
Perinatal HBV viremia in newborns of 
HBsAg(+) mothers is a transient 

phenomenon that does not necessarily 
imply HBV infection transmission

Vana Papaevangelou (Greece)

National and Kapodistrian University of Athens 



Hepatitis B virus MTCT in the era of 
passive-active immunoprophylaxis

• Failure of immunoprophylaxis 
• 5%–10% of infants of HBsAg+ mothers 

• Recent meta-analysis (>7500 Chinese babies): 

4.87% in infants born to HBsAg(+) and 9.66% in infants born to HBeAg(+) mothers respectively

• Why?

• HBV intrauterine infection

• have an established infection at birth 

• Perinatal transmission post poor adherence to administration of 
immunoprophylaxis and/or timely administration of HBV vaccination 

Shao ZJ, et al JMV 2011
Chen T et al. BMC ID 2013
Lin X et al PIDJ 2014



Hepatitis B virus MTCT in the era of 
passive-active immunoprophylaxis

• Transplacental (in - utero) transmission has been associated with:

• HBeAg (+) mother, 

• High maternal HBV DNA (>106 copies/mL), 

• High maternal HBsAg titer, 

• HBV genotype B versus C, 

• male fetus, amniocentesis, pregnancy complications or prolonged labor, 

• antigenemia in siblings

Chang MH SFNM 2007
ZX Li et al. Emerging Microbes and Infections 2015 



Diagnosis of HBV infection in infants

• HBsAg (+) infants for > 6months 

Shao ZJ, et al JMV 2011
Chen T et al. BMC ID 2013
Zhu Q, et al. Chin Med J (Engl) 2003 



Diagnosis of HBV infection in infants

• HBsAg (+) infants for > 6months 

• HBsAg/HBeAg/HBVDNA positivity in the cord blood (? contamination)

• HBV seromarkers and HBV DNA in venous blood persist in older 

infants?

Shao ZJ, et al JMV 2011
Chen T et al. BMC ID 2013
Zhu Q, et al. Chin Med J (Engl) 2003 



Positive HBV markers at birth do not 
necessarily indicate in-utero transmission

• 385 neonates born to HBsAg (+) mothers followed for 8-12 months.

• Femoral vein (FV) and umbilical cord (UC) blood samples obtained before 
immunoprophylaxis.

Zhang et al. BMC ID 2016 
Birth
Follow-up
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Positive HBV markers at birth do not 
necessarily indicate in-utero transmission

• 385 neonates born to HbsAg (+) mothers followed for 8-12 months.

• Femoral vein (FV) and umbilical cord (UC) blood samples obtained before immunoprophylaxis.

• Immunoprophylaxis failure: 4.4 % (17/385); all born to HBeAg(+) mothers whose HBV-DNA 
were > 6 log 10copies/mL.

• Only 4/17 with high HBV-DNA at birth; In-utero infection less prevalent than appreciated??
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Positive HBV markers at birth do not 
necessarily indicate in-utero transmission

• 385 neonates born to HbsAg (+) mothers followed for 8-12 months.

• Femoral vein (FV) and umbilical cord (UC) blood samples obtained before immunoprophylaxis.

• Immunoprophylaxis failure: 4.4 % (17/385); all born to HBeAg(+) mothers whose HBV-DNA 
were > 6 log 10copies/mL.

• Only 4/17 with high HBV-DNA at birth; In-utero infection less important than appreciated??

• HBV markers at birth cannot diagnose or exclude MTCT

Zhang et al. BMC ID 2016 
Birth
Follow-up

88%
89%

64%



Is there a marker that may identify HBV infected infants?

Chen T et al BMC ID 2013

• 148 HBsAg(+) mother-infant pairs; 94% HBV genotype C
• Mothers: 27% HBeAg (+), most high HBV-DNA levels
• All babies received combined immunoprophylaxis
• Neonates were found at birth: 28% HBsAg (+);16% HBV-DNA(+) and 24% HBeAg(+)
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Is there a marker that may identify HBV infected infants?

Chen T et al BMC ID 2013

• 148 HBsAg(+) mother-infant pairs; 94% HBV genotype C
• Mother: 27% HBeAg (+),  26% high HBV-DNA levels
• Neonates were found at birth: 28% HBsAg (+);16% HBV-DNA(+) and 24% HBeAg (+)
• Immunoprophylaxis failure: 9 infants (6.1%)



Diagnosis of HBV infection in infants

• HBsAg (+) infants for > 6months 

• HBsAg / HBV DNA positivity in the cord blood (? contamination)

• HBV seromarkers and HBV DNA in venous blood persist in older 
infants?

