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Sickle cell disease in areas of immigration of high-risk populations: 
a low cost and reproducible method of screening in northern Italy
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Background. From 2005 to 2010, we observed a 10-fold increase of newly diagnosed sickle cell 
disease in children in the province of Modena (northern Italy). The median age at diagnosis was 24 
months. Since these children are too old for optimal disease management, earlier detection of the disease 
is needed for prophylaxis and comprehensive care before the occurrence of clinical manifestations.

Materials and methods. In each Maternity Unit of the province of Modena, blood samples are 
collected daily for assessment of haemolytic disease of the newborn. We designed a selective, low-cost 
haemoglobin screening for sickle cell disease in high-risk immigrants. We enrolled 469 mothers from 
sub-Saharan countries and their neonates for a primary screening of peripheral blood haemoglobin 
variants using high-performance liquid chromatography. 

Results. Of the 469 women approached, 330 (70.36%) agreed to undergo the test. Ninety-two 
(27.88%) were carriers of variant haemoglobin, 48 newborns (51%) of these carriers had the carrier 
trait and 9 (9.6%) were affected (haemoglobin SC compound heterozigote - HbSC, haemoglobin S 
homozygote - HbSS).

Discussion. These results support the feasibility and usefulness of a selective screening for the 
detection of haemoglobin variants in high-risk subjects in an area in which sickle cells disease is not 
endogenous. We achieved the goal of detecting subjects with carrier trait/disease in order to implement 
preventive measures that reduce the clinical manifestations of sickle cell disease. We are, however, 
aware that it will be necessary to extend this screening to the overall population in the near future.
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Introduction 
Sickle cell anaemia has recently been recognised 

as a global health problem by the United Nations 
and the World Health Organization1. Most children 
born with the disease die in their first years of life2. 
In developing countries with high disease burden, 
treatment is rarely available and screening programmes 
for identifying, at birth, affected neonates or those 
with the trait are not universally established. The 
identification of affected children, before the onset of 
clinical symptoms, would allow the implementation 
of measures that may decrease mortality during early 
childhood, such as timely administration of prophylactic 
penicillin by 2 months of age, as well as vaccination 
against Streptococcus pneumoniae and Haemophilus 
influenzae3-6. A recent study that included children with 
haemoglobin S homozygote (HbSS) diagnosed only by 
neonatal screening (1983-2007) showed that, based on 
this approach, the estimated survival at 18 years of age 
increased up to 94%7. 

Recent immigration from Africa into the northern 
regions of Italy has changed the frequency and 
distribution of sickle cell disease (SCD)8 in the area, 
with an increase of newly diagnosed SCD patients. 
In Emilia Romagna, a region in the north of Italy 
with an official population of 4,432,439 inhabitants, 
immigrants represent 11.2% of the total population9. 
The area of Modena, a province of Emilia Romagna 
with a total population of 700,914 inhabitants, is home 
to approximately 92,400 (13.2%) immigrants, mainly 
from sub-Saharan countries (Ghana, Nigeria, Senegal) 
in which SCD is endemic10-13. The increased flow 
of immigrants from these countries over the last 15 
years correlates directly with a steady increase of SCD 
patients (from 5 in 1995 to 55 in 2010), accounting 
for more than 50% of the cases in the region of Emilia 
Romagna14,15. The average age at diagnosis of 24 months 
of this group is clearly not ideal for starting appropriate 
prophylaxis3,4,16,17. Since no official neonatal screening 
for SCD is performed in Italy, we designed a selective, 
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low-cost screening for SCD in new mothers and neonates 
involving all maternity units in the province of Modena. 
The proposed screening differs from those involving 
only neonates18 carried out in other countries and takes 
advantage of the organisation of the Transfusion Medicine 
Departments whose mission is to diagnose the haemolytic 
disease of the newborn (HDN) and to develop preventive 
measures in the area of their jurisdiction19. 

This model is also well suited for the characterisation 
of new mothers in the absence of epidemiological 
data on haemoglobinopathies frequency in any area 
of immigration from high-risk countries. Finally, the 
opportunity to inform parents and infants of future 
reproductive risks is among the most valued additional 
benefits of our screening programme.

Materials and methods 
A pilot study was started in September 2011 at 

the University Hospital of Modena for the detection 
of clinically significant haemoglobin (Hb) variants in 
the blood of new mothers from sub-Saharan Africa in 
accordance with already existing guidelines on newborn 
screening20. The geographical origin of new mothers, 
mainly from Ghana and Nigeria, was determined by 
identification of nationality and/or country of birth. The 
local ethical committee approved the study.

