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CHAPTER 1

BACKGROUND



1.1 Children with chronic diseases

1.11 Chronic viral hepatitis

Among human hepatitis viruses, hepatitis B (HBV) and C (HCV) viruses are able to persist in
the host for years and thereby causing chronic hepatitis. Three hundred and seventy and 130
million people is estimated to be infected with HBV and HCV, respectively, worldwide (1). In
endemic areas, HBV infection is often acquired perinatally or early in childhood and becomes
chronic in a high proportion of cases. Universal vaccination of newborns has been effective in
reducing the spread of infection. However, hepatitis B is still a social and health problem in
underdeveloped areas where immunisation policies are unavailable, and even in developed
countries, where the reservoir of infection is maintained by immigration and adoption. In
some endemic areas children with chronic hepatitis B are also at risk for superinfection with
the hepatitis delta virus (HDV), which worsens the prognosis of liver disease.

HCV is not a less important problem. The prevalence of circulating anti-HCV antibodies in
the pediatric population averaged 0.3% in Italy in the early 1990s (2), but a national
observational study suggest that the number of “new” pediatric infections dropped by
approximately 40% in 2000-2004 compared with the previous 5 years (3). The lower
prevalence of HCV in children reflects the disappearance of transfusion-related hepatitis and
the reduced efficiency of mother-to-child (vertical or perinatal) transmission, although the
latter form of transmission is currently responsible for most “new” infections in the developed
world and contributes to maintaining the reservoir of infection worldwide (4-7). This
favourable epidemiologic trend is balanced, however, by the strong tendency of HCV
infection acquired early in life (either perinatally or following blood transfusions) to become
chronic (8-14). In the absence of a specific vaccination, HCV infection remains a major global
health problem and HCV-related end-stage liver disease is still the most frequent indication
for liver transplantation in adult patients.

Chronic viral hepatitis acquired in childhood is a long-lasting process based on host-virus
interaction, which may change over the years. A number of factors related to the virus
(genotype, therapy), to the host (hormonal status, immunocompetence, therapy) and to the
environment (alcohol, drugs, co-infections) affects the natural history of the disease,
especially during adolescence and early adulthood. Strategies to improve the prevention and
treatment of HBV and HCV infection, and the related liver disease in children, before the

possible development of irreversible complications, should be investigated and implemented.
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1.12 HIV infection

Countries most heavily affected, HIV has reduced life expectancy by more than 20 years,
hampered economic growth, and deepened household poverty (UNAIDS. Data from:
www.unaids.org/en/KnowledgeCentre/HIVData/GlobalReport/2008/2008_Global_report.asp).
Mother-to-child transmission (MTCT) is the main source of pediatric HIV-1 infection. MTCT

of HIV-1 mainly occurs around the time of delivery, but breastfeeding is an additional route of

viral transmission and accounts for about one-third of pediatric infections in resource-poor

Countries (15). In the absence of antiretroviral therapy, about 30% of women transmit the

virus to their infants. The estimated number of perinatally acquired AIDS cases in the United

States peaked at 945 in 1992 and declined rapidly with expanding prenatal testing and

implementation of appropriate preventive interventions (16). At the end of 2007, there were 2

million children living with HIV around the world, an estimated 370,000 children became

newly infected with HIV in 2007, and, of the 2 millions people who died of AIDS during

2007, more than one in seven were children. Every hour, around 31 children die as a result of

AIDS.

HIV can affects a child’s life through its effects directly on the child, on that child’s family,

and on the community within the child is growing up:

- Many children are themselves infected with HIV

- Children live with family members who are infected with HIV

- Children act as carers for sick parents who have AIDS

- Many children have lost one or both parents to AIDS, and are orphaned

- An increasing number of households are headed by children, as AIDS erodes traditional
community support systems

- Children end up being their family’s principal wage earners, as AIDS prevents adults
from working, and creates expensive medical bills

- As AIDS ravages a community, schools lose teachers and children are unable to access
education

- Doctors and nurses die, and children find it difficult to gain care for childhood diseases

- Children may lose their friends to AIDS

- Children who have HIV in their family may be stigmatized and affected by

discrimination


http://www.unaids.org/en/KnowledgeCentre/HIVData/GlobalReport/2008/2008_Global_report.asp

In the last 10 years, dramatic advances in medical management of HIV infection have
followed the results of clinical trials of antiretroviral combination therapies in children. The
use of antiretroviral therapy during pregnancy in HIV-infected women has resulted in a
dramatic decrease in the transmission rate to infants, which is currently less than 2% in most
high-income Countries (17). In parallel, the introduction of highly active antiretroviral therapy
(HAART) has changed the natural history of HIV-1 infection and the life expectancy of HIV-
1-infected adults (18,19) and children (20-26). Although in developed Countries children
living with HIV infection are expected to live a long life, they still need to face major
emotional burden, social stigma and global exclusion from the social contest (27). Being a
child or an adolescent with HIV implies major problems in terms of management of multiple
drugs, adherence to antiretroviral therapy, drug resistance, quality of life, frequency at school

and social interactions with peers (28).

1.13 Immunization in at risk children

Vaccinations programs are one of the greatest public health interventions of the last century
and have dramatically improved quality of life (29). Benefits of vaccination to the individual
include partial or complete protection against infections and symptoms of illness, improved
quality of life, and prevention of up to 3 million pediatric deaths per year worldwide (29,30).
Benefits of a universal vaccination program to society include creation and maintenance of
herd immunity, prevention of disease outbreaks, and reduced health care costs (30). Despite
the availability of safe and effective vaccines and substantial progresses in reducing vaccine-
preventable diseases, delivery to and acceptance of vaccinations by targeted populations are
essential to further reducing and eliminating vaccine-preventable causes of morbidity and
mortality (31). Children who are not vaccinated endanger public health representing a risk for
other nonimmunized individuals, including subjects who cannot be immunized due to
underlying health problems, and the small percentage of individuals in whom vaccination does
not confer protection (29). They also contribute to increase health care costs (29).

Access to immunizations, prevalence of vaccine-preventable diseases, and vaccination rates
varies by geographic area or country. Throughout the United States and European Countries,
immunization rates of children and adults are rising, but coverage levels have not reached
established goals (32). As a result of low immunization rates, vaccine-preventable diseases

still occur as evidenced by the measles epidemic, the large number of annual cases of



varicella, pertussis, and hepatitis B, and the more than 50,000 annual deaths in adults from
influenza or pneumococcal infections (33-36).

In an attempt to eliminate the risk of outbreaks of some diseases, governments and other
institutions have instituted policies requiring vaccination for all people (compulsory
vaccinations). For example, actual vaccination policies in most developed Counties require
that children receive common vaccinations before entering school. In addition to compulsory
vaccines, certain populations should receive additional vaccinations. Subjects with chronic
medical conditions are at increased risk for severe complications related to vaccine-
preventable infections, such as influenza and pneumococcal infections (34,37). In ltaly,
compulsory vaccines are generally administered in vaccination centers and complementary
vaccinations are actively offered to children with chronic conditions and are included in the
Essential Levels of Care (38). Despite long-standing recommendations to provide
recommended vaccinations to children with chronic medical conditions, immunisation rates in
these vulnerable populations remain poor (39). Several conditions hamper implementation of
these vaccinations, including problems in identifying at risk children, ineffective
organizational strategies and lack of awareness of disease severity or poor confidence by
parents in specific recommendations (40,41). Often, the presence of a chronic condition is
erroneously considered a contraindication rather than an indication to vaccination.

It is important to ensure that patients comply with the vaccination schedule to the extent
possible, and to provide education to parents who may have concerns about pediatric

vaccinations.



1.2 Goals of the thesis

In this PhD thesis, the organization and management of pediatric infectious diseases, with a
perspective of public health, are investigated.

Specific chronic diseases, as chronic viral hepatitis and HIV infection, have been selected as
models to investigate the main aspects of prevention, management and treatment. The goal is
to investigate the efficiency of organization and propose interventions with specific reference
to treatment of infectious diseases, their direct and indirect results and how these conditions
affect quality of life of at risk children and their families.

The final goal of this research is to provide strategies to optimize public health system.
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CHAPTER 2

CHRONIC VIRAL HEPATITIS IN CHILDHOOD
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2.1 Management of chronic hepatitis B and C in children

2.11 Rationale

HBV and HCV infections are the most common causes of infectious chronic disease
worldwide, and are responsible of chronic hepatitis, cirrhosis, liver failure and hepatocellular
carcinoma (HCC). Over the past two decades, the advent of universal immunization against
HBV and the implementation of blood-donor screening for HBV and HCV have greatly
decreased the rate of transmission; nevertheless, a considerable number of children and adults
become chronically infected (1).

The risk of developing chronic HBV infection after acute exposure is roughly inversely
proportional to the age of the individual. Newborns of HBeAg-positive mothers have a greater
than 90% risk of becoming chronically infected with HBV, children and adolescents have a
25-50% risk, while only 5% of adults exposed to HBV develops chronic infection (2). Chronic
hepatitis B is defined as persistence of HBsAg for longer than 6 months.

In perinatally infected children estimated spontaneous clearance of HBV (i.e. loss of HBsAg
and development of anti-HBs antibodies) occurs at a rate of 0.6% per year over the first
decade of life, but the rate of clearance is higher, 1.8% per year, in patients infected as
adolescents and adults (2). Of those children who remain infected, most develop “immune
tolerance”, with HBeAg-positivity, high serum HBV DNA but normal ALT levels. During
the course of chronic hepatitis B, clearance of HBeAg represents a key event, because it
implies that the host is no longer immunotolerant and enters a low replication phase (2,3).
Among carriers with elevated ALT levels, the rate of clearance of HBeAg (seroconversion)
averages between 8% and 12% per year. Seroconversion coincides with a decrease in serum
viral load and biochemical and histological remission in the majority of cases (“inactive
carrier state”) and may be followed by HBsAg seroclearance (2-4). Approximately 4% to 20%
of inactive carriers have one or more reversions back to HBeAg. Among those who remain
anti-HBe positive, 10% to 30% continue to have elevated ALT and high HBV DNA levels
after HBeAg seroconversion (“HBeAg-negative chronic hepatitis B”). Clearance of HBeAg,
whether spontaneous or after antiviral therapy, reduces the risk of hepatic decompensation and
improves survival.

Children with chronic HBV infection are usually asymptomatic and have normal growth,
physical examination results, nutritional parameters and development (5). During childhood,

chronic hepatitis B is a mild disease associated with a low rate of cirrhosis (6). However,
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decompensated liver disease and HCC have also been reported in children (7-9). Pediatric
HCC has a poor prognosis, with a long-term survival rate of only 10-30% (8).

The goal of treatment for chronic hepatitis B encompass normalizing liver histopathology,
suppressing viral replication and promoting immune-mediated clearance of HBV, and
preventing the development of cirrhosis and HCC. Treatment options approved for children
with chronic hepatitis B, interferon (IFN)-alpha, lamivudine and, recently, adefovir, do not
achieve these goals in all treated patients (10-12).

The main source of HCV infection is now perinatal transmission from infected mothers.
Transmission is higher in mothers with high titres of HCV RNA and who are HIV positive,
with a transmission rates varying from 2-12% depending on maternal infectivity (13,14).
Children constitute a small proportion of the HCV-infected population. This favourable
epidemiologic trend is balanced, however, by the strong tendency of HCV infection acquired
early in life to become chronic (15-17).

Chronically infected children are typically asymptomatic. Unlike with HBV, many patients
with chronic hepatitis C have normal ALT levels despite necroinflammatory damage in the
liver (18). Most children who are chronically infected with HCV have a milder disease with a
more favourable natural course, compared to infected adults (16,19-22). Histological studies
confirmed a prevalence of cirrhosis of 1.7% among 229 children with chronic HCV infection
(20,23,24). Despite this favourable course, cases of HCV-infected children with cirrhosis who
require transplantation have been reported (25-28). However, data about the severe course of
pediatric HCV infection derive from studies performed in tertiary or quaternary referral
centres and, consequently, do not provide an adequate perception of the real prevalence of
Worsening prognosis.

In spite of the indolent course in the majority of cases, a substantial number of children with
chronic hepatitis C have been treated with IFN. An analysis of published trials of IFN therapy
in children with chronic hepatitis C has shown a favourable effect of therapy in terms of
sustained response, mainly for patients who are infected with HCV genotypes other than
genotype 1 (29). To date, the approved treatment for HCV-infected children older than 3 years
of age is combination therapy with IFN-alpha plus ribavirin for 1 year (30,31). Treatment
should be discontinued in children who still have detectable HCV RNA after 6 months of
treatment because of the unlikely change of achieving a sustained response under these
circumstances (31). Studies of IFN-alpha plus ribavirin have reported promising results with
regard to a sustained response rate (32-35), but the real impact of treatment on long-term
outcome remain to be established. Moreover, antiviral therapy is expensive, and its efficacy is

tempered by several adverse effects and impairments in the health-related quality of life (36).
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The management of chronic hepatitis B and C in asymptomatic children is still a challenge. As
antiviral therapies are now available for the treatment of both infections, the knowledge of
natural history of chronic HBV and HCV infections and appropriate evaluation of potential

treatment candidates is crucial.

We retrospectively investigated the long term outcome of chronic HBV and HCV infections in
a large series of children who were observed regularly from childhood to young adulthood in a
single care center. We compared treated and untreated children for clinical, biochemical, and

virological outcomes.

2.12 Experimental procedures

Patients with chronic hepatitis B

All children with chronic HBV infection observed for more than 5 years during the period
1981-2005 at the Department of Pediatrics of the University “Federico II” were enrolled. At
baseline, all patients underwent physical examination and liver function tests and were
investigated for clinical history, risk factors for HBV infection, age at infection, clinical signs
of liver disease, blood cell count, virological markers (i.e., HBsAg, antibody to HBsAGQ,
HBeAg, anti-HBe, and serum HBV DNA levels), alfa-fetoprotein level, serum
immunoglobulin level, and non-organ-specific autoantibody levels. Thereafter, all patients
were monitored every 3-6 months by physical examination, liver function tests, virological
tests, and alfa-fetoprotein level determination. At 6-12-month intervals, autoimmunity
markers were determined for treated patients. Ultrasonographic examination of the liver,
biliary tract, spleen, and portal vein was performed at 12-month intervals.

Data on IFN treatment were collected. Complete response to therapy was defined as a
decrease in transaminase levels (within the normal range), an HBV DNA level less than 10°
copies/mL, clearance of HBeAg, and development of anti-HBe within 12 months after
stopping treatment (37).

For untreated children, biochemical and virological aspects were monitored throughout the
follow-up period. Inactive carrier state was defined as a detectable HBsAg level, an
undetectable HBeAg level, a detectable anti-HBe level, a serum HBV DNA level less than 10*
copies/mL, and persistently normal ALT and aspartate aminotransferase levels. Resolved
hepatitis B state was defined as previous HBV infection, with an undetectable HBsAg level, a
normal ALT level, and an undetectable serum HBV DNA level (37).
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Patients with chronic hepatitis C

All children (age, 2-18 years) who had antibodies to HCV (anti-HCV) present for 16 months
and who attended the liver unit at our hospital (University “Federico II”’) during 1986-2004
were enrolled. Patients who had concomitant systemic diseases or other causes of chronic
liver disease were excluded from the study. For all patients, symptoms and health-related
quality-of-life data were evaluated at each evaluation by clinical examination and an
appropriate interview. Furthermore, all patients were evaluated at baseline for clinical history,
risk factors for HCV infection, age at the time of infection, clinical signs of liver disease, liver
function tests, complete blood cell count, serum HCV RNA level, HCV genotype, alfa-
fetoprotein level, serum immunoglobulin level, presence of non-organ-specific autoantibodies
and crioglobulins, levels of thyroid hormones. Thereafter, all patients were monitored every 3-
6 months with physical examinations, liver function tests, virological tests, and determination
of alfa-fetoprotein levels. At 6-12-month intervals, autoimmunity markers and hormone
profiles were determined among treated patients. Ultrasound scanning of the liver, biliary

tract, spleen, and portal vein was performed at 12-month intervals.

Laboratory procedures

At study entry and at each study visit, a serum sample was obtained from each patient and was
stored at -80°C. Biochemical and virological tests were performed on fresh or frozen serum
samples.

Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were
evaluated using standard methods (upper limit of normal, 50 1U/L).

HBV markers (HBsAg, anti-HBsAg, HBeAg, and anti-HBe levels) were measured using
commercial immunoassay Kkits (Abbott Diagnostics). Serum HBV DNA level was
quantitatively investigated, depending on the time, with a commercial hybridization method
(cut off value, 5 pg/mL; Abbott Diagnostics) or with a commercial PCR assay (Amplicor
HBV-Monitor kit; Roche Diagnostic System).

The presence of anti-HCV was determined using a third generation ELISA (Ortho Diagnostic
Systems). Quantification of HCV RNA level was performed by RT-PCR (COBASAmpliPrep/
HCV Monitor; Roche Molecular System; detection limit, 600 IU/mL of serum). In patients
with serum HCV RNA levels less than the assay detection threshold, serum HCV RNA levels
were determined using a PCR-based test (Amplicor; Roche Molecular System; detection limit,
50 IU/mL) (38). Genotyping was performed by analyzing PCR products with a reverse-
hybridization assay (Inno LiPA HCV II; Innogenetics) (39).
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Histological evaluation

Liver biopsy specimens, obtained after receiving informed consent from parents or legal
guardians, were analyzed by the same liver pathologist, who was blinded to clinical and
biochemical data. Specimens were scored with regard to hepatitis activity (grades, 0-18) and

fibrotic changes (stages, 0-6), according to Ishak et al. (40).

Statistical analysis

All data are expressed as medians and ranges. Comparison of categorical variables was
performed using the x? test or Fisher’s exact test, as appropriate. Comparison of continuous
data was performed using the Mann-Whitney U test and the Kruskal-Wallis test. A p value of

less than 0.05 was considered to be statistically significant.

2.13 Results

Chronic hepatitis B

One hundred eight consecutive patients (65 males; median age at last observation, 17.9 years;
range, 6-34.2 years) observed over a period of up to 24 years were enrolled in the study. The
course of chronic hepatitis B was evaluated for a median period of 12.1 years (range, 5-23
years).

A total of 57 liver biopsy specimens were obtained from 37 treated and 20 untreated children.
Histological assessment revealed the presence of mild to moderate disease in most patients. In
particular, 33 children (57.9%; 19 treated and 14 untreated; p>0.05) had minimal hepatitis,
and 19 patients (33.3%; 14 treated and 5 untreated; p>0.05) had moderate hepatitis. Severe
hepatitis was present in 4 patients (7.1%; 3 treated and 1 untreated; p>0.05), and features of
micronodular cirrhosis were detected in one child (1.7%; an 8-year-old boy with unknown
duration of disease who subsequently received IFN-alpha treatment).

During the observation period, 67 children remained untreated, and 41 were treated with IFN-
alpha. After a median period of observation of 12.1 years (range, 5-23 years), HBeAg loss and
serum HBV DNA clearance occurred in 43 untreated patients (69.3%) who were HBeAg
positive at study entry and in 33 treated children (80%; p>0.05). In addition, 6 untreated
patients (9.7%) and 4 treated patients (9.7%) became HBsAD positive at the end of the follow-
up period.

No patient developed end-stage liver disease or hepatocellular carcinoma.
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Chronic hepatitis C

A total of 67 children with chronic hepatitis C without other underlying systemic diseases (31
males, median age at liver biopsy 8.6 years, range 2-15; median duration of HCV infection 7.2
years, range 2-15) were enrolled.

On the basis of ALT levels during the first year of anti-HCV positivity, children were divided
in 2 groups: those with hypertransaminasemia (100 patients, all of whom had detectable HCV
RNA) and those with normal ALT values (25 patients). Of the 100 patients with
hypertransaminasemia, 50 were treated with IFN during the period of observation.

At baseline, treated patients, untreated patients with hypertransaminasemia and untreated
patients with normal ALT levels were comparable with regard to age, sex, clinical features,
duration of HCV infection, and distribution of HCV genotypes.

All patients remained symptom free throughout the period of observation, with the exception
of IFN-related adverse effects among the treated patients. No patient showed signs of hepatic
decompensation.

Treated patients

Twenty-eight children had received IFN recombinant alpha-2b (5 MU/m? 3 times per week for
12 months), 9 children had received IFN recombinant alpha-2a (5 MU/m? 3 times per week,
with durations of 6 months in the presence of a genotype other than 1b and of 12 months in
presence of genotype 1b), and the remaining 13 children had received IFN alpha-
lymphoblastoid (3 MU/m? 3 times per week for 12 months). The median duration of
observation for treated children was 8.9 years (range, 4.9-14.4 years). Response to IFN
treatment according to HCV genotype is reported in figure 1.
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50 treated children with
chronic hepatitis C

A 4 A 4

Genotype 1: Genotype other than 1:
33 (66%) patients 33 (66%) patients
\4 A\ 4
Sustained virological Sustained virological
response: response:
8 (24%) patients 11 (65%) patients

Figure 1. Flow diagram of the outcome in 50 treated children with chronic hepatitis C
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Untreated patients

Median duration of observation was 9.2 years (range, 3.4-14.9 years) in 50 untreated patients

with basal hypertransaminasemia and 7.9 years (range, 4.3-14.2 years) in 25 untreated patients

with normal ALT levels at baseline.

The behaviour of ALT and HCV RNA in 75 untreated children at the end of observation

period is reported in figure 2.

75 untreated children with
chronic hepatitis C

\ 4
50 patients with
abnormal ALT and
HCV RNA positive at
baseline

At the end of follow up:

6 (12%) patients:
Normal ALT
HCV RNA negative

A 4

10 (20%) patients:
Normal ALT
HCV RNA positive

A 4

34 (68%) patients:
Abnormal ALT
HCV RNA positive

A 4

A 4

25 patients with normal
ALT at baseline

9 patients with
HCV RNA negative

A 4

A 4

16 patients with
HCV RNA positive

Same status at the end
of follow up

At the end of follow up:

A 4

12 (75%) patients:
Normal ALT
HCV RNA positive

A 4

4 (25%) patients:
Fluctuating ALT
HCV RNA positive

Figure 2. Flow diagram of the outcome in 75 untreated children with chronic hepatitis C

21




All children remained anti-HCV positive during the entire period of observation. At the end of
the follow-up period, rates of HCV RNA clearance and ALT normalization were significantly
higher in treated (38%) than in untreated children (12%; p <0.05).

Histological evaluation

A total of 64 patients (median age, 8.2 years; median duration of HCV infection, 6.9 years)
underwent liver biopsy to assess the extent of liver damage and to guide management and
treatment. Liver biopsy was performed for 47 of 50 treated children <6 months before
commencement of treatment and for 17 of 75 untreated children. At the time of liver biopsy,
all patients had viremia and hypertransaminasemia, with the exception of a girl who had a
normal transaminase level. The median hepatitis grade was 4.4 (range, 1-8), and the median
fibrosis stage was 1.6 (range, 0-4). No cases of cirrhosis (i.e., fibrosis scores of 5 or 6) were
observed. The age of patients at the time of biopsy and the duration of HCV infection did not
correlate with fibrosis score.

Twenty-one out of 50 treated children received a second liver biopsy at a median period of 5.5
years after the initial histological evaluation (range, 2-11.2 years). In 6 patients with sustained
virological response, the hepatitis grade improved in all patients (from a median value of 5.5
to 2.2), and the fibrosis stage decreased in all children but 1 (83%), in whom fibrosis did not
change (score 1). In contrast, of 15 non responders, the hepatitis grade improved in 4 children
(26.7%); the fibrosis stage improved in 6 patients (40%), did not change in 5 patients (33.3%),
and worsened in 4 cases (26.7%). In the group of non responders who had worsening fibrosis,
only 1 HCV genotype 1b-infected obese child was found to have cirrhosis at the second
biopsy, which was performed 7 years after the first biopsy and 13.1 years after the acquisition
of HCV infection.

These data have been extensively presented and discussed in a previously published study
(41).

2.14 Discussion

Children with chronic hepatitis B and C mostly remain symptom free, experience normal
growth, and do not show clinical signs of chronic liver disease. A proper knowledge of natural
history and identification of individuals who would benefit from therapy are mandatory. Our
research contributes information regarding the long-term outcome of chronic hepatitis B and
C acquired in childhood. During the entire period of observation, no child had decompensated

liver disease or required liver transplantation.
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Cirrhosis and HCC due to chronic HBV and HCV infection have been described to occur
rarely during the pediatric age and more frequently during the second decade of life (7,9,25-
28,42). In our series, only 1 patient with chronic hepatitis B had histological signs of cirrhosis,
and none of the patients developed HCC. Because follow-up biopsies were not systematically
performed in our study, it is possible that the progression to compensated cirrhosis could have
been missed. However, strict investigation using ultrasonographic examination did not reveal
features of severe liver damage in any of the patients. Among patients with chronic hepatitis
C, histological evaluation revealed a morphologically benign disease in the majority of cases,
a relatively slow progression of fibrosis and an extremely rare cirrhosis. The analysis of paired
liver biopsies performed in a subgroup of children revealed a relatively slow progression of
fibrosis. Unlike what has previously been reported (43), no linear correlation between duration
of disease and progression of fibrosis was found in the present study. In fact, 2 of the 3 HCV-
infected children with moderate fibrosis (score, 4) at the time of the first biopsy had a short
duration of disease (2.1 and 2.5 years). On the other hand, the only patient for whom fibrosis
was absent had a disease duration of 13.9 years. Therefore, the severity of liver disease does
not seem to depend on the duration of HCV infection; instead, a host-virus interplay might be
involved.

Several studies involving adults with chronic hepatitis B have shown that the long term
outcome in patients after IFN-related HBeAg seroconversion is favourable in terms of HBV
clearance, reduction of HCC, and prolongation of survival (44,45). Similarly, there is evidence
that spontaneous seroconversion induces sustained remission in the majority of cases (4).
Although it has been reported that IFN-alpha therapy accelerates HBeAg seroconversion in
children (11), it is still not known whether faster seroconversion can modify the natural
history of the disease. In our series, 66% of treated children and 55% of untreated patients
with detectable HBeAg levels seroconverted to anti-HBe and had serum HBV DNA levels
less 10° copies/mL at the final evaluation; 8% of the patients achieved a detectable anti-
HBsAg level. No advantage at final evaluation in terms of normalization of ALT levels,
clearance of HBV DNA, and seroconversion was observed in treated patients compared with
untreated, confirming that IFN-alpha therapy accelerates only seroconversion to anti-HBe.
Although seroconversion seems to also confer favourable outcomes in children with HBV
infection, Bortolotti et al. (46) reported 2 cases of HCC, 9 and 16 years after seroconversion.
The possibility of spontaneous late reactivation and the occurrence of cirrhosis and HCC in
patients with undetectable HBeAg and HBV DNA levels suggest that long-term surveillance
is necessary for all patients with chronic hepatitis B, including inactive carriers and patients

who do not have cirrhosis (47).
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As for chronic hepatitis C, in our study the rate of spontaneous viral clearance in untreated
children (12%) was lower than that reported by Vogt (45%) (21) and Locasciulli (26.8%) (22).
This discrepancy could be related to the peculiar characteristics of patients included in those
studies: the first included children who had post-transfusion HCV infection without clear
evidence of chronic hepatitis, and the second evaluated patients who had leukaemia that was
in remission and an atypical serological profile for HCV infection. Thus far, no predictive
factor (including HCV genotype) of spontaneous viral clearance has been identified; it is
likely that genetically determined immunological factors could be involved. Treated children
with chronic hepatitis C had a rate of sustained virological clearance significantly higher than
that for untreated children; in particular, this occurred in the presence of genotypes other than
genotype 1. These findings confirm the previously reported favourable effects of IFN therapy
(29). Presently, combination therapy using pegylated IFN and ribavirin has dramatically
improved the sustained virological response among adults with chronic hepatitis C (30);
preliminary studies have confirmed the efficacy of this therapy for children as well (48).
Compared with previous studies (29), our study had a longer period of observation, both for
treated and untreated patients. Despite the longer post treatment follow-up period, in our
patients the rate of relapse was lower (8% vs. 22%). This discrepancy is probably attributable
to the very strict response criteria used in our study, in which frequent determinations of
serum HCV RNA level were performed.