• Some of these infants may represent occult HBV infection ?

• Definition: HBsAg (-) and HBV DNA (+)

Shao ZJ, et al JMV 2011
Chen T et al. BMC ID 2013
Zhu Q, et al. Chin Med J (Engl) 2003 



Diagnosis of HBV infection in infants

• HBsAg (+) infants for > 6months 

• HBsAg / HBV DNA positivity in the cord blood (? contamination)

• HBsAg / HBV DNA in venous blood and persists after the age of >3 
months

• Some of these infants represent occult HBV infection ?

• Definition: HBsAg (-) and HBV DNA (+)

• Most infants achieve protective levels of anti-HBs antibodies 

• Most infants do NOT develop anti-HBc (+) antibodies
Shao ZJ, et al JMV 2011
Chen T et al. BMC ID 2013
Zhu Q, et al. Chin Med J (Engl) 2003 



Are these infants with true occult HBV infection? 
Are they really infected  ?



Occult HBV infection in immunized neonates born to HBsAg(+) mothers 

12 months (N=32) 24 months (N=32) 36 months (N=26)

HBV DNA (+) 8/32 (25%) 7/32 (22%) 2/26 (7.7%)

Median HBV –DNA level 
(log IU/mL)

1.81 (1.28–2.91) 1.94 (1.23–2.58) 1.74 (1.59–1.89) 

Anti-HBs (+) 30/32 (93.8%) 21/30 (70%) 14/17 (82.4%)

Median anti-HBs (mIU/mL) 239.2 (127.1–450.2) 26.7 (8.4–32.5) 34.3 (17.6–67.1) 

Anti-HBc (+) 22 5 2

Lu Y et al PLoS ONE 2016

• Timely administration of the 1st dose of vaccine within 6 hours of birth 
reduced the OBI rate from 38.2% (13/34) to 15.3% (19/124) (p = 0.003). 

• No correlation with maternal HBeAg (+), HBsAg titers or HBV-DNA levels.
• No vaccine escape mutants found.
• HBV infection is controlled in immunized infants

Prospectively followed 32 infants diagnosed with OBI at 7 months: 
HBsAg(-)/anti-HBsAg(+) but  HBV-DNA (+)



Adequate levels of anti-HBs after vaccine and HBIG 
immunoprophylaxis eventually may clear the virus

• Prospectively followed 17/21 children with documented occult HBV 
infection post passive-active immunoprophylaxis

• At mean age 6.57 ± 2.75 years:
• All remained HBsAg (-)

• 16/17 were HBV DNA (-)

• Two children developed anti-HBc antibodies

• One child remained HBVDNA(+) with low viremia (50 copy/mL), carried the 
G145R mutation

Sadeghi A et al. JVH 2016
Pande C et al JVH 2013

Pande et al reported that development of anti-HBs 
>10 IU/mL at 18weeks of age was associated with 
clearance of occult HBV infection



“Transient” occult HBV infection in immunized 
infants born to HBsAg(+) mothers
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Figure 2 

Zhou S et al. JMV  May 2017
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Figure 4 

p<0.001

• HBsAg was detected in 3/77 (3.9%) babies. 
• HBV DNA was detected in 28/77 (36.4%) HBsAg(-) infants
• The frequency of OBI decreased with age:

• 48.4% <6 months to 18.2% at ≥12 months of age (p=0.06). 

p=0.004 



“Transient” occult HBV infection in immunized 
infants born to HBsAg(+) mothers
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Figure 4 Zhou S et al. JMV  May 2017

p=0.191

p=0.035 



Population based study assessing OBI prevalence in <18yo

Hsu HY et al Hepatology 2014
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Population based study assessing OBI prevalence in <18yo

Conclusions

• Breakthrough infections in immunized subjects 
seem to result in  OBI while in unvaccinated 
subjects  natural infection will ensue.

• In the postvaccination era, the presence of anti-HBc
is a very useful marker for OBI screening in HBsAg-
negative subjects. 

• HBsAg(-) due to a very-low-level viral replication and 
HBsAg expression ?  

Hsu HY et al Hepatology 2014



HBV viremia in newborns of HBsAg(+) 
predominantly Caucasian HBeAg(−) mothers 

Papaevangelou V et al JCV 2011 

• HBV-DNA detected in 73.4% of the mothers (93% HBeAg-).

