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with other diseases of hemoglobins such as β+ or β0 thalas-
semia, Hgb C or D can cause a similar clinical presentation. 

The Hgb S gene originated in Central Africa and dispersed 
to the population of African origin in the Americas. The Hgb 
S mutation also dispersed to India, Saudi Arabia and the 
Mediterranean basin by the slave trade and Bedouin nomads. 
In Israel the SCA gene is found among tribes of Bedouin 
origin, principally in northern Israel [1-5] and in one vil-
lage located on the coast where African slaves settled several 
hundred years ago. SCA carriers are resistant to malaria, 
therefore the gene prevalence is high in those areas where 
malaria was common until the beginning of the 20th century. 
Malaria was common in northern Israel, the northern coast 
(Mediterranean Sea), the Jezreel Valley and the Hula Valley 
[1-3]. In this area about 80 patients with sickle cell disease are 
treated in several hematology units, half of them having SCA 
and the other half sickle cell β+ or β0 thalassemia. Recently 
SCA was also recognized among foreign workers of  African 
origin living in large cities in central Israel [6].

Sickle cell trait, the heterozygous state, presents with a nor-
mal phenotype without clinical symptoms or signs and with 
normal blood count. In such cases, carrier detection is not 
possible based on clinical findings or pathognomonic features 
in red cell indexes such as seen in thalassemia carriers. Only 
ethnic origin or family history can raise the suspicion of a SCA 
carriership. The final diagnosis of a carrier is based on Hgb 
electrophoresis or high performance liquid chromatography.

Since 1987, screening of pregnant women for β thalassemia 
has been carried out in the Jezreel Valley and during the past 
two decades the program was extended to almost all northern 
areas of Israel, areas where malaria was present and where the 
SCA gene is present in Bedouin tribes. Originally, the program 
design was based on screening red blood cell indexes and Hgb 
electrophoresis, which was performed only in those samples 
suspected of being β thalassemia carriers. Since 1999 with the 
introduction of the Variant Hgb testing system (Biorad, USA) 
and HPLC  analysis, the program design has changed and all 

HPLC = high performance liquid chromatography

s ickle cell anemia is a hemolytic anemia caused by a 
single mutation in position 6 of the β globin molecule. 

The clinical picture of SCA is characterized by diverse types 
of crises, such as vaso-occlusive crises, acute chest syndrome, 
central nervous system infarcts, hemolytic and aplastic crises, 
avascular necrosis of hip, and acute splenic sequestration. 
SCA is transmitted in an autosomal recessive manner and in 
addition to the homozygous SS compound, heterozygosity 

background: Sickle cell anemia is a hemolytic anemia 
caused by a single mutation in position 6 of the β globin 
molecule. About 80 patients with SCA in northern Israel are 
currently receiving treatment.
Objectives: To assess a screening program in northern Israel 
aimed at detecting couples at risk for having offspring with SCA.
methods: Since 1987, screening for β thalassemia in 
pregnant women in northern Israel has been conducted, and 
from 1999 all the samples were also tested for hemoglobin S, 
Hgb C, Hgb D, Hgb O Arab and others.
results: During the 20 year period 1987–2006 a total of 
69,340 women were screened; 114 couples who carried Hgb 
S were detected and 187 prenatal diagnoses were performed 
in couples at risk for having an offspring with Hgb S. The 
mean gestational age was 13 ± 4 weeks. Fifty-four of those 
diagnoses revealed affected fetuses and in 4 cases the 
couple declined to perform therapeutic abortion.
conclusions: The economic burden to the health services for 
treating SCA patients is about U.S.$ 7000 per year, and the 
institution of prevention programs has proven cost-effective 
in populations with a high frequency of carriers. Since our 
program is aimed to also detect β thalassemia, a disease 
that is more frequent in this area (> 2.5%), the added cost 
for the prevention of SCA is less significant despite the low 
incidence of the S gene in our population, namely < 1%. 
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the samples are tested for the detection of abnormal hemoglo-
bins including Hgb S, Hgb C, Hgb D and Hgb O Arab [7].

In this paper we summarize the results of this preventive 
program aimed at detecting couples at risk for having off-
spring with SCA, including compliance with genetic coun-
seling and prenatal diagnosis, and report the incidence of 
affected babies who were born. 