A careful understanding of the natural history of HBV and HCV infections in children is
important in making decisions regarding treatment. One of the most debated questions is
whether treatment can modify the long-term course of chronic hepatitis B. According to
current guidelines, children 2 to 17 years of age who are HBsAg seropositive for more than 6
months with persistent elevation of ALT levels >2xULN and evidence of active viral
replication (positive HBeAg, HBV DNA levels >10° copies/ml or 20000 1U/ml in their serum)
for more than 3 months should be considered for therapy (3). Treatment with IFN or
lamivudine should be considered, but the side effects of IFN and the emergence of viral
mutants mean that neither is ideal except for compassionate use. Adefovir is not sufficiently
effective in children, but has the advantage of less viral resistance. Future therapies may hold
more promising for HBV-infected children. Treatment for chronic hepatitis C obtains better
results especially in presence of genotype other that 1. However, at the present time, all
children with chronic hepatitis C do not seem to be reasonable candidates for such therapy,
because treatment is expensive, prolonged and is associated to several adverse effects.
Furthermore, in the vast majority of untreated children, no significant worsening is usually

observed in our study.
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In conclusion, this study indicates that chronic hepatitis B and C acquired in childhood are
mild diseases with a slow progression of fibrosis. Considering the treatments available for
chronic hepatitis B, it seems reasonable to not treat all children, but to treat only those with
more-severe liver disease and/or with positive predictive factors of response. Treatment of

children with chronic HCV infection has provided more promising results.
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MAJOR ARTICLE

Long-Term Outcome in Children with Chronic
Hepatitis B: A 24-Year Observation Period

Raffaele lorio, Antonietta Giannattasio, Francesco Cirillo, Luca D’ Alessandro, and Angela Vegnente
Department of Pediatrics, University “Federico 11" Naples, Italy

Background. Chronic hepatitis B seems to manifest as mild disease in children and young adults. However,
data regarding the long-term course of hepatitis B in untreated and interferon-treated children are still scarce.
This study investigates the long-term outcome of disease in a large series of untreated and treated children with
hepatitis B virus (HBV) infection.

Methads. Clinical, biochemical, virological, and histological features were evaluated in children (age range, 2—
18 years) with chronic HBV infection who did not have concomitant chronic systemic diseases other than HBV
infection and who were admitted to the liver unit in the Department of Pediatrics at University “Frederico 11"
(Naples, Italy) during the period 1981-2005.

Results. One hundred eight consecutive patients observed for up to 24 years were studied. During the ob-
servation period, 67 children remained untreated, and 41 were treated with interferon-«. After a median period
of observation of 12.1 years (range, 5-23 years), hepatitis B early antigen loss and serum HBV DNA clearance
occurred in 43 untreated patients (69.3%) who were hepatitis B early antigen positive at study entry and in 33
treated children (80%; the P value is not statistically significant). In addition, & untreated patients (9.7%) and 4
treated patients (9.7%) became hepatitis B surface antigen positive at the end of the follow-up period. Histological
assessment, evaluated for 57 children, showed mild-to-moderate disease in 91.2% of cases of HBV infection. No
patient developed end-stage liver disease or hepatocellular carcinoma.

Conclusions.  Children with chronic HBV infection are symptom free, with morphologically mild liver disease.
Considering that the overall long-term outcomes did not differ between treated and untreated patients, the real
impact of therapy on the long-term course of HBV infection remains to be established. Additional studies are

needed to confirm our conclusions.

Fifteen to sixty percent of patients with chronic hep-
atitis B (CHB) develop cirrhosis, with a significant risk
for the complications of portal hypertension, liver fail-
ure, and hepatocellular carcinoma (HCC) [1, 2]. Age
at onset of infection is an important factor affecting
the outcome of hepatitis B virus (HBV) infection [3].
During the course of CHB, clearance of hepatitis B early
antigen (HBeAg) represents a key event, because it im-
plies that the host is no longer immunotolerant and
enters a low replication phase |4, 5]. Seroconversion
coincides with a decrease in serum viral load and bio-

chemical and histological remission in the majority
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of cases and may be followed by HBV surface antigen
(HBsAg) seroclearance [6-8].

During childhood, CHB is a mild disease associated
with a low rate of cirrhosis [9]. However, decompen-
sated liver disease and HCC have also been reported
in children [10-12]. In an attempt to shorten the rep-
licative phase of disease and obtain seroconversion to
antibody to HBeAg (anti-HBe), IFN-o and lamivudine
have been used to treat children with CHB [13-16].
Durable response rates associated with IFN-« therapy
seem to be higher than those associated with lamivu-
dine therapy, although IFN-a is associated with higher
toxicity, Clearance of HBeAg has been reported in one-
third of TFN-treated children, compared with 10% of
untreated control subjects [13]. The benefits of IFN-a
therapy seem to disappear during the follow-up period,
considering that the cumulative HBeAg clearance rate
over the vears has not differed between treated and
untreated patients [15]. With regard to lamivudine
therapy, clearance of HBeAg and decrease in viral load
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have been reported in 23% of treated children, compared with
13% of untreated control subjects [16].

In contrast with chronic hepatitis C virus infection, in which
a sustained dearance of serum hepatitis C vims RNA is ob-
tained in 50%—&60% of patients treated with pegylated IFN plas
ribavirin [17], in patients with CHE, a definitive clearance of
serum HBYV DNA i more rarely observed in instances of fa-
vorable response to therapy.

The ultimate goal of therapy is to prevent morbidity and
mortality related to the development of crrhosis and HCC.
The parameters used to assess treatment response inclode
HBeAg clearance and decrease in serum HEV DNA level [18].
Data regarding differences between spontanecus seroconver-
sion to anti-HBe and treatment-induced seroconversion during
the long-term course of infection are still scarce.

The aim of this study was to provide information on long-
term outcome after spontanecus and treatment-induced
HBeAg seroconversion in patients with chronic HEV infection
acquired during childhood who were observed regularly from
childhood to young adulthood. For this purpose, treated and
untreated patients observed at the liver unit in the Department
of Pediatrics at University “Frederico [1” (Maples, ltaly) over a
24-year period were retrospectively evaluated and compared
for the dinical, biochemical, and virological outcomes.

PATIENTS AND METHODS

Patients. All children with CHB (defined as the presence of
hepatitis B surface antigen [HBsAg) in serum for =& months)
who were observed for =5 vears and presented at the liver unit
in the Department of Pediatrics at University “Frederico [1”
during the period 1981-2005 were enrolled in our study. Ex-
clasion criteria included presence of concomitant systemic dis-
eases, concurrent hepatitis C virus, hepatitis delta virus, HIV
infection, or other liver disease (e.g., e~ 1-antitrypsin deficiency,
Wilson disease, autoimmune hepatitis, cystic ibrosis, and celiac
disease—related liver damage).

At each evaluation, symptoms and health-related quality-of-
life data were recorded by clinical examination and appropriate
interviews growth was evaluated wsing standard height and
weight charting [19]. At baseline, all patients underwent phys-
ical examination and liver function tests and were investigated
for clinical history, risk factors for HBY infection, age at in-
fection, dinical signs of liver disease, blood cell count, viro-
logical markers (ie., HBsAg, antibody to HBsAg, HBeAg, anti-
HBe, and serum HBY DNA levels), e-fetoprotein level, seram
immunoglobulin level, and non-organ-specific autoantibody
levels. Serum aspartate aminotransferase and alanine amino-
transferase (ALT) levels were evaluated using standard methods
(upper limit of normal, 30 [U/L).

Thereafter, all patients were monitored every 3—6 months by
physical examination, liver function tests, virological tests, and

a-fetoprotein level determination. At &-12-month intervals,
autoimmunity markers were determined for treated patients.
Ultrasonographic examination of the liver, biliary tract, spleen,
and portal vein was performed at 12-month intervals.

Liver biopsy specimens, obtained after receiving informed
consent from parents or legal guardians, were analyzed by the
same liver pathologist, who was blinded to dinical and bio-
chemical data. Specimens were scored with regard to hepatitis
activity {grades, 0-18) and fibrotic changes (stages, 0-6), ac-
cording to Ishak et al. [20].

Data on IFN treatment were collected. Complete response
to therapy was defined as a decrease in transaminase levels
(within the normal range), an HBY DNA level <107 copies/
mL, clearance of HBeAg. and development of anti-HEBe within
12 months after stopping treatment [18].

For untreated children, biochemical and virological aspects
were monitored throughout the follow-up pericd. Inactive car-
rier state was defined as a detectable HBsAg level, an unde-
tectable HBeAg level, a detectable anti-HBe level, a serum HEV
DNA level <10* copies'ml, and persistently normal ALT and
aspartate aminotransferase levels. Resolved hepatitis B state was
defined as previous HBV infection, with an undetectable HBsAg
level, a normal ALT level, and an undetectable seram HEV
DMNA level [18]. This study was performed in accordance with
the Helsinki Declaration.

Laboratory procedures. At study entry and at each visit, a
serum sample was collected and stored at —80°C. Biochemical
and virological tests were performed on fresh or frozen samples.
Viral markers (HBEsAg, antibody to HBsAg, HBeAg, and anti-
HEe levels) were measured using commercial immunoassay kits
{Abbott Diagnostics). Seram HBY DIMA level was quantitatively
investigated, depending on the time, with a commercial hy-
bridization method (cutoff value, 5 pg/mL; Abbott Diagnostics)
or with a commercial PCR assay (Amplicor HEV-Monitor kit;
Roche Diagnostic System).

Staristical analysis. All data are expressed as median and
range or mean = 50, Comparison of categorical variables was
performed using the ¥ test or Fisher’s exact test. Comparison
of continuous data was performed using the Mann-Whitney U
test and the Kruskal-Wallis test. A P value <.05 was considered
to be statistically significant.

RESULTS

(Une hundred eight consecutive patients (65 male patients; me-
dian age at last observation, 17.9 vears; range, &-34.2 vears)
observed over a period of up to 24 vears were enrolled in the
study. The course of CHBE was evaluated for a median period
of 12.1 yvears (range, 5-23 years).

Daring the observation period, 67 children remained un-
treated, and 41 were treated with [FN-o; these patients had
been incduded in dinical trials performed at our department
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in previous years [21]. At baseline, treated and untreated pa-
tients were comparable with regard to demographic, dinical,
and laboratory features {table 1). All but 1 patient were white.

A total of 57 liver biopsy specimens were obtained from 37
treated and 20 untreated children. For treated patients, biopsy
was performed before starting [FN-& therapy at a mean duo-
ration of HBY infection of 64 = 2.9 years. The mean duration
of disease at histological evaluation for untreated children was
7.2 = 2.9 years (the P value is not statistically significant). His-
tological assessment revealed the presence of mild disease in
most patients. In particular, 23 children (57.9%; 19 treated and
14 untreated; the P value is not statistically significant) had
minimal hepatitis, and 19 patients {33.3%; 14 treated and 5
untreated; the P value is not statistically significant) had mod-
erate hepatitis. Severe hepatitis was present in 4 patients (7.1%;
3 treated and 1 untreated; the P value is not statistically sig-
nificant}, and features of micronodular cirrhosis were detected
in 1 child (1.7%; an 8&-vear-old boy with unknown duration of
disease who subsequently received [FN-o treatment).

All patients were asymptomatic at presentation and remained
symptom-free throughout the observation period, with the ex-
ception of [FN-a—related adverse effects among the treated pa-
tients. Mone of the patients showed abnormal growth. None
of the patients showed signs of hepatic decompensation, and
all of the patients had normal levels of albumin and interna-
tional normalized ratio. Monitoring of a-fetoprotein levels and
ultrasonographic findings did not reveal signs of HOC in any
of the patients.

Treated patients. The median duration of follow-up for 41
[FM-treated children was 13.7 years (range, 5.4-20.9 years). On
the basis of trials in which children had been induded, 13

patients received recombinant [FN-e-2b therapy (5-10 MU/
m’, 3 times per week for 612 months), and 28 were treated
with e-lymphoblastoid [FN (5 MU/m?, 3 times per week for
6—12 months). No statistically significant difference was found
between the 2 groups (divided according to different [FMN-c
treatments) with regard to sex, route of infection, age at the
start of therapy, and duration of disease {data not shown); a
statistically significant difference was found for basal ALT level,
which was higher in patients who received a-lymphoblastoid
IFM (ALT ¥ normal value, 2.1; range, 1.3—7.9) than in those
treated with recombinant [FM-e-2b (ALT ¥ normal vahae, 1.5;
range, 1.3-2.3; P = .035). Treatment was stopped before the
end of the established period becanse of adverse events or sig-
nificant elevation of transaminase levels in 4 patients. The me-
dian duration of posttherapy follow-up for 41 patients was 10.2
vears (range, 3-15.5 years). Only 3 children had a posttherapy
observation period that was a duration of <5 years (median, 3
vears; range, 3—4 years).

A complete response to treatment ocourred in 9 patients
(21.9%; 6 treated with a-lymphoblastoid [FN and 3 treated
with recombinant [FMN-& 2b; the P value is not statistically
significant). At the end of the observation period (figure 1}, 23
patients (56%) achieved seroconversion to anti-HEBe, an HEV
DMA level <107 copies/mL, and a normal ALT level (i.e., inactive
carrier state). In 4 patients (9.8% ) who achieved seroconversion
to anti-HBe and normal transaminase levels, the HEV DNA
level was 10* copies/ml to 10° copies/'mL. HBV infection re-
solved in 4 patients (9.8%) who seroconverted to antibody to
HEsAg. Six patients ( 14.8%) maintained detectable HBeAg and
HEV DNA levels, as well as hypertransaminasemia. Two chil-
dren (4.8%) seroconverted to anti-HBe, despite the persistence

Table 1. Baseline characteristics of 108 children with chronic hepatitis B virus
{HEV) infection.
IFM-treated children  Untreated children
Characteristic in =41 In = E7]
Sax, M:F 26:16 378
Age, median years (range E71-14.7 6.7 11.1-13.2)
Route of infection®
Vertical 14 {34.7} 32 W78l
Huorizontal 15 (36.6] 13 (19.4]
Unknown 12 129.3) 22 (328
Age st disgnosis, median years (range) 3.9 (0.3-14) 4 10.2-13
ALT lavel
Mormal B2} 18 (26.9)
Elevated 36 (87.81 43 (73.1]
Median ALT level = LULM rangs) 2419 2.2 11.1-26)
Detectable HEaAg and HEV DA lavels 41 {100 62 {32 5]

NOTE. [ata are no. (%) of patlents, uniess othersise Indicaied. F- 05 for all vanables. ALT,
alanine aminatrarsterasa; HEaAg, hepatis B aary antigen; ULN, upper Bmit of normal.

® vertical transmission was defined as trarsmitssion of HEY Infection from a mother with a
detectable HEsAG leved In the absence of other nsk Taciors for HEV Infection.
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of elevated ALT levels and viral loads =10° copies'ml. This
serological pattern was suggestive of HBeAg-negative CHB (ie.,
CHR in the absence of a detectable HBeAg level). Two patients
(4.8%) who achieved clearance of HBeAg and undetectable
HBY DMA levels presented with mild ALT level abnormalities,
in the absence of other known causes of liver damage.

Untreated patients. Sixtv-seven untreated children were
observed for a median duration of 10 vears (range, 5-23 vears).
At baseline, 62 children had a detectable HBeAg level. Among
this group, at the end of the observation period (figure 2}, 30
patients (48.4%) became inactive carriers; 4 (6.4%) achieved
seroconversion to anti-HEBe, normal ALT levels, and HEV DNA
levels of 10* copies/mlL to 10° copies'mL; and 6 (9.7%) achieved
clearance of HBsAg (i.e., resolved hepatitis B) and serocon-
verted to antibody to HBsAg. In contrast, 16 patients {25.9%)
contimued to have detectable HBeAg and seram HEV DNA
levels, as well as elevated transaminase levels. Three patients
(4.5%) had a detectable HEV DNA level in seram but an un-
detectable HBeAg level in serum (ie., HBeAg-negative CHE).
Three patients (4.8%) who achieved seroconversion to anti-
HBe had mild ALT level abnormalities during follow-up, in the
absence of viremia. In this subgroup, cinfections, metabolic
diseases, and antoimmunity were ruled out. Five untreated chil-
dren were already HBeAg negative before first observation; 1
child experienced spontaneous HBsAg serodlearance during the
follow-up period.

Seroconversion to anti-HBe in treated and wntreated
patients. No correlation was found between seroconversion
and age, sex, and baseline ALT level. Median age at serocon-

version (10 years; range, 3-22 years) did not differ between
treated (median age, 10.3 years; range, 3-21 vears) and un-
treated patients (median age, 9 years; range, 3-22 years; the P
value is not statistically significant). The mean ALT serum level
measured at the evaluation before seroconversion increased 1.5
times the value detected at the previous control evaluation
(P<.001). No other significant predictive factors of serocon-
version were identified. In addition, the long-term outcome of
CHE was not significantly related to the different route of in-
fection among 74 children with known source of infection (ta-
ble 7).

At the end of the follow-up period, 86 children (79.6%) had
experienced HBeAg seroclearance. This clearance was associ-
ated with development of anti-HBe and an HEV DNA level
<10° copies'ml in 74 patients. Twenty-two patients (20.4%)
still had a detectable HBeAg level at the end of the follow-up
period. The median duration of follow-up was 13.2 years
(range, 5-23 vears) for patients with undetectable HBeAg levels
and £.7 years (range, 5.1-20.4 years) for those with persistent
detectable HBeAg levels (P = .01).

Among the treated children, throughout the observation pe-
riod, 9 patients who experienced complete response maintained
an undetectable HBeAg level in serum. In addition, 24 (75%)
of 32 nonresponders seroconverted to anti-HBe = 12 months
after treatment withdrawal. Among the untreated children, 43
(£9.3%) of 62 patients with a detectable HBeAg level at baseline
experienced HBeAg clearance. At year & after the start of treat-
ment or observation, the rate of HBeAg clearance in treated
and untreated patients overlapped, becoming 63.4% among
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treated patients and 62.7% among untreated children (the P
value is not statistically significant); the final clearance rate of
HBeAg did not statistically differ between treated and untreated
patients (table 3). None of the patients who seroconverted to
anti-HBe (either spontaneously or as a result of therapy) de-
veloped acute exacerbation or seroreversion to HBeAg during
a median postseroconversion period of 7.2 vears (range, 2.3-
20 years).

DISCUSSION

This 24-year retrospective study contributes information re-
garding the long-term outcome of CHE acquired in childhood.
Mone of the patients in our study became symptomatic or
developed decompensated liver disease requiring liver trans-
plantation. None of the patients died of liver-related canses. At
the final evaluation, 65.8% of treated patients and 54.8% of
untreated patients with detectable HBeAg levels seroconverted
to anti-HBe and had serum HBV DNA levels < 10° copies/mL;
~§% of the patients achieved a detectable anti-HBEsAg level.
With regard to seroconversion to anti-HBe in adults, several
predictors have been identified [18]; in the present study, a

significant increase in the serum ALT level was observed during
the months preceding seroconversion.

Several studies on CHE acquired during childhood revealed
a benign course of disease [7, 21, 22]. In a study including 52
children followed up for 3-22 vears, Fujisawa et al. [21] re-
ported a percentage of HBeAg clearance of 83.3% in untreated
patients and 87.3% in treated patients; none of the patients
achieved an undetectable HBsAg level. The authors explained
that this lower rate of HBsAg clearance was a result of perinatal
acquisition of HEV infection. In a recent longitudinal study
involving 97 white patients with CHE, 91% of untreated pa-
tients and all treated patients without cirrhosis became inactive
carriers; the HEsAg clearance rate was 17.5% [22].

Inactive carrier state seems to be stable for many years, as
previously reported in ltalian studies [22, 22]. In our cohont,
patients were strictly followed up for a long period after se-
roconversion to anti-HBe. The serological profiles of our pa-
tients were stable for a median period of 7.2 years after sero-
conversion. [t is notable that patients who did not experience
seroconversion had a significantly shorter observation period
than did patients who experienced seroconversion; therefore,
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Table 2 Ouicome of chronic hepatitis B virus infection in 74
children with overt route of infection.

Route of infection,
no. (%) of patients

‘ertical Haorizontal

Cutcome In = 48 In = 28I
Clearance of HEaAg and

Bcquisition of antiHEe 35 (76.1) 25 (393
Parsistence of detectable

HBafg levels 3 (196} 200
HBeAg-negative chronic

hapatitis B 2143 1 36l

MOTE. Hepstiss B early antigen {HEeAg-Negative chionic hepatiis B i
defined 2= chronic hepatiiis B in the sbsence of a detectabie HEEAQ level.
AntHHEE, antibady to HEEAD

it is possible that a percentage of these patients will experience
sernconversion at a later time. All inactive carriers had seram
HBY DMNA levels <10" copies/mL., but a group of these patients
had a detectable HEBY DMA level by PCR. Other authors re-
ported that a sizable percentage of patients with an undetectable
HBeAg level had a detectable HRY DNA level by PCR [24, 25).
These low levels of viremia probably reflect a low viral repli-
cation persisting for several years in patients with CHBE, even
after remission of liver disease and clearance of HBsAg. In our
cohort, 4.6% of anti-HBe—positive patients experienced mild
ALT level abnormalities during the follow-up period, in the
absence of HBeAg seroreversion and increase in viral load.
However, it is unlikely that the low HEV DNA level (<300
copiesfmL.) detected in this subgroup could be responsible for
the slight ALT level elevation.

Several studies involving adults have shown that the long-
term outcome in patients after [FN-related HBeAg serocon-
version is favorable in terms of HBV clearance, reduction of
HCC, and prolongation of survival [26, 27]. On the other hand,
there is evidence that spontaneous seroconversion induces sus-
tained remission in the majority of cases [28]. Although se-
roconversion seems to also confer favorable outcomes in chil-
dren with HBV infection, Bortolotti et al. [22] reported 2 cases
of HCC, 9 and 16 years after seroconversion. The possibility
of spontaneous late reactivation and the occurrence of cirrhosis
and HCC in patients with undetectable HBeAg and HEV DNA
levels suggest that long-term surveillance is necessary for all
patients with CHE, including inactive carriers and patients who
do not have cirrhosis |29).

In our study, the development of HBeAg-negative CHE was
not frequently observed both in untreated children and in
treated children, being present in only 5 of 108 patients. This
result is in contrast with results in earlier reports involving
adults with CHB, in which the patients experienced HBeAg-
negative CHE in a much higher proportion of cases [8]. Al-
though we did not investigate the presence of an e-minus mu-

tant, none of the patients in our study who had HBeAg-negative
CHE showed clinical, laboratory, or echographic signs of severe
liver damage.

To date, there have been no studies with a sufficiently long
follow-up period to caloulate the risk of progression towards
serious liver disease in children with CHB. Cirrhosis and HCC
due to chronic HBY infection have been described to ocour
rarely during the pediatric age and more frequently during the
second decade of life [10-12]. In our series, only 1 patient had
histological signs of cirrhosis, and none of the patients devel-
oped HOC. Because follow-up biopsies were not systematically
performed in our stady, it is possible that the progression to
compensated cirrhosis could have been missed. However, strict
investigation using ultrasonographic examination did not reveal
features of severe liver damage in any of the patients.

A careful understanding of the natural history of HBY in-
fection in children is important in making decisions regarding
treatment. One of the most debated questions is whether treat-
ment can modify the long-term course of CHE. To date, in-
dications for treatment of children with CHE are still contro-
versial, and current therapy has limited long-term benefits [30].
The goal of antiviral therapy is to reduce liver-related morbidity
and mortality and to minimize the risk of transmission. Al-
though it has been reported that IFN-a therapy accelerates
HBeAg seroconversion in children [15], it is still not known
whether faster seroconversion can modify the natural history
of the disease. In our series, no advantage at final evaluation
in terms of normalization of ALT levels, dearance of HBY DNA,
and seroconversion was observed in patients treated with [FN-
&, compared with untreated patients. In addition, the rate of

Table 3. Outcome of chronic hepatitis B virus (HBV) infection
in treated and untreated children at the end of the observation
pariod.

Mo (%) of Mo. (%) of
IFN-treated untreated
patients patients
Outcome in = 41 in = ETF°
Clearance of HEaAg and
acquisition of anti-HBa I7 655 38 (56.7)
Resolhved hepatitis B 41087 7104
Persistence of detectable
HBafyg lavels 6 (14.8) 16 (23.9)
HEefg-negative chronic
hepatitis B 2048 345
Fluctuating ALT lavels,
HEV DMA level <10F
copies/mlL, and an un-
detectable HBaAg level ] U5

NOTE. Hepatitis B earty antigan (HEaAgl-nagative chronkc hepatils B 1s
defined a5 chronic hepatitls B In the absence of a detactable HEaAD level.
Ant-HEa, anibody 1o HEaAg.

* Five of 67 untrested children alreaty hat undatactable HBeAQ levals at
siudy enry.
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HBsAg clearance was similar between the 2 groups, confirming
that [FM-« therapy accelerates only seroconversion to anti-HBe.
Compared with [FM-c, lamivudine is less expensive and well-
tolerated, but the durability of response appears to be lower,
and prolonged therapy is associated with increasing risk of
lamivadine-resistant mutants, which may compromise the ini-
tial benefits and eventually determine a worsening of liver dis-
ease. Although viral clearance is important to reduce the risk
of transmission, especially in a region where the vaccine is not
extensively used, currently, the real impact of antiviral therapy
seems to be scarce. However, it is not possible to exchade that,
in the upcoming vears, the use of new antiviral treatments (e.g.,
adefovir, entecavir, and telbivudine) that have not vet been
approved for use in children could modify the management of
CHB during pediatric age.

In conclasion, the overall prognosis for CHE in vertically
and horizontally infected patients seems to be favorable. On
the basis of our data, [FN-g treatment did not significantly
influence the long-term sercconversion rate among patients
with chronic HBY infection acquired during childhood. These
findings should be considered when selecting candidates for
treatment and choosing antiviral agents.
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Abstract

Liver biopsy is considered the most accurate means to
estimate the necroinflammatory activity and the extent
of fibrosis. However, histology evaluation is an invasive
procedure associated with risk to the patient, risk of
sampling error and diagnostic inconsistencies due to
inter- and intra-observer error. On the basis of histological
studies performed so far, chronic hepatitis C in children
appears morphologically benign in the majority of cases.
At the Pediatric Liver Unit of our university, a total of 67
children with chronic hepatitis C underwent liver biopsy.
Liver biopsy was repeated 5.5 years after the initial
histological evaluation in 21 children. On a total number
of 88 liver biopsies, micronodular cirrhosis was detected
only in one genotype 1b-infected obese child. Since liver
histology investigation of a child with chronic hepatitis C
has few chances to highlight severe lesions, we question
how liver biopsy helps in the management of children
with chronic hepatitis C.
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TO THE EDITOR

Liver biopsy is considered the most accurate means to
estimate the necroinflammatory activity of a process
and the stage of a disease involving the liver by assessing
type and extent of fibrosis together with recognition of
architectural disturbances™. The level of aminotransferase
elevation does not adequately reflect the seventy of the
disease and methods measuring fibrosis-related molecules
circulating in blood are not yet put into widespread use!l.
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Liver biopsy represents, however, an invasive procedure
associated with discomfort and risk to the patient™. In
pediatric age, it has been reported that liver biopsy is
burden with a 6.8% incidence of overall complications,
a 2.4% incidence of major complications and a mortality
rate of 0.4%P. Furthermore, hustology evaluation carries
risk of sampling error because of specimen fragmentation
or inadequate length, and interpretation of the biopsy
is subject to diagnostic inconsistencies due to inter- and
intra-observer error®.

