. The importance of the 
role hemolysis plays as a risk factor for jaundice 
and neurotoxicity increases the need to identify 
hemolysis in children with jaundice who are 
referred to hospitals. 
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In a study conducted by Christensen et al.8, 
from January 2004 to December 2008 on 670 
neonates with serum bilirubin levels of over 20 
mg/dl, 8 neonates who had MCHC levels of 35.1-
37 were identified with hereditary spherocytosis. 
In another study conducted by Johnson et al.9, it 
was found that kernicterus was the cause of 2.4% 
of HS cases despite the fact that timely diagnosis 
and simple treatment prevented this complication. 
Considering the importance and complications of 
neonatal jaundice, and due to the intensification of 
jaundice in the presence of hereditary hemolytic 
diseases such as HS, we decided to study the 
frequency of HS in neonates affected by jaundice 
who were hospitalized at the children’s ward of the 
Children’s Hospital, Bandar Abbas, Iran. 

Patients and Methods
This was a cross-sectional study carried out at 

the Children’s Hospital in Bandar Abbas, South 
Iran, from August 2013 to August 2014. The 
target population was neonates hospitalized with 
Jaundice in the children’s ward. Neonates with 
high serum bilirubin levels requiring phototherapy 
and hospitalized in the children’s ward entered the 
study, while those whose parents did not consent 
to their children’s participation in the study, those 
with congenital abnormalities, infections, bile duct 
obstruction, and ill neonates were excluded from 
the study.

Peripheral blood smears were prepared for 
neonates with jaundice who entered the study and 
whose MCHC levels were ≥ 36 mg/dl in the CBC 
test. With the consent of parents, blood samples 
were taken from neonates who had spherocytes 
in their smears. One milliliter of venous blood 
was taken from each of these neonates, poured 

into a tube containing EDTA anticoagulant, and 
sent to the Pasteur Laboratory, Iran, for osmotic 
fragility test. There several dilutions were first 
prepared using 10% physiological serum and 
distilled water, and the neonates’ washed blood 
was added to the dilutions. The samples were 
incubated for half an hour at room temperature, 
low speed centrifugation was performed, and light 
absorption by the supernatant was read against 
a blank tube (or a dilution with no lysis) using a 
spectrophotometer. The percentage of lysis was 
then calculated by dividing the amount of light 
absorbed by the sample tubes to those absorbed 
by tubes with total lysis. Tubes with 50% lysis were 
considered positive results. The collected data was 
entered into SPSS version 16 (SPSS Co, Chicago, 
IL) and means, standard deviations, frequencies, 
and other descriptive indices were used for data 
analysis.      

Results
Of the 998 neonates with jaundice hospitalized 

at our hospital in study’s time period, 814 who 
met the requirements entered the study. There 
were 473 (58.1%) boys and 341 (41.9%) girls in the 
study, and the average age of their mothers was 
25.67±4.79 years. The mean bilirubin level of the 
neonates at the start of the study was 16.96± 3.49 
(with the range of 8-34). The average hemoglobin 
and MCHC levels of the neonates were 14.69±2.19 
(with the range of 7.3-20.3) and 34.00±1.37 (with 
the range of 28.7-38), respectively. In this study, 
789 (98%) of the neonates had MCHC levels below 
36 and 16 neonates (2%) had MCHC levels equal to 
or higher than 36.

Exchange transfusion was performed for only 29 
neonates (3.6%), and phototherapy was employed 

Nazemi et al.

Table 1: Baseline characteristics of neonates entering the study.

Variable Number Minimum Maximum Mean± standard deviation

Bilirubin 814 8 34 16.96± 3.49

Mother’s age 814 15 42 25.67± 4.79

Hemoglobin 814 7.30 20.30 14.69± 2.19

MCHC 814 28.7 38 34.00± 1.37
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for treating the remaining 785 neonates (96.4%). 
Osmotic fragility tests were conducted on all of the 
16 neonates with jaundice who had MCHC ≥ 36, 
and who had no family history of HS, splenectomy, 
gallstones, or anemia requiring treatment.  The 
average bilirubin level in neonates with MCHC < 36 
was 16.96± 3.49 and 16.88± 3.2 in neonates with 
bilirubin levels ≥ 36. However, these differences 
in serum bilirubin levels between the two groups 
were not statistically significant (p = 0.43). The 
average hemoglobin level in neonates with MCHC 
< 36 was 14.63 ±2.16 and 17.45 ± 1.88 in neonates 
with MCHC ≥ 36. However, the differences in the 
hemoglobin levels between the two groups were 
also not statistically significant (p = 0.79).