Patients and methOds

The program for prevention of hemoglobinopathies in north-
ern Israel, instituted in 1987, covers the northern part of Israel, 
including the Jezreel valley, the Nazareth area, the upper Galilee, 
the Hula valley and the northern coastal region [7]. The overall 

population in the north numbers about a million, and approxi-
mately 50% are of Arab ethnic origin. A significant percentage 
of them are of Bedouin origin, a population for whom, at least 
in part, an African origin can be demonstrated [8]. 

The blood samples were taken by nurses at the Mother 
and Child Health Care clinics throughout the area. The blood 
samples were all analyzed at the Hematology Laboratory at 
HaEmek Medical Center (L.Z. and H.P.).

In the first period, until 1993, the program covered a 
small area, but since 1993 the area was gradually enlarged 
to the regions described above. From 1987 until 1999 the 
program was designed to detect only β thalassemia car-
riers. The blood samples were analyzed by the Technicon 
H1 and later the Technicon H2 automatic blood counters; 
only samples with a mean cell volume < 78 fl and/or mean 
cell hemoglobin < 27 pg were further analyzed by Hgb 
electrophoresis (agarose membrane electrophoresis and by 
Hydrosis Sebior, France). When a woman was found to be a 
β thalassemia carrier, her husband was analyzed by a blood 
count and Hgb electrophoresis independent of the red cell 
indices in order to detect Hgb S carriers. During those years 
sickle cell carriers were detected only by family history or 
when the mother was found to be a β thalassemia carrier and 
her partner a sickle cell carrier. Since 1999 when a Variant 
Hgb testing machine (Biorad Co., USA) was introduced, all 
the samples underwent complete blood count analysis and 
HPLC-cation exchange analysis in order to detect abnormal 
hemoglobins like Hgb S, C and D, in addition to Hgb A, F 
and A2 [Figure 1].

If a woman was identified as a carrier of abnormal hemo-
globin, her husband’s blood sample was requested. All part-
ners’ blood samples were analyzed by HPLC. If both partners 
carried abnormal hemoglobin, the couple was referred to 
genetic counseling (R.B.Z. and S.S) and prenatal diagnosis 
was offered.

Prenatal diagnosis was performed at HaEmek Medical 
Center by means of chorionic villi sampling or amniocente-
sis according to gestational age and the couple’s preference. 
DNA analysis was performed at the Hematology Laboratory, 
Hadassah Medical Center (D.F. and A.O.). In the early years 
of the project (1987 and 1988), prenatal diagnosis was per-
formed by umbilical venous blood sampling and globin 
chain synthesis analysis. Prenatal diagnosis was performed 
in pregnancies of couples identified as carriers by the screen-
ing program or in couples with a previous affected child. The 
results are pooled together.

beneFits OF the PrOgram accOrding tO carrier detectiOn

The number of newly diagnosed patients was calculated as 
the number of newly diagnosed patients compared to the 
total number of patients who would be estimated to be born 
if a prevention program was not instituted [Figure 2].
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Figure 1. The screening program for hemoglobinopathies – Algorithm

Pregnant women
Blood count and HPLC analysis

Abnormal

Abnormal

husband’s test
Blood count and HPLC analysis 

Termination of pregnancy recommendation

Genetic counseling

Non-affected fetus Affected fetus

Normal

Normal

Figure 2. Sickle cell anemia prevention: expected vs. observed cases, 1988–2006
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results

The area covered by the screening program was enlarged 
several times. At the beginning, from 1987 until 1992, only 
the Jezreel valley area was covered by the program. This area 
included the cities of Afula, Nazareth, Migdal HaEmek and 
Beit Shean and all the rural surroundings. The population is 
heterogeneous, comprising both Jews and Arabs. Since 1993 
the Eron valley area was included, an area whose popula-
tion is mostly Arab. Subsequently, the Upper Galilee area 
was also included in the program and from 2005 the area 
surrounding the city of Hadera, on the coast, were also cov-
ered by the program. This area includes three large villages 
populated by inhabitants of Arab origin. Based on previous 
knowledge, at least one of those villages included a large 
population of African origin, with a high frequency of sickle 
cell carriers.