In imtial treatment trials of hepatitis C, liver biopsy was
considered an important parameter to guide management
and therapy, particularly at a time when response to
treatment was low. As a consequence, it was desirable
for patients with a more severe liver damage to receive
a therapy with potentially serious side effects. In the
vast majority of pediatric treatment trials of hepatitis
C, patients were candidate for treatment only if liver
histology was available™®. With the improvement in
response rate to antiviral therapy, although reduction of
fibrosis 1s still considered a common endpoint of clinical
trials, the value of hiver biopsy in management of patients
with chronic hepatitis C has been questioned, advocating
that this procedure may not be necessary for the initiation
of therapy™?. Indeed, in the recent years, following the
encouraging rates of response to combined therapy with
pegylated-interferon and ribavirin, also patients with
normal aminotransferases and minimal histological liver
damage have been considered for therapy!**?.

On the basis of the studies available so far, chronic
hepatitis C in children seems to be a milder disease with
a more favourable natural course when compared to
hepatitis C virus (HCV) infection in adults®**%. Recently,
pediatric cases of severe chronic hepatitis C requuring liver
transplantation have been reported, but in these reports no
information was provided about either the total number
of transplanted children for diseases other than HCV
infection in the same period or the pediatric prevalence of
hepatitis C in the area from which transplanted children
derived™%. Furthermore, these data about the severe
course of pediatnc HCV infection obtaned from studies
performed in tertiary or quaternary referral centres, do
not provide an adequate perception of the real prevalence
of worsening prognosis!™¥. As a matter of fact, several
histological studies have confirmed that in children
chronic HCV infection is morphologically benign in the
majority of cases, progression of fibrosis is relatively
slow and cirrhosis is extremely rare. In an Italian-Spanish
multicenter study, Guido ¢f o/ enrolled 80 children
with chronic hepatitis C without underlying systemic
diseases to study thewr liver histology. Liver biopsies were
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performed at a mean of 41.5 = 51.9 mo after the first
observation of increased transaminases. The authors
reported a rate of 0.8% of cirrhosis. Vogt ef a7, in a
study including German patients with a median duration
of HCV infection of 20 years at histological evaluation,
described only one child with micronodular cirrhosis (thus
patient was co-infected with hepatitis B wirus) out of 17
who underwent liver biopsy. Jara e a/'%, in an European
multicenter retrospective study, analyzed 92 liver biopsy
specimens from children with chronic HCV infection but
no underlying systemic diseases. Histological analysis was
performed 4 wk to 17 years after the clinical diagnosis.
Progressive liver disease was reported only in two HCV
infected children (severe hepatitis in one case and cirrhosis
in another).

At the Pediatric Liver Unit of the University “Federico
[I (Naples, Italy), a total of 67 children with chronic
hepatitis C without other underlying systemic diseases
(31 males, median age at liver biopsy 8.6 years, range 2-15
vears, median duration of HCV mfection 7.2 years, range
2-15 years), underwent liver biopsy from 1986 to 2007.
Percutaneous liver biopsies were performed after informed
consent was obtained from parents or guardians in order to
assess the extent of liver damage. Histological examination
was performed by the same liver pathologist, who was
blinded to biochemical and clinical data. Specimens were
scored with regard to hepatitis activity (graded 0-18)
and fibrotic changes (staged 0-6), in accordance with the
methodology of Ishak e a9 Thirty-two children acquired
infection through blood transfusion, 22 through wvertical
transmussion, and 8 through minor surgery. The route of
infection was unknown in the remaining 5. Forty patients
were infected with genotype 1, 16 with genotype 2, 3 with
genotype 3 and 8 with other genotypes.

At the time of histological evaluation, all patients
had wviremia (median sernm HCV RNA 218000 IU/mL,
range 40000-1467000 IU/mL) and all but two had
hypertransaminasemia (median alanine amino-transferase
value 85 IU/L, range 40-350 IU/L). Liver biopsy was
performed in 47 children before commencement of
antiviral treatment and in 20 children who remained
untreated. Liver biopsy was repeated 5.5 years (range
2-11.2 years) after the initial histological evaluation in
21 children. On a total number of 88 liver biopsies,
micronodular cirthosis was detected only i one genotype
1b-infected obese child at the second liver biopsy*f.

In conclusion, liver histology investigation of a child
with chronic hepatitis C has few chances to highlight
severe lesions. We question how the knowledge of
histological assessment could affect the management
of chromic HCV infection in children. Is it necessary to
systematically perform liver biopsy in children with chronic
HCYV infection before starting therapy? Which information
regarding the treatment will it add?
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Background 4 ims: To evaluate the epidemiological profile of Ttalian children with hepatitis C vires (HCV) infection over
a 15vear period.

Methods: Fifteen tertiary care centers, belonging to a natonal Observatory cstablished in 1998, retrospectivelv/prospec-
tively recruited 806 comsecutive HOV-infected, otherwise bealthy, children seen from 1990 to 2004,

Resulrs: Seven hundred and sixty four were Ttalian and 42 from foreign countries. MNewlyv-diagnosed coses declined from
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The prevalence of HCV genotypes 3 and 4 increased and that of genotvpe 1b decreased significantly (p < 0.02). Malede-
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Conclusions: The number of children with newlyv-diagnosed HCV infection is declining in Ttalv and most post-transfusion
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1. Imt rosdhusct inn

Infection with hepatitis C virus (HCV jis a worldwide
health problem [1]. In Italy the prevalence of HCY anti-
bodies (anti-HCV) in the general population averages
¥4 with a comsiderable variahility between MNorthern
and Southern regions. After the disappearance of post-
tramsfision hepatitis [2] intravenous drug abuse and
high-risk sexual behavior are maintaining the reservoir
of mfection in adulis and groups of adolescents [3-46].
HCV infection is uncommon in children, bocause vertical
tramsmision, which is responable for most *new mfec-
tions” in the Western World, has an efhaency of only
about 5% [7-12]. In the carly Minctics the estimated prey-
alence of pediatric infection in haly was 0.3% [13] and
multicenter studics were clearly noeded to evaluate the
epdermiological and clinical aspects of infection in this
setiing. A national Ohservatory for HCV infection and
Hepatitis C in Italian children was consequently created
in 1998 to take a retrospoctive-prospoctive census of
HCV-infected children referred to tertiary care centers
[14]. The analysis of data retrospectively collected from
19480 to 19498 confirmed the almost complete disappear-
ance of post-transfusion hepatitis and a concomitant
increase in the proportion of vertically-infected children.
Maternal drug abuse was a prominent source of mfection
in Morthern Italy, whereas transfusionsand mothers with
covert exposure were likely to be responsible for the
majority of cases in the South. On the other hand, the
map of HCV genotypes recently investigated in a sizahle
proportion of the same population [15] showed a declin-
ing prevalenoe of genotypes b and 2 and an increasing
number of cases with types 3 and 4. Taken together these
data suggest that rapid changes in the epidemiology of
HCV infection may be underway among children in Italy.
Toevaluate the extent of these changes, which could influ-
ence the future burden of HCV infection, we investigated
the epidemiological profile of a large cohort of ant-HCWY
positive children over a 15-year period. The specific pur-
pose of this prospective fretrospective study was to aswer
the following gquestions:

{a) Isthe number of HOV infected children decreasing
over the years?

{b) Did the map of putative exposure to HOV change
during the survey?

{c) Arc these changes corrclated with the HCOV geno-
type distribution?

{d) Are the putative changes related to the children’s
geographic origin®

In addition, since maternakinfant transmission has
bocome a major mode of HCV acquisition in the
peadiatric sctting, we have investigated the time trends
of related events such as: (a) maternal drug abuse,
which iz thought to promote transmision, and HIV
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coinfection which & known to facilitate the contagion;
(b} mode of delivery and foeding which reflects the

efficacy of counseling.

2. Materials and methods

2 1. Design of the Observaiory

The Oheervatory was designed in 1998 by the Fl=patnlogy Group of
the Thalian Socisty of Pediatric Gastroenmterology and Hepainlogy
(SHGEP, now SMGENF) for the pupose of reguiting consecutive
anti-HCV positive children refamed o tertiarycare pediatric enters
in [taly. The stndy was netros peotive-prospedtive, hased on the cliniml
records of children ssen hetwesn 1990 and 1998 and on data caollacted
at the initial visit in casss seen between 1998 and 2004, Tt ind uded chil-
dren aged & months w0 16 years, with no concomitant systemic disor-
des such as thalassemia, maligmancy, autoimmune or metaholic
dism s, or coinfaction with uman mmunodeficiency virus (HIV)
ar hapatitis B vims.

Participa tion in the sindy was open, but the epideminlogial data
evahmtion was mestricted to centers mesting the following meguine-
mants: (2} survey condudted throughout the ohservation period; (h)
mefermal aree unchamged during the survey; ic) at lest 10 suhjects
enralled over the antire olservation period

2.2 Methods

The dizgnagis of HOV infection relisd on the datection of anti-
HCV in serum hy second- and third spenetation commerdal ELTSAs.
HCV RNA seropos itivity was required for the dizgnosis in childnen
o of infected mothers and aged | £ months or ks, given the possi-
hility of passive antihody transmizsion from mother to neabhorn. HCV
RMNA was mnvestigated m fresh or well-presarved sinred sara by paly-
merase chain reaction, using homemade or commerdal qualitative
asmays. The putative time of exposure to infection was comentionally
defined as follows:

(&) time of first tansfusion, swgery or therapeutic imjection for
parenterally sxposed children;

(b} time of hirth for chikdren whase mathers were knoen 1o he anti-
HOWY positi ve at dedivery;

ic) time of first diagnosis of infection or hver dis=aze i children
whose matermal misction was not known at delivery;

id) time of first diagnosis of infedtion or liver disease in childnen
with unknown epaosune.

A file was completed for each patint, recording age and sex,
putative source of infedtion, mode of ohssrvation, matenal dmg
ahime, type of delvery and type of feedng. Privacy was assured
by mepladng patimts’ mames with ondes and dades of hirth in
the database Data were collecied by the coondinating cenfer in
Paduma, were cheched for complstensss and inermal consistency,
and amended by oomespondence with the investigators. After
checking for inconsistencies, the fnal dathase comsisted of 206
comsecutive subjects. This study was conducted in accordance with
the principles of the Helinki Declimation and of mational laws,
and was approved by the Fthiml Committee of Padva Hospital/
Univ ersity.

2. 3. Sravistical data analysiz

(manfitative variahls were axpressed 25 mean= SO and
anahzed wsng Studemt’s rodest, Wikoxons rank sum fest and
one-way anahsis of varance (AMOWVA, Duncan’s muhiple com-
parison). (ualitative variahles were expressed 25 frequencies and
pecenizgss. The p° st was usad as approprizte, all p values
hang twoeiaded
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3. Results

Fifteen centers took part in the stsdy: 9 in Northern,
4 in Central and 2 in Southern Italy. The minimum con-
tribution per center was 10 cases, the maximum 175
None was a referral center for viral hepatitis although
two centers (one in the Morth and one in Central Ttaly)
had conducted a study on mother-infant HCV transmis-
sion, lasting one and two vears, respectively, in the
Nineties.

3.1 Demographic data and geographic distribution

Owerall, B06 children were enrolled: 764 were of Ital-
ian origin and 42 were adopted or immigrant children
from foreign countries. Table | summarizes the demo-
graphic features and the mode of recruitment of Tmlian
children as a whole and by region of origin. Infected
children were evenly distnbuted over Northern, Central
and Southern Italy. Mean age at first visit was signifi-
cantly lower (p < 0.001) in Northem and Central than
in Southern Ttaly. Only a minority of our patients pre-
sented with svmptoms or signs of liver disease: matemal
screening was the most common event bringing the chil-
dren under our observation.

2.2 Dustribution of cases by vear of observation

Fig. | shows the distribution of the B06 cases by vear
of first visit at the referral centers. Overall there has been
a 4% decrease in the number of children observed in
the period 200020045 versus those recruited from
1995 1o 1999, Conversely, the number of foreign chil-
dren, though small, has increased significanty
(p = 0.0001) in recent vears.

Tablke 1

[oMonn Ocenter O Soutn W other

150+

1000-04

199500 2000-04 years

Fig. 1. D¥stribation of the 306 cases by year of list visit at the refemral
centers (p < LN

3.3 Distribution of cases by type of exposwre and by year
of putative exposure

Table 2 summarizes the distribution of the 764 Italian
children based on the putative tvpe of exposure o HCWV
in different periods during the survev. Blood transfu-
sions — for the vast majority received during the first
vear of life — were the most frequent source of viral
infection before 1990, while no transfusion-related cases
were seen after 1992, Maternal transmission has thus
become the prevalent route, responsible for more than
9% of cases observed since the vear 2000, The propor-
tion of mothers screened for anti-HCV before delivery
raised from 48% (B4/175) before 19935, 1o BE% (114/
129) between 1995 and 1999, and to 98%: (41,/42) in most
recent  years. Male/lemale ratic was  significantly
(p < 0.001) different among children of infected mothers

Demographic feature and msode of recrutment of the 764 Ralian children enrolled in the dudy, in relation (o the geographic area of onigin

Gieographic origin of children

Tortal Morth Cenier South P
N cases Te4 ne 219 280 —
M/F LiF:+ 079 1040 0493 .38
Mean age at st vt (50 yeas|® 58 (+4.8) 52044 Ty 55(+47) 6.7 (b4 ) (2
Mode of recrmiment: & cases (%)
Sy ploars faigns 67 18 (6.5) 26 (12) 2309y 11
Malernal !.Tﬂﬂl‘i!’l&b 324 143 (52) 105 (48) 6 (28) LUK
Poat tranalusion seneend ng® 106 32115 2511} 49 (18 003
Sensening for adoplion 28 11 (4} 10 {5y T3 48
Intercurrent diesie 124 44 (1T 32 (15) 44 {18y .70
Otherfunk pown® 115 09 21 0% T 28y LUEL ]

* p=000002 South va Morth; p=0.0046 South v Center.
® p=00001 South v North; p =0.0001 South v Center.
© p =00 South w North; p =004 Sowth w Center.

2 p= 00001 South va Morth and South v Center.
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Table 2
Type of exposure o HCVY in relation to the pulative Gime of exposan:

F. Bortolotti ef af. § Jowmal of Hepatolegy 46 X007 ) 783 7090

Type of expos e Putative time of exposwne

N (%) P

Belore 1990 19901994 19951999 20002004
Translusions® 200 (55) 1710y 1] 0 L0001
Other parenteral exposure” 40 (11) 10(5) 3(1.5) ] (LO0H
Infected mother® 82 (23) 123 (66) 152 (84) 52(93) (L0001
Infected family contact 72 3(1) 1 {0.5) 0 (.38
Unknown 26 (100 24 (18) 20 (14 4(T) (2
Total cases 355 177 176 1.1

Mome of the children with a hstory of bloed tanslusions had meosived blood after 1992

* p=0L0000 befone 1990 v 1990199,

= p=0L05 befone 1990 va 19901994 p = 00001 belone 1990 va 19951999

= p =000 befone 1990 v other Ume periods.

and transfissed children, with a rate of 0.6 in the former
and 1.3 in the latter. The putative source of infection
was a family contact only in 11 cases.

F4 Distritution of cases by fype of putative exposre

Table 3 shows the distribution of the polen ial sources
of infection in the 764 Italian children, divided by
geopraphic area of origin. Owverall, the majority of
children recruited in Northern and Central Italv had
an HCV infected mother, while percutaneous exposure
accounted for up to 3% of infections in Southem Italy.

3.5 HCV genotype distribution

Tahble 4 shows the distribution of HCV penotyvpes in
relation to the peographic area of origin and the putative
ime of exposure. The prevalence of genotvpe Ib is
decreasing, while that of tvpes 3 and 4 is increasing
Owverall, penotype | was the single most frequent geno-
vpe throughout the survey, with a prevalence rate of
607% in children investigated up to 1999 and of 4%
in those observed from 2000 1o 2004,

Table 3

3.6, Events related to maternal infection

(a)

(k)

Table 5 shows the distribution of HCV infected
children whose maothers were drug abusers and
non-drug abusers, in relation to geographic orign,
time of exposure nad maternal HIV coinfection.
The proportion of drug abusers tended to decline
over the vears, albeit without reachinga statistically
significant difference. Data on HIV seropositivity
among infected mothers were only partial: there
is no doubt, however, that coinfection with HI'V
was sirongly associated with drug abuse.
Information on tvpe of delivery (vaginal or cesar-
ean) was available for 261 non-HIV coinfected
mothers. The frequency of cesarean delivery
increased significantly over the vears, from 17%
among mothers who delivered before 1990 1o
28% at the end of the Nineties, to 42% from
20040 to 2004 (p = 001 E). The prevalence of formu-
la-fed children is also increasing, from 24% before
1990 o 42% at the end of the Nineties, (o 44%
from 2000 to 2004, although the trend does not
reach statistical significance (p =0.20).

Prevakence of putative types of exposare to HCV infection in the whole cohorl and in the different geographical aneas

Type of exposune Geographic origin

Tl

Morth

Cenler South

P
Tranalusions® (%) 217(28) 63 (23) 47 (21.5) 0T (4l LURL R
Other parenteral exposure (% 53N 18 {a.5) 94y 261(9.5) h{52
Infected mother™ | %) A (54 173 (62.5) 137 (62.5) 99 {36.5) LIRLED]
Infected family contact (%) 1141} 4015 20(1) 51(2) 188
Ukonoow (%40 F410) 18 (6.5) M1 3213 008
Taotal Tod 2% 219 269

* Blood translusdon South vi Morth: p=00001; South v Center: p= (L0

= Anti HCV + mothers South v North: p= (L0001; South va Center: p = 00001,
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Tabk: 4
Disribution of HCV genoly pes in 462 chiklren in relation bo area of origin and time of polalive expaore
HCV genolype, N (%)
la 1k 2 3 4 Oiher
Greopraphic origm®
Morth: 158 35 (23 5635 IR (18) 26 (16} 12 (&) 11}
Center: 136 30 (22) 47 (35) 21(15 25 (18) §(6) 5 (4
South: 168 25 {15} B3 (50 T2 95) 5(3) @5
= 16 L] 032 0001 w17 004
Time of expoaune™
Belone 199 226 ) (18) 106 (47) 46 (20) 17 (8) 9(4) 8 (3
1990-1994: 110 28 (25) T34 23421} 17 (15§ 212) 33
19951999 102 17 {17y B3N 13413) 20 {20 11 {10 33)
AO0—2004: 24 521 5(2) 4(17) & (25 3(12) 1 (4
= 032 0016 0.35 L0035 0008 096

* Genolype 1b: p =001, South vs North; p =001, South v Center, Genolype 3: p =000, South va North; p =000, South vs Center,
= Genotype 1b: p =002, Exposed belore 190 v 1990-194; p = 0,014, before 1990 v 2000-2004. Genotype 3:p = (L0385, Exposed before 1990 w
1990-1994; p = (LO03; belore 1990 va 1995-1999; p = 0014, belore 1990 va 20002004, Genolype 4: p = 00003, belone 1990 w 1995194 p = (L00E:

19901994 vs 19951999,

3.7 Features in the 42 foreign children

Male/female ratio was 1.1 and mean age at first
observation was 5.7 + 3.6 vears. Twenty-iwo children
had been recruited after post-adoption screening: 26
had no known source of infection, 8 had an infected
mother and 8 had had blood transfusions or unsafe
injections. HCV genotype 1 was detected in 12 (66%)
of 18 cases tested.

3.8 The bwrden of infection at the end of the survey

During the survey, 106(21%) out of 5309 children with
available clinical data were treated with standard proto-

Table 5

Iisribution of HCV infected children whose mothers were dug albusers
and non-drug abases, in relation o gemgraphic origing time of exposn
nad matemal HIV coinfection

N (%
Drwe wier Mon-drue wer
masther™ [ 154) sther {139)
Creppraphic origin
Morth {146 104 { 65) 46 (33)
Center (K7) 43 (28) 44 32)
South (60) 1 (7 a9 (35)
=000
T1:|1.t IJr AP LT
Belone 1990 (55) 3321y 2 (18)
19901994 (52) & 29 38 ()
19951999 (112) 58 (38) 54 (39)
20002004 (44} 19 {13y 25 {18)
p=041
Maternal HIV codnfection 56/115 (49) 96
=000

= Dﬂu_:, wer South ve Morth: p=(}.mﬁ}1.‘ South  va  Center:

p=0.0001 ; Center va Morth: p =006,
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cols wsing recombinant IFN either alone or, in a few
cases, combined with ribavirin. Most treated children,
independent of the peographic area of origin, had been
inclwded in  therapeutic trials. The response rate
({=percentage of patients with sustained HCV RNA
seroclearance 6 months after withdrawal of therapy)
was 354, OfF the 37 responders, 62% were infected with
HCV tvpe 2 or 3. By the end of 2004, 328 {40%%) children
weare over 16 vears of age.

4. Discussion

Several reports on adults in the Western World sug-
gest that the epidemiology of HCV infection is chang-
ing, both in the general population and in selected risk
groups, due to intercurrent socio-sanitary events, such
as HCV sereening of blood donors, HIV and HCV pre-
vention campaigns, changing patterns of drug abuse and
efficient therapy for eradicating the infection [1.16-22].
These events may conceivably have influenced the pat-
tern of HCV spread in childhood (oo, but not much
information 5 available in the pediatric literature
[14.15]. This prospective/retrospective multicenter study
updates and extends the epidemiological information
obtained by an Italian Observatory in a large pediatric
population referring to 15 pediatric centers in Italy
between 1990 and 2004,

Several changes seem to have taken place if we con-
sider our sample in three different 5-vear time brackers
from 1990 to 2004 and the peographical distribution of
CHsEs,

The number of HCV-infected children seen in Italy
from 2000 to 2004 is more than 446 lower than in the
5 vears before. After the disappearance of post-transfuo-
sion hepatitis, other events mav also contribute to this
finding, i.e. the aging of women infected by past transfu-
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sions or covert exposure, the changing modes of drug
abuse, HAART therapy in HIV-coinfected pregnant
women and the efficacy of treatment with TFN and riba-
virin in women of childbearing age. The pattern of risk
factors has also changed significanty. In this smdy hav-
ing an infected mother has become the single most
important risk for Italian children, ncluding 100% of
those bom in the 2000s. Overall 69% of infected mothers
ware known to be anti-HCV positive at delivery and,
based on Mational data [8,12,23.24] it can be assumed
that 63-76% of them were HCV RNA seropositive.
These considerations suggest that most children had
been likely infected in wiero or at birth, althouwgh vertical
rransmission can be regarded as an infrequent event in
HIV seronegative mothers. On the other hand postnatal
infection by breastfeeding cannot be excluded but is
likely to be rare and the role of maternal infection in
the family setting remains speculative. In a recent sdy
in the general Italian population Del Como et al. [23]
reported a higher risk of infection in offspring exposed
to HCV seropositive mothers in comparison with off-
spring not exposed. Minola et al. [26], however, investi-
gating the families of 2856 consecutive HCV infected
adults found that the overall rate of infection for off-
spring was low (2.3%).

The map of HCV genotvpes is also changing The
present study confirms the finding of our recent paper
[15] showing that the prevalence of genotyvpes essentially
linked to drug abuse (tvpes 3 and 4) is increasing. while
the prevalence of genotype 1b is declining. Several stud-
ies have assessed the epidemiological aspects of hepatitis
C in Italian adults [16-18,27-29] and some authors [19]
identified a clear North<4o-South gradient of increasing
anti-HCV prevalence, sugpesting the existence of two
well-characterized transmission pattems: one in older
individuals from Southern and Central Italy, especially
attributable to use of nondisposable syringes for health
care practices; the other in voung adults in Northern Ita-
Iy, linked to drug abuse and immigration. Our results
are in keeping with these considerations: children in
Southern Italy were significantly older at their first visit,
40%% had a history of transfsions, and 37% had infected
mothers, often with no history of drug-taking, whereas
2% of the cases in Northern Italv had an infected
mother with a history of drug abuse in 68% of cases.
The prevalence of females was significantly greater
among children with infected mothers than among those
with a history of transfusion, which is consistent with a
large European stuwdy on mother-to-<infant HCV trans-
mission [3] showing that girls were twice as likely o
be infected as bovs. The authors hypothesized that
genetic and hormone factors might make females more
susceptible to HCV infection.

In recent vears national [31] and international [32]
guidelines have discouraged universal HCV screening
for pregnant women due o the low rate of mother-to-
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child transmission and the lack of any treatment oplions
for preventing newborn infection. Screening could be
costefective in a high risk population, such as pregnant
women with a history of drug abuse in Morthern Italy:
the diagnosis of infection would allow counseling, anti-
viral treatment soon after delivery and early screeming of
the child. Thaveri et al. [33] estimate that the medical
costs of chronic HCV infection in children will be signif-
icant over the next 10 vears and underline the advantages
of early diagnosis and treatment. Our clinical observa-
tions support this view, showing that severe liver disease
may develop during the first two decades of life [34]

Both national puidelines [35] and the international lit-
erature [36] encourapge non-HIV coinfected mothers to
deliver vaginally and breast-feed their children. In our
serigs, the proportion of infected mothers delivering by
cesarean seclion increased during the survey, but similar
figures [37]have been recorded in the general population
in Italv, sugeesting that factors other than HCV have
influenced mode of delivery. The proportion of breast-
fied children was 55% at the end of this survey, as com-
parad to about 90F4% of children of uninfected mothers
[38]. This discrepancy seems Lo emphasize the limited
efficacy of official puidelines.

What is the contribution of pediatric infection to the
pool of adults with chronic hepatitis C? Our data and
previows reports [31,32] sugpgest that the burden of
HCV infection acquired early in life is not onlv a matter
of concern for the pediatrician. By the end of 2004, a
consisent proportion of our patients were over 16 vears,
thus entering follow-up in adult health care fcilities. In
parallel with the increasing number of foreign children
living in Ttaly [39]. the proportion of immigrated or
adoptad children in our study rose from 3% in the Nine-
ties to 13% in 20002004, thus adopted or immigrant
children might contribute significantly o maintaining
the reservoir of infection in vears Lo come.

Our studv is not without imitations. First of all, there
is the retrospective collection of data in older patients.
Due to the mode of recruitment in tertiary cane centers,
this population might also suffer from a selection bias,
preventing the peneralizations of our data. It is worth
noting, however, that only a minority of cases presented
with svmptoms of liver disease, while most children were
referred after a serological screening. Each participating
center maintained the same referral area over the vears
and only two conducted a study on mother-infant
HCV transmission in the mid-mneties. This relatively
homogeneous mode of recruitment in the relrospective
and prospective parts of the stwdy, the consisient size
of the sample distributed in three peographical areas
and the substantial agreement between our data and
the epidemiological trends seen in Italian adults [17,18]
lead us to believe that our sample mav be representative
of the population of otherwise healthy HCV-infected
children in Italy.
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In conclusion, our data show a 40% reduction in the
number of children with HCV infection recruited in the
vears 2000-2004 by comparison with the previous 5
vears. These findings indiredtly suggest that the inci-
dence of pediatric infection is decreasing in Italv. The
source of infection is now almost exclusively represented
by HCV infected mothers, a still consisient proportion
of whom admits to drug abuse, especially in the North.
Prevention campaigns and counseling for young people
about illicit drug wse, screening of women at nsk and
subsequent consideration for antiviral treatment may
limit the spread of infection. Adopted or immigrant chil-
dren from endemic countries could significandy contrib-
ule to the reservoir of pediatricinfection in Ttaly in vears
10 COme.
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ticipation in physical activity by those patients with reduced exer-
cise capacity does not necessarily require “strict monitoring ensured
by a cardiologist™. In our study, we performed maximal symptom-
limited treadmill testing in 37 individuals with NAFLD without
adverse events, despite the fact that most patients manifested sev-
eral comorbidities. Obviously, appropriate management of comor-
bidities will clearly reduce the risk of an adverse event during
physical activity participation of submaximal exertion. Requiring
cardiologist supervision for physical activity participation adds an-
other potentially significant barrier (and expense) for these patients
to adopt and maintain a regular exercise program.