Five Maternity Units in the province of Modena 
collected cord blood from newborns and peripheral 
blood from their mothers. The blood samples were taken 
immediately after delivery and sent to the Transfusion 
Medicine Department as required for assessment of 
HDN (blood group, antiglobulin Coombs' test). A high 
prevalence of endemic SCD in the country of origin of 
the mother was the criterion for enrolment in this study. 
A three-language (Italian, English, French) informed 
consent form together with the blood group report were 
then sent to the Maternity Units. The mothers' blood 
samples, stored at 5 °C at the Transfusion Medicine 
Departments, were tested for the presence of clinically 
significant Hb variants. Blood samples from the mothers 
and neonates were collected into EDTA and stored for 7 
days in accordance with Italian legislation21.

Primary screening for clinically significant Hb 
variants was performed by high-performance liquid 
chromatography (HPLC) (Variant 2 Biorad Laboratories, 
Hercules, CA, USA)22. The screening laboratory 
participates in a quality control programme that includes 
proficiency testing (National External Quality Assessment 
Scheme: UK NEQAS Abnormal Haemoglobin).

In the event of no consent from mothers, no test was 
performed.

The subsequent steps depended on the result of 
the maternal blood test (Figure 1). If no clinically 
significant Hb variant was detected, a report indicating 

that no additional tests were necessary was sent to the 
mother and the family doctor. If, however, a clinically 
significant Hb variant was detected, the cord blood was 
tested for Hb variants and, thereafter, an appointment 
was scheduled with the mother, her partner and the 
baby. A blood sample was collected from the partner 
and subjected to HPLC analysis.

When the baby was found to be a carrier of a 
clinically significant Hb variant information regarding 
the status of carriers of the common Hb variants was 
given to parents with specific supporting material 
(in English, Italian and French), also explaining 
the need to study all family members. Counselling 
was offered to make sure that parents understood 
the difference between carrier state and disease, 
the distinction between S carrier status, which is 
clinically important23-25, and other carrier states, which 
are unlikely to be clinically important but may have 
genetic relevance. A blood sample was collected from 
the partner and analysed by HPLC.

If the neonate was a S homozygote or compound 
heterozygote (i.e. affected by SCD), counselling 
was planned by an English/French/Italian-speaking 
haematologist, using illustrations to explain the genetics 
of SCD, its main symptoms, the reasons for prophylaxis, 
and management of acute illness. Confirmatory tests 
on the baby's samples (gel electrophoresis, genotyping 
methods) were scheduled.

Affected SCD newborns are referred to the Paediatrics 
Department of the University Hospital of Modena to be 
enrolled in the clinical protocol for newly-diagnosed 
SCD patients and start prophylactic antibiotic treatment 
immediately. Comprehensive care, a multidisciplinary 
approach to the disease and 24-hour care are also 
provided. 

If both parents were positive, specific clinical and 
genetic counselling for future pregnancies was offered 
together with HPLC analysis of newborn siblings.

All babies born of a mother or father who was a carrier 
of a clinically significant Hb variant were tested again at 
6 months of age to avoid false negative/positive results.

Each individual (affected, carrier or normal) as well 
as his/her family doctor or pediatrician was informed by 
priority mail of the results of their blood tests.

Results
From September 2011 to May 2013, this pilot study 

was proposed to 469 women from sub-Saharan Africa, 
selected among new mothers at five Maternity Units 
in the province of Modena. Three hundred and thirty 
(70.36%) gave consent to enrolment in the study. As 
reported in Table I, 51.4% were from Ghana, 32.4% from 
Nigeria, 3.2% from Guinea, 2.8% from Senegal, 2.1% 
from the Ivory Coast and 5.5.% from other countries.
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Table I  - Country of origin of selected new mothers and frequency of normal and variant Hb in enrolled (n=330) new 
mothers. Other: countries with less than 10 new mothers selected.

Selected mothers Enrolled mothers

Negative Hb variant

Ghana 241 (51.4%) 112 (47.1%) 53 (57.6%)

Nigeria 152 (32.4%) 77 (32.4%) 29 (31.5%)

Guinea 15 (3.2%) 8 (3.4%) 4 (4.3%)

Cameroon 13 (2.8%) 10 (4.2%) 1 (1.1%)

Senegal 12 (2.6%) 8 (3.4%) 1 (1.1%)

Ivory Coast 10 (2.1%) 9 (3.8%) 1 (1.1%)

Other 26 (5.5%) 14 (5.7%) 3 (3.3%)

Total 469 (100%) 238 (100%) 92 (100%)

Hb: haemoglobin. 