• HBV-DNA (+) detected in 27/109 (24.7%) newborns

• 3/8 (37.5%) of HBeAg(+) mothers

• 24/101 (23.8%) of HBeAg(-) mothers (p=0.39)

• No association with maternal viremia or maternal VL

• No association with mode of delivery

• Association between maternal HbeAg status and 
level of neonatal viremia. 



HBV viremia in newborns of HBsAg(+) 
predominantly Caucasian HBeAg(−) mothers 

Papaevangelou V et al JCV 2011 

Upon follow-up

• At 9 months of age:
• all children were HBsAg(-) 
• 97.2% had developed anti-HBs antibodies

• At 24 months of age: 

• all OBI re-examined were HBV DNA (-); 

• one child had developed anti-HBc antibodies



What is the pathogenesis  of HBV-DNA (other seromarkers) 
detection in infants?

• Using high sensitivity real time PCR, we are able to detect low levels of 
viremia that do not cause infection? 

• Placenta leakage of maternal non-infectious antigens (Dane particles)?

• Maternally derived HBV infected PBMCs transferred ?

• Perinatal transmission that is cleared by the infant post prophylaxis?

• HBV cccDNA long persists in hepatocytes, resulting in intermittent 
viraemia ?

Shao Q et al. Arch Gynecol Obstet 2013



Are there any implications of the HBV-DNA  
detection in infants?
• Clinical significance not clear

• Infants develop adaptive cell mediated immunity

• Few children with persistent OBI

• Responses to vaccination ?
• neonatal HBV viremia in HBsAg(−) infants is clinically 

important has been associated with vaccination failure 

Koumbi L et al. Cell Mol Immunol 2010
Badur S et al. JID 1994
Shi I et al ZEKZZ 2006

Cytokine responses against PHA, HBcAg and HBsAg were similar

between neonates born to viremic and non-viremic mothers as well

as to control neonates (P. 0.005).

IFN-c production following HBcAg stimulation in the subject

group was higher than that in the control group, but this difference

was not significant (P. 0.05). Although controls were born to HBV-

negative mothers, low but detectable IFN-c secretion in HBcAg-

treated cells was seen in eight out of 24 individuals; the magnitude

of theseresponseswasbelow 20pg/ml (Figure1b). Thisphenomenon

was attributed to bacterial contamination because HBcAg wasE. coli

derived and was . 95% pure. To avoid false-positive results, only

subjects that responded with . 20 pg/ml IFN-c production werecon-

sidered to have positive HBcAg-specific responses. Figure 2 shows

IFN-c production from the subjects that responded to HBcAg.

When these responses were compared to those of age-matched con-

trols, differences werestatistically significant at birth, 1 and 6 months

of age (P5 0.0039, P5 0.0022 and P5 0.0129, respectively). The res-

ponses to HBcAg were not correlated with maternal viremia in the

subject group.

IFN-c concentrations following HBsAg stimulation were below

25 pg/ml, except for one6-month-old control subject who responded

with 400pg/ml. Therewereno significant differencesbetween subjects

and controls at all agesexamined (Figure 1c).

Secretion of IL-2, IL-5, IL-6 and IL-10 wasassessed at 6 monthsof

ageand after HBsAg stimulation in eight neonates, six of which were

born to viremic mothers (4.26 4 log10 vc/ml) and five controls

(Figure 3). A significantly increased production of IL-2 wasobserved

in the subject group compared to the control group (P5 0.02). IL-5

and IL-6 secretions were also higher in the subject group, but this

difference was not statistically significant (P5 0.17 and P5 0.09,

respectively). Cytokineproduction wasnot associated with themater-

nal levels of HBV DNA, and IL-10 secretion was comparably low in

both groups (P5 0.94).