We certainly agree that our lack of appropriate control groups
(nonobese, albeit with abdominal obesity, one with both insulin resis-
tance [IR] and NAFLD and the other with only IR) is a limitation of
this study. However, the intent of this initial study was to determine
whether objective measures of health-related fitness and physical activ-
ity differ with severity of NAFLD. Furthermore, in practice, it would
be quite difficult to include such control groups of meaningful size for
the Fol]owing reasons: (1) nonobese patients with IR and NAFLD are
relatively uncommon and (2) patients with IR without NAFLD fre-
quently lack histological confirmation.®3

Indeed, reduced lean mass, small cross-sectional muscle fiber area,
and increased triglyceride deposition in skeletal muscle in conjunction
with dysfunctional/reduced lipolysis can result in reduced cardiorespi-
ratory fitness. However, it is unknown whether these adaptations take
place as a result of reduced physical activity, NAFLD, or both.

We agree entirely that for exercise to be successfully implemented asa
therapeutic strategy there is a strong need for individualized exercise pre-
scription. As such, we have recently submitted a manuscript for publica-
tion that reviews the evidence for exercise training asa therapy for NAFLD
and also presents the principles for prescribing exercise as a therapeutic
intervention. Future studies will endeavor to better determine the relative
contributions of IR, adiposity, and NAFLD to reduced fitness.
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Children with Chronic Hepatitis C: What Future?

To the Editor:
We read with interest the study by Goodman et al. in which hepatic

histological features of 121 treatment-naive children with chronic hep-
atitis C (CHC) were investigated.! The authors reported that inflam-
mation was minimal in 42% of the patients, mild in 17%, moderate in
38%, and severe in only 3% of patients. As for fibrosis, five (4%)
patients had bridging fibrosis and two (2%) cirrhosis, whereas the
remaining had a stage of fibrosis between 0 and 2 according to Ishak.
Although the sample of children with bridging fibrosis or cirrhosis
included only seven patients, a significant correlation between inflam-
mation and fibrosis was found. There was a weak correlation berween
duration of infection and inflammation thar did not reach the statisti-
cal significance (P = 0.058). In addition, no significant correlation was
found berween duration of infection and fibrosis. Nevertheless, the
authors concluded that the positive correlation of inflammation with
duration of infection and fibrosis suggested that children with CHC
will be at risk for progressive liver disease as they age and possibly
acquire other comorbid risk factors. Furthermore, Goodman et al.
compared their histological findings with large published pediatric
series. A previous study of ours regarding the long-term outcome of disease
in a large series of children with CHC? was not considered. Our study not
only confirmed that CHC in children is morphologically mild in most
cases, but it also showed that fibrosis progression is relatively slow and
cirrhosis extremely rare. During a 18-year period, no child had decompen-
sated liver disease or required liver transplantation. In addition, no linear

correlation between duration of disease and progression of fibrosis was
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found. Two of three children with moderate fibrosis (score 4) at the time
of the first I)inpsy had a short duration of disease (2.1 and 2.5 years). On
the other hand, the only patient with absence of fibrosis had a disease
duration of 13.9 years. Therefore, the severity of liver disease did not seem
to depend on the duration of hepatitis C virus (HCV) infection.

As for the long-term outcome of CHC in adults, it has been re-
ported that 5%-20% of adults developed cirrhosis over periods of
20-25 years, whereas the majority of patients had a favorable course.**
In another study regarding adults infected as young military recruits,
the frequency of cirrhosis after 50 years was only 6%.5 No linear
correlation was found berween duration and severity of disease.” Fur-
thermore, it seems that higher degrees of fibrosis were related with age
at infection being more frequent in patients =635 years regardless the
duration of infection.® Finally, it has been shown that the majority of
fibrosis progression occurred in patients aged 50 years or older.”

In conclusion, on the basis of the majority of studies co nceming/ the
long-term outcome of HCV infection in children’? and adults,*” we
think that the conclusive sentence of Goodman that chronically HCV-
infected children will be at risk for end-stage liver disease as adults is
not adequately supported by results observed so far.

RAFFAELE [ORIO

FRANCESCO CIRILLO

V11O TERLIZZI

ANTONIETTA GIANNATTASIO

Department of Pediatrics

University of Naples Federico II, Naples, Italy



692  CORRESPONDENCE

References

l. Goodman ZD, Makhlouf HR, Liu L, Balistreri W, Gonzalez-Peralta RP,
Haber B, et al. Pathology of chronic hepatitis C in children: liver biopsy
findings in the Peds-C Trial. HEPATOLOGY 2008:47:836-843.

2. lorio R, Giannartasio A, Sepe A, Terracciano LM, Vecchione R. Vegnente
A, Chronic hepartitis C in childhood: an 18-year experience. Clin Infect
Dis 2005;41:1431-1437.

3. Alter H]. HCV natural history: the retrospective and prospective in per-
spective. | Hepatol 2005:43:550-552.

4. Seeff LB, Hoofnagle JH. National Institutes of Health Consensus Devel-
opment Conference: management of hepatris C: 2002, HepaATOLOGY
2002:36(5 Suppl 1):51-52.

5. Seeff LB, Miller RN, Rabkin CS, Buskell-Bales Z, Straley-Eason KD,
Smoak BL, et al. 45-year follow-up of hepatitis C virus infection in healthy
young adults. Ann Intern Med 2000:132:105-111.

6. Thabut D, Le Calvez 8, Thibault V, Massard J, Munteanu M, Di Martino
V. etal. Hepatitis C in 6,865 patients 65 yr or older: a severe and neglected
curable disease? Am | Gastroenterol 2006:101:1260-1267.

7. Poynard T, Rawiu V, Charlotte F, Goodman 7, McHutchison |, Albreche
J. Rates and risk factors of liver fibrosis progression in patients with chronic
hepatitis c. ] Hepatol 2001:34:730-739.

Capyrighe © 2008 by the American Asociarion for she Seudy of Liver Diseases.
Pubiished online in Wiley IncerScience (wwiw.inserscience. wiley.com,).

DOF 10.1002/hep. 22389

Porential conflice af inceress: Nothing to repore.

Reply:

We thank lorio et al. for their interest in our work and for making us
aware of their study,” which included some information on liver biopsies
in 64 children. Their findings support those of our and other series,
namely that chronic hepatitis C in children is generally histologically mild
but may occasionally result in advanced fibrosis and cirrhosis. By design,
our own study excluded children with decompensated cirrhosis, so if any-
thing, our collection of liver biopsies could have been biased toward more
mild disease. None of the patients in the study by lorio et al. initially had
cirrhosis, but it is noteworthy that three children (5.2%) in that series, ages
2.1,2.7,and 13.6 years, already had Ishak stage 4 fibrosis, which is defined
as marked bridging fibrosis.” Furthermore, one child in that series, who
was initially stage 2, progressed to stage 5 (incomplete cirrhosis) on subse-
quent biopsy after failing antiviral therapy. Although not observed in the
reported Ia.rge mia d'lere are even r'EPDm Dr hePﬂtﬂCdlu]aI ca.rcinclma
following hepatitis C acquired in childhood.*# All observers agree thata
minority of patients with heparitis C will progress to cirthosis and its
complications, and although there are known risk factors for progression,
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it is impassible to know for certain which patients will progress. The fact
that some children already have advanced fibrosis, even with a short du-
ration of disease and with no obvious clinical differences from the rest, can
only lead to the conclusion that an unknown proportion of others will
eventually have the same outcome if there is not an effective therapeutic
intervention.
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2.4 Liver steatosis in children with chronic hepatitis B and C

2.41 Rationale

Hepatic steatosis is defined as fat deposition in the liver, with more than 5% of hepatocytes
containing fat deposits. Hepatic steatosis may contribute to liver disease increasing sensitivity
to oxidative stress and cytokine-mediated hepatic damage (1). The causes of fatty liver in
children are enumerable as compared to adults and can be divided into hepatic and non-
hepatic (2,3). Chronic hepatitis B and C have been frequently associated with hepatic
steatosis. The frequency of steatosis in adults with chronic hepatitis B ranges from 18 to 76%
while in chronic hepatitis C it is between 31 and 72% (4-8).

While the pathogenesis oh hepatic steatosis in chronic hepatitis B seems to be related to
metabolic factors, in chronic hepatitis C viral factors (HCV genotype 3) play a role, in
addition to obesity, dyslipidaemia and insulin resistance (6,8). Evidences supporting the direct
steatogenic role of HCV include the positive correlation between the presence and severity of
steatosis and the viral load and the reduction of steatosis in presence of a sustained response to
antiviral therapy (clearance of serum HCV RNA) (9-11). Hepatic steatosis impacts on the
degree of inflammation and fibrosis and may influence the long-term prognosis of chronic
hepatitis C (8,12,13).

Data on the prevalence and significance of hepatic steatosis in children with chronic hepatitis
B and C are scarce. Furthermore, the role of host-viral interactions might be better understood
in children since they haven’t so many co-factors responsible for steatosis such as alcohol
intake, dyslipidaemia, insulin resistance, type 2 diabetes or metabolic syndrome as adults

have.

Aim of this research was to investigate the prevalence of histological evidence of hepatic
steatosis at liver biopsy in pediatric patients with chronic hepatitis B and C. Further, we
investigate the correlation between hepatic steatosis and clinical, viral, metabolic and
histological factors.
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2.42 Experimental procedures

Patients

A total of 120 consecutive otherwise healthy children with chronic HBV infection (56
patients) or chronic HCV infection (64 patients) who underwent liver biopsy for diagnostic
purposes at the Pediatric Liver Unit of the University Federico Il were enrolled.

Diagnosis of chronic hepatitis B was based on the presence of HBsAg in serum for 6 months
or longer. Diagnosis of chronic hepatitis C was based on the presence of serum anti-HCV
antibodies and HCV RNA lasting more than 6 months.

Exclusion criteria included the presence of concomitant systemic diseases, concurrent
infection with major hepatotopic viruses or HIV, or presence of other liver disease. Patients
with thyroid diseases, malnutrition, diabetes, dyslipidaemia, exposure to hepatotoxic drugs or
alcohol were also excluded from the study. None of the patients had received antiviral
treatment before liver biopsy.

The database and the medical records were used to retrieve the following information:
demographic data, primary risk factors for HBV or HCV infection, year of infection, clinical
features with particular regard to the presence of hepatomegaly, splenomegaly, signs of
hepatic decompensation, anthropometric and laboratory data. As for anthropometric data,
height, weight and body mass index (BMI), calculated as Kg/m?, were evaluated at the time of
liver biopsy. Overweight was defined by BMI > 90" percentile for age and obesity by BMI >
95" percentile for age, according to CDC standards (14). For each patient the following
laboratory evaluation was performed at or near the time of liver biopsy: aspartate
aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transpeptidase
(GGT), alkaline phosphatase, albumin, prothrombine time, international normalized ratio,
blood cells count, fasting plasma glucose, insulin, cholesterol and triglycerides serum levels,
as well as viral markers (for children with chronic herpatitis B: HBsAg/HBsAD,
HBeAg/HBeAb, serum HBV DNA; for children with chronic hepatitis C: serum HCV RNA).
For patients with chronic hepatitis C who had received antiviral therapy after liver biopsy, the
correlation between the presence of hepatic steatosis and response to therapy was also
analyzed. A sustained response to treatment was defined as absence of serum HCV RNA after
24 weeks following the end of therapy.

Patients were included in the present study if anthropometric, clinical, laboratory and

histological data were complete.
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Laboratory procedures

Liver function tests, fasting glucose, cholesterol and triglycerides were measured by standard
laboratory methods. Biochemical and virological tests were performed on fresh or frozen
serum samples.

HBV markers (HBsAg/HBsAb, HBeAg/HBeAb) were measured using commercial
immunoassay kits (Abbott Diagnostics, Chicago, IL, USA). Serum HBV DNA was
quantitatively investigated, depending on the time, with a commercial hybridization method
with a cut-off value of 5 pg/ml (Abbott Diagnostics, North Chicago, IL, USA) or with a
commercial PCR assay (Amplicor HBV-Monitor kit, Roche Diagnostic System, NJ, USA).
Anti-HCV antibodies were tested by an enzyme-linked immunosorbent assay (ELISA, third-
generation). HCV RNA was measured by quantitative RT-PCR method (Amplicor Monitor,
Roche Diagnostics) with a detection limit of approximately 600 IU/ml serum. HCV
genotyping was performed with a second-generation reverse hybridization line probe assay
(Inno-Lipa HCV II, Innogenetics) following the manufacturer’s protocol.

Insulin resistance was calculated from fasting plasma insulin and glucose by the homeostasis
model assessment (HOMA) method proposed by Matthews (15).

Histological evaluation

Liver specimens were formalin-fixed and paraffin embedded for histological evaluation.
Histological analysis of the liver sections was performed by two experienced pathologists
blinded to the clinical data. Liver histology was evaluated according to Ishak scoring
(necroinflammation score: 0-18, fibrosis score: 0-6) (16). Hepatic steatosis was graded
semiquantitatively by determining the percentage of affected hepatocytes according to the
Brunt classification: grade 0 (<5% of hepatocytes involved), grade 1 (5-33% involved), grade
2 (34-66% involved), grade 3 (>66% involved hepatocytes) (17,18).

Statistical analysis

Statistical analysis was performed using a statistical program package (GraphPad Instat 3
Software). Descriptive data were expressed as median and range or mean and standard
deviation (SD). Clinical, laboratory and histological differences between groups were assessed
using the Mann-Whitney test (continuous variables) or chi-square test (categorical variables).
Correlation analysis was performed by the Spearman test as appropriate. For all tests, results

with p values less than 0.05 were considered statistically significant.
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2.43 Results

Children with chronic hepatitis B

All 56 patients (median age 8.1 years, range 2.2-17.3) were symptom free and none of them
have decompensated liver disease. All patients were HBsAg positive at the time of liver
biopsy, 48 (85.7%) patients were HBeAg positive at the time of liver biopsy, 3 (5.4%) patients
had already obtained spontaneous seroconversion to HBeAb, in 5 (8.9%) cases HBeAg status
was unknown. All but two patients had detectable HBV DNA in serum at the time of liver
biopsy. In children with detectable viremia, median serum HBV DNA was 104710 copies/ml
(range 330-854660).

Fifty-five (98.2%) patients had fibrosis at liver biopsy while one child had no fibrosis; the
stage of fibrosis was 1 in 19 (34.6%) children, 2 in 30 (54.5%) cases, 3 in 3 (5.4%) cases and
4 in one (1.9%) child. Two (3.6%) patients had histological evidence of micronodular
cirrhosis (fibrosis score 5).

Fifty-four patients had no steatosis at liver biopsy; steatosis was present only in 2 (3.6%)
children (grade 1 in both cases). Features of patients with steatosis are reported in table 1.
Twelve (22.2%) of 54 patients without steatosis and both (100%) patients with steatosis were
overweight (6 and 1, respectively) or obese (6 and 1, respectively) (p=0.059). Relative BMI
did not statistically differ between the two patients with steatosis (126.4+1.2) and 12
overweight/obese children without steatosis (125.7+12.3).

Mean relative BMI was significantly higher in 2 patients with steatosis compared with the
whole group without steatosis (p=0.04).

No significant difference between patients with and without steatosis was found with regard to
demographic parameters (age, sex, route of HBV infection) and biochemical features (fasting
glucose, triglycerides, cholesterol, ALT values, GGT values). Further, serum HBV DNA
levels, HBeAg positivity and histological features did not significantly differ between the two

groups.

Children with chronic hepatitis C

All 64 patients (median age 8.3 years, range 2.5-14) with chronic hepatitis C were symptom-
free and none of them have a decompensated liver disease. Among the studied children, 16
(25%) had hepatic steatosis on liver biopsy specimen. In particular, steatosis was mild in 10
(62.5%) patients and moderate in the remaining 6 (37.5%) children. None of the patients had
signs of severe steatosis. Steatosis was macrovescicular and located in the periportal area

rather than in the centrilobular area. Histopathologic features of nonalcoholic steatohepatitis
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such as perisinusoidal and perivenular fibrosis and ballooned hepatocytes were absent.
Features of children with steatosis are reported in table 1.

Clinical, laboratory and histological features at liver biopsy were compared in children with
and without steatosis and no difference was found between the two groups.

The most represented HCV genotype was 1b in both groups (24 children without and 8 with
steatosis). Five (10.4%) children without steatosis and 3 (18.7%) with steatosis were
overweight, while 5 (10.4%) patients without steatosis and 3 (18.7%) with steatosis were
obese (p>0.05).

Although no significant difference in the necroinflammatory and fibrosis scores was found
between children with and without steatosis, it is to note that 3 (18.7%) out of 16 patients with
hepatic steatosis had a fibrosis score > 2 with respect to 1 out of 48 patients without steatosis
(2.1%, p<0.05). It is also to note that these 4 patients were the sole subjects having a more
severe degree of fibrosis (fibrosis score 3 or 4), while in the remaining 60 children the fibrosis
score ranged from O to 2.

Non-parametric correlation analysis showed that the severity of steatosis, expressed by
steatosis score, significantly correlated with both ALT (r=0.27, p<0.05) and GGT (r=0.25,
p<0.05). No relationship was found with relative BMI, HOMA or duration of HCV infection
(p>0.05).

Only 3 children (2 without steatosis and 1 with steatosis) had GGT value over the normal
range for age (1.7, 2.2 and 1.7 times the upper normal value, respectively), 4 children (3
without and 1 with steatosis) had cholesterol serum level upper the normal value (1.2, 1.05,
1.08 and 1.05 times the upper normal value, respectively), while no patient had
hypertriglyceridemia.

Forty-seven children (34 patients without and 13 with steatosis) received a course of IFN
therapy at standard dosage after liver biopsy. A sustained response was observed in 18 (53%)
out of 34 treated patients without hepatic steatosis and in 3 (23%) out of 13 treated children
with steatosis (p>0.05).
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Table 1. Features of children with chronic hepatitis B and C and presence of steatosis at

Median ALT values (IU/L (range)
Median GGT values (1U/L
(range)

Median cholesterol levels (mg/dl)

(range)
Median triglycerides levels

95 (68-123) 62 (35-99)
(mg/dl) (range)
Median fasting glucose levels

85 (78-93) 72 (70-90)
(mg/dl) (range)
Median insulin (mU/ml) (range) - 10.15 (4.8-22)
Median serum HBV DNA

. 231494 -
(copies/ml) (range)
Median serum HCV RNA (1U/L)
- 220000 (40000-587000)

(range)
Histology:
- Necroinflammatory score 4 4 (2-7)
- Fibrosis score 1 2 (1-4)

133 (102-164)

20 (14-26)

192 (174-210)

liver biopsy
Patients with chronic Patients with chronic
hepatitis B and steatosis  hepatitis C and steatosis
(n=2) (n=16)
Males 2 (100%) 7 (44%)
Median age in years (range) 9.3 (5.6-13) 7.6 (2.7-13.6)
Route of infection:
- Vertical transmission 2 (100%) 6 (37%)
- Others 0 10 (93%)
HCV genotype:
T . 10 (63%)
- Others 6 (37%)
Mean relative BMI+SD 13219 112.7+15.4

117 (50-300)

17 (8-79)

146 (116-201)

SD= standard deviation
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2.44 Discussion

This study shows a very low frequency of liver steatosis in chronically HBV-infected
children, while a higher prevalence was found in children with chronic hepatitis C.

Recently, histologically proven steatosis has been found in 18% of 233 adults with chronic
hepatitis B and it was mild in the majority of cases (4). Another study showed a percentage of
steatosis higher (76%); however, it included patients with alcohol consumption, a well-known
risk factors for steatohepatitis (7). The prevalence of histological evidence of hepatic steatosis
found in our HCV-infected children is similar to that reported in adults, accounting for about
25% (6).

In HBV infection steatosis appears to be unrelated to virological factors. In previous studies
on adults patients, only metabolic parameters (such as fasting glucose and overweight) were
correlated with the presence of steatosis at liver histology while no correlation was found with
HBV DNA titre and HBeAg status (4,7). In a double-transgenic mouse model expressing the
HCV coding sequence and the HBV X gene-encoded regulatory protein HBx it has been
showed that steatosis was more prevalent and severe in presence of HBx protein expression
(19). Nevertheless, the direct steatogenic role of HBV has not yet been demonstrated. In our
population of HBV-infected otherwise healthy children no correlation was found between
viral factors and presence of steatosis. Hepatic steatosis was only associated with higher BMI.
However, the number of children with chronic hepatitis B and steatosis was too small in order
to evaluate if viral factors might play a role in determining liver steatosis.

In adults with chronic hepatitis C, two distinct mechanisms are involved in the development
of hepatic steatosis. In patients infected with HCV genotype 1, metabolic factors of the host,
such as obesity and metabolic syndrome, play a major role in intracellular lipid accumulation
while in HCV genotype 3 infected adults steatosis seems to be viral-induced (6,8,20). At
variance with these data, our results suggest a direct association between genotypes other than
3 and hepatic steatosis, since children with steatosis infected with genotypes non-3 had similar
relative BMI and percentages of overweight and obese subjects with respect to patients
without steatosis. Furthermore, according to a previous report (21), our data show that the
degree of insulin resistance, expressed by HOMA, was not associated with hepatic steatosis.
This observation is noteworthy in view of the debated role of HCV infection in the
establishing of an insulin resistance state. It remains unexplained the reason why in children
and not in adults genotypes non-3 are associated with hepatic steatosis in absence of metabolic
causes. It would have been very interesting to explore the behaviour of hepatic steatosis in
genotypes non-3 infected children who achieved a sustained response to IFN therapy, but for
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ethical reasons a follow-up biopsy was not performed in these subjects. Owing to the low
prevalence of genotype 3 in Italian children, in the present study only 3 patients were infected
with this genotype, so the relationship between genotype 3 and steatosis was difficult to
evaluate in this context. Therefore on the basis of the present data, we can not exclude a direct
association between genotype 3 and steatosis.

As for the relationship between steatosis and severity of liver damage, it has been reported
that adults with chronic hepatitis C and steatosis show a more severe liver disease in terms of
necroinflammation, fibrosis and aminotransferases serum levels (6). We found no relationship
between steatosis and activity of necroinflammation in liver histology, and the median serum
level of transaminases did not differ between children with and without steatosis. It is to note
that in the group of children with steatosis ALT serum levels significantly correlated with
degree of steatosis. Furthermore, children with steatosis showed a significantly more severe
fibrosis (fibrosis score > 2). It remains to be shown to what extent steatosis itself, or steatosis
acting synergistically with other co-factors, contributes to the severity of fibrosis.

Analysis of treatment outcomes in children with chronic hepatitis C indicated that, although
response to IFN was not significantly related to presence of steatosis, children with steatosis
were less likely to achieve sustained response to therapy. This result, in agreement with
previous studies in adults with chronic hepatitis C (9,22), suggests that steatosis might induce
a mechanism of resistance to IFN treatment.

In conclusion, our research shows that steatosis in children with chronic hepatitis B is a rare
event which seems to be related to the host rather than the effect of virus. On the basis of these
findings, we think that the detection of liver steatosis in a non-obese child with chronic
hepatitis B can not be explained with HBV infection but must be carefully investigated to rule
out the other multiple causes of pediatric fatty liver. In children with chronic hepatitis C
hepatic steatosis is a frequent finding and, differently from adults, genotypes other than 3 may
be associated with steatosis independently from the presence of classical metabolic risk
factors.

57



2.5 References

10.

11.

12.

13.

14.

Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from steatosis to cirrhosis.
Hepatology 2006;43: S99-S112.

Marion AW, Baker AJ, Dhawan A. Fatty liver disease in children. Arch Dis Child
2004;89:648-52.

Roberts EA. Pediatric nonalcoholic fatty liver disease (NAFLD): a “growing” problem?
J Hepatol 2007;46:1133-42.

Thomopoulos KC, Arvaniti V, Tsamantas AC, et al. Prevalence of liver steatosis in
patients with chronic hepatitis B: a study of associated factors and of relationship with
fibrosis. Eur J Gastroenterol Hepatol 2006;18: 233-237.

Bondini S, Kallman J, Wheeler A, et al. Impact of non-alcoholic fatty liver disease on
chronic hepatitis B. Liver Int 2007;27:607-11.

Hwang SJ, Luo JC, Chu CW, et al. Hepatic steatosis in chronic hepatitis C virus
infection: prevalence and clinical correlation. J Gastroenterol Hepatol 2001;16:190-95.
Gordon A, McLean CA, Pedersen JS, et al. Hepatic steatosis in chronic hepatitis B and
C: predictors, distribution and effect on fibrosis. J Hepatol 2005;43:38-44.

Adinolfi LE, Gambardella M, Andreana A, et al. Steatosis accelerates the progression of
liver damage of chronic hepatitis C patients and correlates with specific HCV genotype
and visceral obesity. Hepatology 2001;33:1358-64.

Poynard T, Ratziu V, McHutchison J, et al. Effect of treatment with peginterferon or
interferon alfa-2b and ribavirin on steatosis in patients infected with hepatitis C.
Hepatology 2003;38:75-85.

Patton HM, Patel K, Behling C, et al. The impact of steatosis on disease progression and
early and sustained treatment response in chronic hepatitis C patients. J Hepatol
2004;40:484-90.

Castera L, Chouteau P, Hezode C, et al. Hepatitis C virus induced hepatocellular
steatosis. Am J Gastroenterol 2005;100:711-15.

Hourigan LF, Macdonald GA, Purdie D, et al. Fibrosis in chronic hepatitis C correlates
significantly with body mass index and steatosis. Hepatology 1999;29:1215-19.

Castéra L, Hézode C, Roudot-Thoraval F, et al. Worsening of steatosis is an independent
factor of fibrosis progression in untreated patients with chronic hepatitis C and paired
liver biopsies. Gut 2003;52:288-92.

Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, et al. CDC growth charts: United
States Adv Data 2000;314: 1-27.

58


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kuczmarski+RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ogden+CL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Grummer%2DStrawn+LM%22%5BAuthor%5D

15.

16.

17.

18.

19.

20.

21.

22.

http://www.cdc.gov/nccdphp/dnpa/growthcharts/sas.htm

Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model assessment: insulin
resistance and beta-cell function from fasting plasma glucose and insulin concentrations
in man. Diabetologia 1985;28:412-19.

Ishak K, Baptista A, Bianchi L, et al. Histological grading and staging of chronic
hepatitis. J Hepatol 1995;22:696-99.

Brunt EM, Janney CG, Di Bisceglie AM, et al. Nonalcoholic steatohepatitis: a proposal
for grading and staging the histological lesions. Am J Gastroenterol 1999;94:2467-74.
Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of a histological
scoring system for nonalcoholic fatty liver disease. Hepatology 2005;41:1313-21.
Keasler VV, Lerat H, Madden CR, et al. Increased liver pathology in hepatitis C virus
transgenic mice expressing the hepatitis B virus X protein. Virology 2006;347:466-75.
Kumar D, Farrell GC, Fung C, et al. Hepatitis C virus genotype 3 is cytopathic to
hepatocytes: Reversal of hepatic steatosis after sustained therapeutic response.
Hepatology 2002;36:1266-72.

Muzzi A, Leandro G, Rubbia-Brandt L, et al. Insulin resistance is associated with liver
fibrosis in non-diabetic chronic hepatitis C patients. J Hepatol 2005;42:41-46.

Akuta N, Suzuki F, Tsubota A, et al. Efficacy of interferon monotherapy to 394
consecutive naive cases infected with hepatitis C virus genotype 2a in Japan: therapy
efficacy as consequence of tripartite interaction of viral, host and interferon treatment-
related factors. J Hepatol 2002;37:831-36.

59


http://www.cdc.gov/nccdphp/dnpa/growthcharts/sas.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Matthews+DR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hosker+JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Rudenski+AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ishak+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Baptista+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bianchi+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kleiner+DE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Brunt+EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Muzzi+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Leandro+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Rubbia%2DBrandt+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Akuta+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Suzuki+F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tsubota+A%22%5BAuthor%5D

2.6 Publications

1. Giannattasio A, Spagnuolo MI, Sepe A, Valerio G, Vecchione R, Vegnente A, lorio R.
Is HCV infection associated with liver steatosis also in children?
J Hepatol 2006;45:350-54.

2. Giannattasio A, Cirillo F, Terlizzi V, Liccardo D, Vecchione R, lorio R.

Hepatic steatosis is uncommon in children with chronic hepatitis B.
J Clin Virol 2009;46:360-62.

