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It is better to debate a question without settling it

than to settle a question without debating it.

Joseph Joubert
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5. SUMMARY

Background: The management of human immunodeficiency virus (HIV)
has changed during the last decade in the developed setting, due to early
implementation of combined antiretroviral therapy (cART) as the standard
of care. HIV-infected patients can now enjoy a longer life expectancy with
almost no acquired immune deficiency syndrome (AIDS) defining episodes
if diagnosed promptly, as is the case for most vertically-infected children in
our setting. The question is whether this longer life expectancy is free of
comorbidities or whether other medical conditions will appear. In fact, the
generalization of cART in rich income countries has led to the emergence
of certain pathologies and disorders encompassed under the term non-
AIDS events (NAEs) that were not so evident and prevalent at the beginning
of the epidemic, in the pre-HAART (highly active antiretroviral therapy) era.

Liver disease is a good example of this epidemiological change.

Hepatotropic virus coinfection is now a well-known factor of poor
prognosis in adult HIV patients. A worse outcome of liver disease is
expected through both the direct action of the virus and the effect of the
antiretroviral drugs. Moreover, HIV itself is considered a risk factor that
contributes to increased mother-to-child transmission (MTCT) of the
hepatitis virus. Furthermore, the infection rates of the hepatitis B and C
viruses (HBV and HCV respectively) are considerably higher in patients

living with HIV, as they share most of the transmission routes. For both
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types of virus (HIV and hepatitis), the main acquisition route in childhood is
MTCT. This can take place in utero but is particularly prevalent in the
perinatal period, especially in endemic areas. The earlier the hepatitis virus
is acquired, whether HBV or HCV, the higher the risk of chronicity and
further complications in adulthood, such as liver fibrosis, cirrhosis and

hepatocellular carcinoma (HCC).

Also, the immunosupression conferred by the virus itself, among other
factors, makes HIV-infected patients prone to uncommon variations of
hepatotropic coinfections which are serologically silent, namely, occult
hepatitis B infection (OBI) and seronegative HCV infection. These entities
bring an increased risk of disease reactivation, progression and evolution
to chronic and severe liver damage, especially in children who acquire the

virus early in life, as stated above.

Because of these particularities, current regular screening methods may
miss the diagnosis of these coinfections in immunocompromised patients.
As in many other pathologies clinical and laboratory data regarding this

issue are lacking in HIV-infected children and adolescents.

The inclusion of screening for OBI and seronegative hepatitis C in routine
HIV patient monitoring would be a useful tool to identify those patients at
risk of hepatic decompensation in the event of additional
immunosuppression, and would give the clinician the opportunity to reach

an early coinfection diagnosis and to take appropriate action. In HIV-

12
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infected children who face the prospect of a lifetime coinfection, this
possibility would be of particular interest, and highly beneficial, as it would
become possible to anticipate secondary clinical conditions and future

complications.
Objectives:

Primary objectives:

1. To assess the prevalence of HBV and HCV infection among the HIV-
infected pediatric population in the Spanish Cohort of HIV-infected

pediatric patients (CoRISPe).

2. To address OBI and seronegative hepatitis C virus infection in the same
population and discover whether it would be useful to include occult
hepatitis markers in the routine screening of these patients for
hepatotropic virus infection, in order to increase the ability to diagnose
these entities and allow early diagnosis, treatment and/or prevention of

HBV reactivation in OBI cases.

3. If possible, retrospectively to investigate maternal serostatus to include

occult hepatitis screening.

Secondary objectives:

1. To ascertain the rate of HBV vaccination and vaccine response in these

children.

13
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2. To assess noninvasive liver fibrosis through biochemical serum markers
and detect, if possible, those patients at higher risk of liver disease due to

liver fibrosis.

Patients and methods: This is an observational, cross-sectional study
conducted in 2011 among CoRISPe. Demographic, clinical, immunological
and virological data were examined, as well as the cART and HBV
vaccination status recorded in the collective shared database. At one of the
scheduled quarterly visits the following HBV and HCV infection markers
were measured, with no additional blood extraction: aminotransferase
levels (AST and ALT), hepatitis B surface antigen (HBsAg), hepatitis B
antibody (anti-HBs), hepatitis B core antibody immunoglobulin G and
immunoglobulin M (anti-HBc 1gG, anti-HBc IgM), polymerase chain reaction
(PCR) for HBV deoxyribonucleic acid (DNA) testing, enzyme linked
immunoblot assay (ELISA) and recombinant immunoblot assay (RIBA)
antibodies, and PCR for HCV ribonucleic acid (RNA) testing. Additionally,
maternal HBV and HCV infection serological markers (HBsAg and RIBA HCV
antibodies and PCR for HBV DNA and HCV RNA) were included
retrospectively in order to establish the prevalence rate of maternal HCV
and HBV coinfection and seronegative HCV or OBI. In addition, noninvasive
tests (NITs) for liver fibrosis assessment using the AST/ALT ratio, the AST-
to-platelet index (APRI) and the fibrosis-4 score (FIB-4) were conducted in
all patients; HIV-monoinfected children, those found to be chronically HBV

and HCV coinfected and those with seronegative HCV and OBI coinfection.

14
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The available data about HBV vaccination schedules were recorded and

correlated with protective anti-HBs levels.

The statistical analyses were performed using Stata/SE 11.2 software

(StataCorp College Station, TX, USA).

Results: Of the 572 patients below 18 years of age comprising CoRISPe at
that point, a total of 254 patients, from 14 participating centers all of which
are members of the national health system were included in this study.
The median age of the study cohort was 14 years. Half were girls. The
majority ethnic group was Caucasian (70.5%) while Black African and Latin
American were respectively the second (19.3%) and third (7%) most
frequent ethnicities. Regarding the HIV transmission route, 94.9% of these
children were vertically-infected and there were small minorities of other
acquisition routes. The children included in the study appeared to be
under good immunological and virological control, with a median CD4+ T-
lymphocyte count of 840 cells/mm3, and in a good Centers for Disease
control and Prevention (CDC) clinical category: 40% were in category N/A
with only 26% in category C (AIDS). Regarding antiretroviral therapy, 8
patients were naive to any antiretroviral therapy, 90% had current or prior
exposure to lamivudine (3TC) or emtricitabine (FTC) and 30% also had

exposure to tenofovir disoproxil fumarate (TDF).

Three (1.2%) and 13 (5%) patients respectively had serological markers

compatible with overt chronic HBV (cHBV) and HCV (cHCV) infection. Two
15
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patients showed spontaneous clearance of HCV infection. Triple

HCV/HBV/HIV coinfection was not observed in any patient.

Six children were considered probable OBI cases, 2 presenting with anti-
HBc alone and 4 with an anti-HBc+/anti-HBs+ serological pattern, although
blood HBV DNA testing was negative in all cases. Two patients (0.8%) had

seronegative HCV infection.

90% of the patients had followed a complete HBV vaccination schedule
prior to the study but almost 50% of the patients showed no protective
antibody response following the regular scheduled vaccinations against

HBV.

Regarding noninvasive assessment of liver fibrosis at least one score was
pathological in all 3 with overt cHBV and in 7 out of 13 with overt cHCV,
warning of a possible underlying fibrosis and the need for further liver
function assessment and monitoring. One HCV-infected patient showed
simultaneous alteration of the three scores included in the study. All 6
probable OBI cases appeared to have altered ALT/AST ratio, APRI index was
high in 2 out of 6 and FIB-4 scores were normal in all probable OBI cases.
Both cases of seronegative HCV infection showed abnormal APRI index
values. Among HIV-monoinfected children, 77% showed raised ALT/AST
ratios, while 5.7% presented APRI abnormal values. Just one patient

showed FIB-4 score abnormality.

16
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Regarding maternal HBV and HCV infection, 3.9% of the mothers were
chronic HBV carriers and 24.4% were infected by HCV. Retrospective
maternal occult hepatitis infection screening could not be performed
because some of the mothers had passed away years before the present
study and hepatitis molecular assays had not been performed on others.
Only two of the mothers of the children identified as having probable OBI
were known to be HBV-infected and both mothers of the children with
seronegative HCV infection were HCV-positive. Conversely, the mothers of
the three patients with overt cHBV infection had unknown serology for
HBV, as did 3 out of the 13 mothers of HCV-infected patients. Moreover,

one of these mothers had negative serology for HCV.

Conclusions: The HBV and HCV prevalence coinfection rates in this cohort
appear to be in keeping with previously published data, in the absence of
wider prevalence coinfection data for the HIV-infected pediatric population,
whereas the global rate of occult hepatitis coinfection cases detected in
this cohort was low (3.1%). However, molecular diagnosis assays may be
indicated to increase the sensitivity of detection and minimize the risk of

under-diagnosis and its clinical implications in adulthood.

Although 90% of the patients had followed a complete HBV vaccination
schedule, only half of them reached protective levels. In view of the

responsiveness rate in this population, serological verification, review of

17
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the immunization schedules and revaccination, when indicated, should be

considered as recommended by current guidelines.

Noninvasive liver assessment thorough biochemical scores shows
abnormal figures in HIV-infected patients with otherwise normal
transaminase levels, allowing an early approach to liver disease
management in the HIV coinfected patient. However, correlation with
transient liver elastography (TLE) data was not measured because TLE was
not performed at the time of the study, as the pediatric probe was not
available in all the participating centers. Nor were any biopsies performed,
either due to the invasive nature of this procedure. Further research is
needed to assess the suitability of using biochemical scores in these
populations in order to approach good levels of sensitivity and specificity,
and to correlate this method to liver fibrosis assessed by imaging and/or

biopsy.

It is both a challenge and responsibility for pediatricians skilled in pediatric
HIV infection to look for and stay alert to any hint of liver disease that
might already be present in childhood and could emerge in adult life, when

complications are irreversible.

18
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4. INTRODUCTION

Of the forty million HIV-infected people worldwide, fifteen million are on
CART, particularly in resource-rich countries. Since access to and
implementation of cART became widespread, the mortality and morbidity
of HIV infection have decreased dramatically, to the extent that it is now
considered a chronic disease in both adult and pediatric patients. In the
pre-HAART era, around 15% of untreated HIV-infected children would die
or present an AIDS-defining illness during their first year of life. This
progression would slow down after they were 5 years old, when they
acquired a steady stage infection. Nowadays, this pattern of disease
evolution in children has changed extraordinarily in our setting, as the
widespread application of effective HIV MTCT prevention policies have
dramatically decreased pediatric HIV infections and universal cART has
turned HIV into a chronic infection involving a chronic latent condition that
induces extensive damage to the immune system through both virus-

related and indirect pathogenic mechanisms (1-3).

As a consequence of the extended life expectancy, a series of NAEs have
emerged as important causes of morbidity and mortality in HIV-infected
individuals. They include cardiovascular, bone, metabolic and
neurocognitive disorders, and liver disease is currently one of the leading
causes of hospitalization and death. The advent of these disorders is

thought to respond to a multifactorial origin, with cART drug toxicity, low

19
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CD4+ T-lymphocyte counts, older age and lifestyle playing important roles

(4-10).

A recent study among newly diagnosed HIV-infected adult patients
followed-up over 2 years found hepatic, psychiatric and malignant diseases
to be the three most frequent NAEs associated with age,
immunosuppression and lack of virological control. In the same study, one
third of the deaths were attributed to NAEs, especially neoplasms and liver

disease (8).

Thus, liver disease has emerged as one of the main cause of death among
adult HIV-infected individuals, who are known to have a faster progression
of the disease alongside a worse outcome of the liver condition. Several
causes are known to have a place in the causality of liver disease in the
adult HIV-infected population: the direct action of the HIV virus itself, the
toxicity of antiretroviral drugs such as didanosine (ddl) and stavudine (d4T)
and alcohol abuse. Besides, it has been reported recently that HIV-infected
patients may present with a liver disease of uncertain origin (LDUO), which
may also lead to developing a chronic disease such as fibrosis, or cirrhosis,
or even terminal liver disease. A recent prospective longitudinal study in
Spain tried to shed light on this by following liver stiffness for a year and a
half in 210 adult HIV-infected patients who were known to be free of liver
disease and not HBV/HCV coinfected. Twenty percent of these patients

developed LDUO, which was independently associated with metabolic risk

20
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factors (higher HOMA-IR and body mass index). The leading cause of LDUO

was found to be non-alcoholic fatty liver disease (NAFLD) (5,6,11,12).

Nevertheless, with almost 300 million worldwide living with cHBV and 180
million with cHCV, viral hepatitis are now deemed a worldwide epidemic
and remain the most frequent liver diseases in adult HIV-infected patients
and an important factor in poor prognosis and end-stage hepatic illness.
Moreover, HCV/HIV coinfection is known to confer risk for other non-liver
related events like insulin-resistance, chronic kidney disease, hematological

malignancies and neurocognitive disorders (4,7,13-19).

Both acute and chronic infections are of increasing concern because they
are mostly asymptomatic and because a considerable and rising number of
people are infected with a hepatitis virus. Two years ago, a group of
experts and researchers working in the field of HIV and viral hepatitis
gathered at HepHIV 2014 in Barcelona to discuss new approaches to
reduce the impact of such infections in Europe, basically through enhanced
screening programs and diagnostic testing and mainly addressing the adult
population. In the same way as there is a definition for late diagnosis of
HIV infection, the conference created a definition for late diagnosis
hepatitis B and C infection. New public health strategies were urged,
highlighting the importance of wide coverage, easy access and early
diagnosis. This is particularly relevant in relation to HCV because the arrival

of new treatments has been a major step in tackling HCV and now the

21
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primary goal of therapy is to cure the infection, especially in cases of

monoinfection but also for HIV/HCV coinfected patients (18,20).

As the extent of the whole situation is unclear in coinfected children, only
limited and heterogeneous pediatric-specific data are available. A few
studies in the pediatric HIV population can be found, but the results are

not at all conclusive (21-23).
4.1. Epidemiology of hepatitis B virus infection

cHBV is considered globally the main cause of liver disease, cirrhosis and
HCC. Almost one third of the population worldwide has been exposed to
the virus and the gross burden of cHBV is estimated at around 240 million
people chronically infected (5% of the general population). In the United
States, the estimated incidence is 50,000 new cases per year. The World
Health Organization (WHO) has reported that the number of deaths from

HBV infection exceeds 600,000 per year (16,24-28).

Although the geographic distribution of HBV is universal, prevalence varies
depending on the degree of introduction of preventive vaccination
schedules for HBV and on the control of the different acquisition
mechanisms, such as systematic control of blood donations and serological
screening of pregnant women. However, HBV is considered endemic in
sub-Saharan Africa, Southeast Asia, China and India, which have
prevalences of between 10% and 20% and where most infections occur

during childhood due to MTCT.
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According to the 2012 Hepatitis Surveillance Report of the European
Centre for Disease Prevention and Control (ECDC), 17,329 cases were
reported in 29 European Union Member States, of which 71% were chronic,
16% acute and 10.8% unknown. Regarding transmission, MTCT was the
most common route for chronic cases globally (67%) and heterosexual
(31.2%) and nosocomial (20.6%) were most commonly reported for acute
infections. However, in countries with low prevalence the sexual route is
the most prevalent. The 2012 ECDCs report summarized these

transmission categories as shown in Figure 1 (29).

Blood and blood products . Acute

Haemodialysis
Heterosexual transmission B Chronic
Household
Injecting drug use
Men who have sex with men (MSM)
Mother-to-child transmission
Non-occupational injuries (needle stick, bites, tattoos, piercings) [ ——"
Nosocomial (includes hospital, nursing home, etc.)
Other
Needle-stick and other occupational exposure
Sexual transmission (not specified)
Organ and tissues ; i i i i . |

Transmission category

o
o
N
-3

30 40 50 60 70

Proportian of cases

Figure 1. HBV transmission category in the EU, 2012(29).

The data for HBsAg seropositivity prevalence in Europe according to ECDC
Hepatitis Surveillance Report are represented in Figure 2. In the Western

European setting, the ECDC considers Spain a country with intermediate
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prevalence (2-8%). However, recent publications indicate that the figures
might have decreased considerably in keeping with other European data,
to adult prevalence rates of around 1.69% in certain areas of Catalonia and
0.5% in school-age children under 15 years old, probably because of
universal vaccination campaigns and good screening and perinatal care of

the newborn infants of HBV-infected mothers (29-32).
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Figure 2. Hepatitis B (HBsAg) prevalence in the general population in Europe (27).
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4.2. Epidemiology of hepatitis C virus infection

Recent data estimate the prevalence of HCV at around 130-150 million
people infected globally (3% of the global population). The prevalence of
antibodies against HCV is between 1.6% and 2.6% in the general
population, with variations depending on age and region. The highest rates
of chronic HCV infection are found in Egypt (15.0%), Pakistan (4.8%) and
China (3.2%). As for HBV, the WHO has reported that the number of HCV-

related deaths is more than 350,000 per year (24,26,27,29,33).

