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ABSTRACT 

We evaluated hemoglobin profiles of pregnant women within 10 weeks of pregnancy, of new mothers at delivery, and of newborns of mothers with altered hemoglobin profile (newborns at risk) in a geographic area with high rate of migration from countries with endemic SCD. Of 14.966 women analyzed, 834 showed alteration of hemoglobin pattern; of the 850 newborns at-risk 4 (0.47%) were SCD affected and 74 (8.71 %) HbAS carriers. These data show the importance of screening programs for early diagnosis of SCD or carrier status in high-risk newborns from a geographic area in which the disease was historically rare.  Words 99
INTRODUCTION 

 Screening programs for early detection of sickle cell disease (SCD) patients are now necessary due to the high rate of migration to Europe from areas in which carriers of the sickle cell allele are 19% to 27% [1,2]. In Italy, more than 72,000 immigrants are estimated to carry the sickle cell trait [3]. In the area of Modena, a province of Emilia Romagna in Northern Italy, the increased flow of immigrants from countries with high prevalence of hemoglobin S carriers (HbAS) over the last 15 years correlates directly with a steady increase in the number of identified patients (from 5 in 1995 to 82 in 2014 non abbiamo un dato più recente?). The growing number of new diagnoses in children after the first years of life prompted us to design the first neonatal screening program in the province of Modena from 2011 to 2013. This pilot study allowed us to identify patients with SCD early in life and to provide as early as possible appropriate antibiotic prophylaxis, immunizations and comprehensive care [4]. These encouraging results led us to establish a wider screening program, free of charge for the family and supported by the national health system (SSN). The screening was offered to all pregnant women according to national guidelines for physiological pregnancy [5]. We describe the results of the first 30 months of this SCD newborn screening as a first example in Italy.  227 words
RESULTS

- Methods

The newborn screening program coordinated at the University Hospital of Modena involved all Obstetrics  Units of the Province, taking advantage of the organization of the Italian Transfusion Medicine Departments whose mission is to prevent the hemolytic disease of the newborn (HDN). Hemoglobin profiles of pregnant women within 10 weeks of pregnancy, new mothers at delivery, and cord blood of newborns of mothers with altered hemoglobin profile (newborns at risk), were evaluated by high-performance liquid chromatography (HPLC). Blood samples from mother and newborns were collected in EDTA (ethylendiaminetrate-acetic acid anticoagulant) and stored for 7 days at 5°C in accordance with the Italian Legislation [6]. 103
- Management

The universal screening of the mothers allowed us to identify couples at risk, and offer genetic counseling and prenatal diagnosis if requested.  22
-Carries’ education
If the mother and/or the baby were found to be carrier of HbAS or both had the same clinically significant hemoglobin alteration, a report with information regarding the status of carriers and difference between carrier state and the disease was noticed  to the mother. The report explained the genetic transmission of the hemoglobin variant and the importance to test the partner, to be aware of the risk to have an affected child in future pregnancies. It was also suggested to analyze the hemoglobin profile of all family members and to test again the newborn at six months of age to avoid false negative/positive results. The mother was also invited to show the report to the family doctor and to the pediatrician.

 If the mother and her baby carried a different Hb variant, counseling with the family was scheduled at the Transfusion Medicine Department with a trained hematologist. If hemoglobin profile of the partner was unknown, a blood sample was collected and analyzed by HPLC. If both parents were positive, specific clinical and genetic counseling for future pregnancies was offered together with HPLC analysis of newborn siblings. 189
- Sickle cell education and management

Affected children were enrolled in a comprehensive care program for SCD following the criteria of the newborn screening program [7] with dedicated social and health care workers (pediatricians, adult hematologists, nurses, psychologists) involved in a continuous education on SCD. 39
- Data
From May 31 2014 to October 31 2016 we enrolled 14,966 pregnant  women: 10,496 screening tests were performed within ten weeks of pregnancy, and 4,464  at  delivery (10496 + 4464 = 14960 e le altre 6?). An abnormal hemoglobin pattern was found in 834 women. 4 SCD affected and 74 HbAS carriers were identified out of 850 newborns at risk examined. As shown in Table I, of the 834 women 151 (18.10 %) were HbAS heterozygous, 1 (0.12%) was HbSS homozygous, 1 (0.12%) was HbCC homozygous, 81 (9.71%) resulted positive for presence of other hemoglobin variants. We also detected 268 (32.13 %) β-thalassemia heterozygous, 24 (2.90 %) delta thalassemia heterozygous, 6 (0.72 %) persistent HbF or delta/beta thalassemia heterozygous. Altered levels of HbA2 and HbF were also detected: 103 women (12.35 %) showed decreased values of HbA2 (<2%), 32 (3.83 %) were identified to be carrier of HbA2 borderline (3.2-3.8%) and  156 (18.70 %)  had increased  HbF levels.
Cord blood samples of 850 newborns at risk were tested within a week of birth (median time 5.6.days). As shown in Table I, 4 (0.47 %) newborns resulted affected by SCD (1 HbSS homozygous, 3 HbSC compound heterozygous), 74 (8.71 %) were HbAS carriers, 36 (4.23%) presented other clinically significant hemoglobin alterations (HbAC, HbAE, Hb Arab heterozygous, possible alpha thalassemia heterozygous, HbA2 borderline).  218
DISCUSSION
This is the first report in Italy of a universal screening for hemoglobinopathies of pregnant women and newborns at risk; its purpose is to identify SCD patients, start antibiotic prophylaxis within two months of birth, and enroll affected children in a comprehensive care program.  