60



Journal of

Hepatology

Journal of Hepatology 45 (2006) 350-354

www elsevier.com/locatefhep

Is HCYV infection associated with liver steatosis also in children?

. . .1 . 1 1
Antonietta Giannattasio', Maria Immacolata Spagnuolo’, Angela Sepe,
. g . 2 . 3 1 .1
Giuliana Valerio™, Raffaclla Vecchione”, Angela Vegnente , Raffaele lorio ™
' Department of Pediarrics, University **Federico II'”, Naples, Traly

*School of Movement Sciences ( DiSIST), Parthenope University, Naples, Traly
* Department of Pathology, University * Federico II'”", Naples, Ttaly

Back ground/Aims: Prevalence and significance of steatosis in children with chronie hepatitis C are not well defined. We
analysed the prevalence of steatosis in children with chronic hepatitis C and its relationship with clinical, laboratory fea-
tures and response to interferon.

Methods: Sixtyv-four consecutive children with CHC undergoing liver biopsy were retrospectively evaluated.

Results: Twentv-five percent of children showed mild to moderate steatosis. Only one child was infected by genotype 3.
Body mass index did not significantly dilfer between children with and without steatosis. Although no significant dilference
in necroinflammatory and fibrosis scores between children with and without steatosis was found, 3 (18.7%) of 16 patients
with steatosis and only one (2.1%) of 48 patients without steatosis had a fibrosis score =2 (P < 0.05). Forty-seven children
(13 with steatosis) received interferon after liver biopsy. A sustained response was observed in 3 (23%) children with ste-
atosis and in 18 (53%) without steatosis.

Conelusions: Histological evidence of steatosis is detectable in a quarter of children with CHC. Diflerently from adults,
genoty pes other than 3 may be associated with steatosis independently from classical metabolic risk factors. Children with
steatosis seem to have more severe fibrosis and lower rates of sustained response to interferon therapy compared to children

without steatosis.

© 2006 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.

Keywords: Liver steatosis: Children: Liver fibrosis: Chronic hepatitis C

1. Introduction

Hepatic steatosis, defined as lipid accumulation in the
hepatocyte cytoplasm, 15 a common histopathological
finding demonstrable in liver biopsies of 31-72% of
adults with chronic hepatitis C (CHC) [1-3]. Adult
patients with hepatitis C virus (HCV) genotype 3 infec-
tion are more likely to have steatosis than those infected
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Abbreviations: CHC, chronic hepatitis C; HCV, hepatitis C virus;
BMI, body mass index; IFN, interferon; AST, aspartate aminotrans-
ferase; ALT, alanine aminotmnsferase; GGT, y-glutamyl trmanspepti-
dase; HOMA, homeostasis model assessment.

with other genotypes [3,4]. The pathogenesis is complex
and both host and viral factors are involved [3-6]. It has
been hypothesized that steatosis may be induced by met-
abolic factors (e.g. overweight, diabetes and hyperlipida-
emia) in genotype l-infected patients, while it is
principally virus-induced in genotype 3-infected patients
[5]. Interestingly, in adults only body mass index (BMI)
and HCV genotype 3 were found to be independently
related to steatosis in multivariate analysis [7]. The
direct role of this genotype has been recently suggested
by the positive relationship between the presence and
severity of hepatic steatosis and HCV RNA load, while
no association has been found with the other HCV
genotypes [3,5,6]. Furthermore, sustained response to
interferon (IFN) is accompanied by improvement or dis-
appearance of steatosis in patients infected with HCV

0168-8278/532.00 © 2006 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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genotype 3; this phenomenon did not occur with other
genotypes [4,8.9].

Recent studies have pointed out insulin resistance as
an additional factor capable of influencing the degree
of both steatosis and fibrosis in CHC [10,11].

Other studies have suggested that steatosis appears to
be associated with more rapid progression of hepatic
fibrosis and may influence the long-term prognosis of
CHC [2,3]. Furthermore, steatosis was found to be the
only independent factor associated with progression of
fibrosis in multivariate analysis [12]. It has been also
reported that adults with steatosis are less likely to
achieve a response to IFN [8,9].

Currently there are scant data on the prevalence and
significance of hepatic steatosis in children with CHC.
Furthermore, the role of host—viral interactions might
be better understood in children since they have not so
many co-factors responsible for steatosis such as alcohol
mntake, dyslipidaemia, insulin resistance, type 2 diabetes
or metabolic syndrome as adults have.

‘We retrospectively investigated the prevalence of his-
tological evidence of hepatic steatosis in a group of con-
secutive children with CHC undergoing liver biopsy and
compared clinical data, laboratory features and response
to IFN therapy between patients with and without
steatosis.

2. Patients and methods
2.1. Patients

A total of 64 consecutive otherwise healthy children (29 males) with
CHC, undergoing liver biopsy for diagnostic purposes over a 12-year
period at our Department of Pediatrics, were enrolled in this retrospec-
tive study in order to evaluate the prevalence of histological evidence
of steatosis. Inall cases diagnosis of CHC was performed in presence
of serum anti-HCV antibodies and HCV RMNA lasting more than 6
maonths.

All patients were investigated in order to assess their risk factors for
HCV infection, clinical features, anthropometric parameters, presence
of conditions associated to hepatic steatosis, liver function tests, sero-
logical markers of HCV replication.

Furthermore, in patients who received antiviral therapy after liver
biopsy. the correlation between the presence of hepatic steatosis and
response to therapy, evaluated according to conventional criteria,
was also analyzed.

All patients had negative tests for hepatitis B surface antigen and
HIV antibodies. None of them had autoimmune hepatitis, genetic liver
disease, celiac disease, thyroid diseases, malnutrition, diabetes, dyslip-
idaemia, exposure to hepatotoxic drugs or alcohol.

The database and the medical records were used to retrieve the fol-
lowing information: demographic data, primary risk factors for HCV
infection, year of infection, clinical features with particular regard to
the presence of hepatomegaly, splenomegaly, signs of hepatic decom-
pensation, anthropometric and laboratory data. As for anthropomet-
ric data, height, weight and BMI, calculated as kg/m”, were
evaluated at the time of liver biopsy. Overweight was defined by
BMI = 90th percentile for age and obesity by BMI = 95th percentile
for age, according to CDC standards [13]. Laboratory data of all chil-
dren, including aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), y-glutamyl transpeptidase (G GT), alkaline phosphatase,
albumin, prothrombin time, INR, blood cell count, fasting plasma
glucose, insulin, cholesterol and triglycenides serum levels, as well as
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presence of HCV RNA in serum and viral load, performed at or near
the time of liver biopsy. were retrieved from the clinical records. In all
patients who had received antiviral therapy after liver biopsy a sus-
tained response to treatment was defined as absence of serum HCWV
RNA after 24 weeks following the end of therapy.

Patients were included in the present study if anthropometric, clin-
ical, laboratory and histological data were complete.

The study was performed in accordance with the Declaration of
Helsinki. Patients’ parents or legal guardians provided written informed
consent.

2.2, Serwm assayvs

Assays were carried out on plasma samples or frozen serum sam-
ples. Anti-HCV antibodies were tested by an enzyme-linked immuno-
sorbent assay (ELISA, third-generation). HCV RNA was measured by
quantitative RT-PCR method (Amplicor Monitor, Roche Diagnostics)
with a detection limit of approximately 600 [U/ml serum. HCV geno-
typing was performed with a second-generation reverse hybridization
line probe assay (Inno-Lipa HCV 11, Innogenetics) following the man-
ufacturer’s protocol. Insulin resistance was calculated from fasting
plasma insulin and glucose by the homeostasis model assessment
(HOMA) method proposed by Matthews [14]

2.3, Histological evaluation

Liver specimens were formalin-fived and paraffin embedded for his-
tological evaluation. Liver histology was evaluated according to Ishak
scoring (necroinflammation score: 018, fibrosis score: 0-6) [15]. Steato-
sis was graded semi-quantitatively by determining the percentage of
affected hepatocytes and the following scoring system was employed:
grade 0, <-5%, grade 1, 5-33%, grade 2, 34-66%, grade 3, >66% [16].

2.4. Stavistical analysis

Statistical analyses were performed using the Statistical Package for
Social Sciences (SPS5-12.0, SPSS Inc.. Chicago, [llinois). Descriptive
data were expressed as median (range) or mean (standard deviation,
SD). Clinical, laboratoryand histological characteristics between groups
were compared by use of the Mann-Whitney test (continuous variables)
or y*-test (categorical variables). Cormrelation analysis was performed by
the Spearman test as appropriate. For all tests, results with £ values less
than 0.05 were considered statistically significant.

3. Results

Among the 64 children studied, 16 (25%) had hepatic
steatosis on liver biopsy specimen. In particular, steato-
sis was mild m 10 (62.5%) patients and moderate in the
remaining 6 (37.5%) children. None of the patients had
signs of severe steatosis. Steatosis was macrovescicular
and located in the periportal area rather than in the cen-
trilobular area. Histopathologic features of non-alcohol-
ic steatohepatitis such as perisinusoidal and perivenular
fibrosis and ballooned hepatocytes were absent.

All patients were symptom-free and none of them had
a decompensated liver disease. Clinical, laboratory and
histological features at liver biopsy were compared in
children with and without steatosis and no difference
was found between the two groups (Table 1).

The most represented HCV genotype was 1b in both
groups (24 children without and 8 with steatosis). Five
(10.4%) children without steatosis and 3 (18.7%) with
steatosis were overweight, while 5 (10.4%) patients
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Table 1

Clinical, laboratory and histological features in 64 children with CHC according to presence of steatosis at liver biopsy

Absence of steatosis (1 = 48) Presence of steatosis (1 = 16) P value

Male/female 22/26 9 NS.
Route of HCV infection, m (%)

Blood transfusion 23479 7437 NS,

Vertical transmission 15(31.2) 6 (37.5) M5,

Minor surgery 7(14.6) 1(6.3) NS.

Unknown 3(6.3) 2(12.5) M5,
HCV genotype

1, m (%) 29 (60.4) 10 (62.6) M5,

2, 1 (%) 12 (25) 3 (125) NS,

3, 1 (%) 2(42) 1(62) NS.

Others, 1 (%) 5(10.4) 3 (18T7) M5,
Median age at liver biopsy (vears) (range) 832514 T.6(2.7-13.6) NS,
Median duration of HCV infection before 6.8 (2-14) 72(25-11.3) NS.

liver biopsy (vears) (range)
Mean relative BMI (%) + SD 1062+ 153 1127+ 154 NS.
Median ALT values (IU/1) (range) 95 (40-350) 117 (50-300) N.S.
Median HCV RNA serum levels (1U/ml) (range) 218,000 (40,000-1,467,000) 220,000 (40,200-587,000) NS,
Median GGT levels (U/1) (range) 17 (8-79) 22(7-62) M5,
Median cholesterol levels (mg/dl) (range) 150 (93-231) 146.5 (116-201) NS.
Median triglycerides levels (mg/dl) (range) 695 (39-132) 62.5 (35-99) NS
Median fasting glucose (mmol/l) (range) 47(3.1-54) 4.8 (4-5.4) NS.
Median insulin (mU/ml) (range) 9.0 (2.1-22) 10.15 (4.8-22) M5,
HOMA 2110.5-52) 22(1.0-48) N.S.
Histology

Median necroinflammation score (range) 4(2-8) 4(2-T) N.S.

Median fibrosis score ( range) 2(0-4) 2 (1-4) NS.
Median period of observation (vears) (range) 793142y 7953594 N.S.

in patients treated with interferon

without steatosis and 3 (18.7%) with steatosis were obese
(P=NS.).

Although no significant difference in the necroinflam-
matory and fibrosis scores was found between children
with and without steatosis, it should be noted that 3
(18.7%) out of 16 patients with hepatic steatosis had a
fibrosis score =2 with respect to 1 out of 48 patients
without steatosis (2.1%, P <0.05). It should also be
noted that these 4 patients were the sole subjects having
a more severe degree of fibrosis (fibrosis score 3 or 4),
while in the remaining 60 children the fibrosis score
ranged from 0 to 2.

Non-parametric correlation analysis showed that the
severity ol steatosis, expressed by steatosis score, signif-
icantly correlated with both ALT (r=10.27, P<0.05)
and GGT (r=0.25 P<0.05). No relationship was
found with relative BMI (r =0.14, P =N.8.), HOMA
(r=0.11, P=N.8.) or duration of HCV infection.

However, it should be noted that only 3 children (2
without steatosis and 1 with steatosis) had GGT value
over the normal range for age (1.7, 2.2 and 1.7 times
the upper normal value, respectively).

Furthermore, 4 children (3 without and 1 with steato-
sis) had cholesterol serum level above the normal value
(1.2, 1.05, 1.08 and 1.05 times the upper normal value,
respectively), while no patient had hypertriglyceridemia.
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Forty-seven children (34 patients without and 13 with
steatosis) received a course of IFN therapy at standard
dosage after liver biopsy. These patients were treated
in the context of clinical trals, independently of the
presence of hepatic steatosis.

A sustained response was observed in 18 (53%) out of
34 treated patients without hepatic steatosis and in 3
(23%) out of 13 treated children with steatosis
(P=NS.).

4. Discussion

The prevalence of histological evidence of hepatic ste-
atosis found in our CHC children is similar to that
reported in adults, accounting for about 25% [1]. Data
on the prevalence of steatosis in children with CHC were
lacking so far, since HCV infection is less common in
children than in adults and liver biopsy 1s not routinely
performed in chronically HCV-infected children. On the
other hand, children with CHC probably represent a
better model to evaluate the relationship between
HCV infection and steatosis because in children cofac-
tors of steatosis other than HCV are less commonly
found. In this regard it seems particularly valuable that
our patients did not have any underlying disease other
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than CHC. The clinical significance of hepatic steatosis
in patients with CHC 1s complex and has not been well
clarified. Several studies have reported that steatosis is
more severe in adult patients with HCV genotype 3
infection than in patients infected by other genotypes
[3,4,6,16-19]. HCV genotype 3, in fact, appears to be a
modulator of steatosis through a direct action on hepat-
ic lipid homeostasis [4]. It is also well known that in
HCV-infected adults with non-genotype 3 infection,
overwelght and obesity play an important role in the
pathogenesis of hepatic steatosis, which is principally
of metabolic origin [1,3,4]. At variance with these data,
our results suggest a direct association between geno-
types other than 3 and hepatic steatosis, since children
with steatosis infected with genotypes non-3 had similar
relative BMI and percentages of overweight and obese
subjects with respect to patients without steatosis. Fur-
thermore, according to a previous report, our data show
that the degree of imsulin resistance, expressed by
HOMA , was not associated with hepatic steatosis [20].
This observation is noteworthy in view of the debated
role of HCV infection in the establishing of an insulin
resistance state.

It remains unexplained the reason why in children
and not in adults genotypes non-3 are associated with
hepatic steatosis in absence of metabolic causes. It
would have been very interesting to explore the behav-
iour of hepatic steatosis in genotypes non-3 infected
children who achieved a sustained response to IFN ther-
apy, but for ethical reasons in these subjects a follow-up
biopsy was not performed.

However, owing to the low prevalence of genotype 3
in [talian children, in the present study only 3 patients
were infected with this genotype, so the relationship
between genotype 3 and steatosis was difficult to evalu-
ate in this context. Therefore on the basis of the present
data, we cannot exclude that genotype 3 is associated
with steatosis also in children.

The lack of correlation between duration of HCV
infection and presence of steatosis suggested a peculiar
host susceptibility to develop steatosis which is not
time-related (a genetically determined immune mecha-
nism might be hypothesized).

Furthermore, no correlation was found between pres-
ence and severity of steatosis and viremia. At variance
from Hwang et al, in our study no relationship was
found between serum triglycerides levels and presence
or severity of hepatic steatosis, while a correlation was
found between serum GGT and degree of hepatic stea-
tosis. It has been hypothesized that this finding may be
the expression of an induction of microsomal enzyme
system caused by steatosis [1].

As for the relationship between steatosis and severity
of liver damage, 1t has been reported that adults with
CHC and steatosis show a more severe liver disease in
terms of necroinflammation, fibrosis and aminotransfer-
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ases serum levels [1]. We found no relationship between
steatosis and activity of necroinflammation in liver
histology, and the median serum level of transaminases
did not differ between children with and without steato-
sis. It 1s noteworthy that in the group of children with
steatosis ALT serum levels significantly correlated with
degree of steatosis. Furthermore, children with steatosis
showed a significantly more severe fibrosis (fibrosis
score >2). It remains to be shown to what extent
steatosis itsell, or steatosis acting synergistically with
other co-factors, contributes to the severity of fibrosis.

The pathogenic role of genotypes non-3 in determin-
ing hepatic steatosis in children, hypothesized in the
present study, is supported by in vitro studies conducted
with HCV genotype 1-derived-constructs. These studies
and those with transgenic mouse models have reported
an overexpression of various HCV proteins, such as
HCYV core protein [21,22). The effects of this overexpres-
sion result in induction of lipid accumulation and
increase in lipid peroxidation [21,22] These complex
interactions could ultimately lead to, or at least partici-
pate in, steatosis. However, these findings have no prov-
en steatogenic effect in vivo, so it is feasible that HCV
core protein may not be the only viral protein mvolved
in HCV-induced steatosis in vivo. The potential role of
other wviral factors has not yet been approprately
investigated.

Analyses of treatment outcomes indicated that,
although response to IFN was not significantly related
to presence of steatosis, children with steatosis were less
likely to achieve sustained response to therapy. This
result, in agreement with previous studies in adults with
CHC [8,23], suggests that steatosis might induce a mech-
anism of resistance to IFN treatment.

In conclusion, histological evidence of steatosis Is
detectable in a quarter of children with CHC in absence
of other causes. In children, differently from adults,
genotypes other than 3 may be associated with hepatic
steatosis independently from classical metabolic risk fac-
tors. Further studies are necessary to better understand
the role and significance of steatosis in children with
HCV infection.
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Background: Differently from chronic hepatitis C, factors associated with hepatic steatosis in children
with chronic hepatitis B are not clearly elucidated.

Objective: Aim of this study was to investigate prevalence of steatosis at liver biopsy in HBV-infected
children.

Study design: A retrospective study including 56 children with chronic hepatitis B undergoing liver biopsy
Keywords: atmedian age of B_.l years. Ina Il_ patients demographic, anthropometric, clinical and laboratory data were
Liver Slea'msis evaluated at the time of liver biopsy.

HEV Results: Steatosis was present in 2 (4%) children. BMI was significantly higher in 2 patients with steatosis
Children compared with those without steatosis. Demographic, biochemical and virological parameters did not
differ between children with and those without steatosis.

Conclusions: Liver steatosis in HBV-infected children seems to be related to obesity and metabolic factors
rather than to viral factors. Detection of steatosis in non-obese children with HBV infection requires a
careful investigation to rule out other causes of fatty liver.
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1. Background

Recently, it has been reported that fatty liver is the most com-
mon form of paediatric liver disease.! The list of potential causes
of liver steatosis in children is very wide and principally includes
nutritional disorders and metabolic liver diseases.! As for the role
of chronic viral hepatitis, the relationship between chronic hepati-
tis C virus infection and liver steatosis it is well documented.>%
In hepatitis C virus (HCV }-infected children the prevalence of his-
tological evidence of hepatic steatosis accounts for 25-27%34
Liver steatosis impacts on the degree of inflammation and fibrosis
and may influence the long-term prognosis of chronic hepatits C
(CHC).®

Differently from CHC, factors associated with hepatic steatosisin
chronic hepatitis B (CHB) are not clearly elucidated. The frequency
of hepatic steatosis at liver histology in adults with CHB ranges from
18% to 76%5.7; it seems especially correlated with metabelic param-
eters(such as fasting glucose and overweight), while no correlation

Abbreviations: HCV, hepatitis Cvirus; CHC, chronic hepatitis C; CHB, chronic hep-
atitis B: HBsAg, hepatitis B surface antigen; BMI, body mass index: AST, aspartate
aminotranferase; ALT, alanine aminotranferase; GGT, gamma-glutamyl transpepti-
dase.
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has been found with HBV DNA titre and HBeAg status.57 Studies on
prevalence of fatty liverin childrenwith CHB are lacking. It is to note
that the relationship between HBV infection and fatty liver might be
better understood in children compared to adults, since paediatric
patients have not so many co-factors responsible for steatosis such
as alcohol intake, dyslipidaemia, insulin-resistance, type 2 diabetes
or metabolic syndrome.

2. Objectives

Aim of our study was to evaluate the prevalence of steatosis at
liver biopsy in children with CHB and its relationship with anthro-
pometrical, biochemical and virological factors.

3. Study design

We retrospectively assessed 56 consecutive otherwise healthy
children (38 males) with CHB who underwent liver biopsy for
diagnostic purposes at the Paediatric Liver Unit of the University
Federico 11 (Naples, Italy) during a 16-year period from 1989 to
2007.

Diagnosis of CHB was based on the presence of hepatitis B sur-
face antigen (HBsAg) in serum for 6 months or longer. Patients with
either concomitant chronic infections (hepatitis C virus, hepatitis
delta virus, human immunodeficiency virus) or chronic systemic
diseases (diabetes, malnutrition, dyslipidaemia, thyroid diseases)
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Table 1

Demographic, anthropometric, biochemical, virological and histological features at liver biopsy in 56 children with chronic hepatitis B.

All patients (N= 56)

Patients with steatosis (N=2) Patients without steatosis (N=54)

Males (%) 18 (G8Y)
Median age in years (range) 8.1(2.2-17.3)
Route of infection (%)
Vertical transmission 29(52%)
Horizontal transmission 7(12%)
Unknown 20(36%)
Relative BMI (+5D) 110+157
Median fasting glucose in mgfdl (range) B5(69-110)
Median triglycerides levels in mg/d] (range) 72({29-195)
Median cholesterol levels in mg/dl (range) 151 (101-219)
Median ALT values in IUf] {[range) 97 (21-488)
Median GGT walue in U/ (range) 14.5 (B-49)
Median serum HBV DNA in copies/ml (range* 104,710 (330-854,660)
HBeAg positivity® 4R (91%)
Histology
Median necroinflammation score (range) 5(0-9)
Median fibrosis score (range) 2(0-5)

2 (100%) 36 (67%)
0.3 (5.6-13) B(2.2-17.3)

2 (100%) 27 (50%)

0 7 (13%)

i} 20 (37%)

132+9 108+ 153
85.5(78-93) B85(69-110)

05 (68-123) 72 (29-195)

192 (174-210) 151 (101-219)

133 (102-164) 93 (21-488)

20 (14-26) 14.5 (B-49)

231494 101,880 (330-854,660)
2 (100%) 46 (01.8%)

4 in both cases 5(0-9)

1 in both cases 2(0-5)

2 Dne patient with steatosis and one patient without steatosis had undetectable HEV DNA in serum at the time of liver biopsy.

b In 5 cases HBeAg status was unknown.

orexposure to hepatotoxic drugs or alcohol were excluded. Patients
with history of antiviral treatment before liver biopsy were also
excluded.

For each patient anthropometric data such as height, weight
and body mass index (BMI), calculated as kg/m?2, were evaluated
at the time of liver biopsy. Children were defined overweight in
presence of BMI>90th percentile for age and obese in presence
of a BMI>95th percentile for age, according to CDC standards.?
The relative BMI was calculated and expressed as percentage of
individual BMI/median BMI value for age and sex, according to
age reference values.? Pubertal stage was evaluated according to
Tanner criteria.!?

For each patient the following laboratory evaluation was
performed ator near the time of liver biopsy: aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), gamma-glutamyl
transpeptidase (GGT), alkaline phosphatase, albumin, prothrom-
bin time, international normalized ratio, complete blood cell count,
fasting plasma glucose, cholesterol and triglycerides serum lev-
els, viral markers (HBsAg/HBsAb, HBeAg/HBeAb, serum HEV DNA).
Serum HBV DNA was quantitatively investigated, depending on
the time, with a commercial hybridization method with a cut-off
value of 5 pg/ml{Abbott Diagnostics, Morth Chicago, IL, USA) or with
a commercial PCR assay (Amplicor HBV-Monitor kit, Roche Diag-
nostic System, NJ, USA). Values obtained with different HEV DNA
quantification assays were compared (1pg HBV DNA=283,000
copies).!

Histological analysis of the liver sections was performed
by an experienced pathologist (R.V.) blinded to the clinical
data. Activity of necroinflammation and stage of fibrosis were
evaluated according to Ishak scoring system (necroinflamma-
tion score: 0-18, fibrosis score: 0-6).!2 Hepatic steatosis was
graded semi-quantitatively by determining the percentage of
affected hepatocytes: grade 0 (<5% of hepatocytes involved),
grade 1 (5-33% involved), grade 2 (34-66% involved), grade 3
(>66% involved hepatocytes); features of steatohepatitis were also
searched.!?

The study was performed in accordance with the Declaration
of Helsinki. Patients’ parents or legal guardians provided written
informed consent.

Statistical analysis was performed using a statistical pro-
gram package (GraphPad Instat 3 Software). For all tests, results
with P walues less than 0.05 were considered statistically
significant.
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4. Results

Fifty-four patients had no steatosis at liver biopsy; steatosis was
present only in 2 (4%; Cl 0-8) children (grade 1 in both cases).
In both cases, steatosis was macrovescicular and located in the
periportal area. Histopathologic features of non-alcoholic steato-
hepatitis were not found.

Twelve (22.2%) of 54 patients without steatosis and both (100%)
patients with steatosis were overweight (6 and 1, respectively)
or obese (6 and 1, respectively) (P=0.059). Relative BMI did
not statistically differ between the two patients with steatosis
(126.4+1.2) and 12 overweight/obese children without steato-
sis (125.7 £12.3). Mean relative BMI was significantly higher in 2
patients with steatosis compared with the whole group without
steatosis (P=0.04).

No significant difference between patients with and without
steatosis was found with regard to demographic parameters, bio-
chemical, virological and histological features (Table 1). Since only
2 children had evidence of fatty liver, the present study was unable
to identify potential risk factors for steatosis in this small subgroup
of patients. Pre-pubertal (38 patients, 68%) and pubertal patients
(18 patients, 32%) did not significantly differ as regard prevalence
of steatosis and metabolic parameters.

5. Discussion

In the studied children with CHB the prevalence of hepatic
steatosis was lower than that reported in paediatric patients with
CHC and adults with CHB**67 and similar to that found in gen-
eral paediatric population.! It is likely that higher percentage
of steatosis in adult patients with CHB is related to presence
of concomitant risk factors for fatty liver (alcohol consumption,
type 2 diabetes, metabolic syndrome, etc).” This hypothesis is
supported by the finding that in adults with CHB metabolic param-
eters (such as fasting glucose and overweight) were correlated
with the presence of steatosis at liver histology, while no cor-
relation was found with HBV DNA titre and HBeAg status.57 In
our population of HBV-infected otherwise healthy children, hep-
atic steatosis was only associated with a higher BMI, a parameter
correlated with an increased risk of insulin-resistance and non-
alcoholic fatty liver disease. No correlation was found between
presence of steatosis and viral factors. As a consequence, dif-
ferently from CHC, we expected to find no steatosis in a child
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with chronic HBV infection and absence of metabolic risk factors
for steatosis such overweight or obesity, high levels of triglyc-
erides, cholesterol or fasting glucose. If steatosis is documented
in absence of these metabolic risk factors, other hepatic (e.g.
metabolic liver diseases, autoimmune hepatitis, sclerosing cholan-
gitis, chronic hepatitis C) or non-hepatic (e.g. inflammatory bowel
disease, cystic fibrosis, celiac disease) causes of steatosis should be
considered.

Although our results need to be confirmed in larger paediatric
series, the present study shows that liver steatosis in children with
CHB is arare event which seems to be related to the host rather than
the viral factors. These findings suggest that liver steatosis in non-
obese children with CHB can not be explained with HBV infection
and should be carefully investigated to rule out the multiple causes
of paediatric fatty liver.
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CHAPTER 3

CHILDREN WITH HIV INFECTION
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3.1 Perception of disease and adherence to antiretroviral therapy in HIV-

infected children

3.11 Rationale

In the past two decades, the nature of pediatric HIV has radically shifted. Highly active
antiretroviral therapy (HAART) involving multiple drug combinations have proven effective
in controlling clinical disease progression and reducing mortality among both adults and
children (1,2). As a result, while rates of new infections among infants have declined
dramatically, perinatally infected children and youth are surviving longer (3,4).