In the present study 57.9% of neonates with 
MCHC<36 were boys and 42.1% were girls, and 
68.8% of the neonates with MCHC ≥ 36 were boys 
and 31.2% were girls. The difference between 
the two groups regarding the gender was not 
statistically significant (p=0.27).

We found that 25.7% of the neonates with 
MCHC <36 had G6PD deficiency but among 
neonates with MCHC ≥ 36 this percentage was 
12.5%. The differences between the two groups in 
G6PD deficiency was not statistically significant (p= 
0.48). 

In the present study 96.5% of the neonates 
with MCHC < 36 were treated with phototherapy 
and 3.5% with exchange transfusion. Also 93.8% 
of the neonates with MCHC≥ 36 were treated 
with phototherapy and 6.2% with exchange 
transfusion, however, the difference between the 
two groups regarding the treatment method was 
not statistically significant (p= 0.44). 

Discussion
Eight hundred and fourteen neonates with 

jaundice who met the study’s criteria were 
evaluated. Ninety eight percent (798) of them 
had MCHC levels below 36 and two percent (16) 
had MCHC levels of equal to or higher than 36. 
Considering several other studies regarding the 
prevalence of HS 8, 10, 11, 12, we predicted a prevalence 
level of 2% for HS among the studied neonates, 
which was close to the 2.4% Johnson et al.9, found in 
their study in the United States. However, although 
the MCHC levels among hospitalized neonates in 
our study were equal to or higher than 36 in 16 
neonates, results of osmotic fragility tests for all of 

them were negative and, therefore, no cases of HS 
were found among them.

There was no family history of HS, splenectomy, 
gall stones, or anemia requiring treatment among 
our patients. This finding conforms to those 
reported by Dehdashtian et al. 13, conducted in 
Ahvaz, Iran. 

Contrary to our study results, Christensen et 
al.8, have suggested that the possibility of HS in 
neonates with jaundice and high HMCH should 
be considered. Moreover, in a study carried out 
by Kaplan et al.14, high MCHC was found to be a 
good indicator for diagnosis of HS. The reason for 
this discrepancy may be lysis resulting from ABO 
and Rh incompatibility that increases MCHC levels. 
In our research, 5 out of the 16 neonates with 
jaundice and higher than 36 MHCH levels, had ABO 
incompatibility. Also the presence of Heinz bodies 
and incorrect hematocrit evaluation may show 
MCHC levels in patients with G6PD deficiency to be 
higher than the normal level. In our study, 6 of the 
16 neonates with high MCHC levels and jaundice 
had G6PD deficiency. Moreover, normal blood 
parameters in neonates are usually not available 
and often a range of values is considered for them. 

Based on our study, G6PD deficiency was 
present in 25.4%, ABO incompatibility in 20%, and Rh 
incompatibility in 3% of the neonates with neonatal 
jaundice. This finding is in agreement with those 
reported by Cheng et al. 15, from Taiwan. However, 
it was reported in their study that HS was the cause 
of 1.2% of cases of neonatal jaundice (and this does 
not conform to our findings). The reason for this 
disagreement may be the short duration of our study 
and the fewer cases of HS diagnosis in neonates with 
bilirubin levels of lower than 20 mg/dl 8.   

In a study carried out by Mariani et al. 16, the 
sensitivity of the osmotic fragility test for diagnosing 
of HS was reported to vary from 48 to 95 percent, 
and this sensitivity was independent of cytoskeletal 
abnormalities and the degree of protein deficiency. 
Other tests such as the cryohemolysis test, the 
osmotic gradient ektacytometry test, and the 
eosin-5 maleimide test may be more sensitive, but 
they are not available at the present 4 and the main 
test for diagnosing of HS is the SDS-PAGE test 17.

Conclusion
No cases of HS were detected in our study 

on neonates hospitalized with jaundice at the 
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Children’s Hospital in Bandar Abbas, South Iran, 
probably because of the short duration of the 
research and the unavailability of more sensitive 
diagnostic tests. Considering the limitations of the 
present study and the high prevalence of neonatal 
jaundice in Iran, and due to the complications 
jaundice and HS may cause, it is suggested that 
studies with larger sample size and longer duration 
be conducted to further study the causes of 
jaundice and the prevalence of HS in Iran.
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