The ECDC hepatitis surveillance in 2012, reported 30,607 cases of HCV
infection in the European Union. Data on HCV seroprevalence in the
general population can be viewed in Figure 3. Overall the most commonly
reported route of infection was injecting drug use, accounting for 76.5% of
all cases. However, there has been a continued rise in acute HCV cases
associated with HIV-positive men who have sex with men, and outbreaks
have been reported throughout Europe. Data regarding HCV MTCT is

missing in this report (29).
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Figure 3. HCV seroprevalence in the general population in Europe (27).

HCV infection in healthy children and adolescents in Spain is estimated to
be between 0% and 0.7% but increases significantly with age, depending on
the population and the risk factors. The estimated prevalences in North
America are 0.17% in children between 6 and 11 years old and 0.39% in the

12 to 19 year old range (26,34).

The burden of chronic disease is high, even higher than for HBV and trends
in HCV infection are not showing a similar decline to that for HBV due to
several factors, mostly the route of transmission (drug injection and

outbreaks in men who have sex with other men) and the lack of a
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preventive vaccine. However, since significant strides have been made in
developing new treatments for HCV, the prevalence is expected to move
downward in the coming years. Indeed, the emergence of new treatments
consisting of direct-acting drugs confers cure rates exceeding 90%,
including in HIV-positive patients, who seem to present a better response
compared to the former interferon-based regimes. In fact, international
guidelines for HCV infection treatment recommend treating regardless of
HIV status, which obviously causes concern about cART interactions

(18,35,36).
4.3. Epidemiology of viral hepatitis in HIV-infected adults

The HIV-infected population, who have experienced a changing hepatic
virus coinfection epidemiology over the last decade, present totally

different figures from those mentioned above (16).

The shared risk factors and modes of transmission explain why the overall
rate of hepatitis virus is significantly higher in the adult HIV-individual with
coinfection rates of around 10% for HBV and 30% for HCV, and, not
surprisingly and as expected, higher coinfection rates in areas of high
prevalence of the three viruses (Southeast Asia and West Africa, for

instance).

Three out of the 35 million people living with HIV are coinfected with HBV

and it is estimated that between 40% and 60% of HIV-positive individuals
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have been exposed to HBV. The EuroSIDA cohort found a prevalence of

HBV dual infection in HIV cases of around 9% in 2005 (17,35).

HCV/HIV coinfection is estimated at between 5 and 10 million depending
on the series, and the risk of HCV coinfection is up to 6 times higher in HIV
individuals than in the general population as highlighted by Clausen et al.

(Figure 4) (37).

HIV-HCY

coinfection HCV

5-10 million 130-180 million

Figure 4. Worldwide numbers of HIV, HCV and HIV/HCV coinfected individuals (37).

Recent data from the EuroSIDA cohort on HCV dual infection in HIV
reflected the variations in prevalence across different European regions
plus Argentina and Israel, with prevalences of around 30% in the countries

of southern Europe (Figure 5). It may be highlighted that in this cohort of

28



IMPLEMENTATION OF OCCULT HEPATITIS SCREENING IN THE SPANISH COHORT OF | 2011
HIV-INFECTED PEDIATRIC PATIENTS

18,786 patients, a quarter of the deaths in a ten-year period were

attributable to HCV infection (17,33).

- South: 28.8%

» North: 17.3%

- East Central: 34.0%
« East: 57.7%

« Argentina: 20.6%

Figure 5. Anti-HCV antibody prevalence in EuroSIDA regions (17).

Triple coinfection with HIV, HBV and HCV has also been described, the
most frequent HCV superinfection being of a chronic HBsAg carrier in
whom HBV DNA is usually low or undetectable, although it can fluctuate
over time, and the determinant of the severity of the progression of liver

disease is HCV infection (25).
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HIV hepatitis coinfection management can be considered a global
challenge, with the warning that the majority of the HIV-hepatitis
coinfected population currently has limited access to testing, assessment
or treatment. For this reason, international policies are focused on
universal, easy-to-access screening in the interests of developing strategies

to battle the hepatitis epidemic (20,24).
4.4, Epidemiology of viral hepatitis in HIV-infected pregnant women

MTCT is the main route of acquisition for both viruses -HIV and viral
hepatitis- in childhood, especially in endemic countries but also worldwide.
Data about intrauterine hepatitis transmission rates and associated risk
factors are uncertain and, although data about hepatitis coinfection in HIV-
positive mothers are not as exhaustive as might be desired, epidemiology
shows that the effect of HIV on HBV/HCV increases MTCT 2-to 3-fold

(3,22,38).

As Papaeva et al. pointed out, HIV-infected infants may have early humoral
and cell-mediated immunity defects that may lead to a higher risk of HCV
infection after being exposed to small amounts of the virus perinatally. In
addition, recent studies on HCV exposure in utero hint at a relative fetal
suppression of immune activation after HCV-exposure that could shed light

in the pathogenesis of HCV MTCT (22,39).

In Spain, HBV infection prevalence markers during pregnancy have

declined over time. The prevalence of HBV among pregnant women was
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estimated at around 1.2% in 1991 (Figure 6). Twenty years later, these
figures had dropped to 0.1-0.8%. This substantial reduction is directly
related to universal vaccination in our country and to the special care of
the newborn infants of HBV-infected mothers, who receive post-exposure
immunoprophylaxis consisting of a first dose of HBV vaccine at birth plus a
dose of HBV immunoglobulin within the first 72 hours. The same
management is provided in cases of unknown maternal serostatus

(26,30,40,41).
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Figure 6. HBsAg prevalence in pregnant women in Europe (27).
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Although HBV has been isolated in breast milk, concentrations are low and

are not associated with an increased risk of transmission.

Regarding HCV prevalence among pregnant women, the ECDC's 2010
technical report on Hepatitis B and C in the EU zone did not disclose recent
data. However, recent papers estimate a similar prevalence to that for HCV

in the general population, which varies between 0.5% and 1.4% (Figure 7).
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Figure 7. Hepatitis C prevalence in pregnant women in Europe: anti-HCV (27).
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Ward et al. found an overall prevalence of HCV infection of 0.8% and
viremia of 0.6% among 4852 women attending antenatal clinics in an inner
city hospital in London in 2000. In the United States, the estimated
prevalence of HCV infection among pregnant women is around 0.75%

(26,27,34,40,42,43).

Perinatal HCV infection prevention in Spain follows the national
recommendations: avoiding premature membrane rupture and invasive
obstetric procedures that can increase the exposure to maternal and fetal
blood. Again, perinatal HCV transmission is associated with higher
maternal HCV VL and HIV coinfection as stated at the beginning of this
subsection. However, contrary to what was previously thought, the
consensus document of the European Paediatric HCV Network stated that
despite the fact that several risk factors for HCV MTCT have been
identified, none are considered to be modifiable and there are no current
interventions available to prevent vertical HCV transmission. Thus, elective
cesarean delivery, avoiding prolonged membrane rupture and invasive
procedures during pregnancy and avoiding breastfeeding do not seem to
be associated with lower HCV vertical transmission and are not
recommended for HCV-monoinfected mothers. The estimated risk for HCV
transmission is 5-7% per pregnancy if the mother is not coinfected with

HIV, in which case the risk is increased 2-to 3-fold (34,43-46).
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On the other hand, although a high proportion of infected women are first
diagnosed in pregnancy, routine antenatal HCV serological screening is not
widely recommended. However, ultimately this might be reassessed in
view of the latest developments in active drugs against HCV that offer a
curative alternative. In addition, antenatal screening also ensures that
vertically-infected children are identified before the onset of symptoms

(43,45).

In HIV mothers, viral hepatitis coinfection assessment is made only through
serologic screening and intrapartum management is based on HIV
guidelines recommendations, which advocate elective cesarean section
and avoiding breastfeeding in settings where formula milk is available

(35,45,47).
4.5. Epidemiology of viral hepatitis in HIV-infected children

4.5.1. Hepatitis B virus monoinfection

cHBV is defined as HBsAg positivity for at least 6 months. The natural
history of the disease in children remains a complex and dynamic process.
The majority of chronically HBV-infected children are asymptomatic with
normal growth and physical examinations and normal liver function tests.
This is the reason why HBV infection in children has been thought of
traditionally as a benign disease, or at least not an aggressive disease.

However, 5% of children may develop long-term liver complications,
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between 1.7% and 4.5% of children infected vertically show histological
changes compatible with cirrhosis, and 0.03% may develop HCC before

adulthood 48).

The age of acquisition is the major determinant of chronicity, which is
highest in children infected within the first year of life. Figure 8 represents
the outcome of HBV infection according to age at infection from the recent

WHO Guidelines for the screening, care and treatment of persons with

CHBV (49).
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Figure 8. Outcome of Hepatitis B infection by age at infection (49).
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Worldwide prevalence of cHBV in children is represented in the 2015
WHO's Guidelines for the screening, care and treatment of persons with

hepatitis B infection in Figure 9 (49).

T <2% -Low

B 24% - Low intermediate
B 5-7% - High intermediate
M =8% -High

B Mot applicable

Figure 9. Worldwide prevalence of HBV in 5-9 year old children (49).

More than 90% of infected infants become chronic carriers, compared with
6-10% of children older than 6 years old that become infected.
Spontaneous clearance and resolution of HBV infection (loss of HBsAg and
appearance of anti-HBs) is rarely observed in perinatally infected children

(<1% per year) in comparison to horizontal acquisition of the virus (50-52).
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Intrauterine infection is reported as below 5% and it is known that in
newborn infants born from chronically HBV-infected mothers, HBeAg can
cross the placenta and induce hyporesponsiveness of T helper
lymphocytes to maternal HBeAg and HBsAg. This may cause an immune
tolerant phase in the neonate who has an immature immune system,
leading to chronicity which is hypothesized to be the cause of the high rate
of perinatal infection in the absence of secondary prophylaxis found on
comparing infection in adults and in babies born from HBeAg-positive

mothers (53).

Transmission differs depending on geographic variations. In highly
endemic areas, mainly Asian countries, MTCT accounts globally for
approximately half of the cHBV infections in childhood, although
intrauterine does not seem to be the major route, as stated in the previous
paragraph. Vertical infection has been related to placental tears, invasive
intrapartum procedures or trauma during delivery resulting in contact with
infected maternal fluids. Maternal HBeAg positivity results in a higher risk
of MTCT, with 70-90% more infectivity, and infants born from viremic
mothers are at risk of breakthrough infection despite a correct post-
exposure management and immunization program, which is considered to
be 98% effective. Household horizontal transmission is also prevalent in
endemic areas through child to child transmission, mainly in African

countries. In areas with low endemicity, infection occurs mainly in adult life
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through sexual or parenteral transmission (blood transfusion, surgery,

dental care, body piercing, tattooing...) (51,54).

The risk factors associated with progressive hepatic damage are HBV
genotype, persistent viremia (immune-active phase) and specific mutations

in the HBV genome.

There are eight HBV genotypes, from A to H, with differences in chronicity
and severity and in geographic distribution. Genotypes B and C are
prevalent in Asia while genotypes A and D are found more commonly in
cHBV in Africa, the Middle East, India and Europe. Genotype C infection in
children is related to lower rates of HBeAg seroconversion than genotype
B. However, genotype B has a higher association with HCC in children,

whereas the association is with genotypes C and F in adults (48).

HBV infection proceeds in three phases: the immune-tolerant phase,
immune-active phase and inactive carrier phase. An understanding of the
serological dynamics over the acute and chronic infection stages and of
HBV serological profile interpretation is essential. However, they might be
confusing in the pediatric population, especially in the
immunocompromised patient. Figures 10 and 11 respectively, summarize

this information.
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Figure 10. HBV serological dynamics over acute and chronic infection (adapted
from Mandell, Douglas, and Bennett's Principles and practice of infectious diseases, 8th

edition, figures 119-1 and 119-2. Copyright Elsevier 2015) (55).

Most children are immune-tolerant and this status lasts for 10 or 30 years
long into adulthood. This phase is defined by HBsAg-positivity, high viral
replication (10°copies/mL) and positive HBeAg with normal or minimum
aminotransferase level elevation. Surprisingly, regardless of active HBV
replication there is minimum liver inflammation with a normal liver biopsy,
because HBV is a virus that does not attack hepatocytes directly. Rather, it
is the immune response that is hepatotoxic. In adulthood, high DNA serum
levels have been reported as an independent risk factor for cirrhosis and

HCC, however (50).
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The immune-tolerant phase usually persists until adulthood. However,

some children may present with an immune-active or immune-clearance
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phase with elevation of aminotransferases, which indicates the underlying

liver inflammation and the consequent risk of fibrosis over time.

In the immune-active or seroconversion phase there is a T-cell mediated
inflammation response leading to cell necrosis and hepatic inflammation. It
is characterized by an acute exacerbation and marked inflammation, with a
subsequent elevation of transaminases which results in the clearance of
HBeAg in 60-95% of patients. Although spontaneous seroconversion may
occur in childhood it rarely appears before 3 years of age and is more
common in adolescence and youth between the ages of 15 and 30 years.
Recent Caucasian and Asian data estimate a spontaneous seroconversion

rate in children of 17% and 12%, respectively (48,56,57).

Spontaneous seroconversion is lower in countries where HBV is endemic
and HBV is acquired vertically, and, has been reported to be higher in
children infected horizontally. Seroconversion diminishes the risk of HCC
over time. However, spontaneous HBeAg seroconversion does not mean
histological remission of chronic hepatitis. In fact, it seems to be a bad
prognosis factor, and early anti-HBe conversion in very young children has
been associated with a higher risk of HCC. Another subgroup is the 10% of
antiHBe-positive pediatric patients who show active replication with

histologically active hepatitis (54,58,59).

The last phase leads to the anti-HBe positivity status of inactive carrier,

with low aminotransferase levels and low HBV DNA (<104 copies/mL). It is
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known that 7-25% of inactive carriers lose HBsAg and become anti-HBs
over time, and that the HBsAg clearance rate is significantly higher in
children who are already anti-HBe-positive compared to those who are
HBeAg-positive. However, this is considered a rare event in pediatrics, with
0.6-1% of cases/year. Horizontal transmission is more prone to anti-HBe-

positivity than vertical transmission as stated before (56,60).

Anti-HBs seroconversion marks the resolution of HBV infection, but due to
its complex life cycle HBV can persist indefinitely in the nucleus of infected
hepatocytes as a covalently closed circular DNA (cccDNA), and a certain
level of replication in case of immunosuppression is always possible, which
is the reason that lifetime follow-up is warranted. Indeed, HBV DNA
integrates into the host genome and exerts an oncogenic effect, increasing

the risk of HCC.
4.5.2. Hepatitis C virus monoinfection

The history of cHCV in children differs from that of adults in several
respects. Since the advent of universal screening of blood products, the
mode of infection is mainly MTCT. Transmission from viremic mothers is
estimated at between 4% and 6%, and approximately 10,000 to 60,000 of

newborns are infected with HCV worldwide each year (39).

Although hypothetically the earlier the acquisition the higher the risk of
long-term liver-related complications, the spontaneous resolution is a

relatively frequent HCV infection outcome in children. The rate of
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spontaneous resolution in the pediatric age-bracket is high, between 25-
40%, especially for vertically-infected children. The placenta is known to
play a protective role and if neonatal HCV infection takes place,
spontaneous resolution frequently occurs. In a child with confirmed
infection, with two PCR tests after one month of age or two positive tests,
either PCR or antibody, after 18 months of age, spontaneous clearance
might occur. The reason it is much more prevalent in children than in

adults remains unknown, but it usually occurs during the first 3 years of life

(34).

Spontaneous resolution of a neonatal HCV infection with high ALT levels is
often seen in the first year of life, and it remains unclear whether the
infection is just a transient viremia. This pattern of clearance is seen
irrespective of whether the child was infected vertically or through a blood

donation (34).

Chronically infected children, defined as 6 months of HCV RNA positive
detection, generally have a mild disease with normal liver histology.
Children are usually asymptomatic and growth is not impaired, as per HBV.
HCC and liver transplantation are extremely rare in children with cHCV.
Even so, 1-2% of chronically infected children develop cirrhosis and cHCV
represents a 26-fold increased risk of liver-related death according to

NASPGHAN data (34).
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Extrahepatic manifestations such as membranoproliferative
glomerulonephritis and executive cognitive impairment have been
reported in children, although much less frequently than in adulthood.
However, neither lymphoma nor cryoglobulinemia have been identified in

pediatrics (61).

Pediatric HCV infection rates vary from 0.05 to 0.36% in Europe and the
United States, whereas in developing countries the rates can be around
6%. According to Mufioz-Gomez et al., HCV prevalence among Spanish

children is around 0.07% (26,62).