DISCUSSION

T helper cells can becategorized asTh1 or Th2 cells according to the

cytokinesthey produce. Th1cellsarecharacterized by IL-2, IFN-c and

transforming growth factor-b production, whereas Th2 cells secrete

mainly IL-4, IL-5 and IL-6. Both Th1 and Th2 responsesagainst HBV

antigens arerequired for successful immunoprophylaxis or clearance

of thevirus. Thehigh incidence of infection and the development of

chronic infection in infantsborn to HBsAg-carrier mothershavebeen

attributed to viral antigen-specific unresponsiveness of both Th1

and Th2 cells.7,15,16 In neonates born to HBsAg1 /HBeAg1 mothers,

immune tolerance is further induced by transplacental passage of

HBeAg that can result in specific tolerance of T helper cells to both

HBeAg and HBcAg because these two antigens are crossreactive.6,17

However, intrauterine infection and immunoprophylactic failure

havealso been reported in infants of HBsAg1 /HBeAg2 mothers.7,18

Most studiesof neonatal T-cell responsesagainst HBV havefocused

on the immune responses elicited by HBsAg in vaccinated healthy

infants.15,16,19 In thepresent study, all subjectswereborn to HBsAg1 /

HBeAg2 mothers, of which 54.3% had detectable HBV viremia on

the day of delivery. All subject neonates remained uninfected post-

immunoprophylaxis and responded to vaccination, with anti-HBs

Figure 1 In vitro IFN-c production from PBMCs in subjects and controls. PBMC secretion of IFN-c after a 72-h incubation with PHA (a), HBcAg (b) and HBsAg (c)

from 23 neonatal subjects born toHBsAg1 mothers (. ) and 24 neonatal controls (# ) at birth, 1 and 6 months of age. Thedata were compared byMann–Whitney test:

no significant differences were found between the two groups (P. 0. 005). Each dot represents a single donor and horizontal bars represent the mean values. HBcAg,

hepatitis B core antigen; HBsAg, hepatitis B surface antigen; IFN, interferon; PBMC, peripheral blood mononuclear cell; PHA, phytohemagglutinin.

Figure 2 IFN-c secretion by PBMCs of subjects that responded to HBcAg stimu-

lation. The percentages of responders as well as the secreted IFN-c levels from

PBMCs after a 72-h incubation with HBcAg at birth, 1 and 6 months of age are

shown. HBcAg, hepatitis B core antigen; IFN, interferon; PBMC, peripheral blood

mononuclear cell.

Immune responses in newborns of HBV-positive mothers
L Koumbi et al
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Conclusions

• Need to better  differentiate:
• Immunoprophylaxis failure (HBV infection)

• Occult HBV infection (HBsAg-/HBV-DNA+/anti-HBc)

• Transient HBV-DNA viremia

• Most likely these 3 outcomes are:
• “exposure dependent” or

• “infant immune response dependent” ?  the role of HBIG?

• different stages of HBV infection ?





Backup slides



Administration of HBIG and occult infection

• Randomized 259 newborns to receive vaccine versus vaccine + HBIG

• 81% of mothers HBeAg(-)

• At 18 weeks of age 64% infants had OBI infection (HBsAg-/HBV-DNA+)

• OBI significantly more common in the HBIG group : 
• 76/106 (72%) versus 66/116 (57%); p = 0.025.

• Development of anti-HBs (+) at 18 weeks of age was associated with 
clearence of HBV-DNA in  babies with occult HBV infection.

• At 24 months of age 42% infants had OBI infection

Pande et al. JVH 2013



Population based study assessing OBI prevalence in <18yo
Hsu HY et al Hepatology 2014



Population based study assessing OBI prevalence in <18yo

Conclusions

• Breakthrough infections in immunized subjects 
seem to result in  OBI while in unvaccinated 
subjects  natural infection will ensue.

• In the postvaccination era, the presence of anti-HBc
is a very useful marker for OBI screening in HBsAg-
negative subjects. 

• A very-low-level viral replication and HBsAg
expression, rather than surface gene mutations that 
may escape detection by HBsAg screening assays, is 
the major mechanism related to OBI.

Hsu HY et al Hepatology 2014



The role of HBeAg

• Transplacental maternal HBeAg may induce immunologic tolerance in 
utero, thereby facilitating MTCT of HBV infection. 

• HBeAg induces specific unresponsiveness of helper T cells to HBcAg
and HBeAg in the neonates born to HBeAg (+) mothers

• Therefore not only transmission but also chronicity rates of perinatal 
HBV infection increase:
• 28.2% (17.4%–33.9%) in infants born to HBeAg(-) mothers

• 64.5% (53.5%–100%) in infants born to HBeAg (+) mothers. 

Milich DR, et al. Proc Natl Acad Sci 1990
ZX Li et al. Emerging Microbes and Infections 2015.



