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Abstract

:

Italy was one of the first industrialized countries to implement a program of routine vaccination against hepatitis B virus (HBV) infection. However, currently, no HBV vaccine is administered at birth if the screened mother is HBsAg negative, whilst babies born to HBsAg positive mothers are given vaccine and hepatitis B immunoglobulin, within 12–24 post-delivery hours. A single center retrospective analysis of policies and practices to prevent mother-to-child transmission of HBV was carried out, to evaluate their adherence to HBV care guidelines. Paired maternal-infant medical records for consecutive live births, between January 2015 and December 2019, were reviewed at the AOU Città della Salute e Scienza di Torino, where a total of 235/35,506 babies (0.7%) were born to HBsAg positive mothers. Markers of active viral replication, i.e., HBV DNA level and/or HBeAg, were reported in only 66/235 (28%) of the mothers’ medical records. All newborns had immunoprophylaxis at birth: 61% at <12 h, 31% between 12 and 24 h, 7% between 24 and 36 h and 1% at >36 h. In 2019, two cases of vertical HBV transmission occurred, despite timely immunoprophylaxis, as their mothers’ viral load was detected too late for antiviral prophylaxis. Missed early identification of pregnant women with high viremia levels or late vaccinations may contribute to perinatal HBV infection. Immunoprophylaxis should be given to babies born to HBsAg positive mothers at the latest within 12 h. In Italy, policies aimed at achieving the WHO 2030 goal of eliminating viral hepatitis should be further implemented.
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1. Introduction


In 1991, Italy was one of the first industrialized countries to implement routine vaccination against hepatitis B virus (HBV) infection. It involved universal vaccination of all infants with a 3-dose series during the first year of life (at 3, 5, and 11 months of age) and of all 12-year-old children during the first 12 years of the program [1,2,3,4]. The screening of pregnant women and subsequent administration of HBV vaccine and hepatitis B immunoglobulin (HBIG) at birth, within 12–24 h from delivery, to newborns from HBsAg positive mothers was also adopted [5,6]. This vaccination program had a positive clinical and economic impact during the first 30 years of adoption, leading to an extensive decrease in disease burden, HBsAg carrier rates, and hepatitis B-related morbidity and mortality in the Italian population. After obtaining a substantial improvement in HBV prevalence over the last few decades, Italy currently has a low endemicity [7]. According to the Acute Hepatitis National Surveillance System (SEIEVA), the incidence of acute hepatitis B decreased from 12 per 100,000 inhabitants in 1985, to 1.0 per 100,000 in 2011, dropping to 0.4 per 100,000 in 2019 [8]. The HBsAg positive rate in the general population is estimated to be between 0.8 and 1% [9]. An a posteriori economic analysis evidenced the positive impact of the adoption of universal vaccination against hepatitis B in Italy from 1991 to 2010 [10]. It is expected that there will be further clinical and economic benefits from this first vaccination period in the future, due to a foreseen reduction in chronic hepatitis B, cirrhosis, hepatocellular carcinoma cases, and, consequently, in costs related to care/treatment [10,11].



The World Health Organization (WHO) emphasizes that prevention of vertical transmission of hepatitis B is pivotal in reducing HBV incidence and eliminating viral hepatitis by 2030. [12]. However, the deadline is fast approaching, and although progress has been made, some important gaps, in terms of public health policies, must be filled in before this goal can be reached. The WHO has always recommended the scaling up of hepatitis B vaccine birth dose coverage, making global reduction in HBV infection more likely [13]. As the risk of chronic HBV infection is highest when it is acquired at birth, it has been estimated that there would be a 16% reduction in the global burden of chronic HBV infection, if the vaccine birth dose were routinely given to prevent vertical hepatitis B transmission. Moreover, it has been postulated that the implementation of the vaccine birth dose could avoid a potential 1.2–1.5 million HBV infections and 0.3–1.2 million vertical infection-related deaths from 2021–2025 [14,15]. Nevertheless, worldwide estimations indicate that only 39% of newborns are vaccinated at birth. Many African countries are not able to administer the vaccine within the recommended time window, and, therefore, it is not part of their national policies. Currently, Italy is one of the high-income countries where cost-benefit analysis induces healthcare authorities not to vaccinate newborns at birth if the screened mother is HBsAg negative [16].