The total number of pregnant women screened by the 
program from July 1987 to December 2006 was 69,340. 
In the first period, 1987–1992, when the program covered 
only the population in the Jezreel area, a mean of 1700 ± 
496 analyses were performed each year. From 1993 to 1998, 
before the period when the program design was changed 
from the intention to detect only β thalassemia carriers to 
the universally HPLC analysis, the mean number of analyses 
per year was 2900 ± 506. From 1999 until 2004, the number 
of woman screened per year rises to a mean of 4295 ± 639 
and from 2005 when the geographic area was enlarged and 
several other large Arab villages were included, the number 
of tests rises to a mean of 7200 per year. 

cOuPles detected [table 1]

During the period 1987–1998, 51 couples carrying Hgb S 
were detected (mean 4.25 couples/year), 26 couples were 
combined β thalassemia and sickle cell carriers, and in 21 
couples both parents were found to be sickle cell carriers. 
Two other couples comprised a carrier of sickle cell and a 
partner affected with sickle cell β thalassemia, and in two 
couples a combination of Hgb C and Hgb S was found. From 
1999 to 2006 a total of 63 couples at risk were detected (mean 
7.8 couples/year). In 39 couples both parents were carriers 
of sickle cell, 19 couples carried the β thalassemia and the 
sickle cell gene, and three couples carried Hgb C and Hgb S. 
One other couple carried Hgb S and Hgb Knososs. In another 
couple the pregnant woman carried Hgb S and her husband’s 
analysis revealed red blood cell indices consistent with the 
thalassemia trait. Further analysis revealed an undefined 
abnormal hemoglobin fraction by HPLC, but α and β gene 
sequencing did not reveal any disease-causing mutations. 
Prenatal diagnosis was not performed in those two couples. 

Five couples carried a combination of Hgb S and an α 
globin mutation, a combination that is not predictive of sig-

nificant medical consequences, therefore prenatal diagnosis 
was not discussed.

The total number of couples at risk detected by the pro-
gram was 383 including 141 β Thal/β Thal and 20 Hgb C; 
another 86 couples were found to be carriers of α thalassemia 
in both parents or combined α with β thalassemia. Hgb O 
Arab combinations were found in seven couples, including 
four couples of whom both parents carried this abnormal 
Hgb. Since medical consequences were not predicted to be 
of significance, prenatal diagnosis was not recommended to 
those couples. Several other rare combinations were found 
in the other couples. 

Prenatal diagnOsis

During the years 1987 to 2006 a total of 492 prenatal diagno-
ses for hemoglobinopathies were performed, including 187 
tests of couples at risk for having an offspring with Hgb S 
(homozygous sickle cell, sickle cell β thalassemia, SC or SD 
disease). The mean gestational age at first genetic consulta-
tion was 13 ± 4 weeks (range 7–29 weeks). Only 13 of those 
prenatal diagnoses were performed in 6 women who were 
referred because of a previous affected child. The results of 
the prenatal diagnosis are presented in Table 2. Fifty-four 
of those diagnoses revealed affected fetuses, and in 4 cases 
the couple declined therapeutic abortion and affected babies 
were subsequently born. In three of those cases the prenatal 
diagnosis was performed at gestational age 11, 15 and 19 
weeks; in the fourth one the data were not available. In one 
pregnancy, prenatal diagnosis was performed in 1988 after 
UVS (umbilical venous blood sampling) and a false negative 
diagnosis was probably made since the child died at home 
before the age of 1 year with a clinical picture that was highly 

SC = sickle cell Hgb C disease
SD = sickle cell Hgb D disease

ND = not done.

table 1. Sickle sell anemia screening: couples at risk detected

diagnosis (couples at risk)

Period
1987–1998
(12 yrs)

Period
1999–2006
(8 yrs)

total no. of couples  
at risk detected
(20 yrs)