Figure 1  - Screening protocol. 
 HDN: haemolytic disease of the newborn; EDTA: ethylendiaminetetra-acetic acid anticoagulant; HPLC: high performance 

liquid chromatography; HbS: haemoglobin S heterozygous profile/sickle cell trait.
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The Hb profile was normal in 238 samples (72%) 
and variant in 92 cases (28%).

As reported in Table II, 55 (58.8%) were HbAS 
heterozygous, 1 (1.1%) was an HbSC compound 
heterozygote, 19 (20.7%) were HbAC heterozygous, 
1 was HbCC homozygous (1.1%), 5 (5.4%) were Hb 
Lepore heterozygous, 3 (3.3%) were β-thalassemia 
heterozygous, 5 (5.4%) had persistent HbF heterozygosity 
and 3 (3.2%) had other variants.

Cord blood samples from all the neonates (n=94) of 
the 92 carrier mothers (2 twin deliveries) were tested 
(Table II) within a week (median time 5.6.days): 46 
(48.9) had normal Hb, 24 were HbAS heterozygous 
(25.5%), 1 was HbCC homozygous (1.1%), 12 
were HbAC heterozygous (12.8%), 6 were HbSC 
compound heterozygotes (6.4%), 2 were β-thalassemia 
heterozygous (2.1%) and 3 were HbSS homozygous 
(3.2%). 

After confirmatory electrophoresis, the nine affected 
neonates started antibiotic prophylaxis within 2 months 
of birth and were enrolled in the follow-up programme 
for SCD patients of the Department of Paediatrics. An 
additional diagnosis of HbSC compound heterozygosity 
was made through analysis of the newborns' siblings. 

Forty-one partners were tested (Table II): 10 others 
were out of the country and 38 declined to be tested. 
The Hb profile was normal in 27 cases (66.1%); in 
the remaining 14, one HbSC compound heterozygote 

(2.4%), six HbAS heterozygotes (14.6%), one HbCC 
homozygote (2.4%), three HbAC heterozygotes (7.3%), 
two β-thalassemia heterozygotes (4.8%) and one Hb 
Lepore heterozygotes (2.4%) were identified.

Discussion 
We report here the results of a pilot SCD screening 

programme carried out in immigrants from countries 
of high incidence of the disease, mainly Ghana and 
Nigeria12, who now live in the province of Modena 
in north Italy. The screening was designed to detect 
clinically significant Hb variants in new mothers 
and their neonates and was made possible by the 
availability of their blood samples collected daily 
for the study of HDN at local Transfusion Medicine 
Department. Accordingly, a database of Hb profiles of 
sub-Saharan immigrants was set up in the province of 
Modena, an area in which SCD is not present in the 
indigenous population. 

The study shows that early diagnosis of SCD 
or carrier status is feasible and may be achieved in 
subjects at risk (92 out of 330 new mothers) providing 
valuable epidemiological information on the frequency 
of these conditions and their geographic and ethnic 
distribution (higher in women coming from high-risk 
countries, e.g. Ghana and Nigeria) as detailed in Table 
I. As shown in Table II, the same applies to the 48 out 
of 94 neonates who were identified as subjects at risk/
affected by SCD. Not all the partners were willing to 
provide blood samples so we cannot make any further 
comment on them.

Of greater importance, the screening we performed 
allowed prophylaxis (penicillin and vaccination) to 
be started within 2 months of birth which is much 
earlier than the previous time of diagnosis (average of 
24 months of age), clearly too late to have beneficial 
effects. Additional benefits of the screening were a more 
appropriate specific management of the disease in the 
post-natal period, and the opportunity of counselling 
for clinical complications potentially associated with 
carrier status.

In addition, the detection of carrier status in infants 
and families allowed: (i) education about future 
reproductive choices; (ii) genetic information on 
clinical implications of the carrier status; (iii) informed 
reproductive choices for the child. The set up of a 
specific database for carriers will clarify the importance 
of identifying this condition in the future.

This study was made possible by the establishment 
of a cooperative network involving physicians, nurses 
of the Maternity Units and the new mothers, which 
enabled an unusually high compliance of the participants 
(70.36% of the mothers). Moreover, the costs of the 
screening were limited as the HPLC test is not expensive 
and no additional blood was drawn.

Table II  -  Frequency of clinically significant haemoglobin 
variants in new mothers and Hb profile of 
newborns and partners.