Maternal viremia

• Elesfsiniotis1: Overall, 1.156% of women were HBsAg(+) and the majority of them (71.3%) were Albanian. The 
prevalence of HBsAg was 5.1% in Albanian women, 4.2% in Asian women and 1.14% in women from Eastern 
European countries. The prevalence of HBsAg in African (0.36%) and Greek women (0.29%) was very low. Only 
4.45% of HBsAg (+) women were also HBeAg(+) whereas the vast majority of them were HBeAg(-)/anti-HBe(+). 
Undetectable levels of viremia (<200 copies/mL) were observed in 32.26% of pregnant women at labor and 29.03% 
exhibited extremely low levels of viral replication (<400 copies/mL). Only two pregnant women exhibited extremely 
high serum HBV- DNA levels (>10 000 000 copies/mL), whereas 32.26% ex hibited HBV-DNA levels between 1 500 
and 40 000 copies/mL.

• Elesfsiniotis2:SeroprevalenceofHBsAgin26,746womenatreproductiveageinGreeceandevaluationofHBeAg/anti-
HBeserologicalstatusas well as serum HBV–DNA levels in a subgroup of HBsAg(+) women at labor. Only 2.67% of 
HBsAg(+) women were HBeAg(+). Of a subgroup of women in labor with available serum samples 28.6% had 
undetectable levels of viremia (<200 copies/ml) and 15.9% had extremely low levels of viral replication (<400 
copies/ml). Only 12.7% of pregnant women evaluated at labor exhibited extremely high serum HBV–DNA levels 
(>10,000,000 copies/ml) whereas 42.8% of them exhibited HBV–DNA levels between 1500 and 40,000 copies/ml. 

• Conclusions: The HBeAg( )/antiHBe(+) serological status is a finding observed in the vast majority of HBsAg(+) 
women of our study population, and a significant percentage of them (approximately 44.5%) exhibit extremely low 
or even undetectable levels of viral replication at labor, suggesting possibly that only a proportion of HBsAg(+) 
women in Greece exhibit an extremely high risk of vertical transmission of the infection.

• Despite the predominance of HBeAg-negative serological status, about one- third exhibit significant 
(>10 000 copies/mL) or even extremely high (>10 000 000 copies/mL) viral replication levels at 
perinatal period,4 basically due to precore mutation (G1896A) of the HBV genome, a mutation that is 
frequently observed in the Mediterranean basin.5 



HBV intrauterine infection rates 

Songxu Peng et al 
JGH_2017_under review



Outline

• Epidemiology/ evidence of viremia – studies

• How it happens – risk factors (genotype?, cs?)

• Why transient – evidence

• Innocent?
• Association with infection

• Association with immune response to vaccine

• Implications for use of HBIG

• Implications for deferred - delayed HBV vaccination

• Future research



Advisory Committee on Immunization Practices (ACIP) Summary Report October 19-20, 2016 

This graphic depicts the decline of acute HBV since 2000.  Note that the rate is lowest for 
persons 19 years of age and younger, which is likely the result of routine vaccination: 

Chronic HBV infection develops in approximately 90% of infected infants, 30% of infected 
children less than 5 years of age, and in less than 5% of infected persons 5 years of age and 
older.  The risk of premature death from cirrhosis or liver cancer with chronic HBV infection is 
approximately 25% if infected during childhood, and approximately 15% if infected after 
childhood [Mast et al. MMWR 2005; Goldstein et al.  Int J Epidemiol 2005]. 

Perinatal transmission occurs primarily from mucosal exposure to infected blood and other body 
fluids during delivery.  Without post-exposure prophylaxis (PEP), perinatal HBV infection 
develops in approximately 90% of infants born to mothers who are HBsAg-positive and hepatitis 
B e antigen (HBeAg)-positive, and 5% to 20% of infants born to mothers who are HBsAg-
positive and HBeAg-negative [Nelson et al.  JPIDS 2014; Mast et al.  MMWR 2005]. 

The WHO recommends all infants receive their first dose of HepB vaccine as soon as possible 
after birth, preferably within 24 hours [WHO Hepatitis B Vaccines Position Paper.  Weekly 
Epidemiological Record 2009].  Countries in which a HepB birth dose (HepB-BD) vaccine has 
been implemented in the national immunization program are depicted in the following map in 
green, reflecting 49% of countries: 
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ACIP 2016



What is the role of HBsAg escape variants?

• HBsAg variants do not play a major role in OBI pathogenesis. 

• “Breakthrough infections caused by S-gene mutants are occasionally 
reported but do not pose a serious threat to the established 
vaccination programs.” 

Zhang et al. Virology Journal 2016
Romano et al HVI 2015
Shahmoradi S et al J Hepatology 2012