Hgb S + Hgb S 21 39 60

Hgb S + α thalassemia 26 19 45

Hgb S + Hgb C 2 3 5

Hgb S + sickle cell β thalassemia 2 – 2

Total no. of couples at risk 51 61 112

No. of couples detected/year 4.25 7.8 6.0

couples not at risk

Hgb S + β thalassemia ND 5 5

Hgb S + Hgb Knossos – 1 1

Hgb S + undetected Hgb – 1 1
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suspicious for acute splenic sequestration. Unfortunately, no 
Hgb electrophoresis or other laboratory analyses were per-
formed to confirm the diagnosis. One spontaneous abortion 
and one antepartum fetal death occurred among the 187 
pregnancies that were tested (1%). In both cases the fetuses 
were previously diagnosed as Hgb S homozygous.   

inFluence OF the screening PrOgram On newlY diagnOsed 

Patients 

During the period 1987–1998, when the program was con-
ducted for the detection of β thalassemia carriers based on 
red cell indexes, the number of new cases diagnosed every 
year exceeded the number of prevented cases. Afterwards, 
during the first 5 years of the modified program (1999–2004), 
when the routine analysis also enabled the detection of Hgb S 
carriers, the number of new cases was similar to the number 
of expected cases based on the disease prevalence, but later 
the number of new cases decreased significantly compared 
with the number of expected cases that would be born with 
no screening program [Figure 1].

discussiOn

Since 1987, screening for β thalassemia in pregnant women 
has been conducted in northern Israel, and over time the 
program was extended to almost all the northern areas of 
Israel. In this region malaria was present until the begin-
ning of the 20th century and the SCA gene was found to be 
prevalent among tribes of Bedouin origin living in this area. 
Since 1999, with the introduction of the Variant Hgb Testing 
system (Biorad, USA) and HPLC analysis, the screening pro-
gram design was changed and all the samples were tested for 

the detection of abnormal hemoglobin, including Hgb S, Hgb 
C, Hgb D and Hgb O Arab.

During the 20 year period 1987–2007 a total of 112 
couples at risk for having a child with sickle cell disease 
were identified. The couples detected during the first 12 
year period of the screening program are classified into two 
groups: woman who carried the β thalassemia gene and were 
detected by the original screening program and subsequently 
their husbands were found to be Hgb S carriers, or women 
with a family history of Hgb S. In the beginning, the study 
design was not aimed to detect Hgb S carriers among preg-
nant women since the initial screening was based on red 
blood cell indexes concomitant to the thalassemia trait and 
hemoglobin electrophoresis performed only in those women 
with red cell indexes suggesting a β thalassemia carrier status. 
In the next 8 year period, the program design was directed 
to detect not only thalassemia carriers but also Hgb S car-
riers were routinely detected since an HPLC analysis was 
performed in all samples. The area covered by the program 
was also slowly enlarged to include some areas with a known 
high frequency of Hgb S carriers. Consequently, there was 
an increase in the incidence of at-risk couples detected, from 
4.25 per year in the first period of the program to 7.8 per 
year in the second. This increase in detection rate can be 
attributed not only to the change in the program design but 
also to the inclusion of a population with a high incidence 
of Hgb S carriers.

The real frequency of carriers in the population screened 
cannot be deduced from these data, since personal observa-
tions found the incidence of the S gene to be significantly 
variable between different communities or villages. Hgb S 
is common among Bedouin individuals and in populations 
of African origin, but it is not present in the Jewish popula-
tion, including Ethiopian Jews or in an Arab population not 
of Bedouin origin. The frequency of carriers in the whole 
cohort of pregnant women screened is 0.88%; no other data 
are available with regard to the frequency of Hgb S carriers 
in the general population in the area covered by the program. 
Another factor that raised the number of carriers in some 
Arab villages is the high level of consanguinity, a tradition that 
is deeply rooted in this population, especially in rural areas 
where families maintain an isolated community lifestyle. In 
Greece the mean frequency of Hgb S carriers is about 1%, but 
those carriers are concentrated in certain areas of the country, 
like the concentration of Hgb S carriers in our country [4,5,9]. 
The screening in Greece is offered voluntarily by the health 
authorities, army medical services and others, but no gen-
eral population screening seems to be practiced today. Also 
in Europe, because of the immigration of high risk African 
populations, programs of carrier detection of pregnant 
women were recently instituted and have a high incidence of 
acceptance. In one study from The Netherlands the incidence 

method of prenatal diagnosis total*

Umbilical vein sampling 7

Amniocentesis 66

Chorionic villi sampling 113

results of prenatal diagnosis

Prenatal diagnosis total hgb s/hgb s hgb s/β thal

Sickle cell trait 76 55 21

β thalassemia trait 16 – 16

Normal 36 24 12

Sickle cell disease 29 29 –

Sickle cell β thalassemia 25 – 25

Others (Hgb C – Hgb D) 4** – –

* 1 case: data not available.
** Hgb C Trait: 3, Hgb SD disease: 1.