While the advent of HAART has improved survival among children and adolescents with
HIV, the regimens are demanding and require strict adherence in order to avoid medication
resistance and achieve lasting clinical benefits (5-7). Adherence failure may result in early
antiretroviral therapy (ART) failure, development of resistance to ART and subsequently
reduction of treatment options. Owing to highly dynamic viral replication in HIV infected
patients, it is now clear that even limited omissions of doses may lead to selecting resistant
strains and ultimately to treatment failure (7,8). Most studies indicate that adherence to ART
is suboptimal among children and adolescents. A recent review of 13 studies revealed a
pediatric adherence ranging from 50% to 75% (6). An array of heterogeneous conditions
affect treatment adherence in AIDS. Studies of caregivers of children with HIV have shown
that compromised adherence is associated with the complexity of the regimen (9-11). A small
number of studies have examined psychological influences on pediatric adherence,
suggesting an important link with individual and family characteristics and situations (12-14).
Adherence among children and adolescents with HIV is affected by the quality of parent-
child communication, level of caregiver stress and quality of life, caregiver cognitive
functioning, children’s exposure to stressful life events and experiencing depression
(12,13,15). In a previous cross-sectional assessment of adherence and its major determinants
in 7 major Italian references centers for pediatric HIV-infection, we found that 21 (16%) of
129 children with HIV infection failed to adhere to treatment (14). In addition, we found that
psychosocial rather than demographic or clinical features were major determinants of
adherence. Indeed, the relationship between the caregiver and the child was the strongest
determinant of adherence with foster parents being more adherent than relatives and

biological parents.
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Perception of disease and of the benefits of ART may favor acceptance of changes in therapy
schedule, and eventually promote child adherence (16). The importance of promoting and
maintaining optimal adherence in pediatric patients is recognized in several authoritative
documents and guidelines, and careful monitoring is recommended (17,18). In Italy, children
with HIV infection are cared for according to the recommendations of the Center for Disease
Control (17) and the Italian Register for HIV infection. The latter coordinates the medical
care of children in Italy and was established at the onset of the HIV epidemic (19-21). All
HIV-positive children have free access to medical care, including antiretroviral and non-
specific drugs, visits and procedures.

Adherence is a dynamic phenomenon and determinants of adherence change over time.
However, few studies have examined the dynamics of adherence to ART. Drug switching due
to non-adherence, failure of therapy, viral resistance, toxicity or even to improvements in
HAART can influence the quality of life, the psychological dimension and the behavior of
HIV-infected patients (22). Little is known about the effects of switching therapy on HIV-
infected children and their caregivers and on adherence to ART. On June 6™ 2007, the
European Medicines Agency (EMEA) announced the recall by the manufacturer of the
protease inhibitor nelfinavir (Viracept, Roche) from the market because of possible
contamination of tablets with the genotoxic substance ethyl mesylate. As a consequence, all
patients who were receiving nelfinavir had to be switched to a different drug regimen.

The first aim of this research was to investigate the effect of switching therapies on the
perception of the benefits of ART and adherence to treatment in HIV-infected children and
their caregivers.

The second aim of this research was to investigate in a multicenter study the evolution of
adherence to ART 12 months after an initial (baseline) evaluation in a population of HIV-

infected children.

3.12 Experimental procedures

Children and adolescents with HIV infection who switched ART

To investigate the effect of switching therapies on the perception of the benefits of ART and
adherence, HIV-infected children and their caregivers attending our Pediatric AIDS Reference
Center were considered for enrolment. Caregivers of enrolled children completed a

questionnaire during a face-to-face interview. The questionnaire contained information on
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demographic data, awareness of HIV status, perception of treatment efficacy, reaction to the
“change of therapy” event, reasons for taking, missing or discontinuing drugs, and factors
potentially influencing adherence. The questionnaire was administered by a psychologist
trained in HIV infection at the time of or within one month after nelfinavir recall or treatment
shift for other reasons. In the same period, caregivers of children who did not change therapy
were administered the same questionnaire, except for the questions related to the change of
antiretroviral drugs. Awareness of HIV status was established based on the child’s knowledge
about HIV infection. Adherence was evaluated at enrolment and subsequently during the 4™
month after shifting, as part of the routine follow-up for HIV-infected children (scheduled

every 2 months).

Children and adolescents with HIV infection included in the multicenter study

To investigate the evolving pattern of adherence an observational, cross-sectional multicenter
study was performed through a structured interview to the caregivers of HIV-infected
children. The study was carried out in the same 7 major Italian centers for pediatric HIV-
infection as the previous study (14). The same investigator (\V.G.) visited each center for one
to two days and interviewed caregivers of children with HIV symptomatic infection who were
scheduled to visit the center for routine follow-up visits. A face-to-face structured interview
based on a standardized scripted dialogue was administered to persons in charge of drug
administration (caregivers). Data on socio-demographic and clinical features of enrolled
children, their awareness of HIV status, prescribed antiretroviral therapy and adherence to

drug regimen were collected. Each interview lasted for approximately 20 minutes.

Definition of caregiver

“Caregiver” was the person who routinely administered antiretroviral drugs to enrolled
children and accompanied the child to the hospital for routine follow-up on the day of the
interview. Caregivers were classified as biological parents, foster parents or second-degree

relatives.

Adherence assessment

To estimate adherence quantitatively, each caregiver was asked how many doses of the total
prescribed antiretroviral therapy had been omitted in the last 4 days. The 4-day instrument is a
reliable surrogate marker for monthly adherence and was used in the previous study (9,23). A
dose was defined as the intake of any pill, syrup or suspension of any antiretroviral drug in
one day. Since adherence rates equal to or less than 95% of prescribed doses have been
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associated with suboptimal virologic outcome, children were defined as non-adherent if they
had taken less than 95% of all prescribed doses of antiretroviral therapy in the last 4 days.
Threshold levels were prospectively labeled as follows: adherence (>95% of prescribed doses
regularly taken), low adherence (<95%, but >80% of doses taken) and poor adherence (<80%
of doses taken). Compliance with administration time wad intended as the percentage of doses

taken within 2 hours of a target time.

Clinical and laboratory parameters

Clinical and immuno-virological parameters (count of CD4-positive lymphocytes and plasma
HIV RNA levels) were evaluated at the time of the administration of both questionnaires.

At the time of the multicenter study, the lower detection limit of the viral load assay was 200
copies of HIV RNA/ml.

Statistical analysis

Statistical analysis was performed using SPSS version 14.0 (SPSS, Chicago, IL, USA). The
significance of the differences between the groups was assessed by the chi square test and
Fisher’s exact test for dichotomous variables. In case of more variables, we applied the chi
square test for independence. Continuous variables were compared with the Student t test and
the Mann-Whitney test. When the study groups were more than 2, the ANOVA test was used
for continuous variables. A two-sided test was used to indicate statistical significance at a p

value of <0.05.

3.13 Results

Effect of switching therapy on ART perception and adherence

Thirty-eight (13 males; mean age 12.1+6.7 years) out of 45 HIV-infected children attending
our center were enrolled in the study. One child was excluded because of a recent diagnosis of
HIV infection. The remaining 6 children were not included because they did not attend our
center during the study period (4 patients) or refused to participate (2 cases).

Based on treatment history, enrolled children were divided into 3 groups: patients who were
shifted because of nelfinavir recall (group A; 8 children, 3 males; mean age 11.2 years);
patients who were shifted in the month before nelfinavir recall or in the following 5 months
for other reasons (group B; 12 children, 6 males; mean age 12.6 years), i.e. emergence of viral
resistance (7 patients), toxicity (3 patients) and non-adherence (2 patients); and patients who
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were not shifted (group C; 18 children, 4 males; mean age 10.4 years). Demographic and HIV
RNA related parameters did not differ significantly between the three groups except that the
primary caregiver was more frequently a biological parent in group A than in group B
(p=0.02) and C (p>0.05). Overall, 12 (32%) children (mean age 14.7+2.1 years) were aware of
their HIV status and managed their own therapy. In the remaining 26 (68%) children (mean
age 9.3+3.4 years; p<0.0001), medications were administered by the primary caregiver.
Treatment-related feelings are reported in table 1. Most caregivers were satisfied with the
health status of their children and all caregivers considered HAART necessary and effective,
without significant differences between the groups. It is noteworthy that 18 (47%) caregivers
were receiving HAART. There were a few worries with antiretroviral drugs, which were
effectively dealt with by patients and their families. However, more caregivers of group B did
not trust therapy (i.e., they did not believe in the efficacy of treatment) compared to groups A
and C (p=0.03) (table 1).
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Table 1. Perception of antiretroviral therapy and adherence to treatment in 38 HIV-

infected children

Group A Group B Group C Total
(N=8) (N=12) (N=18) (N=38)
How do you consider health status of
your child?
- Good 6 (75%) 10 (83%) 16 (89%) 32 (84%)
- Poor 2 (25%) 2 (17%) 2 (11%) 6 (16%)
Do you considered HAART necessary?
- Yes 8 (100%) 12 (100%) 18 (100%) 38 (100%)
- No 0 0 0 0
Do you trust therapy?8 *
- Yes 8 (100%) 9(75%)  18(100%) 35 (92%)
- No 0 3 (25%) 0 3 (8%)
Was it a problem to take the therapy?§
- Never a problem 2 (25%) 4 (33%) 7 (39%) 13 (34%)
- Hardly ever a problem 5 (62%) 5 (42%) 8 (44%) 18 (47%)
- Frequent problem 1 (13%) 3 (25%) 3 (17%) 7 (19%)
If it was a frequent problem, what was
the reason?§
- Formulation of drugs 1 (100%) 1 (33%) 3 (100%) 5 (72%)
- Schedule of therapy 0 1 (33%) 0 1 (14%)
- Social context 0 1 (34%) 0 1 (14%)
Did your child comply with the drug
timing?8
- Sometimes 3 (37%) 5 (42%) 2 (12%) 10 (26%)
- Often 2 (25%) 3 (25%) 8 (44%) 13 (35%)
- Always 3 (38%) 4 (33%) 8 (4%) 15 (39%)
N. of patients adherent to therapy (%) 8§ 6 (75%) 8 (67%) 14 (78%) 28 (74%)

8 For patients who were shifted (groups A and B), these questions were related to the therapy

before the shift. For patients who did not change therapy, the questions were related to the

current therapy.

* More caregivers of group B did not trust therapy compared to group A and C (p=0.03).
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Before switching, 28 (74%) patients met the criteria of adherence to therapy (=95% of drug
doses taken in 4 days), without significant differences between the groups (figure 1).
Differently, adherence to the timing of medications was poor in a substantial number of cases
but without differences between the groups. Patients adherent and not adherent to treatment
did not differ by age (mean age 11.4+4.1 vs 10.5+4.1, respectively; p>0.05), sex (39% of
males vs 20%, respectively; p>0.05) or race (Caucasian origin in 71% of cases vs 80%,
respectively). Specific family factors were significantly associated with adherence rates. All
children cared for by foster parents adhered to therapy compared to 62% of children cared for
by biological parents (p=0.03) and 71% of children cared for by second-degree relatives
(p>0.05). Increased adherence rates were associated with a higher education in caregivers.
Fifty percent of caregivers of adherent patients had a schooling above 8 years vs 90% of
caregivers of non adherent patients (p=0.05).

Reactions to drug shifting in 20 HIV-infected children who shifted therapy are reported in
table 2. Shift of therapy, either because of nelfinavir withdrawal or for other reasons,
generated anxiety and concern in most caregivers, without differences between the groups.
Two (25%) caregivers of group A were very worried about nelfinavir toxicity. However, all
caregivers were satisfied with the information received and reported they did not need more
information. All but one caregiver (in group A) felt confident about the efficacy of the new
treatment. The duration of treatment before switching did not differ between group A (median
duration 60.5 months, range 7-96) and B (16.5 months, range 1-87; p>0.05) or between
patients adherent and patients not adherent (median duration 45 months, range 1-96, vs 9.5
months, range 5-77; p>0.05). Adherence rates did not change significantly after switching
therapy in groups A and B (87% and 58% of patients adherent after switching therapy in
groups A and B, respectively; p>0.05) (figure 1). Finally, adherence rates were higher in the
12 patients who self-managed their therapy than in the 26 patients who received drugs from a
caregiver, although the difference was not statistically significant (percentage of adherent
patients 83% vs 64%, respectively: p>0.05).
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Figure 1. Percentage of patients adherent to therapy at baseline (for all groups) and
after drug switching (for groups A and B)

Adherence: >95% of prescribed doses regularly taken.
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Table 2. Reaction to drug shifting, perception of antiviral treatment in 20 HIV-infected

children who shifted therapy

Group A Group B Total
(N=8) (N=12) (N=20)
What was your feeling when your child
needed to change therapy?
- Reassurance 0 2 (17%) 2 (10%)
- Indifference 1 (12%) 0 1 (5%)
- Concern 6 (75%) 9 (75%) 15 (75%)
- Anxiety 1 (13%) 1 (8%) 2 (10%)
Why did you feel worried?
- Side effects 2 (29%) 5 (50%) 7 (42%)
- Drug toxicity 2 (29%) 0 2 (11%)
- Inefficacy of the new therapy 3 (42%) 5 (50%) 8 (47%)
Do you trust new therapy?
- Yes 7 (87.5%) 12 (100%) 19 (95%)
- No 1 (12.5%) 0 1 (5%)
If no, why?
- Side effects 1 (100%) - 1 (100%)
- Long-term efficacy 0 - 0

§ Adherence to the new treatment was evaluated during the 4™ month after shifting.

None of the analyzed variables differed statistically between the two groups.
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Evolving pattern of adherence

In the first study 129 HIV-infected children (median age 96 months, range 4-204) were
enrolled in 7 major Italian reference centres for pediatric HIV infection (14). One hundred and
eight patients (84%) were adherent to therapy. Adherence with administration times was very
poor and only 14 (11%) caregivers reported that they were complied with. An inverse
relationship was detected between adherence and awareness of HIV infection. When
adherence rates were analysed according to caregivers, it was observed that adherence was
higher in children receiving drugs from foster parents than in those receiving treatment from
biological parents and second degree relatives (14).

Of the 129 children enrolled in the first study, 112 (87%) patients (57 males; median age 108
months, range 12-216; mean duration of therapy at baseline 74 months + 37) were available to
be checked for adherence after a mean of 12 months. The other 17 children were not included
because they did not attend the follow-up visit or their caregivers refused to take part in the
second survey.

The overall adherence rate was 83% (figure 2). This included 88 (79%) children who took all
doses and 5 who omitted one dose only in the last 4 days but were considered adherent
according to the cut-off threshold (adherence rate >95%). Nineteen (17%) children did not
adhere to treatment, and two of these children did not take any doses at all.

The changes in adherence pattern were as follows: of the 19 non-adherent children, 10 (53%
of non-adherent) were non-adherent at baseline and were therefore labelled as “persistently
non-adherent”. Conversely, 9 children (47% of 19 non-adherent patients) were adherent at
baseline and were defined “new non-adherent”. Exactly the same number of children shifted
from having been non-adherent at baseline to adherent and were defined “new adherent”. A
comparison with baseline data revealed that non-adherent children had a significant risk of
remaining non-adherent after 12 months (RR=5.44, O.R. 10.37, C.I. 1.56 t011.55).

Similar to our previous findings, compliance with administration times was very poor with
only 16 (14%) caregivers reporting that they did administer doses in due time. The vast
majority (70 of 112 caregivers, 63%) reported that adherence with prescribed times was

limited, and 26 (23%) of caregivers reported no adherence at all with administration times.
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Figure 2. Rates of adherence in 112 HIV-infected children according to key

informants
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When we examined determinants of adherence, we found no significant difference between
adherent and non-adherent patients with respect to gender, clinical class, severe or less than
severe immune impairment as well as number of patients with undetectable viral load (figure
3). However, among patients with detectable HIV RNA, median viral load was significantly
higher in non-adherent (HIV RNA median value 2870 copies/ml, range 250-100000) than in
adherent children (HIV RNA median value 510 copies/ml, range 220-12200) (p=0.03).
Twenty-seven children fully adherent either at baseline and after 12 months had a viral load

below 200 copies/ml.

B Adherent pts with HIV RNA <200 cp/ml
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Figure 3. Rate of adherence in HIV-infected children with detectable or undetectable

HIV RNA
The lower detection limit of the viral load assay at the time of the study was 200 copies of

HIV RNA/mI.
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When we examined the correlation between adherence and ART regimens (humber of doses),
we found that children receiving more than six doses per day were more adherent than those
receiving fewer than six doses (table 3). The cut-off of six doses per day was based on the
median number of administrations per day in the overall population. Although the pattern of
adherence varied widely in relation to individual drugs, no significant difference was found
between adherent and non-adherent patients in relation to treatment type, with the exception
of 6 patients taking lopinavir/ritonavir, who were all non-adherent (p<0.05 versus all the other
individual drug). This result can be explained by the low palatability of lopinavir/ritonavir oral
suspension.

Finally, adherence was strongly related to the caregiver, being significantly higher in children
receiving treatment from foster parents than from biological parents (table 4). A similar
pattern emerged from the baseline analysis in the same 112 caregivers, although the difference
was not significant (table 4). Between the first and the second study, 18 children (11 males;
median age 14.3 years, range 13-16.5) had been instructed to self-administer antiretroviral
drugs. Five of these 18 children (28%) were non-adherent. The difference was statistically
significant when these children were analyzed as a single group and compared with children

receiving treatment from foster parents (table 4).
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Table 3. Adherence according to number of doses of antiretroviral therapy per day

No. of )
At baseline After 12 months
doses/day
Non Non
Adherent p Adherent p
adherent adherent

<6 44 (75%) 15 (25%) 001 32 (713%) 12 (27%) 0.03

>6 49 (92%) 4 (8%) ' 61 (90%) 7 (10%) '
Data are shown as n (%)
Table 4. Adherence according to the type of caregiver

Type of caregiver At baseline After 12 months

Non Non
Adherent p Adherent p
adherent adherent

Biological parents 61 (78%) 17 (22%) 0.0 49 (79%) 13 (21%)

Foster parents 32 (93%) 2 (7%) ' 31 (97%) 1(3%)  0.02
Self-administered 0 0 13 (72%) 5 (28%)

Data are shown as n (%)
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3.14 Discussion

Maintenance children’s medication routine in a variety of day-to-day situations is a challenge.
Adherence support mechanisms need to go beyond reminder system and devote specific
attention to fitting the medications into daily schedules that can include changes in routines,
going away from home and being in a variety of social situations. The extent to which
medication regimens can accommodate rather than interfere with social activities may be an
important means of reinforcing and improving adherence, particularly among adolescents.
Adherence is affected by clinical, social and behavioural factors (13,24). Shifts in ART
regimens due to treatment failure, emergence of viral resistance or drug toxicity may impair
adherence. The consequences of switching therapy in HIV-infected children and adolescents
are poorly investigated for several reasons: the low number of HIV-infected children; the role
of caregivers in drug administration; and less frequent need to change therapy compared to
adult patients. The perception that therapy is protective or reliable is associated with higher
levels of adherence, whereas the perception of therapy as enslaving is associated with lower
levels of adherence in HIV-infected adults (25). A drug recall due to a possible toxic effect
would be expected to result in impaired adherence. The nelfinavir recall, a unique event in the
history of HAART, gave us the chance to investigate if changes of antiretroviral drugs affect
the perception of the benefits of therapy and adherence rates. In 12 months, a total of 21
(47%) of 45 HIV-infected children seen at our Reference Center needed to change HAART
and 38% of them did so because of nelfinavir recall. The switch because of recall involved
18% of the entire population of our HIV-infected children. Switching was a matter of concern
for most caregivers and induced worries and a negative general feeling, although it did not
affect adherence rates or result in decreased trust by HIV-infected children or their caregivers.
In our population, drug recall was not more problematic than switching for other reasons and
it did not affect adherence rate, perhaps because patients and their caregivers had received
clear information about the medication and about the reasons for switching.

Adherence to ART is a dynamic phenomenon that changes with time. Our multicenter study
shows a fairly constant distribution of rate of adherence. Quantitatively, non adherence
remained stable at around 20% because of an equal flux of patients from adherence to non
adherence and vice versa. This suggests that adherence should be frequently monitored and be
a component of follow-up of children with HIV infection. Our assessment shows that also the
determinants of adherence change over time, albeit to a lesser extent than adherence, which

again suggests more frequent monitoring of adherence.
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In the present study, a high percentage of adherent patients still had a viral load >200
copies/ml and some non adherent subjects had an undetectable viral load, which resulted in a
fairly low agreement between HIV RNA suppression and adherence rate. This inconsistency
may have several explanations. First, adherence is a complex phenomenon and maintaining
the prescribed adherence to medications is a continuous challenge even in adherent families.
The self-report of medications taking during the previous 4 days does not adequately capture
periods of non-adherence that are intermittent or present over longer time periods or that occur
during periods of increases stress in the family. This may represent a limitation of the study.
However, although self-report instrument may tend to overestimate adherence, the reports of
missed doses is a practical and reliable method if used at each routine visit. Second, in some
fully adherent children, suboptimal suppression of viral replication may be due to drug
resistance. Third, metabolic and pharmacokinetic pattern may change with age and other
conditions that are specific of children (i.e. the respect to timing of dosage and food
consumption). Finally, although there was no association between viral load and complete
adherence to antiretroviral therapy when viral load was dichotomized (more or less than 200
copies per ml), there was a significant trend for decreased level of serum HIV RNA in
adherent patients compared to non-adherent subjects.

A key aspect of adherence among HIV-infected children and youth is represented by
caregiver/family factors (13,14). Infants and young children depend almost entirely on a
caregiver to administer medications. Adherence to treatment is, therefore, strictly dependent
on caregivers. Biological parents of children with HIV are often HIV-infected and non-
adherent themselves, more debilitated and depressed than foster parents. This can lead to a
decreased attention to the maintenance of adherence in their HIV-infected children. This
research confirms that adherence is higher in children receiving drugs from foster parents than
in children receiving medication from biological parents (14). Better adherence in children
living with foster parents may be due to the cultural background of foster parents, that are
selected before adoption, and to a greater sense of responsibility in non-biological parents
compared to biological ones (9,26).

A new class of caregivers emerged in the multicenter study, namely children who self-manage
therapy. This group was the least adherent. Interestingly, all 5 non-adherent patients were also
non-adherent at the baseline study. This finding carries an alarming message, namely, children
who are managed by non-adherent caregivers tend to be non-adherent when they manage their
own therapy. The latter is a worrying observation in the perspective of the increasing number

of children who will directly manage their therapy.
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Finally the relationship between adherence and more complex regimens has important clinical
implications. This data is consistent with other reports showing that sicker adults with chronic
diseases taking several drugs appeared to be highly complaint with therapy (27-31). However,
in these studies, the exact number of doses taken/day was not assessed. Although the HAART
pill burden has decreased in recent years due to simplified regimens, contrary to what might
be expected out results show that HIV-infected patients taking more doses are more compliant
with therapy than patients taking less doses. Is it possible to speculate that patients with more
complex regimens may be, or believe to be, less healthy. As a consequence, they may have an
increased perception of disease severity and, therefore, are likely to be more adherent to
prescribed medication.

In conclusions, adherence is a crucial variable of treatment of AIDS in children and deserves
early and continuous monitoring and implementation. Adherence tends to change over time
and, more importantly, non adherence in early stages of life predicts later non adherence,
when control of therapy may become more difficult or impossible. The caregiver, the
relationship between patient and physician, and the perception of drug efficacy are key aspects

to obtain and maintain adherence.
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Effects of Antiretroviral Drug Recall on Perception of Therapy Benefits
and on Adherence to Antiretroviral Treatment in HIV-Infected Children

. . . ¥ . - . .
Antonietta Giannattasio , Alessandro Barbarino. Andrea Lo Vecchio, Eugenia Bruzzese,

Carmela Mango and Alfredo Guarino’

Department of Pediatrics, University “Federico II", Naples, Italy

Abstract: In June 2007, the European Medicines Agency announced the recall by Roche of nelfinavir from European
Union markets becanse of contamination of tablets with ethyl mesylate. Based on this event, we investigated the effect of
switching therapy because of nelfinavir recall or for other reasons on the perception of therapy benefits and adherence to
treatment in HIV-infected children and their caregivers. Thirfy-eight children (mean age 12.1£6.7 vears) were enrolled. A
35-item questionnaire was administered to the caregivers of enrolled children. Adherence was evaluated through a 4-day
recall adherence instrument. Enrolled children were divided into 3 groups: patients who were shifted because of nelfinavir
recall (group A, § patients); patients who were shifted for other reasons (group B, 12 patients); pafients who were not
shifted in the last 6 months (group C, 18 patients). All caregivers considered antiretroviral therapy necessary and effective
for their children. However, drug shifting generated anxiety in most of them, irrespective of the reason for shifting. At
baseline, 74% patients adhered to therapy. Adherence rate was related to the type of caregivers being higher in children
cared for by foster parents than in children cared for by biological parents or second-degree relatives. Adherence rates did
not change significantly in groups A and B after switching. Drug-switching raises concem in caregivers of HIV-infected
children and induces a negative feeling irrespective of the reason for switching. However, switching. including the shift

due to nelfinavir recall, did not affect adherence rates.

Keywords: HIV, Antiretroviral therapy, Medication adherence, Children.

INTRODUCTION

Children affected by HIV and thewr families have to deal
with phvsical symptoms, fear of AIDS-related death. social
problems and the need to adhere to complex antiretroviral
therapy that includes multiple drugs that must be taken
several tumes a day [1. 2]. Although highly active
antiretroviral therapy (HAART) has substantially changed
the natural history of HIV-1 nfection, the therapeutic
regimens require strict adherence [2. 3] In fact, non-
adherence 15 a major predictor of therapeutic failure [4-7] A
level of adherence less than 95% of doses 15 associated with
suboptimal control of viral load in adult patients [5].

Maintaining adherence to antiretroviral therapy over time
is difficult, particularly in growing children. Caregiver
factors are significant predictors of chuld adherence to this
treatment [8]. In a previous study. we found that the
relationship between care provider and child was associated
with treatment adherence, whereas there was no relationship
between adherence and sociodemographic or clinical
features of HIV-infected children [9]. Also antiretroviral
drugs and schedules have an impact on adherence rates [9].
Higher adherence rates have been reported in children with
advanced HIV, possibly because of mereased perception of
disease severity [10]. Finally, psychosocial variables, poor
caregiver-child communication, low caregiver-perceived
quality of life and high levels of caregiver-perceved stress
have been associated with non-adherence [8].
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Therefore, an array of heterogeneous conditions affect
treatment adherence in AIDS. Drug switching due to non-
adherence, failure of therapy. viral resistance. toxicity or
even to improvements i HAART can mfluence the quality
of life. the psychological dimension and the behavior of
HIV-infected patients [11]. On the other hand, perception of
disease and of the benefits of antiretroviral therapy may
favor acceptance of changes in antwetroviral therapy, and
eventually promote child adherence [12]. However, little 1s
known about the effects of switching therapy on HIV-
infected children and their caregivers.

On Tune 6® 2007, the European Medicines Agency
(EMEA) announced the recall by the manufacturer of the
protease inhibitor nelfinavir (Viracept. Roche) from the
market because of possible contamination of tablets with the
genotoxic substance ethyl mesylate. As a consequence, all
patients who were recerving nelfinavir had to be switched to
a different drug regimen_ After this unpredictable event, we
decided to mvestigate the effect of switching therapies
because of nelfinavir recall, or for other reasons, on the
perception of the benefits of therapy and adherence to
treatment i HIV-infected children and their caregivers.