A retrospective analysis of the policies and practices implemented to prevent HBV vertical transmission was carried out in the Italian hospital with the highest number of deliveries per year. This aimed at obtaining data on the prevalence of HBsAg positivity in pregnant women and estimating the level of adherence our policies and practices had to



HBV care guidelines. The barriers to reaching the WHO goal of eliminating viral hepatitis by 2030 in a high-income country with a low HBV endemicity were assessed and potential strategies, aimed at optimizing the current care pathways, were also investigated.




2. Materials and Methods


This single-center retrospective study was based on a revision of the Electronic Health Records (EHR) of pregnant women who had given birth between January 2015 and December 2019 at the AOU Città della Salute e Scienza di Torino, Italy. All consecutive HBsAg-positive pregnant women were selected according to the following criteria: (i) HBsAg positivity during pregnancy or at birth, (ii) delivery between 1st January 2015 and 31st December 2019. The first reported pregnancy was analyzed for eligible women with more than one pregnancy during the study period. Infants of mothers with HBV were identified through the linkage of maternal and infant charts in the EHR. A dedicated database was used to make retrospective data collection from clinical records and digital archives. The following data were extracted from paired maternal-infant medical records of HBsAg positive women and their babies:




	-

	
Mothers’ age, country of origin, parity, and mode of birth;




	-

	
maternal HBsAg status at birth (assessed by biochemical luminescence microparticle immunoassay, CMIA);




	-

	
the laboratory data included HBV DNA level during pregnancy and other serologic markers of HBV maternal infection (e.g., HBcAb total, HBcIgM, HBeAg, HBeAb), when available;




	-

	
the maternal HIV and HCV co-infection status;




	-

	
the newborns’ gender, birth weight, gestational age at birth, and feeding method.









Adherence to the prevention strategies adopted before, at, and after birth was recorded, e.g., referral of HBsAg pregnant women to an HBV specialist, HBV DNA testing and starting antiviral prophylaxis when indicated (i.e., high viral load infection), the administration of immunoprophylaxis at birth and its timing from birth. However, adherence to post-vaccine serologic testing could not be evaluated as it was not provided by our center at the time of the study.



Maternal and child delivery factors associated with the timely administration of the infant immunoprophylaxis (hepatitis B vaccine and HBIG) within 12 h of birth were also evaluated. Maternal high viral load infection was defined as an HBV DNA of >200,000 IU/mL or HBeAg positivity. Immunoprophylaxis was defined as the administration of HBV vaccine and HBIG to babies born to HBsAg-positive women. HBV vertical transmission was defined as positivity at 6–12 months of life of HBsAg or HBV DNA in an infant born to an infected mother.



Statistical analysis: categorical variables were summarized as counts (n) and proportions (%). Logistic regression analyses were performed to test the predictive value of any variables that had a statistically significant correlation with immunoprophylaxis timeliness. All the tests were two-tailed and a p-value of ≤0.05 was considered statistically significant. The confidence intervals (CI) were calculated at the 95% level.



The data were analyzed by the RStudio Version 1.4.1106 software package. The study was approved by the Institutional Review Board (Comitato Etico Interaziendale AOU Città della Salute e della Scienza di Torino, Italy; IRB number: 073.630). The study was carried out according to the Declaration of Helsinki and the Good Clinical Practice guidelines.




3. Results


A total of 235/35,506 (0.7%) babies were born to 231 HBsAg-positive mothers. There were four sets of twin siblings included in the cohort. Only 31/235 (13.2%) of the babies were born to Italian mothers, 140 (59.9%) were from Eastern Europe (i.e., Romania, Albania, and Moldova), 29 (12.3%) from Asia, and 35 (14.9%) were of African origin. All the HBsAg positive Italian women were >25 years of age, whereas most of the HBsAg positive women from other countries (151/201, 75.1%) were <35 years old.