table 2.  Prevention of sickle cell anemia: methods and results of prenatal diagnosis

Parents’ diagnosis
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of Hgb S carriers was about 2.5% among immigrants and no 
carriers were found in the native Dutch population. That 
study included only 42 women of non-Dutch origin [10]. In 
Saudi Arabia a premarital screening approach was preferred, 
probably due to religious edicts that oppose termination of 
pregnancy. In that country 4.2% of the screened individuals 
were carriers of the Hgb S gene. In spite of the premarital 
screening, about 90% of the couples in Saudi Arabia found to 
be at risk for having an affected offspring decided to marry 
despite the known carrier status [11].   

The mean gestational age at the first genetic consultation, 
13 ± 4 weeks, allowed the couples to accept the recommen-
dations that were discussed during the genetic counseling. 
Prenatal diagnosis and further termination of pregnancy was 
performed in 40 of the 45 affected fetuses detected, revealing a 
90% acceptance. Since the gestational age in those couples that 
preferred not to perform therapeutic abortion was 11, 15 and 
19 weeks, we cannot deduce that this was a relevant factor in 
their decision. The gestational age at which the prenatal diag-
nosis is offered to couples is important in terms of acceptance. 
In a study performed in London, 82% of pregnant women 
requested prenatal diagnosis when the mother was seen in 
the first trimester of pregnancy compared to only 49% when 
the prenatal diagnosis was offered during the second trimester 
[12]. Another study from central America found that gesta-
tional age at the time of counseling together with the existence 
of an affected child in the family were the most important 
factors in the acceptance of prenatal diagnosis [13].

In one case a wrong diagnosis was probably made. A 
child with normal prenatal test died at home under the age 
of 1 year, due to a clinical picture that could resemble acute 
splenic sequestration, as reported by the mother.

In the last 4 years of the prevention program, a significant 
decrease in new affected babies was observed. It may be due 
to improved awareness by the population as a result of the 
program, or to the primary caregivers who referred pregnant 
women early for screening and allowed early counseling and 
prenatal diagnosis. 

It is important that such a screening program be con-
ducted by a team that includes dedicated and well-trained 
nurses in the community, an experienced hematology labora-
tory with experts in the detection of abnormal hemoglobin, 
and a genetic consultant team that can provide clear explana-
tions and ensure that the couples are fully informed regarding 
their risks and their reproductive options. Also required is 
a consultant hematologist experienced in the treatment of 
sickle cell disease who can give professional support to the 
laboratory personnel and to the genetic counselors, in par-
ticular when questionable cases arise. The success of such a 
program is also totally dependent on efficient coordination 
and systematic management of all the efforts in order to 
achieve good results. 

Sickle cell anemia is presently regarded as a treatable 
disease, and since the introduction of hydroxyurea treat-
ment, trans-cranial Doppler screening and further regular 
transfusions in order to prevent cerebral infarctions, the qual-
ity of life of affected individuals has improved significantly. 
Subsequently, the issue of prenatal diagnosis and termination 
of affected pregnancies should be re-discussed and evaluated 
with the couples at risk. Several studies summarized the expe-
rience of acceptance of termination of affected pregnancy in 
families with SCA. In the Indian study all the couples with 
affected fetuses opted for pregnancy termination [14]. Also 
among couples from Gaza and the West Bank [15] and 
Nigeria [16], termination of pregnancy was also accepted. 
We believe it important that personnel experienced with 
treatment of SCD be part of the genetic counseling team in 
order to discuss with the couple the implications of having a 
child with SCA [17] and help them to reach a well-informed 
decision.