There are host factors and factors related to HCV itself that play a role in
the clearance or persistence of the virus. HLA DR 13 is known to confer
MTCT protection and the Rs12979860 CC genotype for IL28B
polymorphism is related to spontaneous resolution. HCV genotypes have
important implications in determining outcome and liver disease
progression. Genotype 3 is likely to resolve spontaneously and genotypes 1
and 4 are more resistant to treatment compared to genotypes 2 and 3.
However, MTCT seems to be independent of genotype. Genotypes present
geographic variation. The most common is genotype 1, although it is
distributed worldwide, it is found predominantly in North America and
Europe. Genotypes 2 and 3 also have worldwide spread. Genotype 4 is
prevalent in Africa and the Middle East, genotype 5 in South Africa and

genotype 6 in Asia. However, HCV presents a high mutation rate and this
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generates quasi-species that may explain the varying clinical pictures and

the difficulty of developing an effective vaccine (62).
4.5.3. Viral hepatitis in HIV-infected pediatric patients

Recent European and Spanish guidelines on pediatric HIV management
promote universal screening of viral hepatitis coinfection. The exact
prevalence data on chronic viral hepatitis in HIV-positive children in this
setting are hovering around coinfection rates of 1% for HBV and 3.3% for
HCV, while data on the adult population show coinfection rates of 30% and

10% for HCV and HBV, respectively, depending on endemicity (4,16,25,47,63-
66).

HBV coinfection figures from a Romanian study in HIV-infected adolescents
showed a prevalence of 43%. These data were higher because the period
of time analyzed was prior to universal HBV immunization, whereas in the
United States, prevalences of 2.6% have been found, similar to a study
conducted in perinatally HIV-infected Thai children. Recent data from
Nigeria, an endemic country for both viruses, show a seroprevalence rate
of 6% among HBV/HIV coinfected children. In an extensive review of
HBV/HIV coinfected children, one African study showed that in the long
term, anti-HBe seroconversion did not result in virological control, contrary
to patients with HBV monoinfection, and, as expected, that those with
lower CD4+T-lymphocyte counts were unable to sustain a virological

response for HBV and showed higher VHB DNA levels (67-71).
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In a national retrospective study on vertically-acquired HCV/HIV coinfection
in children within CoRISPe, 43% showed high ALT levels and 30% had
advanced fibrosis in the last liver test (biopsy/fibroscan). Of note was that
13% of the patients were seronegative for HCV, showing both negative

antibodies with positive RNA HCV (72).

As discussed in the introduction, viral hepatitis and HIV coinfection is a
dangerous combination, especially for children, who face a lifelong risk of
HIV infection progression, accelerated liver disease progression and higher
rates of liver failure and death. These are the main reasons why an active
search for viral hepatitis/HIV coinfection by pediatricians caring for HIV-

infected children is warranted.
4.6. Occult and seronegative hepatitis

Occult HBV infection (OBI) and seronegative HCV infection are serosilent
forms of viral hepatitis that are detectable with virological assays but may
be misdiagnosed by routine serological screening methods. Their clinical
relevance and clinical impact lie in their infectivity and the silent long-term
progression of liver disease to cirrhosis and HCC. Transmission through
blood products, hemodialysis and both solid organ and bone marrow
transplantation have been reported as inducing a classic acute HBV
infection leading to clinically significant liver damage in recipients.
Interestingly but also worrisome for pediatricians, occult hepatitis may also

be implicated in MTCT (73-85).
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Reactivation of occult infection with the emergence of a typical HBV
infection serological profile has also been reported in hematological
malignancies and other states of immunosuppression, in which cytotoxic T-
cell-mediated hepatitis and viral reactivation are associated with immune

reconstitution syndrome (25,86-90).
4.6.1. Occult hepatitis B infection

OBl is defined as undetectable HBsAg with low rate viral replication outside
the acute phase window period. HBV DNA might be found peripherally
and/or in the hepatocyte. The molecular basis of OBI relies on the life cycle
of HBV, in which a stable cccDNA survives for a lengthy period in
hepatocyte nuclei and perpetuates HBV gene transcription and the
production of new virions in the infected cells of the host. Thus, after an
acute hepatitis, HBV can persist for decades despite an effective down
regulation of the memory T-cell dependent antiviral protective immune

response. The complex HBV life cycle is captured in Figure 12.
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Figure 12. HBV life cycle (adapted from Raimondo) (91).

The mechanism of this infection is fascinating, particularly in the
immunosuppressed patient, and a complete natural history of HBV
infection is not understood because occult infection can represent the last
phase of resolved infection in which viral particles that have not been
cleared out from the liver persist, or a low-dose infection in a situation of

partial or total lack of proper immune response.
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Prevalence in patients with HCV coinfection has been assumed to be up to

30%, but remains unknown in the general population (80,90,92,93).

Studies of liver tissues of OBI patients warn that HBV genomic
heterogeneity consisting in modified HBV S protein not detected by
conventional screening methods, or in viral mutations that impair S gene
expression, is similar to that in overt HBV infection and does not explain
why HBsAg negativity typifies OBI. The hypothesis is that OBI is the result
of strong viral replication suppression and gene expression, although the
underlying mechanisms remain unclear. The host's immune response
based on T-cell response and cytokine synthesis in the liver has been
proposed as the main determining factor, but down-regulation by
coinfection with other infectious agents such as HCV and hepatitis delta
virus (HDV) and epigenetic factors also play a role in the physiopathology

of OBI (91,92,94).

It should be noted that although OBI is characterized by a low level of
viremia, quantification of HBV DNA in the liver might show comparable
figures to classic infection. Serum viremia in OBI is below 200 IU/mL by
definition and higher viral loads comparable to overt HBV-infected patients
and considered false OBI, are usually considered to be due to HBV escape

mutants (73,95).

Several OBI serological patterns might be found, depending on which anti-

HBV antibodies (anti-HBc and anti-HBsAg) are present simultaneously in
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OBI. The anti-HBc alone or isolated anti-HBc pattern, although
controversial, is considered a surrogate marker of HBV infection itself.
Seronegative OBI refers to chronic carriage without any serological marker

or detectable HBV DNA and can be found up to 20% of OBI carriers

(73,91,92).
4.6.2. Seronegative hepatitis C infection

The hallmark of cHCV infection is the positivity of antibodies against HCV
plus HCV RNA serum positivity. False negative serological results can occur
during the period following exposure to HCV-specific antibody
seroconversion in acute infection, and in patients with cHCV. Natural
infection does not confer protective immunity since HCV infection persists
despite the presence of virus-specific cytotoxic T-cells and circulating

antibodies to HCV proteins (96).

Analogously to OBI, HCV seronegative HCV infection is characterized by
negative HCV antibodies with detectable RNA in serum. The low total
number of quiescent HCV infections reported in population studies
hampers insight into the risk factors and the conditions associated with
this entity. The HIV-infected population is one of the most studied, and
shows higher seronegative HCV infection subsets of patients with a history
of drug injection, patients with higher ALT levels and patients with more
immunosuppression, with CD4+T-lymphocyte counts lower than 200

cells/yL (37,72,81,97).
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RNA testing for HIV and HCV screening in potential blood donors are
another blood panel to which attention has been paid due to the risk of
transmission if they donate during the window period before
seroconversion. In a large 3-year study in the United States, 139 HCV
seronegative individuals were found among 37 million donations. Although
the HCV seronegative was low, HCV nucleic acid screening prevented the

release of 1 viremic donation for every 350,000 screened (98).

Experimental studies on HCV infection in the animal model may give
advance warning of the dynamics of the serologic profile in humans. If
rapid loss of antibodies occurs, like in chimpanzees, the time in which HCV
infection could be detected would be rapidly reduced, so the chances of a

proper diagnosis and viral clearance may be underestimated (96).
4.6.3. Occult hepatitis in HIV-infected patients

Cellular immune response is essential for maintaining viral hepatitis under
tight control. In the HIV-infected patient the impairment of CD4+T-
lymphocyte is accountable for the insufficient T-cell help to core-specific B
cells, with a lack of detectable anti-HBV antibodies in the serum of these

patients (79,81,92,99,100).

In fact, in HIV/HBV-infected patients particular attention must be paid to
any shift in the cART containing an active drug against HBV (3TC, FTC, TDF),
due to the risk of HBV breakthrough. Moreover, the aging of the HIV
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population signifies a greater likelihood of developing a non-AIDS event
such as malignancy, gastroenterological, rheumatic or dermatologic
disorder which will require immunomodulatory therapies such as anti-TNF
drugs, monoclonal antibodies (especially rituximab), high doses of
corticosteroids, or systemic chemotherapy, and increases the risk of
reactivation due to a loss of immune control, warranting preemptive HBV
therapy. Even patients with a past history of resolved HBV infection are at
risk of reactivation in case of immunosuppression because even in
resolved infection, HBV cccDNA persists in the hepatocyte nuclei, as stated

before (101).
4.6.4. Occult hepatitis in HIV-infected pediatric patients

Little attention has been paid to the true prevalence and clinical
significance of occult hepatitis infection in children. A large body of
information has been produced in recent years regarding occult hepatitis
in adults, but data describing the clinical impact of these infections are still
limited or at least are not given the public recognition they deserve, and

most of the studies are of case series (78,82,89,90,102,103).

Because of the lack of standardization of diagnostic methods and the small
number of prospective studies, the real prevalence of occult hepatitis
infections in HIV-infected patients is controversial. As usual, and as seen in
relation to other issues, data concerning HIV-infected children are

particularly lacking.
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Inclusion of screening for OBl and seronegative hepatitis C virus infection
in routine patient monitoring might detect new coinfected pediatric HIV
patients at risk of hepatic failure when additional immunosuppression or a
CART switch for immune-virological failure is required. To determine the
status of pediatric patients in this regard, this study was designed to
investigate the value of including OBl and HCV seronegative infection
markers in the routine hospital-based screening protocol for HIV-infected
pediatric patients, starting with assessing the prevalence of occult HBV and
seronegative HCV infection in a large cohort of vertically HIV-infected

Spanish children which is CoRISPe.
4.7. Assessment of liver fibrosis

Chronic hepatitis, despite its etiology, is a common cause of liver
dysfunction and usually is the background for cirrhosis progression and
HCC, both monoinfected as in those with HIV coinfection. This is why liver
fibrosis is one of the main prognostic factors of progression, as the grade
of fibrosis is correlated with the risk of cirrhosis and other liver-related

complications such as HCC.
4.7.1. Invasive assessment of liver fibrosis

Liver biopsy traditionally has been and still is the gold standard for liver
fibrosis assessment. The histological Metavir Score has been used to
assess the degree of activity and fibrosis based on a 5-point scale. The
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grades of fibrosis are scored as follows: no fibrosis (F0), portal fibrosis with
no septae (F1), portal fibrosis with septae (F2), numerous septae with no
cirrhosis (F3) and cirrhosis (F4). F1-F2 indicate mild fibrosis whereas F3 and

F4 are markers of advanced fibrosis (104).

Apart from precise fibrosis assessment in terms of morphology, liver
biopsy  provides  additional  functional information  through
immunohistochemical evaluation. However, it is not exempt from
inaccuracy due to the lack of a good sample size and, besides technical
problems; it is an invasive and costly procedure. These limitations have led
to changes in the way that adult patients are assessed and liver disease is
staged. Thus, for applicability, and widespread use and for minimum
variation between laboratories, invasive procedures have been replaced by

noninvasive fibrosis assessment methods.

4.7.2. Noninvasive assessment of liver fibrosis

These novel procedures are endorsed by the WHO 2015 guidelines for
screening, care and treatment of persons with HBV infection. The APRI
index is recommended as the preferred NITs to check for the presence of
cirrhosis in resource-limited settings where biopsy is not feasible (APRI
score >2 in adults), and TLE which are described below may be the
preferred NIT in settings where it is available and cost is not a major

constraint.
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Basically, there are two kinds of panels of tests: those that include simple
fibrosis scores and advanced biochemical serum markers, and then

imaging techniques as a surrogate for liver stiffness measurement (105,106).

For fibrosis scores, originally the APRI index, Forns index, Fibrotest®
(BioPredictive, Paris, France) and Fibrometer® (Echosens, Paris, France)
were designed for HCV-monoinfected patients and FIB-4 and SHASTA for
HIV/HCV coinfection, all in the adult population. The cut-off values for each

noninvasive liver assessment score are summarized in Figure 13 (105).

AST/ALT ratio APRI index FIB-4 score
> >0.5 >1.3
AST/ALT [AST level/AST ULN] / platelet age x AST level /
count x 100 platelet count x VALT

Figure 13. Cut-off values for each noninvasive liver assessment score.

APRI and FIB-4 consist of indirect markers of fibrosis such as platelet count,
ALT and AST levels, and are much more readily available and feasible in the
outpatient setting. Others like Fibrometer® are patented and need to be
performed by laboratories that meet certain quality standards, so are less

readily available and more expensive (49).
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These tests are well validated for adult patients with chronic viral hepatitis,
especially for HCV and the results seem to be better for cirrhosis than for
significant fibrosis. Shah et al. compared the FIB-4 index score with 6 other
indices in 541 adults with NAFLD and found that a FIB-4 value of <1.3
showed 90% negative predictive value while a value of >2.67 showed 80%
positive predictive value. Moreover, interestingly, FIB-4 has been

postulated as an important predictor factor for HCC in adults (107).

Some of these scores have been applied to the pediatric population. The
APRI index score has been studied in several pathologies such as chronic
viral hepatitis, biliary atresia and intestinal failure, for instance. NAFLD
emerged as a common cause of pediatric liver disease with the epidemic of
obesity in the last decade. In fact, only two scores have been published for
diagnosing and monitoring liver fibrosis in this context: the pediatric
NAFLD fibrosis index and the pediatric NAFLD fibrosis score. Both indices
have shown good AUC values for detecting advanced fibrosis but have not
been externally validated for their widespread implementation. However,
as Mansoor et al. recently proposed, adult scores cannot be applied to the
pediatric population with NAFLD and possibly the same would occur when

assessing liver fibrosis in HIV-positive pediatric patients.

The APRI score has been validated in children with chronic viral hepatitis.
McGoogan et al. applied the APRI index and compared its results with the

histological METAVIR score, setting APRI scores of over 0.5 and over 1.5 to
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identify liver fibrosis with sensitivities of 47% and 18% and specificities of

90% and 100%, respectively (108-112).

The advanced biochemical markers include cytokeratin 18 fragment level
measurement, hyaluronic acid, and the enhanced liver fibrosis test, which
detects fibrogenesis and extracellular matrix products through
sophisticated enzyme immunoassay techniques. Hyaluronic acid has
proved a strong predictor of liver fibrosis in both HBV and HCV coinfected
patients from the EuroSIDA cohort, while the enhanced liver fibrosis test
has shown promising results in a cohort of children and adolescents with

NAFLD (17,113).

Radiological studies include elastography-based measurements, magnetic
resonance elastography and acoustic force impulse imaging. TLE (Fibro
Scan(R), Echosens, Paris, France) consists of a one-dimension ultrasound
which detects the velocity of a low-frequency shear wave through a
transducer directly located in the 9th to 11th intercostal spaces, in the
same zone as a liver biopsy. It is performed in a supine position with the
right arm elevated. The results are expressed in kilopascals (kPa). For the
adult population range from 1.5 to 75 kPa, with around 5 kPa being
considered a normal value. The faster the wave, the more fibrotic the
tissue. The correlation between elastometry and liver fibrosis in the HCV-

monoinfected adult population is shown in Figure 14.
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Elastrography Fibrosis (Metavir)
<6 kPa FO-F1
6.1-9.4 kPa F2

Correlation is not precise.
Significant fibrosis might be
present

>9.5-14.5 kPa F3
>14.6 kPa F4

Figure 14. Correlation between elastometry and liver fibrosis in the HCV-
monoinfected adult population (35).

The benefits of this technique are speed, because it is performed in real-
time, feasibility and reproducibility, and the fact that measurements can be
made in the outpatient clinic or at the bed-side. In addition, it is known to
perform better than the biochemical scores because is not influenced by
CART, HIV VL, CD4+ lymphocyte cell count or extrahepatic inflammatory
processes, although the images can be impaired by recent food intake,
alcohol abuse, obesity, narrow intercostal space, acute hepatitis, ascites

and congestive heart failure (114).

In the adult HCV-monoinfected population, national guidelines recommend
yearly TLE for liver stiffness assessment and a value of >14.6 has been
validated as a diagnostic cut-off for cirrhosis in HIV/VHC coinfected
patients. Values of 9.5 kPa correspond to advanced liver fibrosis (METAVIR

F>3) in monoinfected patients, but this has not been validated in HIV/HCV
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coinfection. However, TLE makes it possible to predict the probability of
decompensation with a high level of reliability compared to liver biopsy,
and subjects with initial TLE values of <9.5 kPa seem to have a very low risk
of decompensation (35).

As for some simple liver fibrosis scores, TLE is known to present higher
median AUC values for cirrhosis than for fibrosis, so combining both
biological serum markers and imaging assessment is fundamental for an
accurate approach both for an early diagnosis and for following the

progression of the liver fibrosis (114,115).