The baseline characteristics of the HBsAg-positive women and their babies, stratified by their Italian or foreign origin, are reported in Table 1.



All pregnant women were tested for HBsAg either during pregnancy or at admission for childbirth. Nevertheless, exactly when maternal HBsAg screening was performed during pregnancy could not be determined as it had not been noted in the mothers’ medical records. Maternal HBsAg status was known at birth in 229/235 (97.5%) babies born to HBsAg positive women. Only 6/235 (2.5%) of the babies were born to women with unknown serologic status at birth: these women were tested at admission and were found to be HBsAg positive only after having given birth (Figure 1).



Information as to markers of active viral replication, i.e., HBV DNA level and/or HBeAg, was retrievable in only 66/235 (28%) of the mothers’ medical records: 11 (16.7%) had a high viral load infection (8/11 from foreign countries: 3 from Asia, 3 from Eastern Europe, 2 from Africa), whereas 55 (83.3%) had low viremia levels. Seven out of the 11 high viremic women had timely detection of their high viral load. Therefore, antiviral prophylaxis (tenofovir in 6, lamivudine in 1) was started during the third trimester of pregnancy. Tenofovir had been administered before pregnancy to the remaining 4/11 women with chronic-active hepatitis B (Figure 1). As no mention had been made of other HBV maternal infection serologic markers, it was not possible to classify the remaining 169 (72%) HBsAg positive women according to high or low viral load infection.



As to co-infection, 231/235 (98.3%) women were tested for HIV (2 were positive) and only 95 (40.4%) for HCV (all negative).



All newborns were given immunoprophylaxis (vaccine + HIBG at the same time): 144/235 (61%) at <12 h from birth, 73/235 (31%) at 12–24 h, 16/235 (7%) at 24–36 h and 2/235 (1%) at >36 h from birth (Figure 2).



Attention was then focused on the factors affecting immunoprophylaxis timeliness (Table 2). Maternal parity and birth time were the only statistically significant predictive factors associated with timely immunoprophylaxis (<12 h from birth): babies born to multiparous women or those born during the day were given HBV vaccine and HBIG earlier than those born to primiparous women (p-value = 0.01) or during the night (p-value = 0.03), respectively.



The rate of vertical HBV transmission was not evaluated as no post-vaccination serologic testing had been carried out before the study was concluded. Nevertheless, two infants were referred to our center due to the incidental finding of slightly elevated transaminases levels and, despite timely immunoprophylaxis, vertical transmission of HBV was diagnosed. Their mothers’ high viral load was not detected in time for antiviral prophylaxis during pregnancy (Table 3).




4. Discussion


The data from the Italian HBV vaccination program emphasize the positive medium-long-term role universal immunization plays in HBV eradication and justify investments in prevention. Universal vaccination with the screening of pregnant women, along with timely immunoprophylaxis at birth, remains the most effective strategy to reduce HBV infection, if and when the financial condition of a country allows for the adoption of such a program. Indeed, it has been reported that the administration of HBIG leads to as high as a 95% increase in the prevention rate of perinatal transmission [17,18,19,20].



Nevertheless, our analysis did bring to light some critical issues in the current Italian hospital policies, including an incomplete adherence to international recommendations. Indeed, although Italy and some other countries do have a successful prevention program and are close to achieving the WHO elimination target, it is advisable to evaluate the potential impact of a further scale-up.



In Italy, immunoprophylaxis is provided to babies born to HBsAg positive mothers within a maximum of 24 h from birth, even if the AASLD (American Association for the Study of Liver Diseases), CDC (Centers for Disease Control and Prevention)/ACIP (Advisory Committee on Immunization Practices) and the EASL (European Association for the Study the Liver) guidelines recommend it be done within 12 h [1,2,3,21,22,23]. Our data showed that 100% of newborns had immunoprophylaxis within the timeframe proposed by the Italian guidelines in 92.3% of cases [5,6]. Nevertheless, only in 61.3% of cases was it administered within the 12 h set by the main international guidelines [1,2,3,21,22,23]. Furthermore, early vaccination has proven to be more effective. Indeed, Jourdain et al. [24] observed that vertical transmission was notably low (only 2%) in women with high viremia levels when the HBIG and the vaccine birth doses were administered early (median 1.3 and 1.2 h, respectively). Nevertheless, antiviral prophylaxis during pregnancy in high viremic HBsAg-positive mothers still remains pivotal, pending further research.