Another issue that should be discussed with the couple 
at risk is the diverse clinical severity of SCA. While some 
individuals have a mild clinical course, others might pres-
ent a severe form, with no reliable predictive tool to assist 
the counselors or the counselees during the pregnancy. The 
combination with the α gene mutation may induce high Hgb 
F production and a resultant mild disease course. Presently, 
the life expectancy of SCA-affected individuals is 14 to 20 
years less than the life expectancy in the general population  
of the same area [18] or a median age of 44 years according 
to other reports [19]. This survival rate may improve with 
better medical treatment, including hydroxyurea and stroke 
prevention. The resultant approach to prenatal diagnosis 
and termination of pregnancy may change significantly in 
the next few years. Proper care after birth should be assured 
to the couple who choose to have a child with SCA, after a 
comprehensive explanation in understandable language has 
been given [20].  

The economic burden to the health services providing 
hospital treatment to SCA patients is high, about $7000 per 
year [21], and the institution of prevention programs has 
proven cost-effective in populations with a high frequency of 
carriers [22]. Since our program is aimed at detecting also β 
thalassemia, which is much more frequent in the area covered 
by the program (> 2.5%), the added cost of the prevention 
of SCA is less significant in spite of a low incidence in our 
population, < 1%, an incidence not considered cost-effective 
for the institution of a prevention program [22]. 

correspondence:
dr a. Koren
Dept. of Pediatrics B, HaEmek Medical Center, Afula 18101, Israel
Phone: (972-4) 652-5576
Fax: (972-4) 652-5589.
email: koren_a@clalit.org.il



Original articles

234 

IMAJ • VOL 11 • AprIL 2009

references
Goldberg A, Varsano D, Lerman M, Kaufman S. A new focus of the sickle cell 1. 
gene in Israel. Harefuah 1983; 104: 9-10 (Hebrew).
Kirschmann C, Shalmon L, Goshen Y, Zaizov R. Genetic characterization of 2. 
sickle-cell anemia in Israeli Arabs. Harefuah 1987; 113: 201-4 (Hebrew).
Moses WM, Y. Levin, S. Sickle cell disease in Israel. 3. Harefuah 1956; 51: 255-
62 (Hebrew).
Filon D, Oron V, Krichevski S, et al. Diversity of beta-globin mutations in 4. 
Israeli ethnic groups reflects recent historic events. Am J Hum Genet 1994; 
54: 836-43.
Zlotogora J, Hujerat Y, Zalman L, et al. Origin and expansion of four different 5. 
beta globin mutations in a single Arab village. Am J Hum Biol 2005; 17: 659-
61.
Golik T, Reif S. Sickle cell anemia – old disease, new patients. 6. Harefuah 2007; 
146: 335-6, 408 (Hebrew).
Koren A, Zalman L, Palmor H, et al. The prevention programs for beta 7. 
thalassemia in the Jezreel and Eiron valleys: results of fifteen years experience. 
Harefuah 2002; 141: 938-43, 1210 (Hebrew).
Roth EF, Jr., Rachmilewitz EH, Schifter A, Nagel RL. Benign sickle cell anemia 8. 
in Israeli-Arabs with high red cell 2,3 diphosphoglycerate. Acta Haematol 
1978; 59: 237-45.
Loukopoulos D, Hadji A, Papadakis M, et al. Prenatal diagnosis of thalassemia 9. 
and of the sickle cell syndromes in Greece. Ann NY Acad Sci 1990; 612: 226-
36.
Giordano PC, Plancke A, Van Meir CA, et al. Carrier diagnostics and 10. 
prevention of hemoglobinopathies in early pregnancy in The Netherlands: a 
pilot study. Prenat Diagn 2006; 26: 719-24.
Alhamdan NA, Almazrou YY, Alswaidi FM, Choudhry AJ. Premarital 11. 
screening for thalassemia and sickle cell disease in Saudi Arabia. Genet Med 
2007; 9: 372-7.