This is of great importance in children in whom invasive procedures
preferably are avoided if there is no extreme need. None of the existing
NITs have had their performance in HIV-positive pediatric patients
evaluated so far, except for a few recent papers, the first to try to tackle
this issue among perinatally HIV-infected children. Accordingly, more
studies are needed to set pediatric cut-off serum biomarker values and

standardized measurements for TLE in HIV-infected children (23,116-118).
4.8. Vaccination against hepatitis B virus in children

In Spain, the Interterritorial Health Council enforced vaccination in
adolescents in risk groups in 1982 and introduced gradual inclusion from
birth in a wuniversal immunization program following the WHO

recommendations for universal vaccination in 1992. As a result of these
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policies, in 2002 all the regions already included vaccination against HBV in
infants. Vaccination rates for HBV are currently about 96.2% throughout

the country (119,120).
4.8.1 Vaccination against hepatitis B virus in the HIV-negative population

Over the past decade, vaccination against HBV has shown itself to be
extremely effective and safe. However, the evidence of waning HBV
immunity over time in a recent paper about the impact of vaccination
against HBV over the last 20 years in Spain has led to the modification of

the pediatric vaccination schedule (120).

The current national pediatric guidelines of the Spanish Pediatrics
Association’s Advisory Committee on Vaccines recommend a 2+1 strategy
of three conventional pediatric doses (10 pg) at 2, 4 and 11 or 12 months
with hexavalent vaccines (DTPa-IPV-Hib-HB) for the general healthy
pediatric population depending on the region. For the newborn infants of
HBV infected mothers or mothers with unknown HBV serology, a

monovalent HBV vaccine immediately after birth is recommended (121).

It is known that vaccination against HBV is highly protective despite the loss
of detectable anti-HBs in the healthy population, and postvaccinal
response assessment is not routinely required except in children at higher
risk of HBV infection (from 9 months of life for babies born of HBV infected
mothers, hemodialysis, household contacts, celiac disease, HIV infection,

any condition requiring immunosuppression), in whom it is advisable to
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determine the anti-HBs levels in order to assess the minimum protective
level of 10mIU/mL. In case of a low response rate, repeat vaccination with
recall pediatric doses of 10 pg at 0,1 and 6 months and a seroconversion

test within a month are needed (120,121).
4.8.2 Vaccination against hepatitis B virus in the HIV-infected patients

Although vaccination against HBV is highly protective in the general
population and inactivated vaccines are well tolerated and safe and
effective, HIV immunosuppressed patients are known to present worse
responses despite complete vaccination schedules. Thus even with good
vaccination policies and despite vaccination, children living with HIV are at
risk of immunopreventable infectious diseases compared to uninfected
children because HIV-positive patients show responsiveness even when

receiving cART and in immune recovery status (122,123).

While it is true that early ART initiation when the CD4+T-lymphocyte count
is still high is associated with better immunity improvement and,
accordingly, with a more efficient response, it is known that the magnitude
of the antibody protection might be insufficient and might wane with time
due to lymphocyte dysfunction, with an impaired ability to produce
memory cells and their loss due to HIV infection. In addition, in HIV-
infected children the CD4+T-lymphocyte nadir does not predict the
robustness of vaccine response. The CD4+T-lymphocyte counts and

virological suppression at the time of vaccination seem to show better
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positive correlation. In fact, the response is known to be dependent on the
number of CD4+T-lymphocytes and HIV viral load (VL), with an inverse
relationship, denoting that ongoing viremia hampers the success of

vaccination (124,125).

When planning the schedule of vaccinations in children living with HIV,
their age, immune status and ART must be considered. This is the reason
why international guidelines on vaccine management in HIV-positive
children tend to recommend early primary immunization even before
starting cART, bearing in mind that although is not going to restore full
immunity, the earlier cART is started, the better the immunological

response, due to preservation of the memory function (123).

Current guidelines recommend vaccination for all HIV-positive infants
(under one year old), regardless of whether or not they are receiving cART,
and of their clinical, immunological and virological status, because of the
increased risk of progression to AIDS and death, since CD4+T-lymphocyte
counts are not good markers of progression in these infants. The schedule
for HIV-infected children differs from that for uninfected children in
general and a three-dose strategy, at 0,1, and 6 months, is preferred due to
its more efficient immunogenicity. Special care must be taken with HIV-
infected children born from HIV/HBV coinfected mothers because
coinfection is extremely frequent, as stated before. In older children, as in

adults, vaccination is recommended after immunoreconstitution has been
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achieved, ideally with CD4+T-lymphocyte >15% for children under 6 years

old and over 200 cells/mm3 in adults (25,125).

Regular seroconversion testing is advisable, especially in children who
present a steady immunological situation but were vaccinated before
reconstitution. However, there is no unanimous opinion on the whether
vaccinated children who do not have protective titres should be given only
a pediatric booster dose only or a full 3-dose course, although the latter

option seems to ensure greater protection (122).

Neither is there a current consensus on the HBV vaccine dosage for
children over two years of age. For instance, the Spanish national
guidelines point slightly to the possibility of vaccination with double doses
in HIV-infected children aged over two years, while the European guidance
on vaccination in HIV-infected children published in 2012 and endorsed by
the Paediatric European Network for Treatment of AIDS (PENTA) Vaccines
Group and the Steering Committee and Children’s HIV Association (CHIVA)
advocates using a schedule based on three adult doses (20 pg) even in
numerically immunocompetent children. National guidelines for adult HIV-

infected patients recommend an initial schedule of double doses of 40ug

(35,41,122,123).

Subsequent seroconversion assessment is also convenient and the
European recommendations advocate adherence to the following
response classification: <10mlIU/mL: complete revaccination course
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advised, 10-100mlU/mL: one booster dose if the patient is immune-
reconstituted on cART, but if the patient is immunocompromised, defer
until 6 months post-immune reconstitution, >100mIU/mL: confers long-
term protection; re-check every 5 years, increasing the frequency to

annually if the patient becomes immunocompromised (123).

Apart from HBV vaccination, it is desirable to protect the general HIV-
positive population against hepatitis A virus (HAV), especially those
coinfected with HBV or HCV, due to the risk of decompensation and
fulminant hepatic failure in the event of primoinfection by HAV. The
standard vaccination of two doses at an interval of 6-18 months is not
always effective, and measuring antibody titres one month after the last
dose is also recommended. Vaccine efficacy can be increased by
administering a third dose. Also three doses of combined HBV/HAV
preparations can be administered in order to minimize the number of

injections in the schedule at 0,1 and 6 months (122,123).
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5. AIMS, PATIENTS AND METHODS
5.1. Aims

5.1.1. Primary objectives

To ascertain the prevalence of HBV and HCV in CoRISPe. To investigate the
OBI and seronegative HCV infection in the same population in order to
assess the feasibility of including occult hepatitis markers in the regular
screening for hepatotropic infection. Additionally and retrospectively, to

investigate maternal serostatus with regard to occult hepatitis, if possible.
5.1.2. Secondary objectives

To assess the rate of vaccination against HBV and the vaccine response in
the study cohort. To assess the level of liver fibrosis in the CoRISPe

population through NITs.

5.2. Patients and study design

5.2.1. Study

This is an observational, descriptive, cross-sectional, multicenter study, in a
cohort of pediatric patients infected by HIV. The CoRISPe database collates
comprehensive longitudinal data and was the source of the data for this

study.
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CoRISPe, launched in 2008, is an open, retrospective-prospective,
multicenter cohort of HIV-infected Spanish patients aged 18 years or
under, in which pediatricians participate voluntarily. It currently includes
304 patients treated in 56 centers in Spain, divided into two nodes. Node 2
covers Catalonia and the Balearic Islands and Node 1 covers the rest of
Spain. The following inclusion criteria were applied: children and

adolescents living with confirmed HIV infection and aged < 18 years old.
5.2.2. Human aspects. Informed consent

The study was approved by the Ethics Committees of all the participating
centers, which enrolled voluntarily. A written information sheet was given
to the parents and guardians and informed consent to use their data was
obtained from all the subjects and their parents or legal guardians, as
applicable (see Appendices 1 and 2). The study was designed in
accordance with the Declaration of Helsinki principles and carried out in
compliance with the International Conference on Harmonization /WHO
Good Clinical Practice standards. The present study was approved by the
Ethics Committee of Hospital Universitari Vall d'Hebron on June 1, 2010

(register number PR (AMI) 50/2010).
5.3. Clinical data

At enrolment, the following information was retrieved from the CoRISPe

database: demographic characteristics, hepatitis B vaccination status,
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maternal serostatus for HCV and HBV infection, and a complete history of
past and current antiretroviral drug use, including agents that are active
against HBV: 3TC, FTC and TDF. The clinical and immunological stages were

assessed in keeping with the CDC classification criteria (126).
5.4. Analytical data

At the assessment, the absolute CD4+ T-lymphocyte count subset and HIV-
1 VL were analyzed. The laboratory procedures were not centralized and
each hospital drew on its own laboratory. HIV VL was determined by real-
time PCR technology: two centers used the NucliSens EasyMag system
(BioMérieux, France) for extraction and NucliSens EasyQ system
(BioMérieux, France) for detection and quantification (lower limit of
detection, 25 IU/mL), and the remaining centers used the Ampliprep
COBAS Tagman system (Roche Diagnostics GmbH Mannheim, Germany)

(lower limit of detection 20 IU/mL).

The study of HBV and HCV infection markers did not involve any additional
procedures or a significant increase in the amount of blood extracted, and
was performed at one of the patient’s regular follow-ups.

The following parameters were analyzed: alanine aminotransferase (ALT),
aspartate aminotransferase (AST), HBV infection-related markers (surface
antigen [HBsAg], antibodies against HBsAg [anti-HBs], antibodies against
core antigen [anti-HBc 1gG and IgM] and HBV DNA, measured by real-time

PCR) and HCV markers (antibodies against HCV [anti-HCV] measured by
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enzyme immunoassay [EIA] and recombinant immunoblot assay [RIBA],
and hepatitis C virus RNA [HCV RNA] measured by real-time PCR). RIBA was
used to confirm infection when the antibody detection value was near the

cut-off level for positive results.

Aminotransferase levels were analyzed by conventional enzymatic
methods. AST and ALT values of 44 and 34 IU/L respectively were used as
the upper limit of normal (ULN) for the local laboratory data. All the
serological assays (HBsAg, anti-HBc IgG and anti-HBc IgM, anti-HBs and
anti-HCV) were performed by commercial electrochemiluminescence EIA,
including the 3600 Vitros System (Ortho Clinical Diagnostics-Jjohnson &
Johnson, Dorchester, NY, USA), Advia Centaur (Siemens, Germany), and
Elecsys (Roche Diagnostics, Germany), which have similar analytical

characteristics (sensitivity and specificity).

Anti-HBc IgM was only performed when anti-HBc IgG tested positive. In
accordance with the Guidance on Vaccination of HIV-infected Children in
Europe criteria, a protective antibody response to HBV vaccination was

defined as a post-vaccination anti-HBs titre of =10 mIU/mL (123).

HBV DNA and HCV RNA levels (viral load) were determined by real-time
PCR technology, mainly on an AmpliPrep COBAS TagMan system (Roche
Diagnostics GmbH Mannheim, Germany) with a lower limit of

quantification of 20 IU/mL for HBV DNA and 15 IU/mL for HCV RNA and a
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lower limit of detection of <10 IU/mL for both methods. The Abbot Real-
Time HBV and HCV Assay (Chicago, USA), which has similar analytical

characteristics, was used in one center.
HBV and HCV genotyping were not included in the present study.

Additionally, noninvasive assessment of liver fibrosis was performed in all
patients, classified as HIV-monoinfected, chronic HBV infected, chronic HCV

infected, seronegative HCV infected or confirmed/probable OBI.

5.5. Outcomes and definitions

Regarding the definitions, the diagnosis of confirmed OBI was established
on HBV DNA detection in serum of HBsAg-negative patients, with or
without other serological markers of previous viral exposure. Probable
OBI was defined on positive testing to anti-HBc IgG alone (anti-HBc alone
serostatus) or to both anti-HBc and anti-HBs. HBV DNA detection in liver

samples was not performed in any case.

A case of seronegative HCV infection was established as involving
simultaneous anti-HCV negativity and a detectable HCV RNA VL, defined by
HCV RNA levels of 215 mIU/mL (100).

HBV DNA and/or HCV RNA were defined as undetectable when reported as

“target not detected” by the analytical system, indicating that levels were
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below the lower limit of detection (<10 mlU/mL) as explained in the

previous subsection (95).

For noninvasive assessment of the liver three biochemical scores were
used: the AST/ALT ratio, the APRI index and the FIB-4 score. The AST/ALT
ratio was calculated as the ratio of AST to ALT values. APRI index was
calculated as follows: [AST level/AST ULN] / platelet count x 100. The FIB-4
score was obtained as follows: age x AST level/platelet count x VALT. All the
scores were calculated as described by other authors and pathological cut-

off values were set at 1.0, 0.5 and 1.3, respectively (111,112,127-132).

Vaccination against HBV was considered complete when 3 doses (at birth,
at 1-2 months, and at 6 months) had been administered according to
vaccination schedule of the Working Groups of the Spanish Society of
Pediatric Infectious Diseases and the Advisory Committee on Vaccines of

the Spanish Pediatrics Association (122).
5.6. Statistical analysis

The results are expressed as the median and interquartile ranges (IQR) for
the quantitative variables and as percentages for the qualitative variables.
When antiretroviral drugs were analyzed as risk factors, naive patients
were excluded. The quantitative variables were compared with the Mann-
Whitney U test. Fisher's exact test was used to compare categorical

variables. The significance was set at a p value of <0.05. The statistical
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analyses were performed using Stata/SE 11.2 (StataCorp College Station,

TX, USA).

Besides, an explanatory model is proposed using the APRI, AST/ALT and
FIB4 score data from the present study. For this purpose, the analysis was
performed by lineal regression (univariate and multivariate), searching for
confounding variables and modifying variables. The significance was set at

a p value of <0.05.
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6. RESULTS

6.1. Baseline characteristics

A total of 254 out of 572 (44.4%) HIV-infected pediatric patients included in
CoRISPe who were followed-up at the outpatient clinics of 14 hospitals
during 2011 were evaluated. Eight centers (126 patients) belong to Node 1

and six (128 patients) to Node 2. The data are shown in Table 1.

The median age of the participants was 14.4 years (IQR: 9.2-16.7), 55.9%
were female and 70.5% Caucasian. In 94.9% of the patients, the HIV
acquisition route was MTCT. Maternal serostatus was positive for HBV in
3.9% of the children and for HCV in 24.4%. However, data regarding HBV
and HCV infection serostatus were missing for 44.8% and 40.6% of the

mothers, respectively.

At the time of assessment, plasma HIV VL was undetectable in almost two-
thirds of the patients and their median CD4+ T-cell count was 840/mm3
(IQR: 577-1117). Almost one-third of the patients met the criteria for AIDS.
Among the patients on HAART, past/current exposure to 3TC/FTC and TDF
was 91% and 30%, respectively. The main clinical data on the study

patients are shown in Table 2.
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All the participants underwent a molecular PCR assay for HBV DNA, HCV

RNA, and anti-HBs titres. HBsAg was analyzed in 239 patients (94.1%) and

anti-HBc antibodies in 216 (85%).

Participating Centers

H.U. La Paz, 37 H. U. San Juan,
Madrid* Alicante*
H.U. Gregorio Marafién, 16 H.U. Sant Joan de
Madrid* Déu,Esplugues de
Llobregat,

Barcelona**

H.U. Carlos I, 20 H.U. Vall d’'Hebron,
Madrid* Barcelona**
H.U. Miguel Servet, 5 H.U. Germans Trias i
Zaragoza* Pujol,
Badalona**
H.U. Virgen del Rocio, 20 H.U. Dr Josep Trueta,
Sevilla* Girona**
H.U. Carlos Haya, 1 H. Mataré**
Malaga*
H.U. General de 7 H. Granollers**
Castellon*

* Node 1, ** Node 2.

Table1. Participating centers and number of patients.
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Variable Study Remaining p value
cohort cohort
N=254 N=318
Age*: years, mean (IQR) 14.4 (9.2-16.7) 13.5(8.6-16.5) 0.378
Female: n (%) 142 (55.9) 166 (52.2) 0.377
Ethnicity: n (%) 0.416
Caucasian 179 (70.5) 214 (67.3)
Black African 49 (19.3) 65 (20.4)
Latin American 18 (7) 28 (8.8)
Asian 4(1.6) 0(0)
North African 4(1.6) 11 (3.5)
Acquisition route: n (%) 0.435
Vertical 241 (94.9) 306 (96.2)
Sexual 4(1.6) 0 (0)
Transfusion 3(1.2) 4(1.3)
Unknown 6(2.3) 8 (2.5)
CDC Clinical category ****: n (%) 0.032
N/A 102 (40) 157 (49.4)
B 86 (34) 88 (27.7)
C (AIDS) 66 (26) 62 (19.5)
CDC Immunological category ****%*: n (%) 0.464
1. CD4 >500 102 (40.2) 111 (34.9)

75



IMPLEMENTATION OF OCCULT HEPATITIS SCREENING
HIV-INFECTED PEDIATRIC PATIENTS

N THE SPANISH COHORT OF | 2011

2.CD4 200-499 92 (36.2) 126 (39.6)
3. CD4 <200 (AIDS) 60 (23.6) 76 (23.9)
HBV coinfection: n (%) ** 3(1.2) 2(0.6) 0.660
HCV coinfection: n (%) ** 13 (5) 17 (5.3) 0.903

HIV infection markers

Viral load <50 cop/mL: n (%) 163 (64) 239 (75.2) 0.004
CD4+ T-cells /mm3: median 840 (577-1117) 851 (607-1105) 0.229
(IQR)

Antiretroviral therapy: n (%)

Naive patients 8 (3) 5(1.6) 0.209
3TC/FTC *** 231 (91) 274 (86.2) 0.077
TDF *** 77 (30) 90 (28.3) 0.599

Values are expressed as the median (interquartile range) except when stated otherwise.