Hb variant 
new mothers

Hb profile

Newborns Partners

Normal - 46 (48.9%) 27 (66.1%)

HbAS 
heterozygous

55 (58.8%) 24 (25.5%) 6 (14.6%)

HbAC 
heterozygous

19 (20.7%) 12 (12.8%) 3 (7.3%)

Lepore 
heterozygous

5 (5.4%) - 1 (2.4%)

HbF 5 (5.4%) - -

β-thalassemia 
heterozygous

3 (3.3%) 2 (2.1%) 2 (4.8%)

HbSC 
heterozygous

1 (1.1%) 6 (6.4%) 1 (2.4%)

HbCC 
homozygous

1 (1.1%) 1 (1.1%) 1 (2.4%)

HbSS 
homozygous

- 3 (3.2%) -

Other 3 (3.2%) - -

Total 92 (100%) 94 (100%) 41 (100%)

Hb: haemoglobin; HbAS: haemoglobin AS; HbAC: haemoglobin AC; 
HbF: haemoglobin F; HbSC: haemoglobin SC; HbCC: haemoglobin CC; 
HbSS: haemoglobin SS.
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The medical benefit of obtaining an early diagnosis 
of SCD and the limited cost of the procedure support 
the project of extending this reliable, simple and cost-
effective screening protocol routinely to all the subjects 
of a high-risk population. 

The screening programme described here differs 
from screening carried out elsewhere as it examines 
both neonates and new mothers and is designed for 
a specific area where the disease was not present 
before immigration from high-risk countries. This 
screening represents the first step to promote a socially 
conscious approach for diagnosis and treatment of a 
disease hitherto uncommon in northern Italy. Although 
migration flows are unpredictable, our model can be 
adapted to any area of first immigration to improve 
family awareness on education, prevention and 
appropriate prophylaxis for neonatal SCD.

Our approach does not identify neonates of normal 
mothers and carrier fathers for whom universal 
screening would be required. A universal, expensive 
newborn screening may be considered if the aim is to 
identify as many as possible newborn SCD patients 
and carriers through the most ethically appropriate 
protocol. This powerful strategy will be essential in 
the future as high-risk immigrants and indigenous 
populations intermingle increasingly. However, the 
present social situation of controlled immigration, 
with the percentage of immigrants in the province of 
Modena being 13.2%, does not justify the immediate 
establishment of universal screening. 

Nevertheless, the preliminary results obtained 
with selective screening indicate that there was a 
need for such screening and that SCD children and 
carriers can be identified even when resources are 
limited.

In conclusion, we think that our selective screening 
may be a well-suited approach for areas of recent 
immigration in which immigrants are still reproductively 
segregated although we are aware that the future goal 
will be to implement universal screening.

Acknowledgments
We thank physicians, midwives and nurses of the 

Maternity Units of the province of Modena for their 
active and enthusiastic participation in the study. We 
also thank the laboratory technicians of the red cell 
Immunohaematology Laboratory of the Transfusion 
Medicine Department. Finally, we thank Dr. F. Mazzi 
for graphic assistance and Prof. L. Luzzatto for critically 
reviewing the manuscript.

Funding 
This work was supported by internal no profit 

research funds provided by the University Hospital of 
Modena. 

The Authors declare no conflicts of interest.

References
1) World Health Organization Regional Office for Africa Sickle-

cell disease: a strategy for the WHO African Region. Report 
of the Regional Director. WHO; Equatorial Guinea: 2010. 
Avaialble at: http://www.afro.who.int/index.php?option=com_
docman&task=doc_download&gid=6638. Accessed on 
30/10/2011.

2) Rees DC, Williams TN, Gladwin MT. Sickle cell disease. 
Lancet 2010; 376: 2018-31. 

3) Gaston MH, Verter JI, Woods G, et al. Prophylaxis with oral 
penicillin in children with sickle cell anemia: a randomized 
trial. N Engl J Med 1986; 314: 1594-9.

4) Vichinsky EP. Comprehensive care in sickle cell disease: its 
impact on morbidity and mortality. Semin Haematol 1991; 
28: 220-6.

5) Henthorn J, Ameida A, Davies S. Neonatal screening for sickle 
cell disorders. Br Med J 2004; 124: 259-63. 

6) Robitaille N, Delvin EE, Hume HA. Newborn screening for 
sickle cell disease: a 1988-2003 Quebec experience. Pediatr 
Child Health 2006; 11: 223-6. 