The prevention of hepatitis B vertical transmission depends also on full adherence to the recommended policies. The CDCs report approximately 40–90 perinatal infections/year in the USA, which may even be 10 to 20-fold underestimated [25]. Willis et al. observed inadequate immunoprophylaxis in 242 birth centers in the USA for infants born to HBsAg positive mothers and women with unknown serologic status, whilst it was carried out correctly in 62.1% and 52.4% of cases, respectively [25,26]. Denmark reported 4.0% of missed HBIG administration at birth, Italy 5.0%, the USA 19.7%, and China 62.4% [26]. The correct timing of the vaccine birth dose is crucial to reduce the infection risk, as it has been proven that efficacy is reduced if delayed beyond 24 h after birth [27,28]. Delayed 3-dose series vaccinations were not only observed in low-income, but also in high-income countries [29,30,31,32]. Indeed, the late vaccinations we observed in 7.7% of our cases at >24 h from birth (6.8% within 24–36 h, 0.9% > 36 h) might lead to perinatal HBV infection.



Numerous maternal and delivery factors may contribute to immunoprophylaxis delay. The late immunoprophylaxis (>12 h from birth) we observed in babies born to primiparous HBsAg positive women may depend on the physician and mother having poor awareness of the risk of vertical transmission in this group. Conversely, immunoprophylaxis was administered earlier in babies born to multiparous women, who probably had managed their HBsAg positive status during a previous pregnancy. Moreover, the late immunoprophylaxis in babies delivered during the night emphasizes the need for care pathways able to provide timely HBV vaccines and HBIG also at night. As early administration had proven to be efficacious [24], further strategies should be developed to provide better immunoprophylaxis timeliness. One option may be that of obtaining consent from HBsAg positive mothers at admission for childbirth, to be able to administer HBV vaccines and HBIG to their babies immediately after birth in the delivery room, also.



The results obtained in our study were in line with the rate of HBsAg positive subjects in the general Italian population, i.e., a 0.7% prevalence of HBsAg positive pregnant women, confirming that most of the HBsAg positive pregnant women were not of Italian origin. A recent multicenter study by the Italian Association of Infectious and Tropical Diseases [33] on 3760 HBsAg positive subjects reported that 24.8% were immigrants and emphasized the importance of screening this population. In 2021, although HBV infection may occur in Italian non-vaccinated subjects over 42 or vaccine non-responders younger women, it mainly affects people born outside Italy in countries with high or intermediate HBV endemicity, which make up about 8.5% of the Italian population [34,35]. Moreover, the age groups differed, as most of the HBsAg-positive women from foreign countries were <35 years old.



As there is currently no universal vaccine birth dose program in Italy, infants born to HBsAg negative mothers from high endemic countries are at risk of horizontal infection during the period preceding the vaccine series [36]. If the birth dose is not administered on a large scale, then also household contacts from these high endemic countries should be tested and vaccinated. Indeed, after having carried out a detailed cost-benefit analysis, another option for healthcare authorities could be that of extending the vaccine birth dose to babies born to HBsAg negative mothers from these countries.



Newborns from women with unknown HBsAg status may not be vaccinated in time if the vaccine birth dose is not widely administered. When the maternal serologic status is unknown, international guidelines recommend HBsAg testing be carried out as soon as possible. Should the result not arrive in due time, the newborn should be vaccinated within 12 h of birth, particularly if their mothers come from highly endemic countries, even if they are young women. The administration of specific HBIG is also recommended should the mother be HBsAg positive [1,2,3,21,22,23]. Unfortunately, Italy does not yet have a clearly defined prevention strategy, which risks delaying immunoprophylaxis beyond the recommended time window. Luckily, our results showed that the serologic status at delivery was available for most of our HBsAg-positive mothers (97.5%), ensuring immunoprophylaxis to their newborns without delay.