 About 1 % of all pregnant women tested were HbAS carrier, while 0.47 % of the newborns at-risk were SCD affected and 8.71 % HbAS carrier. However, other hemoglobinopathies were detected due to the method used for the test and the extension of the screening to all pregnant women. Unlike other countries such as France [8], where beta-alpha thalassemias are rare, about 1.8 % of pregnant women in the province of Modena were beta-thalassemia carriers. Approximately 1.04 % of all pregnant women showed also increased values of HbF (> 5%). Although this condition could be correlated with pregnancy, we addressed its significance by repeating the test few months after delivery to rule out genetic conditions associated with persistence of fetal hemoglobin. Altered values of HbA2 (HbA2 <2% and HbA2 between 3.2 to 3.8) were detected in 0.90% of women and further investigation was required due to the potential association with thalassemia carrier status.   

 The family data were often incomplete because of insufficient data on incidence and carrier status of SCD among the partners of the women studied. Thus, some HbAS newborn carriers may have escaped identification.  

The screening is free of charge and is supported by the national health system (SSN). It represents an important example of collaboration between the local Obstetrics units and the University Hospital where a network of trained healthcare providers can deliver the comprehensive care needed by SCD patients (voce biblio). This low-cost screening could be easily implemented in other areas of Italy or in other countries with significant migration flow; in addition, it could provide valuable epidemiological informations on the frequency and geographic and ethnic distribution of SCD. The results of this screening demonstrate how migration flows have changed hemoglobinopathy frequencies in the geographic area under study due to the presence of new hemoglobin variants whose association with β-globin gene alterations or with HbS could result in the birth of patients with hemoglobinopathies of unpredictable phenotype. The efficacy of this screening program on morbidity and mortality of patients with SCD will be evaluated in the future.  402
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Figure 1: Screening protocol

HDN: haemolytic disease of the newborn 
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Table I

Hemoglobin profile alterations in pregnant women/new mothers and newborns at-risk: frequency of clinically significant hemoglobin profile alterations 
 SHAPE  \* MERGEFORMAT 



(*) Others: unsuitable samples, insufficient samples, etc ..

(^) ten twin deliveries

Normal: no newborns of mothers with normal Hb profile were tested and reported in this table, Hb: hemoglobin HbSC: hemoglobin SC; HbSS: hemoglobin SS; HbAS: hemoglobin AS; HbAC: hemoglobin AC; increased HbF: hemoglobin F > 5%; Hb AD: hemoglobin AD; HbAE: hemoglobin AE; HbO: hemoglobin O–Arab;  HbCC: hemoglobin CC; HbA2 borderline: hemoglobin A2 between 3.2-3.8% (TIF guidelines), decreased HbA2: HbA2< 2%.
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tests
Normal - 723 (85.05%)
HbAS heterozygous 151 (18.10%) 74 (8.71%)
HbSC heterozygous - 3 {0.35%)
HbSS homozygous 1{0.12%) 1{0.12%)
HbCC homozygous 1{0.12%) -
Other Variants: 81(9.71%) 36 (4.23%)
HbAC, Hb Lepore, Hb Philadelphia, HbAD, HbAE,
HbO-Arab, Hb S José, Hb Comperdown
Beta thalassemia heterozygous 268 (32.13%) -
Delta thalassemia heterozygous 24 (2.90%) -
Alfa thalassemia heterozygous - 1{0.12%)
Increased HbF 156 (18.70%) -
Hb A, borderline 32 (3.83%) 1{0.12%)
Decreased HbA, 103 (12.35%) -
Persistent HbF heterozygous /delta-beta 6(0.72%) -
thalassemia heterozygous
Others ) 11 (1.32%) 11 (1.30%)
Total 834 850