PATIENTS AND METHODS

HIV-infected children and their caregivers attending our
Pediatric AIDS Reference Center (University “Federico I,
Naples, Italy) between June and December 2007 were
considered for enrolment. This 1s a major Italian center for
the care of children with AIDS. HIV-mfected children are
managed accerding to guidelines established by the Centers
for Disease Control and Prevention and the Italian Register
for HIV Infection [13, 14]. Thirty-eight (13 boys; mean age
12.126.7 years) out of 45 HIV-mnfected children attending

€ 2009 Bentham Science Publishers Led.
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our center were enrolled in the study. One child was
excluded because of a recent diagnosis of HIV mfection. The
remaining 6 children were not included because they did not
attend our center during the study period (4 patients) or
refused to participate (2 cases). Informed consent to
participate in the study was obtained from caregivers of all
enrolled children.

Caregivers of enrolled children completed a
questionnaire during a face-to-face interview. “Caregiver”
was the person who routinely administered antiretroviral
drugs to enrolled children and accompanied the child to the
hospital for routine follow-up on the day of the mterview.
Caregivers were classified as biological parents. foster
parents or second-degree relatives. The questionnaire
contained information on demographic data, awareness of
HIV status, perception of treatment efficacy. reaction to the
“change of therapy™ event, reasons for taking, missing or
discontinuing drugs, and factors potentially mfluencing
adherence. The questionnaire was administered by a
psychologist tramed i HIV infection at the time of or within
one month after nelfinavir recall or treatment shift for other
reasons. In the same period. caregivers of children who did
not change therapy were administered the same
questionnaire, except for the questions related to the change
of antiretroviral drugs. Awareness of HIV status was
established based on the child's knowledge about HIV
mfection. Adherence was evaluated at enrolment and
subsequently during the 4® month after shifting. as part of
the routine follow-up for HIV-infected children (scheduled
every 2 months). To assess adherence, we used a 4-day recall
mstrument that has been shown to be a reliable surrogate
marker of adherence [15. 16]. Patients were considered
adherent if they took =95% of the total doses of medications
m the last 4 days [15]. This study was performed in
accordance with the Declaration of Helsinki and was
approved by the ethics commitiee of our institution.

Current HIV Research, 2009, Vol 7, No. 5 469

The significance of the differences between the groups
was assessed by the chi square test and Fisher's exact test for
dichotomous variables. In case of more variables, we applied
the chi square test for independence. Continuous variables
were compared with the Student t test and the Mann-
Whitney test. When the study groups were more than 2. the
ANOVA test was used for continuous vanables. A two-sided
test was used to mdicate statistical significance at a p value
of <0.05.

RESULTS

Based on ftreatment history. enrolled children were
divided mto 3 groups: patients who were shifted because of
nelfinavir recall (group A: 8 children. 3 males; mean age
11.2 years); patients who were shifted in the month before
nelfinavir recall or in the following 5 months for other
reasons (group B; 12 cluldren. 6 males; mean age 12.6
vears), 1.e. emergence of viral resistance (7 patients). toxicity
(3 patients) and non-adherence (2 patients); and patients who
were not shifted (group C; 18 children, 4 males; mean age
10.4 wears). Demographic parameters did not differ
significantly between the three groups except that the
primary caregiver was more frequently a biological parent in
group A than in group B (p = 0.02) and C (p=0.05) (Table 1).
All children on nelfinavir were switched to another protease
inhibitor (lopmavir/ritonavir in all cases).

Overall. 12 (32%) children (mean age 14.7+2.1 years)
were aware of thewr HIV status and managed their own
therapy. In the remaining 26 (68%) children (mean age
9.3%3 4 years; p=0.0001), medications were administered by
the primary caregiver. HIV-related features at the time of
enrolment did not differ between the groups (Table 1).
However, the number of patients with HIV-RNA less than
40 copies/ml was higher in group C patients than in group B
patients, although the difference was not statistically
significant (p = 0.06).

Tablel. Demographic Characteristics and HIV-Related Features at Enrolment in 38 HIV-Infected Children
Group A Group B Group C Total
N=8) N=11) N=18) N=38)
Males/females 33 6/6 414 13125
Mean age in years = 5D 112+31 126=39 10444 121=67
Caregiver:®
Biological parents T (87%) 4 (33%) 10 (56%) 21 (55%)
Relatives 0 3(25%) 4(22%) T(19%)
Foster parents 1(13%) 5(42%) 4(22%) 10 (26%)
Caregiver school education: §
= § years 7(87.5%) 5 (45%) 11 (65%) 22(61%)
= § years 1(12.5%) 6 (35%) 6(93%) 14 (39%)
Mean value of CD4+ cells in cells/mm’ = SD 827232 795 =335 940 £511 870 =410
Mean value of HIV RNA in copies/ml in patients with detectable HIV-ENA = 5D 16495 £27806 | 3367242253 | 49127784 | 21774=33572
Number of patients with viral load less than 40 copies/ml (%2) 5 (62%) 5(42%) 14 (78%) 24 (63%)

5D = standard deviation.

IDhiferences between the groups was assessed by the chi square test and Fisher's exact test for dichotomous vanables (e.z. sex). ANOVA test was used to compare conhimuous

varables.

*Primary caregivers of group A were more frequent biological parents compared to group B (p=10.02) and C (p=0.05).

'School education was not available for 2 caregrvers.
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Treatment-related feelings are reported m Table 2. Most
caregivers were satisfied with the health status of their
children and all caregivers considered HAART necessary
and effective, without significant differences between the
groups. It is noteworthy that 18 (47%) caregivers were
receiving HAART. There were a few worries with
antiretroviral drugs, which were effectively dealt with by
patients and thewr families. However, more caregivers of
group B did not trust therapy (1.e.. they did not believe in the
efficacy of treatment) compared to groups A and C (p =
0.03) (Table 2).

Before switching, 28 (74%) patients met the criteria of
adherence to therapy (=95% of drug doses taken m 4 days).
without significant differences between the groups.
Differently. adherence to the timing of medications was poor
m a substantial number of cases but without differences
between the groups (Table 2). Patients adherent and not
adherent to treatment did not differ by age (mean age
114£4.1 ws 10524 1. respectively; p=0.05), sex (39% of
males vs 20%, respectively; p=0.05) or race (Caucasian
origin m 71% of cases vs 80%. respectively; p=0.05).

Giannattasio et al.

Specific family factors were significantly associated with
adherence to treatment rates. All children cared for by foster
parents adhered to therapy compared to 62% of children
cared for by biological parents (p = 0.03) and 71% of
children cared for by second-degree relatives (p=0.05).
Increased adherence rates were associated with a higher
education in caregivers. Fifty percent of caregivers of
adherent patients had a schooling above 8§ years vs 90% of
caregivers of non adherent patients (p = 0.05).

Reactions to drug shifting and adherence to antiretroviral
drugs in 20 HIV-infected children who shifted therapy are
reported in Table 3. Shift of therapy. erther because of
nelfinavir withdrawal or for other reasons. generated anxiety
and concern i most caregivers, without differences between
the groups. Two (25%) caregivers of group A were very
worried about nelfinavir toxicity. However, all caregivers
were satisfied with the information received and reported
they did not need more information. All but one caregiver (in
group A) felt confident about the efficacy of the new
treatment.

Table2. Perception of Antiretroviral Therapy and Adherence to Treatment in 38 HIV-Infected Children
Group A Group B Group C Taotal
N=8) N=12) (N=18) (N =138)
How do you consider health status of your child?
- Good 6 (75%) 10 (83%) 16 (89%) 32 (84%)
- Poor 2 (25%) 2{17%) 2{11%) 6 (16%)
Do you considered HAART necessary and effective?
- Yes 8(100%) 12 (100%) 18 (100%) | 38 (100%)
- Neo 0 0 0 0
Do you trust therapy?§ *
- Yes 8(100%) (73%) 18 (100%) | 35(92%)
- Ne 0 3(25%) 0 3(8%)
Ifne, why? §
- Side effects of drugs - 1{33%) - 1(33%)
- Long-term efficacy - 2 (67%) _ 2 (67%)
- Other reasons - 0 - 0
Was it a problem to take the thevapy? §
- Never a problem 2(25%) 4(33%) T(39%) 13 (34%)
- Hardly ever a problem 3(62%) 5{42%) B (44%) 18 (47%
- Frequent problem 1(13%) 3 (25%) 3(17%) 7 (19%)
Ifit was a frequent problem, what was the reason?” §
- Formulation of drugs (taste. pill size...) 1 (100%) 1(33%) 3(100%) 3 (72%)
- Schedule of therapy (meals, sleep, school. ) 0 1{33%) 0 1 {14%)
- Side effects 0 0 0 0
- Social context 0 1(34%) 0 1 (14%)
Did your child comply with the drug timing? §
- Never 0 0 0 0
- Sometimes 3(37%) 5(42%) 2(12%) 10 (26%)
- Often 2(25%) 3(23%) 8 (44%) 13 (33%)
- Always 3(38%) 4(33%) 8(4%) 15 (39%)
Number of patients adherent to therapy (%3) § 6(75%) 8 (67%) 14 (78%) 28 (74%)

the current therapy.
* More caregivers of group B did not rust therapy compared to group A and C (p =0.03).
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Table 3.
who Shifted Therapy

Current HIV Research, 2009, Vol 7, No. 53 471

Reaction to Drug Shifting, Perception of Antiviral Treatment and Adherence to Treatment in 20 HIV-Infected Children

Group A Group B Tatal
N=§) (N=12) (N=10)
What was your faeling when your child needed to change therapy?
- Feassurance 0 2(17%) 2(10%)
- Indifference 1(12%) 0 1(5%)
- Concern 6 (75%) 9(75%) 15 (75%)
- Anxiety 1(13%) 1(8%) 2(10%)
Why did you feel worried?
- Side effects 2(29%) 3 (30%) T(42%)
- Drug toxicity 2 (29%) 0 2(11%)
- Inefficacy of the new therapy 3{42%) 3 (30%) 8(47%)
Do you trust new therapy?
- Yes 7(87.3%) 12 (100%) 19 (95%)
- No 1(12.5%) 0 1 (3%)
Ifne, why?
- Side effects 1 (100%) - 1 (100%)
- Long-term efficacy 0 - 0
- Other reasons 0 - 0
Number of patients adherent to the new therapy (%2) § T(87%) 7(38%) 14 (70%)

‘Adherence to the new treatment was evaluated during the 4” month after shifting.
None of the analyzed vanables diffared statistically between the two groups.

The duration of treatment before switching did not differ
between group A (median duration 60.5 months. range 7-96)
and B (16.5 months. range 1-87: p=0.05) or between patients
adherent and patients not adherent (median duration 45
months, range 1-96, vs 9.5 months, range 5-77; p=0.05).
Adherence rates did not change significantly after switching
therapy in groups A and B (87% and 58% of patients
adherent after switching therapy m groups A and B.
respectively; p=0.05). Fmally, adherence rates were higher in
the 12 patients who self-managed their therapy than in the 26
patients who recerved drugs from a caregiver, although the
difference was not statistically significant (percentage of
adherent patients 83% vs 64%. respectively: p=0.05).

DISCUSSION

In HIV-infected patients, shifts m antiretroviral therapy
regimens are frequently due to treatment failure, emergence
of viral resistance or drug toxicity. In a recent study of
factors associated with willingness to accept changes in
antiretroviral medication., 75% of HIV-infected adults
accepted the changes of HAART recommended by their
providers [17]. Patients’ willingness to accept HAART
changes 15 mfluenced by their attitude and beliefs about
treatment, and the effectiveness of patient-provider
communication [17], whereas side effects, social isolation
and complexity of the antiretroviral regimen are associated
with decreased adherence [18]. The consequences of
switching therapy are difficult to mvestigate 1n HIV-infected
children and adolescents for several reasons: the low number
of HIV-infected children; the role of caregivers i dmug
administration; and less frequent need to change therapy
compared to adult patients. We used the nelfinavir recall.
which was a unique event in the history of HAART. to
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mvestigate if changes of antiretroviral drugs affect the
perception of the benefits of therapy and adherence rates.

In HIV-infected pediatric patients, caregiver/family
factors are the factors most closely associated with non
adherence to antiretroviral regimens [8]. Children receiving
therapy from foster parents were more adherent than those
recerving drugs from biological parents or relatives [9].
Interestingly, adherence was related to the relationship
between the care provider and the child, and to the child's
awareness of HIV infection [9]. This study confirms that
adherence is higher in children receiving drugs from foster
parents than m children recerving medication from biological
parents [9]. Furthermore, patients who self-managed their
therapy tended to be more adherent than patients managed by
caregivers.

Adherence may be increased by the perception of the
beneficial effects of HAART. The perception that therapy is
protective or reliable is associated with higher levels of
adherence. whereas the perception of therapy as enslaving is
associated with lower levels of adherence in HIV-infected
adults [19]. A drug recall due to a possible toxic effect would
be expected to result in impaired adherence. In the present
study, almost all caregivers reported trust in physicians as
well as in HIV medications, and adherence rates were even
higher than those previously reported [9, 15]. The higher
percentage of caregivers who did not trust therapy in group
B may be explamed by the presence i this group of patients
who had already undergone treatment shifts because of a
history of treatment failure due to wviral resistance, side
effects or non-adherence.

Although this study enrolled a small number of children,
it describes a unique occurrence in HIV treatment. In 12
months, a total of 21 (47%) of 45 HIV-mfected children seen
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at our Reference Center needed to change HAART and 38%
(8/21) of them did so because of nelfinavir recall. The switch
because of recall invelved 18% of the entire population of
our HIV-infected children. Switching was a matter of
concern for most caregivers and induced worries and a
negative general feeling. although it did not affect adherence
rates or result in decreased trust by HIV-infected children or
their caregivers. In our population, drug recall was not more
problematic than switching for other reasons and 1t did not
affect adherence rate, perhaps because patients and their
caregivers had received clear mformation about the
medication and about the reasons for switching.

In conclusion, trust, the relationship between patient and
physician, and the perception of drug efficacy are central to
adherence. Shifting therapy because of drug recall was
troublesome and generated anxiety. although it did not
decrease adherence 1n HIV-infected children.
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The changing pattern of
adherence to antiretroviral
therapy assessed at two time
points, 12 months apart, in a
cohort of HIV-infected children

Anronierra Giannarmsio, Fabio Albano, Vania Giacomer & Alfredo Guaring”
"University Federico I, Department of Padiatrio, Via & Pargni 5. 80131 Naple, faly

Objective: In a previous multicentre study including 129 HIV-infected children,
non-adherence to antiretroviral therapy was detected in 16% of patients and
was mainly related to psychosocial rather than dinical or demographic
features. The aim of this study was to explore the evolving pattern of
adherence and its determinants in the same population of children. Methods:
An observational, cross-sectional multicentre study was done through a
structured interview to the caregivers of HV-infected children. Adherence
was guantitatively evaluated through a 4-day recall adherence instrument.
Results: One hundred and twelve children were included. Mineteen (17%)
omitted more than 5% of doses in the preceding 4 days and were considered
non-ad herent. Of these, 10 had been found non-adherent and nine adherent
in the previous study. In parallel, nine of the originally non-adherent children
had become adherent. Adherence rates were higher in children receiving
therapy from foster parents than in children receiving therapy from biological
parents. Dose number significantly correlated with adherence. Conclusions:
Adherence to antiretroviral therapy is a dynamic phenomenon that changes
with time. The ewvolving pattern shows a fairly corstant distribution
of adherence because a similar number of patients gain and lose
adherence. Psychosocial rather than dinical features are major determinants
of adherence.

H.c_wrorll.i: adhenence, antiretroviral d\:r{xy, children, HTV infection

Expert Opin. Pharmacorher. (2009 INI7):1-6

1. Introduction

Pediarric HIV infecrion has evolved from a mpidly progressive, fal disease in the
carly years of the epidemic vo a chronic infecdon with prolonged survival in padens
receiving highly acive andremroviral therapy (HAART). However, effectve conrral
of HIV infecion depends on adherence and regular asumpdon of prescribed
medications [1-4]. Mearly perfea adherence (95%) is required to achieve and susmin
viral suppression, o shw dissase progression and w obwmin opimal long-rerm
benefiz 4. Adherence is therefore a primary focus of ressarch in HIV disease and a
rarget of interventions.

Most dara on adherence in HIV disease concern adult padents and facrors thar
contribure w non-adherence. Becent meranalyses suggest thar efforts w improve
adherence o antiremoviel therapy among adults can be effectve 1671 By conrrse,
lirrle is kmown abour the determinants of adherence in children affected by HIV. Ina
previous cross-sectonal assessment of adherenor and its major deserminancs in seven
major Iralian reference centres for paediaric HIV-infearion, we found thar 21 (16%)
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Table 1. Rates of adherence in 112 HIV-infected children
according to key informants.

Dose taken Baseline After 12 months Definition
(% of total n(% ni%)

prescribed)

100% B7(7B) BB (79) Adherent

= 95% to < 100% & (5) 5 ()

BO% 14{12) 87 Morn-adherent
T5% 1{1} ERE

60% 2%

50% (2 4 (4}

a 22 22

aof 129 children with HIV infecdon failed to adhere to
rearment [E. In addition, we found thar psychosocial rather
than demographic or dinical feamires were major determinants
af adherence js). Indeed, the rehidonship berween the caregiver
and the child was the srrongest determimnt ofadherence, wich
foster parents being more adherent than relatives and biolog-
ical parenms. Children grow and their behaviour changes.
Consequendy, we have invesdgaed the changing pamern of
adherence o HAART.

Tao design a program w improve meament adherence in
children with HIV infecrion, we muost undersmnd  the
dynamics of adherence to andrerroviral therapy, Very few
smudics have ccamined the evolunon of adherence over
fime [2,10]. The present survey allowed us to investigare the
evolurion of adherence o antiretroviral thempy 12 months
after an inirial (baseline) evaluarion in a populadon of HIV-
infecred children.

2. Patients and methods

The study was carded our in the same seven major Ialian
centres for pasdiaric HIV-infecton as the previous scudy. The
same investigator (Vi) visited each cenre for 1 - 2 days and
interiewed caregivers of children with HIV sympromaric
infecrion who were scheduled o wisit the centre for rourine
follow-up visits, A face-to-face structured interview based on a
smndardized scripred dialogue was given to persons in charge
of drug administmdon (caregives). Daca on sododemo-
graphic and clinical fearures of enrolled children, their aware-
ness of HIV sams, presaibed ancireroviml therapy and
adherence w drug regimen were colleced. Each inerdew
lasted for approxdmarely 20 min. Each patent was identified
with a numeric code. The investigator was unaware of the
history and disease stare of enrolled children. The physician in
charge of the HIV-infecred children was made aware of the
resuls of inerview only after the dam amlysis

Clinical and immunovimlogical paramerers (count of
CD4positive lymphooyres and plasma HIV BEMA levels)

were evaluared ar the time of the adminisradon of the

questonmire. At the time of the study, the lower detecrion
limir of the viral load assay was 200 copics of HIV BNAS/ml.

To esimate adherence quantimtvey, cach caregiver was
asked how many doses of the wml prescibed andrerroviral
thempy had been omimed in the previous 4 days. The 4-day
instrument is a reliable surrogare marker for monthly adher-
ence and was used in the previous smdy 11,12, A dose was
defined as the intake of any pill, symp or suspension of any
antirermoviral drug in one day. Since adherence rares of < 95%
of prescribed doses hawe been associared with suboprimal
vimlogic ourcome, children were defined 2 non-adherent if
they had taken les than 95% of all prescribed doses of
antirermoviral therapy in the previows € days. Threshold levels
were prospectively labeled as follows: perfea adherence
(= 95% aof prescribed dosss regularly mken), low adherence
(= 95%, bur = B80% of doses raken) and poor adherence
(= BO% of doses mken). Compliance with administraton rime
was intended as the peroentage of doses mben wichin 2 h af a
mrger nme.

Smdstcal analysis was performed wsing SPSS version 14.0
(SPSS, Chicago, IL, USA). The significance of the differences
berween fearures of adherent and non-adherent children and
their caregivers was asessed by the _‘,(1-(a[ and Fisher's cxact
resr. Condnuous vadables were compared by the smdent's
st or non-paramerric Mann—Whitney [V tst A owo-railed
st was used o indicare staristcal significance ar a p-value
of = 0.05.

3. Results

Of the 129 childen enrolled in the first smdy (haseline), 112
(B7%) padents (57 males median age 108 months, range
12 — 216; mean durarion of therapy ar baseline 74 months
=+ 371 were available o be chedied for adherenee after a mean
of 12 maonths. The ather 17 childen were nor inchided
becanse they did nor arend the follow-up visic or their
carcgivers refused w mke pan in the second survey.

The overall adherence rae was 83% (Table 1). This
induded 88 (79%) children who took all doses and five
who omimed one dose only in the previous 4 days bur
were considered adherent according w the cur-off threshold
fadherence mre = 95%), Mineween (17%) children did not
adhere to treament, and two of these chidren did not take
any doses ar all.

The changss in adherence pamern were as follows: of the 19
non-adherent children, 10 (53 of non-adherent) wer non-
adherent ar basdine and were therefore labelled *persistently
non-adherent’. Comversely, nine childen (47% of 19 non-
adherent patiens) were adherent ar basdine and were defined
‘mew non-adherent’. Exacdy the same number of children
shifted from having been non-adherent ar basdine to adherent
and were defined ‘new adherent’. A companson of basdine
dara revealed that non-adherent children had a significanc nsk
of remaining non-adherent after 12 months (RR = 5.44,
OR = 10.37, CI 1.56 — 11.59).
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Table 2. HIV-related features of 112 enrclled children.

Giannattasio, Albano, Giacomet & Guarino

Charmacteristics Baseline After 12 months
All Adherent Mon-adherent P All Adherent Mon-adherent P
Clinical dass
M 4 4 a 2 2 a
A 20 24 5] 24 21 3
B 3B Ell 7 37 32 5
[ 40 34 [ 49 49 11
Co™ T calls
= 15% 21 {187 17 (B1.0) 4 (19.0 ME 14 (12.5) 11 ({786} 3 (21.4) ME
= 15% a1 (81.3) 76 (B3 5) 15 {16 5} 98 (B7.5) 82(837) 16 {163}
Viral load':
< 200 copies'mi 32 (ZB.6) 2T (B4 .4} 5 {15.6) NS AF (420} 40 (B5.1} T {14.9) NS
= 200 copiesmil B0 (71.4) 66 (B2 5) 14 {17 5} &5 (58.0} 53 (815} 12 {185}

Data are shawn &6 n (%),

Table 3. Adherence according to type of therapy and number of doses per day.

Antiretroviral regimen Baseline After 12 months

All Adherent Mon-adherent P All Adherent Non-adherent P
HAART BT (78.0) 76 (B7.3) 11 {128 0.0z az 79 (B5.9) 12 {14.1) NS
No HAART 250220} 17 8.0 8320} 20 14 (70.0} 6 20,0}
Mo. of doses'day:
<6 59({52.7} 44 (74.6) 15 25.4) am 44 22 (727} 12 {27.3} 0.03
=6 53 (47.3) 49 (97.4) 4 (7.5) 68 61 (B9.7) 7(10.3)

Dats are shawn & n (%),
HAMRT: Highly sctiee antretowinal thersgy.

Similar w our previous Aindings, compliance with admin-
isradon dmes was very poor with only 16 (14%) crgivers
reporting thar they did administer doses in due time. The vast
majorcy (70 of 112 caregivers, 63%) repormed char adherence
with prescribed rimes was limired, and 26 (23%) of cargivers
reported no adherence ar all wirh adminisradon rimes. When
we examined dererminants of adherence, we found no signif
icant difference berween adherent and noncadherent padents
with respecr o gender, dinical class, severe or less than severe
immune impairment and number of patens withunderecmble
viral load (Table 2). However, among patens with derecmable
HIV BMNA, median viral load was significantly higher in non-
adherent (HIV RMA median walue 2870 copics/ml, range
250 — 100,000) chan in adherent children (HIV RNA median
value 510 copicsiml, mnge 220 — 12200; p = 0.03). Twenoy-
seven children fully adherent either ar baseline or afer 12
maonths had a viral load below 200 copies/ml.

Minery-rwo childen were recciving HAART wheras the
remaining 20 were on only inhibitors of viral reverse man-
scprase (METL Table 3). Among the licter group, all patens

were on twoedrug regimens with a combimation of owo
METIs. Adherence rawe tended vo be higher in dhildren on
HAART wersus children on only METT (Table 3). Inerest-
ingly, there was a significant corrdadon berween number of
doses and adherence. The mean number of doses per day was
5.6 + 1.30 and the median was six doses a day. Children
receiving more than six doses per day (n = G8) were more
adherent than those receiving fewer than six doses. The cur-aff
of six doses per day was hased on the median number of
administrations per day in the overall populaton. Our of 61
adherent padents mking more than siv doses per day, 34
(56%) reccived medicadons from biological parents, 19
(319%) From foster parencs and cighe (13%) self-adminiseered
drugs. Our of seven non-adherenr patdens, four (57%)
received therapy from biological parents, one (14%) From
foster parents and two (29%) selfadminiseered antireroviel
medicadons (p = 0.05). Although the parern of adherence
varied widely in relation w individual drugs, no sgnificant
difference was found berween adherent and non-adherent
patiens in reladon to teeament rype, with the scepton of
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mZWin=21) O
O ABCin=12) ®
@ 3TCn=860) &
ONFVin=47] &

ddl (n = 25)
d4T {n = T6)

ITCZIV (n=T)
LPVIATY {n = 6)

Mon-adherence (%)
2

Figure 1. Adherence of HNW-infected children to individual
antiretroviral drugs.

Dt T iniwicl sl an Sretrowical deuge taien by mose than fee patiens orwith a
percentage of non-adhemnae mare than 5% are reparted. Adherence rate wee
100% = fecae of Stoneirin = 16, efvienzin = &) and mdina (n =18 idata
nat reparted in figure).

AT Lamieadine: ITOTIV: Lamnudinefbid ovudine combination: ABC : Ahacns
AT Steeudine; ddi: Asdancsine; LPVETY: Lopinasréioneds MR Mefinesd;
IO Tdoveudine.

six parients taking lopinavir/dronavie, who were all non-
adherent (p < 0.05 wvs all other the individual drugs)
(sce Figure 1), This result can be explained by the low
palambility of lopinavir/ritonavir oral suspension.

Finally, adherence was strongly rdated to the caregiver, and
it was significandy higher in children receiving rreamment from
foster parents than from biological parens (Table 4). Asimilar
parern emerged From the baseline analysis in the same 112
caregivers, although the difference was not significant
(Table 4). Berween the first and the second study, 18 children
(11 males; median age 14.3 years, range 13 — 16.5) had been
instruced  to selfFadminister andreroviral drugs. Among
these, 11 (61%) lived wirth biclogical parents and seven
(F9%4) lived with foster parents. Five of these 18 children
(28%) were non-adherent. Four (80%) of them lived with
biological parents and one (20%%) with foster parens. The
difference was stmdstcally sign ficant when these children were
analysed a5 a single group and compared with children
receiving rreament from foster parents (Table 4).

4. Discussion

Adherence is affeasd by dinical, sodal and behavioural
Facrors (13,041, Our resules show thar the pamern of adherence
is unstable, thus supporring the concept thar adherence is a
tme-relared phenomenon in children wicth HIV infecoon.
CQuancimovely, non-adherence remained smble ar around
20 because of an equal flux of padents from adherence
w non-adherence and vice versa, This suggess thar adherence
should be frequendy monitored and be a component of

fallow-up of chidren wirth HIV infecion. Our asssssment
shows thar also the dererminans of adherence change over
ime, albeit 0 a ksser exrent than adherence, which again
suggess more frequent monitoring of adherence.