However, inappropriate or late vaccine schedules may not be the only factors involved in vaccine failure. Indeed, the most significant factor for vertical HBV transmission is the level of maternal HBV DNA at birth: 10–20% of infants born to mothers with high viremia levels still acquire HBV, despite correct immunoprophylaxis [2,3]. As of 2015, the AASLD recommends testing maternal HBsAg status as soon as pregnancy is confirmed and advocates the use of antiviral prophylaxis during the third trimester in women with a high viral load [3,23]. Although this is considered a rare observation in Italian pregnant women, it was observed in 16.7% of the women tested in our population, who were mainly from countries other than Italy. The scarcity of timely identification of high viremia levels and early antiviral prophylaxis in pregnancy might also contribute to perinatal HBV infection, despite timely immunoprophylaxis, as observed in our two cases of vertical HBV transmission.



Our study demonstrated that there is not always appropriate surveillance of HBsAg-positive women during pregnancy and evidenced that only rarely were markers of active viral replication, i.e., HBV DNA level or HBeAg, reported in the mothers’ medical records. This gap may reflect limited awareness of HBV care during pregnancy and inadequate communication between obstetricians and HBV specialists. Kushner et al. observed that providing HBV care in obstetrics departments improved adherence to maternal care measures, i.e., referral to an HBV specialist, HBV DNA testing, and starting of antiviral prophylaxis when indicated [32]. We think that increasing connection between all the healthcare providers involved in the care pathways to prevent mother-to-child transmission of HBV, i.e., obstetricians, neonatologists, and HBV specialists, may improve the screening and care of HBsAg positive pregnant women and, consequently, future maternal and infant health.



Furthermore, according to international guidelines, post-vaccination serologic testing for infants born to HBsAg positive mothers should be carried out to identify infected subjects or vaccine non-responders, who, as they are at risk of horizontal infection, should be revaccinated. A further question remains that of the identification of hepatitis B occult carriers (HBsAg−/HBcAb+), observed in 3.3% of cases in Italy [37], among infants born to HBsAg positive mothers. As anti-HBc antibodies may be missed by the post-vaccination serologic monitoring at 9–12 months [29], it might be extended up to 18–24 months of life. We think that determining anti-HBc antibodies in infants born to HBsAg positive mothers is of paramount importance, as HBV reactivation concomitant to immunosuppression in hepatitis B occult carriers is a recognized clinical problem on the increase [38,39].



The fact that our study evidenced that less than 50% of HBsAg-positive women were tested for HCV is alarming, considering that the co-existence of infection risk factors common to both viral infections is frequent. Currently, in Italy, HCV screening is recommended for women at risk of contracting the infection and it is often not implemented, even if AASLD guidelines recommend that all pregnant women should be tested for HCV infection [40].



This study reports a preliminary, single center analysis. We are aware that it does have some limitations, including the fact that most of the mothers’ medical records were incomplete and it was not possible to evaluate some hospital policies and practices. Moreover, no data were available on post-vaccination serologic monitoring, as a clinical and laboratory follow-up for infants born to HBsAg positive mothers has only recently been set up in our center. Although these shortcomings could be a limitation of the study, we think that they strengthen the argument in favor of the need for an implementation of HBV prevention strategies.




5. Conclusions


The recent advent of other global epidemics, polarizing the interest and consuming resources of public health services, may lead to viral hepatitis being even more neglected than before, risking putting aside the goal of HBV elimination.



We believe that the vaccine strategies in Italy should be optimized as they are the most cost-effective way of controlling HBV infection. Immunoprophylaxis should be given to babies born to HBsAg positive mothers within a maximum of 12 h, and even earlier immunoprophylaxis (within 4 h from birth) might be encouraged [24]. If large-scale vaccine birth doses cannot be implemented, further strategies should be developed to better protect babies born to HBsAg negative mothers or women with unknown serologic HBsAg status.