Abbreviations: ARV, antiretroviral therapy; CDC, Centers for Disease Control and
Prevention; FTC, emtricitabine; HBV, hepatitis B virus; HCV, hepatitis C virus; 3TC,
lamivudine; TDF, tenofovir.

* Age is expressed as full years, ** Using standard serological methods, *** Current or past
exposure, **** Data from11 patients were missing in the remaining group, ***** Data
from 5 patients were missing in the remaining group.

Table 2. Baseline characteristics of the CoRISPe patients included in the study
(n=254) at the time of assessment. Total: 572

Our study cohort represents 44% of all the children included in CoRISPe.
On comparing the study cohort, the only significant clinical or

epidemiological differences (p> 0.05) found were in CDC clinical category
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and HIV VL (p=0.032 and p=0.004, respectively). However, these two
categories do not seem to play a role when assessing OBl and seronegative

C hepatitis, since no differences were observed in their regard.
6.2. Prevalence of overt hepatitis B virus coinfection

Three (1.2%) patients were chronically infected with HBV at inclusion, they
showed positive HBsAg but all were negative for HBV DNA so were
classified as inactive carriers. All three were male and black Africans, two
vertically-infected and one was sexually-infected. All of them showed
normal aminotransferase levels with AST/ALT ratios above 1 but normality
for the other two scores. Maternal serostatus was unknown in all these
cases. They all had a history of current or past 3TC/FTC or TDF exposure.
No cases of acute HBV infection were detected. The data are summarized

in Table 3.
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Age (years)
Sex

Ethnicity
Transmission

Current CD4+ T cell
count (/mm3)

HIV VL (cop/mL)
AIDS criteria

AST (IU/mL)

ALT (IU/mL)
Anti-HBs
Anti-HBc

HBV DNA
Anti-HCV

HCV RNA (cop/mL)
HBV vaccine
3TC/FTC exposure
TDF exposure
AST/ALT ratio
APRI Index

FIB-4 Score

Maternal HBV
Maternal HCV

Patient 1
17

M
BA
S
390

Undetect
Yes
19
13
Negative
Positive
Undetect
Negative
Undetect
None
Yes
Yes
1.46
0.18
0.40
Unk
Unk

Patient 2

15
M
BA
\
836

Undetect
Yes
32
31
Negative
Positive
Undetect
Negative
Undetect
None
Yes
Yes
1.03
0.22
0.26
Unk
Unk

Patient 3
15

M
BA
\%
992

Undetect
No
25
23
Negative
Negative
Undetect
Negative
Undetect
C
Yes
Yes
1.08
0.16
0.23
Unk
Unk

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BA, Black
African, C, complete; FTC, emtricitabine; HBV, hepatitis B virus; HCV, hepatitis C virus; M,
male; S: sexual; TDF, tenofovir; 3TC, lamivudine; V, vertically-infected; VL, viral load;
Undetect, undetectable; Unk, unknown. Figures in black are abnormal values (normal
values: AST: 44 |U/L; ALT: 34 IU/L; AST/ALT ratio: 1; APRI Score: 0.5; FIB-4 Score 1.3).

Table 3. Main features of patients with overt cHBV.
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6.3. Prevalence of overt hepatitis C virus coinfection

Thirteen (5%) patients were found to be coinfected with HCV when
evaluated by conventional serological screening methods. Three patients
showed AST elevation, ten patients had abnormal ALT levels, and three
patients had elevation of both parameters. Regarding noninvasive liver
fibrosis scores, five patients showed an elevated AST/ALT ratio, four
patients a high APRI index and one patient a high FIB-4 score. The latter
patient showed concomitant abnormalities of all three index scores and
abnormal aminotransferase levels. Three patients showed some abnormal
scores with normal aminotransferase levels while six patients showed

elevated aminotransferases but normal scores.

The data for chronically HCV-infected children from the cohort are

summarized in Table 4.

Two other patients from the cohort had spontaneously cleared HCV
infection (positive anti-HCV antibodies and negative HCV RNA). Maternal
coinfection data was available in one of the mothers who was HCV-positive.
Data on HCV clearance was not available. Interestingly, both showed

elevated ALT levels.

None of the patients had received targeted treatment for HCV. Triple

HCV/HBV/HIV coinfection was not observed in any patient.
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6.4. Occult hepatitis B virus infection

There were six probable OBI cases (2.4%) but none was proven: two
patients showed a pattern of anti-HBc alone (0.8%), while four cases were
both anti-HBc and anti-HBs positive (1.6%). HBV DNA was undetectable in
all cases and only one anti-HBc/anti-HBs-positive patient showed mild
raising of ALT and AST plasma levels (46 and 52 IU/mL, respectively). All six
patients were currently receiving at least one drug in their cART regimen
with activity against HBV, all of them were on a 3TC/FTC regimen and 2
were also on TDF. None of them showed significantly lower CD4+ T-
lymphocyte counts or higher plasma HIV VL when compared with the
chronically HBV-infected patients. The data for probable OBI are

summarized in Table 5.
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PROBABLE OBI (2.4%)

Patient 1 2 3 4 5 6
Age (years) 7 16 13 11 14 15
Sex M F F F F M
Ethnicity BA Ca Ca BA Ca BA
Transmission T v v \ \% %
Current CD4+ T- 1,088 574 750 910 466 734
cell count (/mm3)

HIV VL (cop/mL) 63 Undetect Undetect Undetect 88500 Undetect
AIDS criteria No Yes No Yes No No
AST (IU/mL) 46 19 20 21 21 25
ALT (IU/mL) 52 18 14 21 14 26
Anti-HBs Positive Undetect Positive Positive Undetect Positive
Anti-HBc Positive Positive Positive Positive Positive Positive
HBV DNA Undetect Undetect Undetect Undetect Undetect Undetect
Anti-HCV Undetect Undetect Undetect Undetect Undetect Undetect
HCv RNA Undetect Undetect Undetect Undetect Undetect Undetect
(cop/mL)

HBV vaccine ¢ c C C C C
3TC/ETC* Yes Yes Yes Yes Yes Yes
exposure

TDF *exposure No Yes No Yes No No
AST/ALT ratio 0.88 LR 1.42 1 1.5 0.96
APRI index 0.52 0.25 0.17 0.24 0.31 0.88
FIB-4 score 012 0.30 0.20 0.19 0.36 0.88
Maternal HBV Unk Positive Unk Unk Unk Positive
Maternal HCV Unk Positive Positive Unk Unk Unk

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BA; Black African; Ca,
Caucasian; F, female; HBV, hepatitis B virus; HCV, hepatitis C virus; M, male; OBI, occult HBV infection; T,
transfusion; V, vertically-infected; VL, viral load; Undetect, undetectable; C, complete; FTC, emtricitabine;
|, incomplete; TDF, tenofovir; 3TC, lamivudine; Unk, unknown. Figures in black are abnormal values
(normal values: AST: 44 |U/L; ALT: 34 IU/L; AST/ALT ratio:1; APRI score: 0.5; FIB-4 score: 1.3.).

Table 5. Main features of patients with probable OBI.
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6.5. Seronegative hepatitis C virus infection

SERONEGATIVE HCV INFECTION (0.8%)

Patient 1 2
Age (years) 16 16
Sex M M
Ethnicity Ca Ca
Transmission v \%
Current CD4+ T-cell count (/mm3) 814 920
HIV VL (cop/mL) 150 Undetect
AIDS criteria Yes Yes
AST (IU/mL) 49 43
ALT (IU/mL) 51 77
Anti-HBs Undetect Undetect
Anti-HBc Undetect Undetect
HBV DNA Undetect Undetect
Anti-HCV Undetect Undetect
HCV RNA (cop/mL) 5,450,000 45,000
HBV vaccine | C
AST/ALT ratio 0.22 1.79
APRI Index 0.96 0.56
FIB-4 Score 0.41 0.37
Maternal HBV Unk Negative
Maternal HCV Positive Positive

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; C,
complete; Ca, Caucasian; HBV, hepatitis B virus; HCV, hepatitis C virus; |, incomplete; M,
male; V, vertically-infected; VL, viral load; Undetect, undetectable; Unk, unknown. Figures in
black are abnormal values (normal values: AST: 44IU/L, ALT: 34IU/L, AST/ALT ratio: 1;
APRI score: 0.5; FIB-4 score 1.3).

Table 6. Main features of patients with seronegative HCV Infection.
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Seronegative HCV infection was detected in 2 patients (0.8%), both of
whom showed high ALT plasma levels (51 and 77 IU/mL, respectively).
There were no differences in HCV RNA levels between anti-HCV positive

and anti-HCV negative cases.

The data for seronegative HCV-infected patients are summarized in Table

6. (see above)

6.6. Noninvasive assessment of liver fibrosis in overt hepatitis B and C virus
infection

The median AST/ALT ratio, APRI index and FIB-4 score were 1.08 (IQR: 1.03-
1.46), 0.18 (IQR: 0.16-0.22) and 0.26 (IQR: 0.23-0.40) respectively among the
patients with overt HBV infection. The AST/ALT ratio showed mild elevation
in these three patients, whereas the APRI index and FIB-4 score were

within normal limits.

Among the overt HCV coinfected patients, the median AST/ALT ratio, APRI
index and FIB-4 score were 0.88 (IQR: 0.68-1.05), 0.32 (IQR: 0.29-0.63) and
0.37 (IQR 0.25-0.80). The AST/ALT ratio results were found to be high in 5 of
the 13 cases (38%).

The APRI index was high in 4 patients while FIB-4 values were high in one
patient. This patient showed abnormally high values of the three scores,
which is consistent with some degree of fibrosis, while her AST value was

63 IU/ml with normal ALT. She was a 17-year old Caucasian girl, vertically-
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infected with both HIV and HCV, with no AIDS criteria and with good

immunological and virological status (see Patient 2 in Table 4).

Median values of the three scores among patients with overt hepatitis HBV

(blue) and HCV (red) are shown in Figure 15.

AST/ALT SCORE
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15
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e

I Hev [ Hev [ vev [ Hov

Figure 15. Biochemical score boxplots in overt HBV and HCV hepatitis.
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6.7. Noninvasive assessment of liver fibrosis in occult hepatitis infection

Among the probable OBI cases, the median AST/ALT ratio, APRI index and
FIB-4 score were 1.03 (IQR: 0.96-1.43), 0.19 (IQR: 0.13-0.24) and 0.20 (IQR:
0.17-0.30) respectively. In the probable OBI cases, 4 cases presented an
increased AST/ALT ratio with no difference between the anti-HBc alone
pattern and anti-HBc+/anti-HBs+ pattern. The APRI index was high in two
patients, one of them presenting with increased levels of both

aminotransferase measurements and an anti-HBc+/anti-HBs+pattern.

The aminotransferase levels were within normal values in the rest of the
patients and the FIB-4 scores were within normal limits in all these

patients.

Among the seronegative HCV coinfected patients, the median AST/ALT
ratio, APRI index and FIB-4 score were 0.76 (IQR: 0.56-0.96), 0.45 (IQR: 0.41-
0.49) and 0.39 (IQR: 0.37-0.41) respectively. Both patients showed raised
ALT levels, one showed an elevated APRI index and in the other both
AST/ALT ratio and APRI index were high. Both patients had normal FIB-4
scores. Median values of three scores among patients with occult hepatitis

HBV (blue) and HCV (red) are shown in Figure 16.
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Figure 16. Biochemical score boxplots in occult hepatitis.

No significant differences were found when scores from patients with
previously known HCV and HBV infection were compared with those from
patients with probable OBI infection and seronegative HCV status. For HBV
infection compared to probable OBI infection, the median AST/ALT ratios
were 1.08 v. 1.03 (p=0.44), the APRI index scores were 0.18 vs. 0.19 (p=0.89)
and the FIB-4 scores were 0.26 v. 0.20 (p=0.19). On comparing overt HCV

infection to seronegative HCV infection, the median AST/ALT ratios were
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0.88 v. 0.76 (p=0.49), the APRI index scores were 0.32 v. 0.45 (p=0.49) and
the FIB-4 scores were 0.37 v. 0.39 (p=0.93).

6.8. Noninvasive assessment of liver fibrosis in HIV-monoinfected patients

Biochemical scores for noninvasive assessment of the liver were applied to
228 patients with HIV monoinfection; the two patients with cleared HCV
infection were excluded. The median ALT/AST ratio, APRI index and FIB-4
scores were 1.27 (IQR: 1-1.61), 0.20 (IQR: 018-0.27) and 0.26 (0.15-0.34)

respectively.

The univariate analysis showed that there were significant differences in
the scores of each group: differences were found in the AST/ALT ratio and
were statistically significant between overt hepatitis and HIV-monoinfected

patients (p=0.0035), being higher in the HIV non-coinfected group.

The multivariate analysis revealed that the APRI score is influenced also by
the age and platelet count of the patient, showing significant differences
between the overt hepatitis group and HIV-monoinfected patients
(p=0.0000), with the former showing a higher index. The FIB-4 score
showed statistically significant differences between the three groups
(p=0.0002), and here too the chronic hepatitis group was the one with the
higher values. Median values of three scores are compared among the

three groups of patients in Figure 17.
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Figure 17. Biochemical score boxplot comparisons between the three groups of patients.

HIV no hepatitis

6.9. Hepatitis B virus vaccine response

Almost 90% of the patients had a complete HBV vaccination schedule, but
only half of them reached protective anti-HBs levels. Data about the exact
date of vaccination, booster doses, and time to response were not
available. All the children with cHCV showed complete vaccination
schedules for HBV and only one out of three with overt HBV was
vaccinated. All the children with probable OBl were properly vaccinated

and among the two patients with serosilent HCV infection, one showed

20
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complete vaccination and the other incomplete vaccination. The data are

summarized in Table 7.

No significant associations were found between responsiveness to HBV

vaccination and CD4+ T-lymphocyte nadir counts of <200 cells/mm3, higher

viral loads, or age.

Patient

Patient

W 00 N O U1 A W N =

- =
- o

12
13

cHBV
HBV
Vaccine
None
None
Complete
cHCV
HBV
Vaccine
Complete
Unknown
Unknown
None
Complete
Complete

Complete
Complete
Complete
Complete

Complete

Complete
Complete

Anti-HBs
Response
Negative
Negative
Negative

Anti-HBs
Response
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative

Positive

Positive

Positive

CLEARED HCV INFECTION

Patient HBV
Vaccine

1 Complete

2 Complete

PROBABLE OBI

Patient HBV

Vaccine
Complete
Complete
Complete
Complete

Complete

o U1 A WIN =

Complete

Anti-HBs
Response
Negative
Negative

Anti-HBs
Response
Positive
Negative
Positive
Positive
Negative
Positive

SERONEGATIVE HCV

Patient HBV
Vaccine

1 Incomplete

2 Complete

Table 7. Vaccination status and Anti-HBs response.

Anti-HBs
Response
Positive
Negative
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7. DISCUSSION

With the advent of the cART era, HIV has become a long-lasting chronic
disease in which liver disease has emerged as one of the most common
non-AlDS-related causes of death among HIV-infected adult patients. HBV
and HCV are known to be cofactors for HIV disease progression and the
risk of drug-related liver toxicity due to ART is increased in patients with
coinfection. Viral hepatitis is now the principal liver entity that clinicians
taking care of these patients will have to face and it is time to focus on liver

disease in the routine care of this population from an early age (133).

Whether coinfected children share the same clinical pattern as adults and
the effect of hepatitis coinfection in HIV still remain unclear, and
controversial. Although liver dysfunction prevalence in HIV-infected
children has traditionally seemed low, it shows an upward trend with age

and warrants further consideration, evaluation and follow-up.
7.1. HBV/HIV coinfection in children

Data on HVB/HIV coinfection in children are limited and the prevalence of
cHBV is still not well characterized. Extrapolating from HBV/HIV coinfection
data on the adult population, coinfected children are prone to faster liver

progression and fibrosis (7,8,16,37,65).
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The present study tries to shed light on this prevalence, which is erratic
depending on HBV endemicity. The recent literature review by Healy et al.
found two longitudinal cohorts of HBV/HIV coinfected children in addition
to several cross-sectional observational studies from small cohorts. One of
these was an African cohort of 34 vertically-infected HIV children, 26% of
whom presented an unusual HBeAg-positive/anti-HBe-positive pattern with
detectable HBV DNA, showing poor viral control, especially in those with
greater immunosuppression at baseline. Another cohort comprised 161
Romanian adolescents, 43% of whom showed HBsAg positivity with 23% of
HBeAg positivity, and 78% had positive anti-HBc¢, similar to the African
cohort; the adolescents with higher rates of immunosuppression showed

lower rates of anti-HBe seroconversion (69).