7) Quinn CT, Rogers ZR, Buchanan GR, et al. Survival of 
children with sickle cell disease. Blood 2004; 103: 4023-7. 

8) Russo-Mancuso G, La Spina M, Schilirò G. The changing 
pattern of sickle cell disease in Italy. Eur J Epidemiol 2003; 
18: 923-4.

9) ISTAT. Popolazione. Available at: http://www.istat.it/
popolazione. Accessed on 04/04/2013.

10) Piel FB, Patil AP, Howes RE, et al. Global epidemiology of 
sickle haemoglobin in neonates: a contemporary geostatistical 
model-based map and population estimates. Lancet 2013; 
381: 142-51.

11) Roberts I, de Montalembert M. Sickle cell disease as a 
paradigm of immigration haematology: new challenges for 
haematologist in Europe. Haematologica; 2007; 92: 865-71.

12) Weatherall DJ, Clegg JB. Inherited haemoglobin disorders: an 
increasing global health problem. Bull World Health Organ 
2001; 79: 704-12.

13) Williams TN, Weatherall DJ. World distribution, population 
genetics, and health burden of the hemoglobinopathies. Cold 
Spring Harb Perspect Med 2012; 2: 1-14.

14) Osservatorio sull'immigrazione della provincia di Modena. 
Available at: www.provincia.modena.it/sociale. Accessed 
on 1/2/2013.

15) Volta M, Calzolari E, Rozzi E, Toschi E. Il Registro regionale 
per le malattie rare dell'Emilia-Romagna - rapporto 2012. 
Available at: www.saluter.it/documentazione/rapporti/
malattie_rare_report. Accessed on 15/04/2013.

16) John AB, Ramlal A, Jackson H, et al. Prevention of 
pneumococcal infection in children with homozygous sickle 
cell disease. Br Med J 1984; 288: 1567-70.

17) Riddington C, Owusu-Ofori S. Prophylactic antibiotics for 
preventing pneumococcal infection in children with sickle cell 
disease. Cochrane Database Syst Rev 2002; (3): CD003427.

18) Bombard Y, Miller FA, Hayeems RZ, et al. Reconsidering 
reproductive benefit through newborn screening: a systematic 
review of guidelines on preconception, prenatal and newborn 
screening. Eur J Human Genetics 2010; 18: 751-60. 

19) Decreto Legislativo 21 ottobre 2005, n. 219. Nuova disciplina 
delle attività trasfusionali e della produzione nazionale degli 
emoderivati. Gazzetta Ufficiale della Repubblica Italiana; 
Serie Generale n. 251 del 27 ottobre 2005.

20) Pass KA, Lane PA, Fernhoff PM, et al. US Newborn Screening 
System guidelines II: follow up of children, diagnosis, 
management and evaluation. Statement of the Council of 
Regional Networks for Genetic Services (CORN). J Pediatr 
2000; 137 (4 suppl): S1-46.

All rights reserved - For personal use only 
No other uses without permission



© SIM
TI S

erv
izi

 Srl

351

Blood Transfus 2014; 12: 346-51  DOI 10.2450/2013.0188-13

Screening for sickle cell disease in northern Italy

21) Decreto del Ministro della Salute 3 marzo 2005 art.14 comma 
3. Caratteristiche e modalità per la donazione del sangue e di 
emocomponenti. Gazzetta Ufficiale della Repubblica Italiana; 
Serie Generale n. 85 del 13 aprile 2005.

22) Eastman JW, Wong R, Liao CL, et al. Automated HPLC 
screening of newborns for sickle cell anemia and other 
hemoglobinopathies. Clin Chem 1996; 42: 704-10. 

23) Tsaras G, Owusu-Ansah A, Boateng FO, Amoateng-Adjepong 
Y. Complications associated with sickle cell trait: a brief 
narrative review. Am J Med 2009; 122: 507-12.

24) Rees DC, Williams TN, Gladwin MT. Sickle cell disease. 
Lancet 2010; 376: 2018-2031. 

25) Shaw C, Sharpe CC. Could sickle cell trait be a predisposing 
risk factor for CKD? Nephrol Dial Transplant 2010; 8: 2403-5.

Arrived: 6 July 2013 - Revision accepted: 28 October 2013
Correspondence: Donatella Venturelli
Transfusion Medicine Department
Azienda Ospedaliero-Universitaria Policlinico
Via del Pozzo 71 
41100 Modena, Italy
e-mail: venturelli.donatella@policlinico.mo.it

All rights reserved - For personal use only 
No other uses without permission