Moreover, the significant impact the Italian vaccination program had might have led to a false perception about the efficacy of immunoprophylaxis, by not taking into consideration the possibility of vaccine failure. Any prevention program should include an early full serologic HBV assessment should the mother be HBsAg positive, to timely identify pregnant women with high viral load infection and treat them as soon as possible, as well as a structured post-vaccination serologic testing of their infants. We think that there is a need to implement a multidisciplinary clinical pathway with a stronger connection between the prenatal, perinatal, and postnatal phases, as from the first stages of pregnancy to the second year of the child’s life, involving several healthcare providers. Moreover, closing and/or filling in the gaps between the recommended protocol and routine practices is pivotal.



In conclusion, further effort should be made to reach the WHO 2030 goal of eliminating viral hepatitis as a public health threat.
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Figure 1. Flowchart outlining the study population selection. 
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Figure 2. Timing of immunoprophylaxis (vaccine + HIBG at the same time). 






Figure 2. Timing of immunoprophylaxis (vaccine + HIBG at the same time).



[image: Vaccines 09 00801 g002]







[image: Table] 





Table 1. Baseline characteristics of HBsAg positive women and their infants. Abbreviations: Kg = kilograms; mixed feeding = breastfeeding combined with bottle feeding.
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	Variable
	Italian Origin

N (%)
	Foreign Origin

N (%)
	Total

N (%)





	Mothers’ Age
	
	
	



	<25 years
	0
	15 (7)
	15 (6)



	25–35 years
	13 (42)
	138 (68)
	151 (64)



	>35 years
	18 (58)
	51 (25)
	69 (30)



	Parity
	
	
	



	Primiparous
	13 (42)
	74 (36)
	87 (37)



	Multiparous
	18 (58)
	130 (64)
	148 (63)



	Mode of Birth
	
	
	



	Natural birth
	24 (77)
	134 (66)
	158 (67)



	Scheduled Cesarean
	3 (10)
	38 (18)
	41 (18)



	Urgent Cesarean
	4 (13)
	32 (16)
	36 (15)



	Gestational Age at Birth
	
	
	



	<37 weeks
	4 (13)
	15 (7)
	19 (8)



	≥37 weeks
	27 (87)
	189 (93)
	216 (92)



	Markers of Active Viral Replication (HBV DNAand/or HBeAg)
	
	
	



	Reported in medical records
	12 (39)
	54 (26)
	66 (28)



	Not reported in medical records
	19 (61)
	150 (74)
	169 (72)



	High viremic women
	3 (25)
	8 (15)
	11 (17)



	Low viremic women
	9 (75)
	46 (85)
	55 (83)



	HBV DNA levels (IU/mL) in high viremic women; median (range)
	200,001 (200,001–143,000,000)
	785,000 (350,000–170,000.000)
	460,573 (200,001–170,000,000)



	Median HBV DNA levels (IU/mL) in low viremic women; median (range)
	28 (<20–6000)
	22 (<20–22,228)
	22 (<20–22,228)



	Newborns’ Gender
	
	
	



	Male
	15 (48)
	109 (53)
	124 (53)



	Female
	16 (52)
	95 (47)
	111 (47)



	Birth Weight
	
	
	



	<2.5 Kg
	4 (13)
	16 (8)
	20 (9)



	≥2.5 Kg
	27 (87)
	188 (92)
	215 (91)



	Feeding Method
	
	
	



	Breastfeeding
	20 (65)
	107 (52)
	127 (54)



	Bottle feeding
	1 (3)
	48 (24)
	49 (21)



	Mixed feeding
	10 (32)
	49 (24)
	59 (25)



	Day of the Week for Birth
	
	
	



	On a weekday
	21 (68)
	156 (76)
	177 (75)



	At weekends
	10 (32)
	48 (24)
	58 (25)



	Birth Time
	
	
	



	Day-time
	11 (35)
	83 (41)
	94 (40)