The present study showed a 1.2% rate of HBV/HIV coinfection, half the
prevalence reported by Aurpibul et al. in a cohort of 521 HIV-infected Thai
children, probably because vaccination against HBV in children is not a
universal policy in their country. OBl was not detected as long as molecular
techniques were only applied in HBsAg-positive patients. However, HBV
DNA testing was performed in all the participants in that study. In addition,
it found a protective antibody rate of 18%, much less than in the present
study, which could be explained by the worse immunological status and

higher mean age of the children (71).
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Summarizing coinfection seems to be lower in Spain than in endemic HBV
areas. This low prevalence probably hampers a better approach to

understanding HBV/HIV coinfection in nonendemic countries.
7.2. HCV/HIV coinfection in children

More prolific data on HCV/HIV coinfection in children have become
available in the past decade, since the remarkable strides made in HCV
treatment to achieve sustained virological response and cure. Although
traditionally the course of HCV infection in children was thought to be
more benign than in adulthood, the data are controversial and there is a
growing concern about liver disease in coinfected children, in whom cART

may also contribute to increasing the hepatotoxicity risk.

Regarding data from Madrid, Micheloud et al. conducted a retrospective
study on 23 vertically HIV/HCV-infected children from a cohort of 480 HIV-
infected children with a group control of 30 HIV-infected children. The
prevalence of HIV/HCV coinfection was 5%. Interestingly, HIV/HCV
coinfected patients showed a slower progression to AIDS than the control
group, not completely explained by the authors. In fact, the same group
found a similar response in immunological and virological markers during
long-term cART, independent of CD4+ T-cell values at baseline, in 19
HIV/HCV coinfected children compared to 25 vertically HIV-monoinfected
controls. However, the coinfected patients showed a worse evolution for

biochemical markers of liver function and 25% of them showed fibrosis on
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liver biopsy. Claret et al. conducted a prospective observational study on
the effect of HIV coinfection on the progression of HCV-related liver disease
in a cohort of 70 Catalan MTCT/HCV-infected children. They found a
HIV/HCV coinfection rate of 18% and HIV/HCV coinfected children were less
prone to spontaneous HCV clearance. Although 75% of the entire cohort
showed a chronic active state regarding HCV which leads to liver disease
progression, HIV/HCV coinfected children showed worse surrogate

markers of liver function. (134-137).

While England et al. mentioned HCV/HIV global coinfection rates of 4-10%
in children worldwide, the Spanish cohort showed 5% of HCV/HIV
coinfection, similar to the figures of Claret et al. and the most common
pattern of HCV infection was a chronic active phase, with 10 patients out of
13 showing raised aminotransferase levels. However, in the present study,
other two cases anti-HCV was positive and HCV RNA undetectable, which
could indicate a spontaneously cleared infection and was analyzed as such.
This is not surprising, because children are more likely to present
spontaneous clearance than adults, with reported rates of between 25%
and 40% depending on the genotype, particularly among genotype 3
infections. Clearance often occurs at 24 months, and in some others at 7
years of age, but afterwards the rate drops to 6-12%. In one patient the
HCV RNA remained negative on subsequent assessment; the other patient

was lost to follow-up (3,34,138)

95



IMPLEMENTATION OF OCCULT HEPATITIS SCREENING IN THE SPANISH COHORT OF | 2011
HIV-INFECTED PEDIATRIC PATIENTS

Interestingly, 70% of the HCV/HIV children in the present study were
female, denoting that probably there are sex-related factors, hormonal or
genetic, which reflect different susceptibilities to infection, as suggested by

the European Paediatric Hepatitis C Virus Network (46).

Genotyping was not addressed in the present study. However,
interestingly, Bortolotti et al. described HCV genotypes 3 and 4 as being are
more frequently found in vertically-infected children and genotypes 1 and
2 in transfusion-related infections. Genotype 3 was also related to

spontaneous clearance (138).

Recent data on treatment for cHCV in HCV/HIV coinfection and HCV
monoinfection in children from the European Pregnancy and Paediatric
HIV Cohort Collaboration in EuroCoord have led to reassessing the urgent
need for an early diagnosis and HCV treatment due to the progression to
liver fibrosis in approximately a quarter of all patients. Recent results from
this collaboration found that 12% of coinfected HIV/HCV children and
adolescents showed advanced liver fibrosis, assessed by liver biopsy or TLE
and also those with shorter HCV infection were more likely to successful

treatment outcomes (137,139,140).

This scenario justifies the hypothesis of implementing reliable screening
tests for viral hepatitis in the immunosuppressed patient, such as PCR, in
addition to classic serological screening, especially with new direct-acting

antivirals on the horizon for HCV treatment.
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7.3. Occult hepatitis in HIV-positive children

As mentioned before, just as the burden of non-AIDS morbidity and
mortality has changed in the cART era, the possibility of viral liver disease
that pediatricians are likely to encounter in their young patients may also
change. OBl and HCV seronegative infection arise as challenging situations
that have significant clinical implications and, as stated above, may be
missed when assessing hepatitis coinfection by routine methods. The real
significance of these entities remain controversial, with conflicting data

regarding their prevalence and clinical repercussion (141-146).
7.3.1. Occult hepatitis B virus infection

Occult HBV hepatitis has proved relevant in different clinical scenarios
besides HIV infection: blood donation, stem cell and solid organ
transplantation, LDUO and cryptogenetic chronic liver disease, HCC, and
even MTCT, because occult infection can be transmitted through the same
pathways as classic hepatitis infections. Indeed, OBI has major implications
for transmission and blood donation: if surface antigens are the only
serologic marker of cHBV infection routinely screened for, OBI infective
cases might be underdiagnosed, increasing the risk of blood-borne

transmission (28,85,94,95,141,142,147).

HBV reactivation is well understood in HBsAg-positive individuals in
different stem cell transplantation and immunosuppressive therapy
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settings, and preemptive therapy is unanimously accepted. Corticosteroids
are a well-known risk factor for HBV reactivation, and regimes for
lymphoma in patients with HBsAg positivity are known to be a risk in 36%
of cases. Corticosteroids used in other non-malignant conditions are still a
risk factor, especially in long therapies with over 20mg of prednisolone.
Patients under treatment with anti-CD20 monoclonal antibodies (rituximab
and ofatumumab) are also at risk, estimated at a 5-fold increase, and
alarming HBV reactivation can occur even after one year of cessation.
Patients with other non-malignant conditions such as inflammatory bowel
disease or rheumatoid arthritis who are on anti-TNF treatment (infliximab,

adalimumab, etanercept) are also at risk, with 35% of HBV reactivation (148).

HBsAg-negative/HBcAg-positive patients are known to be at risk of
reactivation also, as recently demonstrated in a prospective study of

patients on rituximab who showed a reactivation rate of up to 43% (149).

In view of the foregoing, and taking into consideration the complexity of
the HBV life cycle, assessed in a review by Raimondo et al. (see Figure 13),
and the not always easy interpretation of HBV serology dynamics, as stated
by Mortensen et al. (see Figure 14 and 15), diagnosis is challenging. The
particularity of HBV DNA/host interaction lies in the presence of cccDNA in
OBI, which persists in the nucleus of infected hepatocytes. This DNA is able
to replicate and synthesizes an amount of antigens that, although
undetectable, are able to generate a specific T-cell immune response. As

stated by Raimondo et al., even physicians who correctly order HBV
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serology tests that include surface antigen and core antigen may miss OBI

(28,91).

This is why, although remarkable strides have been made in understanding
the natural history and pathogenesis of HBV, and despite numerous
articles, the first published almost 10 years ago, there is still a lack of

information regarding OBI, especially in pediatric patients (91,93,141,150,151).

In March 2008, the European Association for the Study of the Liver (EASL)
Expert Panel on OBI held in Taormina, Italy, focused on producing a
number of statements and recommendations that provide the basis for a
better approach to this clinical dilemma (Statements of Taormina). A
consensus was reached on defining OBI as the presence of HBV DNA in the
liver (with detectable or undetectable HBV DNA in the serum) of HBsAg-
negative individuals. When detectable, the amount of HBV DNA in serum is
very low <200 IU/ml. Thus, liver biopsy becomes the gold standard for OBI
diagnosis. On the basis of the HBV antibody profile, OBl may be classed as
seropositive (anti-HBc and/or anti-HBs positive) or seronegative (anti-HBc
and anti-HBs negative). False OBI cases are those with HBV DNA levels in
serum comparable to those in overt HBV infections, usually due to
infection by escape mutants: HBV variants with mutations in the S gene
that produce a modified HBsAg which is not recognized by conventional

commercial tests (95).
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Previous studies on OBI have reported discordant prevalence rates in adult
HIV-infected patients, ranging from 0% to 89%. In a recent paper,
Mortensen et al. found a 0.3% prevalence of OBl among 1,887 samples of
HBsAg-negative patients attending a dental clinic. Interestingly, 2.2% of
these were anti-HBc alone or anti-HBc/anti-HBs-positive. The same paper,
a literature review, found that 1 million HBsAg-negative patients who were
tested for HBV DNA showed an OBI rate of 0.15%, with detectable HBV
DNA among HBcAg-positive patients ranging between 8% and 12%

(28,79,146,150-153).

The present study found no cases of confirmed OBI based on positive HBV
DNA analysis, the only reliable noninvasive diagnostic marker of OBI in
clinical practice. Since OBI status is dependent on long-lasting persistence
of viral genomes in the hepatocytes in the form of cccDNA, analysis of liver

extracts is considered the diagnostic method of reference for OBI (88).

Liver samples were not available in this study, therefore OBI cannot be
definitely excluded in these patients. In addition, another possible
explanation for the absence of positive samples in the present study is that
HBV DNA detection in serum can fluctuate over time. Moreover, when it is
detectable, the amount of HBV DNA serum is usually very low (<200 IU/mL)
in OBI cases. Thus, the use of a highly sensitive and specific test, like HBV
nucleic acid amplification testing by PCR techniques with detection limits of

<10 copies HBV DNA per reaction, is recommended in all cases. The latest-
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generation real-time PCR diagnostic method applied in the present study

to avoid any lack of sensitivity meets this criterion.

Lastly, all the patients with probable OBl were receiving antiretroviral
therapy with activity against HBV (3TC/FTC and/or TDF), which might have

controlled HBV replication to below the detection limits (76,78,82,102)

According to the definitions in the consensus recommendations based on
the HBV antibody profile, HBV infection markers may be negative in up to
20% of chronically infected patients, possibly due to progressive loss of
specific antibodies. This justifies including HBV DNA detection in the
regular screening for HBV infection in both HIV-infected adult and pediatric

patients, as other authors have suggested (76,79,95,153,154).

On the other hand, false OBI results can also occur, as some commercially
available detection assays do not recognize positive HBV DNA and negative
HBsAg due to viral escape mutants that express a modified HBsAg. In the
present study the latest real-time PCR diagnostic method was used in
order to achieve the highest sensitivity as state before, but the latter was

not assessed (79,155).

The risk of OBI associated with the “anti-HBc alone” serological profile has
been extensively demonstrated, and an antibody response to HBcAg can
be considered a surrogate marker of OBI in selected patients and

circumstances. This was the case in 2 of the 6 patients with probable OBI in
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the present series. On the other hand, four patients were both anti-HBc
and anti-HBs positive, a serological pattern that traditionally has been
associated with immunity due to past infection. However, when
immunosuppression occurs, this interpretation warrants consideration
because although very uncommon, there is an increased risk of fulminant
liver failure if reactivation occurs, so in this case anti-HBs positivity might

not exclude OBI definitely (see Figure 17) (76,83,147,154-157).

As stated above, considerations with regard to occult hepatitis infections
are not only relevant for HIV-positive patients. In general, they pose a risk
to immunocompromised hosts and are of particular interest in liver
transplantation, where the receiver can develop a HBV infection if the
donor was anti-HBc alone positive, so might harbor an occult infection.
Indeed, prophylaxis with 3TC is recommended for HBsAg-negative/anti-
HBc-positive children under rituximab therapy, or with combined regimes
for hematological malignancies, or undergoing bone marrow or stem cell

transplantation (48).

In a recent paper evaluating the prevalence of OBI in children who were
born to HBsAg-positive mothers in Egypt and received immunoprophylaxis
at birth, the researchers found one case of OBI with negative HBsAg and a
low level of positive HBV DNA with positivity for anti-HBs. However, this
situation is exceedingly rare due to the efficiency of perinatal prophylaxis,
and further follow-up is needed anyway due to the young age of the

patient (158).
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Thus, serology interpretation under the occult hepatitis lens might lead to
anticipating such reactivations and establishing preemptive therapy for
HBYV, for instance. Traditional serologic test results have to be interpreted
carefully in the immunocompromised patient. The review by Maldonado et
al. encourages including OBI in regular HBV screening in certain risk

populations (159).

In contrast to the results of other authors, patients with probable OBI
included in the present study did not show significantly lower CD4+ T-
lymphocyte counts or higher plasma HIV VL, and probable OBI was neither
associated with younger age nor with HCV coinfection. However, the
results are not conclusive since liver biopsy for HBV DNA intrahepatic
detection was not performed, and children participating in the study
showed a high median age and good clinical and immunological status, as
good as those in similar studies. Thus, the interpretation of the HBV
marker profile in the 6 patients with probable OBI in the present study
remains controversial in terms of its being a surrogate marker for HBV/HIV

coinfection, or possibly not in the event of additional immunosuppresion

(144,152,157,160).
7.3.2. Seronegative hepatitis C virus infection

Seronegative HCV infection is defined by detectable serum HCV RNA in the
context of negative anti-HCV serology. It has been extensively related to

immunosuppression conditions, in particular to HIV infection (81,100,167).
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This condition has been also reported in uninfected HIV subjects as well
considered of high-risk for HCV infection such as hemodialysis patients,
hemophiliacs or subjects in need of blood product and clotting
transfusions, and patients with cryptogenetic liver disease with persistent
abnormality on basic liver function tests. However, in this group of HIV-
negative individuals, occult hepatitis C infection (OCl) has been described

rather than seronegative HCV infection (162,163).

OCl, defined by Castillo et. al in 2004, is defined by negativity of both anti-
HCV serologic tests and conventional serum HCV RNA PCR but with
intrahepatic HCV RNA PCR. OCI patients’ profile has been studied in those
with persistent elevated aminotransferase levels once excluded any other
potential cause of liver disease such as alcohol and drug toxicity, HBV and
HIV infection, autoimmunity, metabolic and genetic disorders. Castillo et. al
found HCV RNA in liver biopsy samples from 57 of 100 patients who were
anti-HCV antibodies negative and serum HCV RNA, and of these 57
subjects, 70% had viral RNA in their peripheral-blood mononuclear cells. A
matter of concern, subjects with OClI were more likely to have

necroinflammatory activity and fibrosis in the liver histology (163).

Furthermore, a study searching for HCV infection in family members of OCI
patients revealed the transmissibility of this entity, showing a prevalence
rate of HCV infection among relatives of patients with OCI similar to that

found among family members of patients with overt cHCV (164).
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In addition, these patients show a different pattern of cellular immune
response compared to overt HCV infection, with a disbalance of Th2-type
cytokine (IL-4 and IL-10) response which has been attributed to HCV
infection persistence, that has been related to lymphoproliferative
disorders, a fact that highlights the relevancy of this otherwise

controverted entity (162).

OClI was not addressed in the present study because liver biopsy was not

conducted for obvious ethical implications.

Coming back to the setting of HCV/HIV coinfection, HIV-infected individuals
are known to be at risk for HCV seronegative infection due to the
immunosuppression that impairs a proper immune response with anti-
HCV antibody titers that are detectable by standard serodiagnostic tests.
Besides, in addition to the immunosuppression conferred by HIV virus
itself, it is known that HCV may cause humoral dysfunction when vertical or
early childhood infection has occurred. As stated by Papaeva et al,
serology may underestimate the rate of HCV coinfection and PCR would be
the method of choice for perinatal HCV infection, particularly in HIV-

infected children (22,165).

In the present study, the prevalence of HCV seronegative infection (0.8%)
was low in comparison with previous research, estimated to be between
0% and 13% in HIV-positive individuals. This may be related to the good

overall immunological status of the study cohort or to the development of
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immune tolerance in the first years of life. In contrast to Chamie et al. who
found a prevalence of HCV seronegative infection of 3.2% among 1,174
anti-HCV-negative HIV-infected adult patients, in the present study there
was no significant association with high ALT levels or CD4+ T-lymphocyte

cell counts of <200 cells/mm3 (81,100).

Off note, one of the mothers of the HCV/HIV vertically-infected children
screened negative for HCV antibodies in the present study. In this context
performing a HCV RNA PCR for maternal HCV seronegative infection
detection would be appropriate. However, this was not possible because

the mother had passed away.

In order to increase sensitivity, as indicated by George et al., latest-
generation real-time PCR processing of whole-blood specimens was used
in the present study. Besides, as reported by Garcia et al., follow-up
sampling is strongly recommended and it would be advisable to check
seronegative patients for viremia at least twice at 6-monthly intervals,

including molecular techniques (97,100).