Petrou M, Brugiatelli M, Ward RH, Modell B. Factors affecting the uptake of 12. 
prenatal diagnosis for sickle cell disease. J Med Genet 1992; 29: 820-3.
Alexandre L, Keclard L, Romana M, et al. Efficiency of prenatal counselling 13. 
for sickle cell disease in Guadeloupe. Genet Couns 1997; 8: 25-32.
Colah R, Surve R, Nadkarni A, et al. Prenatal diagnosis of sickle syndromes in 14. 
India: dilemmas in counselling. Prenat Diagn 2005; 25: 345-9.
Ayesh SK, Al-Sharef WA, Nassar SM, Thawabteh NA, Abu-Libdeh BY. 15. 
Prenatal diagnosis of beta-thalassemia in the West Bank and Gaza. Saudi 
Med J 2005; 26: 1771-6.
Kagu MB, Abjah UA, Ahmed SG. Awareness and acceptability of prenatal 16. 
diagnosis of sickle cell anaemia among health professionals and students in 
North Eastern Nigeria. Niger J Med 2004; 13: 48-51.
de Montalembert M, Guilloud-Bataille M, Ducros A, et al. Implications of 17. 
prenatal diagnosis of sickle cell disease. Genet Couns 1996; 7: 9-15.
Wierenga KJ, Hambleton IR, Lewis NA. Survival estimates for patients with 18. 
homozygous sickle-cell disease in Jamaica: a clinic-based population study. 
Lancet 2001; 357: 680-3.
Platt OS, Brambilla DJ, Rosse WF et al. Mortality in sickle cell disease. Life 19. 
expectancy and risk factors for early death. N Engl J Med 1994; 330: 1639-44.
Kmietowicz Z. Sickle cell screening makes genetic counselling everybody’s 20. 
business. BMJ 2006; 332: 570.
Modell BA, MN. Guidelines for screening for haemoglobin disorders: 21. 
services specifications for low and high prevalence DHA’s. Ethnicity and 
Health: Reviews of Literature and Guidance for Purchasers in the Areas of 
Cardiovascular Disease, Mental Health and Haemoglobinopathies. York, UK: 
University of York, NHS Centre for Reviews and Dissemination CRD Report 
5, Part 4; 1996: 127-224.
Cronin EK, Normand C, Henthorn JS, Graham V, Davies SC. Organisation and 22. 
cost-effectiveness of antenatal haemoglobinopathy screening and follow up in 
a community-based programme. Br J Obstet Gynaecol 2000; 107: 486-91.

Many autoimmune diseases are associated with specific 
alleles of the major histocompatibility complex (MHC), but 
how a particular MHC allele contributes to a particular disease 
is often not known. The MHC class II allele HLA-DQ8 has been 
linked to celiac disease, an autoimmune disease driven by T 
cell responses against dietary gluten, as occurs in wheat for 
example. In contrast to other MHC alleles, HLA-DQ8 lacks an 
aspartic acid residue in its peptide-binding pocket and thus 
preferentially binds to peptides and T cell receptors (TCRs) 
that carry a negative charge. In celiac disease, negatively 
charged gluten-derived peptides are generated by tissue 
transglutaminase (which converts glutamine to glutamic 
acid); however, how HLA-DQ8 contributes to disease is not 
clear because transglutaminase requires inflammation for its 

activation. Hovhannisyan et al. demonstrate that antigluten 
T cell responses can be mediated by HLADQ8 bound to 
native (non-deamidated) gluten peptides. Recruited T cells 
contained negatively charged TCRs, which helped to stabilize 
HLA-DQ8 binding of non-deamidated peptide. Inflammation 
resulting from this response led to the activation of trans- 
glutaminase and to peptide deamidation. The T cells were 
highly cross-reactive and mounted stronger responses to 
deamidated gluten peptides due to the enhanced stability of 
TCR-peptide-HLA-DQ8 interaction. These studies suggest how 
HLA-DQ8 may drive an amplified T cell response to gluten in 
celiac disease.
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hla-dq8 may drive t cell response to gluten

“happiness is not a goal; it is a by-product”
Eleanor Roosevelt (1884-1962), wife of 32nd U.S. president Franklin Delano Roosevelt. She supported the New Deal policies of her 

husband and assumed a role as an advocate for civil rights. After her husband’s death in 1945, she continued  
to be an internationally prominent author, speaker, politician and activist.

“to profess to be doing god's will is a form of megalomania”
Joseph Prescott (1913-2001), aphorist