	Night-time
	20 (65)
	121 (59)
	141 (60)
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Table 2. Risk factors for late immunoprophylaxis at birth (>12 h from birth) in babies born to HBsAg positive mothers. Abbreviations: OR = Odds Ratio; CI = Confidence Intervals; g = grams. * significant risk factors (p-value ≤ 0.05).
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	Late Immunoprophylaxis Proportion (%)
	OR (95% CI)
	p-Value





	Mothers’ Age
	
	
	



	<25 years
	1/15 (7)
	1 (ref)
	-



	25–35 years
	35/151 (23)
	4.34 (0.55–34.17)
	0.16



	>35 years
	10/69 (14)
	2.99 (0.35–25.04)
	0.31



	Country of Origin
	
	
	



	Italy
	7/31 (23)
	1 (ref)
	



	Foreign country
	42/204 (21)
	0.89 (0.36–2.20)
	0.80



	Parity
	
	
	



	Primiparous
	29/87 (33)
	1 (ref)
	



	Multiparous
	20/148 (14)
	0.43 (0.27–0.83)
	0.01 *



	Gestational Age at Birth
	
	
	



	<37 weeks
	4/19 (21)
	1 (ref)
	



	>37 weeks
	45/216 (21)
	0.99 (0.31–3.12)
	0.98



	Markers of Active Viral Replication (HBV DNAand/or HBeAg)
	
	
	



	Not reported in medical records
	41/169 (24)
	1 (ref)
	



	Reported in medical records
	16/66 (24)
	0.93 (0.46–1.89)
	0.84



	Mode of Birth
	
	
	



	Scheduled Cesarean
	9/41 (22)
	1 (ref)
	



	Natural birth
	31/158 (20)
	0.87 (0.38–2.00)
	0.74



	Urgent Cesarean
	9/36 (25)
	1.18 (0.41–3.41)
	0.75



	Newborns’ Gender
	
	
	



	Female
	18/111 (16)
	1 (ref)
	



	Male
	31/124 (25)
	1.72 (0.9–3.29)
	0.10



	Birth Weight
	
	
	



	<2500 g
	6/20 (30)
	1 (ref)
	



	>2500 g
	43/215 (20)
	0.72 (0.24–2.1)
	0.54



	Feeding Method
	
	
	



	Bottle feeding
	6/49 (12)
	1 (ref)
	



	Breastfeeding
	28/127 (22)
	1.73 (0.70–4.28)
	0.46



	Mixed feeding
	15/59 (25)
	1.95 (0.72–5.31)
	0.51



	Day of the Week for Birth
	
	
	



	On a weekday
	36/177 (20)
	1 (ref)
	



	At weekends
	13/58 (22)
	1.13 (0.55–2.32)
	0.37



	Birth Time
	
	
	



	Day-time
	13/94 (14)
	1 (ref)
	



	Night-time
	36/141 (26)
	2.13 (1.06–4.29)
	0.03 *
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Table 3. Characteristics of two cases of vertical HBV infection. Abbreviations: HBV DNA = hepatitis B virus deoxyribonucleic acid; IU = international unit; + = positive; HBsAg = hepatitis B surface antigen; HBeAg = hepatitis B e antigen; HBsAb = antibody to hepatitis B surface antigen; HBcAb = antibody to hepatitis B core antigen; s/co: signal/cut-off; AST = alanine aminotransferase; ALT = aspartate aminotransferase.
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	Case 1
	Case 2





	Post-partum maternal viral load
	>170,000,000 UI/mL
	>170,000,000 UI/mL



	Maternal antiviral prophylaxis
	no
	no



	Immunoprophylaxis (HBV vaccine + HIBG) at birth
	<6 h from birth
	<6 h from birth



	Scheduled vaccination
	regular
	regular



	Age at diagnosis
	12 months
	18 months



	Child HBV DNA (IU/mL)
	>170,000,000
	>170,000,000



	Child HBsAg (s/co)
	+
	+



	Child HBeAg (s/co)
	+
	+



	Child HBsAb (UI/mL)
	<10
	<10



	Child HBcAb (s/co)
	+
	+



	Child AST/ALT (UI/mL)
	140/158
	65/80
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