7.4. Liver fibrosis assessment

With regard to liver fibrosis assessment, biochemical markers are
appealing because of their simplicity, low cost and feasibility and have
emerged and have been validated as a promising diagnostic alternative for
adult patients. The fact of being an accessible surrogate marker of liver

dysfunction makes these scores a potential universal screening method for
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liver abnormalities in the general population. This is of even greater value
in the pediatric population, in which it is highly recommended not to use
invasive diagnostic methods that entail general anesthesia and the risk of
unexpected events which, although very rare, can lead to bleeding
complications and even death. Another advantage of these NITs is the fact
that the data would be collected from routine blood tests as a standard of

care and would not require additional cost or effort

(105,106,114,128,129,132,166-168).

Regarding noninvasive liver assessment specifically in HIV-positive
pediatric patients, three recent publications have addressed this question,
which will be discussed further on this thesis. Two of them analyze the
usefulness of the APRI index in the North American and Latin American
populations, respectively, while the third assesses the validity of the AST/ALT

ratio, the APRI index and the FIB-4 score in a large cohort of Asian children

(23,116,117).
7.4.1 AST/ALT ratio

AST and ALT are widely available and commonly requested in the liver
function test panel and the ratio between AST and ALT was the first
noninvasive liver function test released in the 50s by De Ritis and is
considered a surrogate marker of hepatocellular damage. Although first
used in alcohol-related hepatitis, its use has been extended to other liver
pathologies such as acute and chronic hepatitis and NAFLD. In chronic
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hepatitis, AST/ALT ratios are normally below 1.0. Ratios above this value
are seen particularly when progression to fibrosis and cirrhosis occurs. It
should be noted that in newborn infants, physiologically, the AST/ALT ratio

is typically over 3.0 and falls over the first week(127).

There is no current consensus regarding the AST/ALT ratio cut-off value,
and several have been proposed for the adult population. Botros et al.
suggested a cut-off ratio of 1 but Abdollahi et al. set it at 0.7; both studies
were performed in adults and neither in HIV-positive patients. Among the
pediatric population, Mansoor et al. found a ratio of 0.7 to be a poor
predictor of liver fibrosis in young children with NAFLD. Interestingly, the
ALT/AST ratio proved to perform better in the adolescent group when
compared to other age groups. Aurpibul et al. also attempted to address
this question among 1,930 HIV-infected children from the TREAT Asia
Pediatric HIV Observational Database and almost all patients showed an
AST/ALT ratio >0.7, including the 4.7% of HBV and 3.5% HCV infected,
respectively, denoting a possible underlying liver dysfunction. The
explanation could be the less virological control and worst CDC clinical

category of children even before starting cART (23,110,127,132).

In the present study, 3.0% of patients with chronic hepatitis were identified
as having ratios above 1: including the three with chronic HBV and 5 out of
the 13 with chronic HCV infection. Among the probable OBI cases, 4 out of
6 also showed abnormal ratios. One of the two seronegative HCV patients

showed a raised ratio as well. However, taking all the data together, HIV-
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monoinfected children showed a significantly higher median AST/ALT ratio
than those with chronic hepatitis or occult hepatitis hinting at the role in

liver toxicity of HIV itself and cART among the possible factors.

The AST ULN value used in the present study was 44 IU/mL, as used by the
laboratory of reference. If a lower AST ULN value of 40 IU/mL had been
used, as other authors have proposed, there would have been no

significant differences between the two APRI indexes(111).

Although an isolated value is not a reliable predictor, combination with
other noninvasive serum markers and the possibility of liver imaging with
elastography-based methods might have greater accuracy. This is the

reason why the APRI index and FIB-4 score were calculated as well.

7.4.2. AST-to-Platelet ratio index

The APRI index is inherently limited by the use of a standard ULN value
and by its lack of sensitivity to mild to moderate fibrosis. Recently
published studies have shown that the sensitivity of the APRI index
depends on the etiology of the chronic liver disease: its accuracy is
acceptable for assessing liver fibrosis in patients with cHCV and NAFLD, but

not for cHBV (129,131,169,170).

In a recent study by Mansoor et al. the AST/ALT ratio, the APRI index and
the FIB-4 score were evaluated in ninety-two children with biopsy-proven

NAFLD. Although no marker was considered the ideal predictor of liver
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fibrosis, only the APRI index showed good performance in both the
advanced and initial stages of liver fibrosis and also showed
reproducibility. Diaz et al. obtained similar results when assessing the
usefulness of the APRI index, compared to liver biopsy, for detecting liver
fibrosis in children with intestinal failure and a history of long-term
parenteral nutrition. They found that the APRI index could significantly

predict cirrhosis but not fibrosis (110,171).

In the present study, using a cut-off value of 0.5 for the APRI index as
suggested by McGoogan et al., 4 patients with cHCV, 2 patients with
probable OBl and the 2 patients with seronegative HCV infection would be
at risk for liver fibrosis. Among HIV-monoinfected patients, 22 showed
elevated APRO index values. If an APRI cut-off value of 1.5 was used, as
other authors have suggested, only one HCV-infected child would have

shown high scores (23,111).

For this reason, the present study, in which screening was given
preference, used an APRI cut-off of 0.5. With this value, 12% of the whole
cohort showed a high APRI index, compared to almost 40%% for the

HCV/HIV-infected children.

Siberry et al. found 3% prevalence of abnormal APRI index values in a
cohort of 1,012 perinatally HIV-infected Latin American children, taking an
abnormal APRI cut-off of 1.5. They found that high APRI index value were

associated with HBV not HCV, with higher HIV VL, with lower current and
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nadir CD4+ T-lymphocyte counts and with the absence of CcART.

Interestingly protease inhibitor-based cART was protective (111,116).

These findings are in keeping with HIV children under cART who have
achieved viral suppression having less risk of liver fibrosis. However, as
stated above, the longer lifetime means more possible exposure to other
hepatotoxic drugs, so the statement that in general cART is protective must

be made with caution.

When comparing Siberry’s Latin American cohort with the Spanish cohort,
the former had a lower mean age (6.3 vs. 14.4 years) and a lower
prevalence of HCV-coinfection (0.6% vs. 5%). Although the median CD4+ T-
lymphocyte median count (893 vs. 840 cells/mm3) and CDC clinical
category (N/A 35.2% vs. 40%) were similar, the percentage of children with

viral suppression was significantly lower in his cohort (35.3% vs. 64%) (116).

In contrast, the present results are in agreement with the findings of
another paper published by Siberry et al. on this topic in a cohort of 397
perinatally HIV-infected North American children in whom 0.8% showed a
baseline abnormal APRI index when a >1.5 cut-off value was selected and

6.5% when lowered to 0.5 (117).

7.4.3. Fibrosis-4 score

The FIB-4 score differs from the APRI index because it includes the patient's

age in the calculation. In studies in HIV-infected adults, it has been found to
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be a useful predictor of liver disease, HCC and even risk of mortality. In
children, the FIB-4 score has not been validated although a few studies

among children with NAFLD and HIV have been published (23,110,128~

131,172).

In the present study, a 17-year old girl with cHCV who did not met AIDS
criteria and had restored sustained immunological recovery and good
virological control showed an abnormal FIB-4 value, and also the highest
AST/ALT ratio and APRI index values. This patient was an outlier case,
showing abnormality in the three scores, with values of 1.57, 2.9 and 3.46
respectively (see Patient 2 in Table 4). According to the suggestion of Shah
et al., in their paper on noninvasive liver fibrosis assessment in adults with
NAFLD, a value of >2.68 has 80% positive predictive value, making the

presence of fibrosis in this child very likely(128).

Interestingly, TLE was performed on this patient and showed a result of
15.30 KPa, also strongly suggesting the presence of liver fibrosis.
Accordingly, this patient received a course of 12 week treatment with
ledipasvir/sofosbuvir plus ribavirin at the age of 22 years with sustained

viral response.

In comparison with an Asian cohort of HIV-infected children, the
prevalence of impaired liver function in the present study is very low.
Aurpibul et al. found 32% of patients with abnormal APRI values with a cut-
off value of >0.5 and 8.5% when a >1.5 cut-off was selected, together with

2.7% of patients with a pathological FIB-4 score. This significant number of
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patients with liver disease could be explained by the higher prevalence of
HBV infection (4.7%), poorer virological control (61% with detectable HIV
VL) and immunological status (median CD4+ T-lymphocyte 171 vs. 840
cells/fmm3). Curiously, HCV infection was 3.5%, lower than in the present

study (23).

In view of the heterogeneity of the tests, scores and threshold values,
further studies are needed to validate these NITs in children, using age-
appropriate cut-off points with better sensitivities without any loss of

specificity to make a prompt diagnosis of liver fibrosis.
7.5. Hepatitis B virus vaccine response

Despite the use of cART, the response to vaccines in HIV-infected children
is poor and is not sustained over time. Antibody response to HBV
vaccination is impaired in HIV-infected children, especially in older patients
or those with CD4+T-lymphocyte counts below 200 cells/mm3 but it is
known that continuing vaccination after achieving immune recovery and
complete virologic control leads to protective responses. For this reason,
although anti-HBs titres >10mIU/mL are considered protective in the
general population, the optimal response in HIV-infected patients is
established at a >100mIU/mL threshold according to European HIV
pediatric guidelines and van den Berg et al., who classify response to

hepatitis B vaccination in HIV seropositive patients as hyporesponsiveness
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(anti-HBs 10-100 mlU/mL) or non-responsiveness (anti-HBs <10 mlU/mL)

(123,125).

Although 90% of patients in the present study showed a complete HBV
vaccination schedule, agreeing with the results of Kim et al., only half of
them showed optimal anti-HBs levels, and no significant associations were
found between responsiveness to HBV vaccination and CD4+ T-lymphocyte

nadir counts of <200 cells/mm3, higher VL, or age (124).

In an unpublished study conducted in Spain, Velasco et al. assessed the
long-term response to hepatitis B virus vaccination in HIV-infected children,
in some of whom planned cART interruption was effected. Despite
vaccination, only 34% of the cohort showed protective anti-HBs levels.
Vaccination before cART, younger age at vaccination, detectable HIV VL,
CART interruption and longer time since vaccination at the time of

assessment were related to poorer responses (173).

It should be noted that quantitative data were not available in this study,
vaccine response was not assessed immediately after vaccination and
there is no record of vaccination date or type of vaccine administered,

which is an additional limitation.

A recent study has reported that strong immunological memory after a
primary course of HBV vaccination persists for more than 10 years after

immunization in healthy infants and adolescents. Hence, reevaluation of
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seroconversion over time may be warranted in the general population and

even more so in the immunosuppressed population (174-178).

The present findings underline the importance of confirming
seroconversion after HBV vaccination in HIV-infected patients, as Akarsu et
al. suggested, and it would be wise to vaccinate patients who have the anti-
HBc alone pattern and negative HBV DNA to determine whether they have
OBI or a cleared infection, since anti-HBs response to HBV vaccine in such

individuals is generally accepted as proof of resolved infection (74,76,153-

155).

Consequently, it may be assumed that the 4 anti-HBc/anti-HBs-positive
patients had cleared infections but as mentioned before, a controversial
aspect is the fact that detection of naturally acquired antibodies to HBsAg
(anti-HBs) does not necessarily exclude the existence of occult infection:

0.5% to 21% of these patients still test positive for serum HBV DNA

(73,78,103,179).

It is not only HBV vaccination response that is sub-optimal in HIV-infected
children. Alsina et al. compared the cellular immune response of 13
perinatally HIV-infected children and found a strong cellular response to
cytomegalovirus as compared to tetanus toxoid, suggesting that repeated
exposure to CMV could maintain an effective response whereas tetanus

toxoid would need revaccination (180).
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Therefore, as immune reconstitution after cCART does not restore anti-HBV
immunity completely in the majority of children, the response to
revaccination is variable and careful follow-up is required so that HIV
patients start and complete vaccination schedules, including booster

doses, not only for HBV but also probably for other vaccine antigens.

116



IMPLEMENTATION OF OCCULT HEPATITIS SCREENING IN THE SPANISH COHORT OF | 2011
HIV-INFECTED PEDIATRIC PATIENTS

8. STUDY LIMITATIONS

The novelty of this study is that it is the first to search for occult hepatitis
coinfection in a large cohort of HIV-infected pediatric patients. The cross-
sectional design is an obvious limitation as is the lack of information about
some parameters such as HBsAg, analyzed in 239 out of 254 patients
(94.1%), and anti-HBc antibodies, studied in 216 (85%) of the total, thus a
case of chronic HBV infection with negative plasmatic VL and/or an anti-

HBc alone pattern could be overlooked.

The lack of participation of the rest of the 318 patients in the entire
pediatric cohort is another undesirable circumstance, as they could have
shed more light on liver disease among HIV-infected pediatric patients in
this attempt to approach, understand and maybe prevent or at least try to
reduce liver disease. However, the percentage of inclusion is similar to
other previously published papers on the CoRISPe population, reducing the

importance of this limitation (181,182).

Other constraints were the fact of no hepatitis D virus coinfection in the

HBV-infected patients and that no HCV genotyping was performed.

The retrospective recording of data about HBV vaccination is another
limitation, since there are no data about the exact time of vaccination -a
factor that could interfere with the evaluation of vaccine response- and no
possibility of intervening. Missing data regarding maternal HBV and HCV

infection also entails less accuracy.
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The cART history was not recorded in the present study except for
treatments with effect on HBV replication, nor were drug resistance-
associated HBV mutations such as with 3TC, as the three patients with
cHBV had undetectable HBV DNA. However, this consideration opens a
door to further research among the cohort in this regard. Potential
hepatotoxic non-cART medication was not recorded either. This would
increase the information about possible causes and correlations of liver

dysfunction.

The fact of not performing TLE and/or biopsy on occult coinfected children
also diminishes the accuracy of the study (because intrahepatic VHB DNA is
the gold standard for OBI). Although this was not among the aims of the
study, it would shed light on the cases with high noninvasive assessment
scores for liver fibrosis. Studies on this direction are currently being
performed among the HBV and HCV coinfected HIV children from CoRISPe.
It would be desirable to include all these patients with occult and

seronegative infections.

Despite the above limitations, this study can be considered a novel
snapshot of the current prevalence of classic and occult hepatitis infection
among children living with HIV in Spain and provides a starting point for
further research and action on this issue in the pediatric population, in
which liver disease may become one of the leading causes of morbidity

and death.
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9. CONCLUSIONS

The study data show that HIV-infected children and young
adolescents living in Spain present a similar rate of HBV and HCV
coinfection to those of previous reports. However, although some
interesting studies on this topic are ongoing, accurate prospective
national data are still missing.

The study cohort includes a 44% of all the children included in
CoRISPe without significant clinical or epidemiological differences.
Therefore, our conclusions could be extrapolated to the global
cohort of HIV-infected children in Spain.

This study presents a similar rate of occult HBV and seronegative
coinfection to that reported in large studies in adults and in other
settings where the prevalence of hepatitis virus infection differs,
especially for HBV. Further work is needed to clarify the clinical
significance of occult hepatitis infection and its pathogenic
consequences, reactivation and progression to chronic liver disease
and hepatocellular carcinoma, in this unique population of growing
children.

These data reinforce the need to increase diagnostic accuracy by
implementing occult hepatitis screening through sensitive
molecular assays for both HBV DNA and HCV RNA in the routine

care of HIV-infected children, who may even present with some

119



IMPLEMENTATION OF OCCULT HEPATITIS SCREENING IN THE SPANISH COHORT OF | 2011

HIV-INFECTED PEDIATRIC PATIENTS

120

grades of liver fibrosis despite their young age, in accordance with
the recommendations of the recent PENTA and SEIP guidelines.
Since this type of hepatitis has been shown to be transmissible,
implementing molecular viral hepatitis screening in routine HIV care
would be in agreement with the WHO objective of a 90% reduction
in HBV and HCV infection by 2030.

It is essential to keep an open mind on how to interpret traditional
HBV serology as for anti-HBs positivity in immunocompromised
patients, not only for HIV.

Noninvasive liver assessment should be considered a reasonable
and feasible first grade diagnostic tool that applies not only to
coinfected hepatitis-HIV children but also to HIV-monoinfected
children, in order to detect and monitor liver toxicity following cART.
The present findings underline the importance of confirming
seroconversion after HBV vaccination. Careful follow-up is required
in order to start, complete and booster vaccination schedules in HIV
patients, not only for HBV but probably also for other vaccine

antigens.
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10. FURTHER RESEARCH

In our opinion, it would be advisable to conduct a study of noninvasive liver
fibrosis assessment within CoRISPe database, including both serum
markers and transient elastography in all types of coinfected patients, and
maybe in HIV-monoinfected patients too, in order to have a snapshot of

liver dysfunction in HIV-infected children living in Spain.

It would be also desirable to include vaccine status in the CoRISPe
database in order to record vaccine doses and trademarks, dates and

preferably, vaccine responses.

Accordingly, it would be interesting to create a national cohort of viral
hepatitis-infected children, including HBV, HDV and HCV-infected patients,
as well as recording vaccinal status and liver function assessment and
undertaking periodic monitoring, especially in this era of the emergence of

new treatments.
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13. APPENDIX 1: INFORMATION SHEET FOR PARENTS/GUARDIANS

OCCULT HEPATITIS B VIRUS INFECTION AND SERONEGATIVE HEPATITIS
C VIRUS INFECTION STUDY IN A NATIONAL COHORT OF HIV-INFECTED
PEDIATRIC PATIENTS (CoRISPe)

INFORMATION SHEET FOR PARENTS/GUARDIANS

Hepatitis B virus and Hepatitis ¢ virus (HBV and HCV) coinfection is
frequently seen in patients who live with the human immunodeficiency
virus (HIV), mainly due to shared transmission routes. As you may know,
one of the main ways they are acquired is mother-to-child transmission,
especially in the perinatal period. If this occurs and HBV transmission takes
place during infancy, there is a higher risk it may become chronic. In
addition, HIV patients present a higher risk of progression and chronic liver

damage.

Two different or special situations, occult hepatitis B virus infection and
seronegative hepatitis C virus infection, can be missed with the regular
screening methods. Early detection of these infections would make it
easier to take a series of preventive measures to prevent or stop their

progression to liver damage and the development of complications.

For all these reasons, the doctor who is informing you, an expert in the
management of pediatric HIV infection, considers it appropriate for you to
take part in the Implementation of Occult Hepatitis Screening in the
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Spanish Cohort of HIV-Infected Pediatric Patients study that is going to

be carried out in several Spanish pediatric hospitals.

Consent to take part in this study would not entail any additional
procedure during or outside existing routine periodic assessments or any
significant increase in the volume of routine blood extractions. If HBV or
VHC coinfection is detected, the appropriate treatment will be
recommended and in the event of poor vaccine response the possibility of

reimmunization will be offered.

In accordance with Law 15/1999 on the Protection of Personal Data (LOPD),
the personal data obtained will be only those that are strictly necessary for
the purposes of the study. Your name will not appear in any study report,
and your identity will not be disclosed to any person other than the

researchers except in the case of medical emergency or legal requirement.

Any personal information that may be identifiable will be kept by secure

computerized methods.

According to current legislation, you are entitled to be informed of relevant
health information obtained during the course of the study. This
information will be communicated as desired. Should you prefer not to be

informed, your decision will be respected.

If you need more information about this study please contact the principal
researcher (see below) at the Infectious Diseases and Immunodeficiencies
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Unit, Phone: 934893140.

Your participation in this project is voluntary. You have the right to
participate or withdraw your consent after the study has started. If you
choose not to participate you will receive all necessary medical care and

the relationship with the medical team treating you will not be affected.

Yours faithfully,

Pere Soler Palacin Marta Dapena Archilés
Pediatric Infectious Diseases and Immunodeficiencies Unit

Hospital Universitari Vall d’'Hebron, Barcelona
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14. APPENDIX 2: INFORMED CONSENT

INFORMED CONSENT (MINORS)

(Name of the father, mother or legal guardian)
with National Identity Card NUMDEr: ......ccociviiiririeeereee s

declare that:

as a specialist doctor in  Pediatric  Infectious  Diseases
- | SO OO OSSOSO USRS Hospital,
has informed me about the characteristics of the Implementation of
Occult Hepatitis Screening in the Spanish Cohort of HIV-Infected

Pediatric Patients study in a detailed and understandable way.
| have read the information sheet that was given to me.

| was able to ask questions about the study.

of whom | am the parent or legal guardian, to be included in this study.
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I am aware that participation in this study is voluntary and | may withdraw
from it at any time | wish, and that waiver of participation in it will not alter

the clinical management of the iliness of my child or ward.

Parent/Legal Guardian's Signature Researcher’s Signature
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INFORMED CONSENT (MATURE MINOR)

with National Identity Card NUMDEr: ......ccocvviiiririreeeeee e
1 ale B oYoTd ale ] a T ( 1<) TR TR
declare that:

Dt s ,

as a specialist doctor in Pediatric Infectious Diseases at........cccceveviecerverennnn.
Hospital, has informed me about the characteristics of the
Implementation of Occult Hepatitis Screening in the Spanish Cohort
of HIV-Infected Pediatric Patients study in a detailed and
understandable way in the presence of my parents or legal guardians.

| have read the information sheet that was given to me.

| was able to ask questions about the study.

I have been invited to take part in this study and | accept the invitation.
| am aware that my participation in this study is voluntary and | may
withdraw whenever | wish, and that waiver of participation in it will not

alter the clinical management of my disease.

Minor's Signature Parent/ Legal Guardian’s Signature Researcher’s Signature
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Implementation of Occult Hepatitis Screening in the Spanish
Cohort of HIV-infected Pediatric Patients
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Ahslmrl Regular screening melhnds may miss the dlagnns\s of occult
B infection and is C virus in mmue-

1 patients, A I study within a Spanish cohort
an-I[\c‘-ln!‘mled children yielded 6 0f 254 (2.4%) possible oceult hepatitis B
|nﬁ:cncm cases and 2 of 254 (0.8%) u‘mncganv: hcpxl‘l(l! C virus—infected
patients. lmpl ion of occult | 1z i the routine care of
these children may be warranted.

Key Words: hepatitis B core antigens, hepatitis C infection, hepatitis B vac-
cines, HIV, pediatrics

(Pextatr Infect Dis J 2013:32: e377-€379)

changed in the ¢ra of highly active anti iral th liver

additional immumosuppression or for a highly active antiretroviral
therapy switch for immunovirological failure occurs.

A large body of information has been produced in recent
years regarding occult hepatitis in adults, but data in HIV-infected
children are lacking. This study was designed to investigate the
value of mcluding OBI and HCV-seronegative infection markers
in our routine hospital screening protocols for HIV-infected pediat-
ric patients by assessing the prevalence of these entities in a large
cohort of vertically HIV-infected Spanish children.

METHODS
The Spanish Cohort of HIVeinfected Children (CoRISpe) is
a national registry of HIV-infected Spamsh patients aged 18 years
or younger, and currently includes 838 patients in 75 centers. This
report represents a cross-sectional study of all vertically HIV-infected

lusl as the burden of non-AIDS morbidity and mortality has
i

isease has emerged as one of the most commeon non-AlDS-related
causes of death among HIV-infected adults,’ Occult hepatitis B
virus (HBV) infection (OBIY and seronegative or serosilent hepati-
tis C virus (HCV) infection’ may not be detected by current screen-
ing methods but may pose a risk for later hepatic failure when

Fromthe Hcsp:l:l] Universitari \-’aII d' Hchmn Pediatric Infcchous Dlsms and
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of Pediatrics, I-Iosptul S.ul Jo:m de Déu, Inl'eclmus Diiseases Unl Univer-
sitat de B af Pe i Hoﬁpml Universi-
tario La Paz, D‘lscsm Unit; §D of P Hospml
Universitario Carlos 111, Infectious Discases Unit, Madrid; YDepartment of
Fediatrics, Hospital San Joan Jd'Alacant, Infections Diseases Unit, Alacant;
|| Department of Pediatrics, Hospital Virgen del Rocio, Infectious Diseases
Unit, Sevilla; **Department of Pediatrics, Hospital General Universita-
rio Gregorio Marafidn, Infectious Discases Unit, HLaboratorio de Inmu-
nobiclogia Molecular, Hospital General Universitario Gregorio Marafion,
Madrid; ${Department of Pediatrics, Hospital General de Castelld, Infec-
tions Diseases Unit, Castellé; §§Depanment of Pediatrics, Hospital Josep
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Asil de Granollers, Infections Diseases Unit, Granollers: 'ﬂDq:lammm of

hildren and adol ts from 14 hospitals in CoRISpe during 2011.

At assessment, CD4+ T-lymphocyte absolute count and
HIV-1 viral load (VL) were analyzed. HIV-VL was determined by
real-time polymerase chain reaction (PCR) technology: 2 centers
used the NucliSens EasyMag system (BioM érieux, Marcy [ Etoile,
France) for extraction and NucliSens Easy() system { BioMérieux)
for detection and quantification (lower limit of detection, 25 cop-
tes/mL), and the remaining centers used the Ampliprep COBAS
Tagman system { Roche Diagnostics GmbH, Mannheim, Germany;
lower limit of detection, 20 copies/mL).

Alanine aminotransferase, aspartate aminotransferase, HEV
infection-related markers (surface antigen [HBsAg], antibodies
against HBsAg [anti-HBs), antibodies against core antigen [anti-
HBe¢ IgG and IgM] and HBV DNA by real-time PCR) and HCV
markers (antibodies against HCV [anti-HCV] by enzyme immumno-
assay and recombinant immunoblot assay, and HCV RNA by real-
time PCR) were analyzed Recombinant immunoblot assay was
used to confirm infection when the antibody detection was near the
cutoff value for positive results.

All serological assays (HBsAg, anti-HBc 126G and anti-HBc
IgM, :ml:-HBs and anti-HCV) were performed by commercial elec-
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Vitros System {Ortho Clinical Diagnostics-Johnson & Johnson,
Dorchester, NY), Advia Centaur (Siemens, Munich, Germany) and
Elecsys (Roche Diagnostics), which had similar analytical charac-
teristics (sensitivity and specificity).

HBV-DNA and HCV-RNA levels (VL) were determined
by real-time PCR technology, mainly on an AmpliPrep COBAS
TagMan system (Roche Diagnostics GmbH) with a lower limit of
quantification of 20 [U/mL for HBV-DNA and 15 IU/mL for HCV-
RNA and a lower limit of detection of <10/IU mL for both methods.
The Abbot Real-Time HBV and HCV Assay (Chicago, IL), which
has similar analytical characteristics, was used in 1 center,

wwwpidj.com | e377
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The diagnosis of confirmed OBI was established on HBV-
DNA detection in the serum of HBsAg-negative patients, with or
without other serologic markers of previous viral exposure. We
defined possible OBI as positive testing to anti-HBe IgG alone
(anti-HBc alone serostatus) or to both anti-HBc and anti-HBs but
no HBV-DNA detected, HBV-DNA detection in liver samples was
not performed in any case. A case of seronegative or serosilent
HCW infection was defined as simultaneous anti-HOV negativity
and detectable (=15 [U/mL) HOV-RNA VL.

Results are expressed as the median and interquartile range
for quantitative variables and as a percentage for qualitative varia-
bles, When antiretroviral drugs were analyzed as risk factors, naive
patients were excluded. Comparisons between quantitative vari-
ables were performed with the Mann-Whitney U test, The Fisher
exact test was used to compare categorical variables. Significance
was set at a P value of <0.05. Statistical analyses were performed
using Stata/SE 11.2 (StataCorp., College Station, TX).

RESULTS

Of 838 HIV-infected pediatric patients, 254 were evaluated
(30% patients from the total of the cohort, 18% of centers). No
significant differences were observed when comparing our popula-
tion with the general cohort.” Median age was 14.4 years (inter-
quartile range: 9.2-16.7), 55.6% of participants were female, and
69.3% were white. [n 95% of patients, the route of HIV acquisition
was mother-to-child transmission. Maternal serostatus was positive
in 3.9% for HBV and in 24.4% for HCV, however, data regarding
HBV and HCV infection serostatus were missing for 44.8% and
40.6% of the mothers, respectively.

Plasma HIV=VL was undetectable in two thirds, and median
CD4+ T-cell count was 840/mm’ (interquartile range: 577-1117).
Almost one third of patients met the criteria for AIDS. Among
patients on highly active antiretroviral therapy, ever/current expo-
sure to drugs with anti-HBV activity were 91% and 30% for lamivu-
dine/emtricitabine and tenofovir disoproxil fumarate, respectively.

Almost 90% of patients had completed the HEV vaccination
schedule, but only one half of them achieved protective anti-HBs

levels. No association was found between responsiveness and CD4+
T-lymphocyte nadir counts <200 cells/mm?, higher VL or age.

Three (1.3%) patients were chronically infected with HBY
at inclusion (HBsAg+, anti-HBe IgM+, anti-HBs—), HBV-DNA
was negative but all of them received HIV/HBV-active drugs. No
cases of acute HBV infection were detected,

Six possible OBl cases (2.4%; 95% confidence interval:
0.8-5.1), but no confirmed case were detected: 2 patients showed
an anti-HB¢ alone pattern (0.8%) whereas 4 cases were both anti-
HB¢ and anti-HBs positive (1.6%), HBV-DNA was undetectable
in all cases and only 1 anti-HBc/anti-HBs-positive patient showed
mild elevation of alanine aminotransferase and aspartate ami-
notransferase plasma levels (46 and 52 [U/mL, respectively). Five
of these 6 patients were currently receiving at least | antiretrovi-
ral drug with activity against HBV, and did not show significantly
lower CD4+ T-lymphocyte counts or higher plasma HIV-VL when
compared with chronically HEV-infected patients.

Fifteen (6%) patients were coinfected with HCV when
evaluated by conventional serological sereening methods, Two of
them had spontaneously cleared HCV infection. All of them were
HBV-DNA negative. Triple HCV-HBV-HIV coinfection was not
observed n any patient.

Seronegative HCV infection was detected in 2 patients
(0.8%; 95% confidence interval: 0,1-2.8), both of whom showed
¢levated alanine aminotransferase plasma levels (51 and 77 TU/
mL, respectively). There were no differences in HCV-RNA levels
between anti-HCV positive and anti-HCV negative cases,

Data from possible OBI and sercnegative HCV-infected
patients are summarized in Table 1,

DISCUSSION
Although remarkable strides have been made in understand-
ing the natural history and pathogenesis of viral hepatitis, there is
still a lack of information regarding occult hepatitis infection, espe-
cially in children.
We found no cases of confirmed OBI based on positive
HBV-DNA analysis, the only reliable noninvasive diagnostic

TABLE 1. Main Features of Patients With Possible Occult HBV Infection and Seronegative HCV Infection

Seronegative HCV

Possible OBI (2.4%) Infection (0.8%)

Patient 1 Patient 2 Patient & Patient 4 Patient 5§ Patient 6 Patient 7 Patient 8
Age, yr 7 16 13 11 14 15 16 18
Sex M F F F F M M M
Ethnicity A W W A W A w w
Tranemission T v v v v v v v
Current CD4+ T cell eount (mm®) 1088 574 750 810 ABG Ta4 814 820
HIV VL (eop/ml.) 53 Undetoct Undetect Undetect 88,500 Undetect 150 Undetect
AIDS eritorin Ne Yos No Yes No No You Yes
ALT (IU/mL) 46 18 20 21 21 26 48 43
AST (IU/mL} 52 18 14 21 14 26 61 7
Anti-HBe IgG Positive Undetect Positive Positive Undetect Positive Undetect Undetect
Anti-HBe [gG Positive Positive Pogitive Positive Positive Positive Undetect Undetect
HBEV DNA Undetect Undetect Undetect Undetect Undetect Undetect Undetect Undetect
Anbi-HCV Undotect Undetect Undotoct Undotect Undotect Undetoct Undeteet Undotect
HCV RNA (cop/mlL) Undotect Undetoct Undetect Undeteat Undotoct Undetoct 5,450,000 45,000
HBV vaccine C « c (8] O C I c
ATC/FTC® exposure Yes Yes Yes Yea Yes Yes Yes Yes
TDF* exposure No Yes No Yes No No Yes No
Maternal HBEV Unk Pogitive Unk Unlk Unk Positive Unk Negative
Maternal HOV Unlke Positive Positive Unk Unk Unk Posritive Positive

*Current or ever exposure.
A indientes African; ALT, alanine ami AST, i C, comphete; W, white: F, fema ke FTO, smtricitabine 1, b M, maks T

TDF, ir disoproxil BT, lamivodine; V. eally infected; Undetect, undetectnble: Unlk, unknown,
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marker of OBI in clinical practice. As OBI status is dependent on
longlasting persistence of viral genomes in the hepatocytes,” analy-
s1s of liver extracts is considered the reference standard diagnos-
tic method for OBL. Liver samples were not available in our study,
however; hence, OBI cannot be definitely excluded in our patients.
In addition, HBV-DNA detection in serum can fluctuate over time,
another possible explanation for the absence of positive samples
in our study.® A major limitation of the survey is that most patients
with “possible occult HBV™ were receiving antiretroviral treatment
active against HBV (ie, lamivudine/emtricitabine and/or tenofovir
disoproxil fumarate), which might have suppressed HBY replica-
tion below the detection limits. Thus, it 15 highly recommendable to
perform the sereening for viral hepatitis before starting on antiret-
roviral treatment, including HBV-DNA and HOV-RNA,

Using the definitions in the consensus recommendations®
based on the HBV antibody profile, HBV infection markers may be
negative inup to 20% of patients, poszsibly due to progressive Ioss

HBV-DNA and HCV-RENA) in the routine care of these children.*'
Further work is needed to clarify the clinical significance of occult
hepatitis infection and its pathogenic consequences in this unique
growing population.
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