In the present study, a high percentage of adherent parients
still had a viral load = 200 copies/ml and some non-adherent
subjecs had an underecmble viral load, which esulted n a
fairly low agreement berween HIV RMA suppression and
adherence mre. This inconsistency may have several explina-
tons. First, adherence is a complex phenomenon and main-
mining the prescibed adherence o medicadons is a
contnuous challenge even in adherent families. The self-
repon. of medicdons raken during the previows 4 days
does not adequarely caprure periods of non-adherence thar
are intermiment or present over longer rime periods or thar
ocour during periods of increased smess in the family. This
may represent a limimdon of the study. However, although a
selb-repon instrument may end w overestimare adherence,
the repors of missed doses is a pracdcal and reliable method if
used ar cach rourine visit. Second, in some fully adherent
children, subopimal suppression of viral replicadon may be
due o drug rsismnce. Third, membalic and pharmacokineric
pacern may change with age and other conditions thar are
spedfic of children (ie, the respect o dming of dosage and
food consumprion). Finally, although ther was no associarion
herwreen viral load and complere adherence o antrerroviral
therapy when viral load was dichotom zed (more or less than
200 copies/ml), there was a signifiant tend for decreased
level of serum HIV BMA in adherent patens compared with
non-adherent subjects.

(wemll, our results confirm thar psychosocial fearures af
caregivers and children play a major role in adherence and char
fasrer parens are mare reliable caregivers than are biological
parcnis. Family/aregiver relared facoors are crocial o pacdi-
arric adherence because infans and young children depend
almost endrely on a caregiver o administer medicadons.
Adherence to treament is, therefore, srialy dependent on
caregivers. Biological parents of children wirth HIV are often
HIV-infected and non-adherent themselves, and more debil-
imted and depressed than foster parents. This can lead o
decreased amendon given to the maintenance of adherence in
their HIV-infected children. Furthemore, bemrer adherenee in
children living with foster parents may be due w the clmral
background of foster parens, who are sdeaead before adop-
ton, and to a grearer sense of responsibility in non-biological
parens compared with biological ones (1014,

A now chss of caregivers emerged in the second study,
namely children who sdf-manage therapy. This group was the
least adherent. Interestingly, all five non-adherent parients
were also non-adherent ac the baseline smdy, This finding
crriss an ahrming message, namely, childeen who are man-
aged by non-adherent caregivers tend w be non-adherent
when they manage their own therapy. The lamer isa worrying
ohservation in the perspedive of the increasing number of
children who will direcdy manage their thempy.
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Table 4. Relation between adherence and caregivers.

Giannattasio, Albano, Giacomet & Guarino

Type of caregiver Baseline After 12 months

All Adheremnt Non-adherent u] All Adherent Mon-adherent P
Biological parents TR 61(782) 17 {21 B} 0.05 62 49 (79.0) 13 (21.0p 0.0z
Fester parents 34 32(92.9) 20 32 31 {96.8) 1@2) 0.01
Self-administerad a 18 12 {(72.3) 52T

Dats are shawn & n (%)

Finally, rhe rdadonship berween adherence and maore
complex regimens has impormnt dinical implicadons. These
dam are consistent with other reports showing thar sicker
aduls with chronic discases raking several drugs scemed o be
highly complaint with thempy pazo. However, in these
studies, the exact number of doscs taken each day was nor
assessed. Although the HAART pill burden has decreased in
recent yeas owing o simplified regimens, contrary to whar
might be expecred our resulis show char HIV-infeaed padens
raking maore doses are more compliant wirth therapy than
patens mking fewer doses. b it possible o speculare thar
patents with more complex regimens may be, or believe to be,
les healthy? As a consequence, they may have an increased
perceprion of disease severity and, therefore, are likely o be

5. Conclusion

Adhernce is a cmcial variable of tearment of AIDS in
children and deserves early and condnuous monitoring and
implementarion because it rends o change over tme and,
maore importantly, becanse non-adherence in early stages of
life predicrs larer non-adherence, when conmol of thempy may
become mare difficulr or im possible.
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i MAJOR ARTICLE

Is the Interruption of Antiretroviral Treatment
During Pregnancy an Additional Major Risk Factor
for Mother-to-Child Transmission of HIV Type 1?

Luisa Galli,' Donella Puliti,” Elena Chiappini,' Clara Gabiano,” Gabriele Ferraris,' Federica Mignone,”

Alessandra Vigano,” Carlo Giaguinto,” Orazio Genovese,” Gianfranco Anzidei® Raffaele Badolato,” Wilma Buffolano,™
Anna Maccabruni,” Filippo Salvini,” Monica Cellini,”* Maurizio Ruggen,” Mariano Manzionna,” Stefania Bernardi,”™
Pierangelo Tove,” and Maurizio de Martino,” for the Halian Register for HIV Infection in Child

'Degantment of Pediatncs, University of Flosence, and “Clincal and Descrptve Suidemiology Unit, Centre for the Study and Presention

of Tumoars, Research Institute of the Tuscany Region, Florence, *Department of Pediatics, University of Twin, Tarin, *Davision of Heonatology,
hangiagalli Hospital, ivision of Pediatiics, Unisersity of Milan, Sacco Hospital, and *Division of Pedsatrics, Univessity of Milan, 5. Paclo
Haspital, Iilan, “Depariment of Pediatics, Universty of Fadus, Padea, “Department of Pedatrics, Gemelli Hospital, *Orvision of Pediatics,
Spallanzani Hospital, and "AIDS Unit, Department of Pediatics, Bambing Gesi Chilidven's Hospital, Aome, "'Department of Pedatics, Unhersity
of Riescia, RBiescia, '“Depatment of Pediatrics, Fecerico 1| University, Maples, “Depadment of Infections Disease, Uniersity of Pavia, Pavia,
"“Neparment of Mother and Child, Univessity of Madena, Modena, “Division of Pediatrics, Hospitgl of Bargama, Bergama, anid “Meonatalogy
Unit, Department of Pedistics, University of Bar, Bari, ltaky

Backgroumd. There is currently an experts’ agreement discouraging interruption of antiretroviral treatrent
(ART) during the first trimester of pregnancy in women infected with human immunodeficiency virus type 1
(HIV-1). However, this recommendation is poorly supported by data, We evaluated the effects of discontinuing
ART during preghnancy on the rate of mother-to-child transmission.

Methods,  Logistic regression models were performed in a prospective cohort of 937 children who were per-
inatally exposed to HIV-1 to estimate adiusted odds ratios for confounding factors on mother-to-child transmission,
including maternal interruption of ART.

Results.  Among 937 pregnant women infected with HIV-1, ART was interrupted in 81 (8.6%) in the first

trimester and in 11 {1.2%) in the third trimester. In the first trimester, the median time at suspension of ART
was 6 weeks (interquartile range [IQR], 5-6 weeks) and the time without treatment was 8 weeks (IQR, 7-11
weeks). In the third trimester, the median time at suspension of ART was 32 weeks (IQR, 23-36 weeks) and the
time without treatment was & weeks ([QR, 2-9 weeks). The plasma viral load was similar in women who had
trearment interrupted in the first trimester and in those who did not have treatment interrupted.
Crwverall, the rate of mother-to-child transmission in the whole cohort was 1.3% {95% confidence interval [CI],
0.7%—2.3%), whereas it was 4.9% (950 CI, 1.9%-13.29%) when ART was interrupted in the first trimester and
18.29% (93% CI, 4.5%72.7%) when ART was interrupted in the third trimester, In the multiple logistic regression
maodels, only interruption of ART during either the first or the third trimester, maternal monoe- or double therapy,
delivery by a mode other than elective cesarean delivery, and a viral load at delivery =4.78 log,, copies‘ml, were
independently associated with an increased rate of mother-to-child transmission.

Conclusions.  Discontinuing ART during pregnancy increases the rate of mother-to-child transmission of HIV-
1, either when ART is stopped in the first trimester and subsequently restarted or when it is interrupted in the
third trimester. This finding supports recommendations to continue ART in pregnant women who are already
receiving treatment for their health.

After the results of the Pediatric ATDS Clinical Thals tive studies have confirmed the effectiveness of anti-
Group Protocol 076 Study Group [1], several prospec- retroviral treatment (ART) during pregnancy in de-
creasing the rate of mother-to-child transmission
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(MTCT) of HIV-1 [2-5]. In developed countries, the synergic
effect of ART in the mother and newborn, cesarean delivery,
and aveidance of breast-feeding have resulted in a rate of MTOT
of 2% [2-5]. In the HAART era, the rate of MTCT is ~1%,
probably because of the strong effect of HAART on the maternal
wiral load 6], Therefore, there is a consensus on the benefits
of HAART for the mother’s health and for prevention of MTCT,
provided that drugs with a potential toxicity for the offspring
are avoided [7]. Data from prospective registries [8] support
lack of teratogenicity with exposure to antiretroviral drugs dur-
ing pregnancy, but with the increasing use of new molecules,
monitoring of birth defects is continually needed. An increasing
number of treated women are now identified as pregnant, and
presently there is an experts” opinion discouraging a temporary
discontinuation of ART during the first trimester [7]. However,
this opinicn is enly partially supported by evidence, To date,
insufficient data support an increase in the rate of MTCT as a
consequence of ART discontinuation during pregnancy. We
performed an analysis involving a large cohort of children pro-
spectively enrolled in the Italian Register for HIV Infection in
Children, to evaluate the effect of discontinuation of ART dur-
ing pregnancy on the rate of MTCT.

METHODS

Data collection.  The Italian Register for HIV Infection in
Children is a nationwide multicenter study of children peri-
nalallrcxpmcd to HIV-1 that was instituted in 1985, Data come
from a network of 106 participating pediatric centers located
throughout Italy, representing rhe overall population of exposed
infants in Italy [3]. Informed consent at the local pediatric
center and National Privacy Agency permmission are obtained.
Both at-risk children identified at birth and infected children
identified after birth are enrolled. In this study, only exposed
children idenified at birth who were born to treated mothers
and who had known infectious status were considered [3]. Data
with regard to mother-infant pairs were collected as described
elsewhere [3, 9]. Detailed data on the type of regiment(s), ges-
tational age at beginning and end of ART (for each single
regimen if switches occurred during pregnancy), and ART ad-
ministered intrapartun and/or w0 the newborn were included,
Maternal data were obtained at each pediatric center from an
infections diseases report andfor a gynecologist’s report, and
they were recorded at the infant's first examination, at birth,
From 2001, information on the maternal plasma viral RNA
load and CD4" cell counts at the time of delivery and infor-
mation on the last antiretroviral regimen {the type and the date
of iniliation) prior to pregnancy wete collected. Becanse this
information was unifermly available only since 2002, only chil-
dren born in 2002 or later were evaluated in the present study.
Viral loads and CD4* cell counts were evaluated as described
elsewhere [3, %]. Both baseline and follow-up information on

the infant’s infection status, HIV-1 antibodies, and viral mark-
ers [HIV-1 DNA or RNA detection) were collected [2].

Case definition,  Infection in children [3, 9, 10], elective
cesarean delivery [2], and duration of ART during pregnancy
[9] were defined as reported. To evaluate the effect of type of
ART on the rate of MTCT, we defined monotherapy as zido-
vudine [according to the Pediatric AIDS Clinical Trials Groop
Protocol 076 Stady Group protocol), double therapy as any
regimen including 2 nucleoside reverse-transcriptase inhibitors
[NRTI), and HAART as any combination regimen with =3
antiretroviral drugs (ne mother received a triple NRTI regi-
men). Among HAART regimens, a nevirapine-based regimen
was defined as any wiple regimen including 2 NRETTs plus ne-
virapine, and 2 protease inhibitor (PI)-based regimen was de-
fined as any triple {or more) regimen including NRTIs plus a
PI. When =1 regimen was received during pregnancy, the more
complex (Le., HAART vs. double) was considered. Maternal
interruption of ART was defined as the discontinuation of any
ART for =15 days. Shorter periods of interruption, in fact, conld
not be reported by the mothers. Moreover, it is usually believed
that plasma viral RNA load significantly decreases after 2 weeks
of teatment, and perinatal guidelines recommend monitoring
maternal viral load 2-6 weeks after initiating or changing ART
[7]. The gestational age at ART initiation was defined as the
week at the beginning of the first ART regimen for women
who did not receive therapy during the periconceptional period,

Statistical analysis.  Analyses were performed on data re-
ported thromgh December 2005 for children followed up since
birth who were born from 1 Tanuary 2002 through 31 Tecember
2004, Children born from 1 January 2005 through 30 June
2005 were excluded from analysis because of the large per-
centage of exposed children with an undetermined HIV-1
status.

Drata were expressed as median and interquartile range (IQR)
or as mean and 95% Cl, Differences in proportions were eval-
nated by the y* test. A nonparametric 3-sample test was per-
formed to test the hypothesis of median equality. The analysis
of variance was used to test for differences in maternal viral
lead at delivery, To evaluate the association of ART interruption
with the rate of MTCT, logistic regression maodels were per-
formed to estimate adjusted ORs for factors potentially influ-
encing the rate of MTCT: infant’s sex, gestational age (<37
weeles, =37 weeks, or unknown), plasma viral RNA load at
delivery {<2.6, 26-4.00, 1.01-5.74, 578 log, copies/mL, or
urknown), CD4° cell count at delivery (<200, 200-499, =500
cellsipl, or unknown), mode of delivery (vaginal delivery, elec-
tive cesarean delivery, cesarean delivery other than elective, or
urknown), matertal ART in pregnancy {(zidovadine mono-
therapy, double therapy, HAART, or unknown), maternal in-
terruption of ART {yes or no), intrapartum ART (yes, no, or
unknown), and neonatal ART {yes, no, or unknown). Because
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no child was breast-fed, the mode of feeding was not included
in the regression analyses. To better evaluate interaction be-
tween quantitative variables potentially associated with the rate
of MTCT, an additional logistic regression model with log,,
plasma viral RNA load and log,, CD4* cell count as continuous
variables was performed for a subgroup of mother-child pairs
with hoth variables knewn.

RESULTS

Mother-infant pairs.  Cwerall, 937 of 1016 mother-child pairs
receiving ART entered the studys 79 (7.8%) of the exposed
infants were excluded because they were lost to follow-up before
ascertainment of infections status. The characteristics of the
337 mothers and children are shown in table 1. Intrapartum
and neonatal prophylaxis consisted of zidovudine in all but §
cases in which nevirapine was giver. Maternal plasma viral load
was known in 630 (67.2%) of the 937 mother-child pairs. Of
the 30 women with known wviral load, the majority (453
[71.%%]) showed an undetectable plasma viral load {tested by
an assay with a cutolf value of 30 copies/mL [# = 340] and
400 copies/mL [n = 113]). Characteristics of mother-child
pairs were campared according to known or unknown maternal
plasma viral load, Frequency of intrapartum ART administra-
tion was higher when maternal viral load was known (586
[93.0% | of 630 women vs. 261 [85.0%] of 307 women; ¥* =
15.21.5 P«<.001), and frequency of prepartum HAART ad-
ministra}jon Was '1[5}[{? 'W'I'IEI'[ rnaltma' v[ral lﬂﬂd Was kl'lD’!\'l']
(4534 [72.1%] of 630 women vs, 197 [64.2%] of 307 women;
¥ = 607 P = _0M); no difference was ohserved in the fre-
quency of mode of elective cesarean delivery (580 [92.1%] of
630 women vs. 280 [91.2%] of 307 women: ¥° = (L20; P =
653), the use of neonatal ART (614 [97.5%] of 630 infants vs,
301 [98.0%) of 307 infants; ¥* = 0.31; F= 579), and the
infant's infectious status (8 [1.290] of 630 cases vs, 4 [1.3%]
of 307 cases; x* = 0002 P = 966). The maternal viral load
decreased as the complexity of the ART regimen increased. The
mean plasma viral load was 2.6 log,, coptes'mL (95% CI, 2.2-
2.9 log,, copies/mL), 2.4 log,, copies/mL (95% CI, 2.2-2.6 log,,
copies'mL], and 1.% log,, copiesfml [95% CI, 1.8-2.0 log,,
copiesfml) in women receiving moenotherapy, double therapy,
or HAART, respectively (analysis of variance, F= 17.2; P<
J001). The median gestational age at the beginning of treatment
was 18 weeks (IQR, 13-35 weels), 18 weels (IQR, 13-25
weeks), and 13 weeks {IQR, 6-22 weeks) in women receiving
menotherapy, double therapy, or HAART, respectively, thus
decreasing with the increase in the ART complexity (y° = 36.8;
P=,001). The proporticn of women with detectable viral load
did not differ according to trimester at start of ART when
moenotherapy was given (n = 50; 78.6% during the first tri-
mester, 55.0% during the second trimester, and 56.3% during
the third trimester; ¥ = 2.27: P = 321) In addition, the pro-

Table 1. Characteristics of 937 mother-child pairs in
our study of mother-to-child transmission of HIV-1
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Table 2. Characteristics of the 12 mother-child pairs in which the infants were infected.
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partion of women with detectable viral load did not differ
according to the trimester during which ART was initiated when
double therapy was given (# = 126; 38.1% during the first
trimester, 37.3% during the second trimester, and 47.1% during
the third trimester; x* = 0.56; P = .736). However, the pro-
portion of women with detectable viral load was significantly
higher when HAART (given to 454 women ) was started during
the third trimester {43.9%), compared with during the second
{17.5%) or first trimester (17.8%; y° = 2581; P<.001).
Women treated with HAART whe had a known plasma viral
load had similar mean plasma viral loads when 281 wormen
who were treated with a PI-based regimen {1.95 log,, copies/
mL: 93% CI, 1.77-2.07 log,, copies/mL) were compared with
328 women treated with a nevirapine-based regimen (1.85 log,,
copies/mL; 95% CI, 1.65-1.92 log,, copies/ml; Student’s ¢ test,
1.29; F = .197).

Discontinuation and subsequent restart of ART was reported
in 81 (8.6%) af the 937 maother-child pairs in the first trimester
of pregnancy {median time at suspension, & weeks [IQR, 5-6
weeks]; median time witheut treatment, 8 weeks [IQR, 7-11
weeks]) and in 11 {1.2%) of the mother-child pairs in the thizd
trimester {median time at suspension, 32 weeks [[QR, 23-36
weeks]; median time without treatment, & weeks [IQR, 2-%
weeks]). Only 1 mother, who gave birth to an uninfected child,
had treatment interrupted during both the first and the third
trimesters, ART was more frequently interrupted at the begin-
ning of pregnancy in wornen treated with HAART (74 [11.4%]
of 651 women) than in women treated with double therapy (3
[L.6%] of 187 women) or with monotherapy (4 [4.0%] of 9%
women; ¥ test, 20.50; P 001).

We checked whether women switched therapy after inter-
ruption to a less or more active regimen, but the proportions

of women treated with & nevirapine- or PI-based HAART reg-
imen before or after treatment interruption were similar | table
1), Treatrnent was restarted with the same clase of antiretroviral
drugs in 47 {58.0% ) of the 81 women, among whom 19 (23.5%)
received the same nevirapine-based regimen that they received
prior to the interruption.

Among women whose viral load at delivery was known, the
mean plasma viral load was similar in these whe had treatment
interrupted in the first trimester (2.04 log,, copies/mL; 95%
CI, 1.81-2.26 log,, copiesfmL} and in those who did not have
treatment interrupted {2.04 log,, copiesfmL; 95% CI, 1.95-2,14
log,, copiesfml; Student’s ¢ test, —(L04; P = 967). Similarly,
the mean C14° cell count at delivery was similar in women
who had treatment interrupted (2,63 log,, cells/ul; 25% CI,
2.57-2.69 log,, cells/pL) and in those who did not have teeat-
ment interrupted (2.65 log,, cells/uls 95% CI, 2.65-2.67 log,,
cellsfpl; Student’s ¢ test, —0.40; P = 689). Among HAART-
treated women who had therapy interrupted and who had
known plasma viral load, we found no difference in mean
plasma viral lead between 29 women treated with a Pl-based
regimen (2.06 log,, copies/mL; 95% CI, 1.70-2.42 log,, copies!
mL) and 28 women treated with a nevirapine-based regimen
[1.85 log,, copiesimL; 953% CI, 1.69-2,01 log, copies/mL; Stu-
dent’s i test, 1,12; F = ,268),

MTCT rate and confounding fuctors.  Overall, the rate of
MTCT in the whole cohort was 1.3% (95% CI, 0.7%-2.3%),
The rate of MTCT among children born to mothers who had
ART interrupted in the first trimester was 4,9% (95% CI, 1.9%—
13.2%), and the rate of MTCT among children born to mothers
who had ART interrupted in the third trimester was 18.2%
(959 CI, 4.5%—72.7% ). Characteristics of the 12 mother-child
pairs in which the children were infected are shown in table 2,
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To evaluate the role of different risk factors for MTCT, uni-
variate and multiple logistic regression models were performed.
Maternal monotherapy or double therapy, interruption of ART
during either the first or the third trimester, delivery by a mode
other than elective cesarean delivery, and a viral load at delivery
>0.78 log,, copies/mL were associated with an increased rate
of MTCT {table 3). Plasma viral load =4.78 log,, copiesfml
was associabed with a 30-fold increased risk of transmission.

Other factors (maternal CD47 cell count at delivery, trimester
at the start of ART, child’s sex, and intrapartum and necnatal
ART} were not significantly associated with the rate of MTCT.

When we included in an additional model the 7% exposed
infants lost to follow-up, with the assumption that all these
children were uninfected, results were unchanged {adjusted OR
for treatment interruption in the first trimester, 11.4; in the
third trimester, 34.1). The probability of infection in children

Table 3. Univariate and logistic regression analysis of risk factors for mother-to-child transmission

of HIV-1 infection.
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in this group was very low, because missing infected children
are regained by periodical cross-matches with the Italian Na-
tional AIDS Registry, to which all AIDS cases must be reported
[11].

To check the interference of missing values for maternal
plasma viral load, 3 logistic regression models were performed.
Interruption of ART in the first trimester was associated with
an adjusted OR of 10,33 (93% CI, 2.02-52.91; F = .005), and
interruption of ART in the third trimester was associated with
an adjusted OR of 46,86 (93% CI, 4,28 512.64; F = 002) in
the whole cohort, with the inclusion of maternal viral load as
& category with missing values. When only cases with known
maternal viral load were included, the adjusted OR for inter-
ruption of ART in the first trimester was 11.45 {95% CI, 1.58—
83.08; P = .016) and in the third trimester was 2433 (95% I,
0.77-765.92; F = .070). When maternal viral load was ex-
cluded, the adjusted OR for interruption of ART in the first
trimester was .32 [93% CI, 1.88-36.90; F = .005} and in the
third trimester was 40.52 (95% CI, 4.24-387.64; P = 1001} in
the whole cohort,

Finally, a logistic regression model on a subgroup (n =
538) of mother-child pairs with both known plasma viral load
and knewn CDM* cell count was performed, including these
factors as continwous variables. Treatmment interruption in the
first trimester was associated with an admsted OR of 10040
(93% CI, 1.48-77.18), and treatment interruption in the third
rrimester was associated with an adjusted OR of 30,38 (95%
CI, 0.98-941.66). Plasma viral load was associated with an ad-
justed OR of 2,50 [95% CI, 1.27-4.91), and CD4" cell count
was associated with an adjusted OR of 1.87 {95% I, 0.07—
33.26). Thus, treatment interruption in the first trimester was
associated with a 10-fold increased risk of MTCT, whereas a
plasma viral load increase of 1 log,, copies/mL doubled the risk
of MTCT.

DISCUSSION

To our knowledge, this is the first study to reveal that discon-
tinuing ART during pregnancy increases the rate of MTCT of
HIV-1, either when ART is stopped in the first trimester and
subsequently restarted, or when it is interrapted in the third
trimester. The last finding was partly expected, because dis-
continuation of treatment could lead to a wiremic rebound [12,
13] and because a higher viral load near the time of delivery
increases the risk of MTCT, as we and others have clearly shown
[14, 15). The incremental risk of MTCT associated with treat-
ment interruption i high among all treated wormnen, even
among HAART-treated women, maybe becanse the viremic re-
bound is stronger if the virological potency of therapy is higher.
Therefore, our findings confirm the recommendation that preg-
nant women infected with HIV-1 who receive ART should
continue treatment after the first trimester, particularly at the

end of pregnancy [7]. More interestingly, we found that inter-
ruption of ART early in pregnancy increased the rate of MTCT
bath in the whole cohort and among children born to HAART-
treated women. To our knowledge, no other large study has
investigated this issue. Of note, in our cohort, temporary ART
discontinuation early in pregnancy is more frequent in wormen
receiving HAART, probably because of the fear of drug toxicity
in the embryo. However, temporary discontinuation led to a
10-fold increase in the rate of MTCT, overcoming all other risk
factors, except for the independent factor of high plasma viral
RNA load at delivery, When wviral load increased by [ log,
copiesiml, the risk of MTCT was, indeed, more than doubled.
A small proportion of HAART-treated women may have high
plasma viral loads because of poor compliance or mutations
associated with viral resistance [16]. Nevertheless, we found no
difference in predelivery plasma viral load between mothers
who temporarily discontinued therapy and mothers who did
not. It might be speculated that a transient viral load increase,
occurring close to the time of ART interruption, favors HIV-
1 transmission.

We also investigated whether a lower antirerroviral potency
of the regimen administered after suspension could lead to
higher risk of MTCT, but the proportions of nevirapine-based
or PI-based regimens were similar before and after interruption.
However, it is possible that virological failure occurred more
frequently because of nevirapine-resistance mutations [17] in
those women who discontinued and restarted the same nevi-
rapine-based regimen. Yiral load at delivery was similar in the
wornen treated with a PI-based regimen and in those created
with a nonnucleoside reverse-transcriptase inhibitor—based reg-
imen in both the whole cohort and in those whao had therapy
interrupted. Tn addition, we found a trend toward higher viral
loads in wormnen treated with a PI-based regimen than in those
treated with an nennucleoside reverse-transcriptase inhibitor—
based regimen, as recently was reported by the European Col-
laborative Study [18]. It is possible that women with lower
baseline viral loads (before or ar the beginning of pregnancy)
are more often treated with nonnuclecside reverse -transcriptase
inhibitor-tased regimens, or the pharmacokinetic peculiarities
of ART in pregnancy may be involved [18].

Because our data are from a large pediatrc cohort, a limi-
tation in our analyses is that some detailed information on the
maothers was lacking. First of all, maternal viral load at delivery
wias unknown for =38 of mother-child pairs. However, when
mather-child pairs were compared according to whether ma-
ternal viral load was known or unknown, exactly the same
MTCT rate was found, As an additional check, 3 different
logistic regression models were performed, but the main role
of ART interruption in pregnancy was constantly confirmed.
Another critical point s the unavailability in our database of
information on the reasons for ART discontinuation during
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pregnancy. Therapy could be discontinued for several reasons:
the development of virological failure or resistance mutations,
the occurrence of adverse effects, or the desire to avoid fetal
exposure during the first trimester. On the other hand, ART
intermiption was not homogeneously distributed during the
whole pregnancy, peaking at 6 and 32 weeks, We think that
avoidance of fetal exposure during the first trimester and in-
tolerance of treatment ave the most probable reasons for ART
discontinuation, and if so, it would be unlikely that women
who had ART suspended were a priori at higher risk of MTCT
because of virclogical failure or resistance mutations, Unfor-
tunately, we had no data on maternal viral load during ges-
tation, Moreover, we conld not assess whether infected children
barn to mothers whe had ART interrupted acquired the in-
fection in utero or perinatally [19], because we do not system-
atically measure HIV-1 RNA ot DNA load during the first 24—
48 h of life.

We investigated all interactions between variables that we
thought were biclogically convincing. Other important factors
might be compliance ta ART and genotype resistance in the
mothers, but these data were lacking in our database, Finally,
the very low number of infected children in the whole cohort
and, consequently, the wide 95% Cls found, are additional
caveats, Additional studies, prospectively performed using large
cohorts of mother-child pairs starting from the beginning of
gestation, may confirm our fndings. It may be surprising that
we found no relationship between intrapartum and necnatal
therapy and the rate of MTCT, but the numbers of mother-
child pairs who were not receiving intrapartum and neonatal
prophylaxis were too small to draw any conclusion. Moreover,
we found no differences according to trimester at start of ART,
cven if a higher proportion of HAART-treated women had a
detectable viral load at delivery when treatment was used during
the third trimester, compared with the first or second trimester.
This finding supports recently revised guidelines [7] that rec-
ommend that, in women who do not require ART for their
own health, ART for MTCT prophylaxis may be started during
the second trimester, preferably with a 3-drug regimen.

The main finding of our study is that no other factors but
the discontinuation of ART and high maternal viral load at
delivery are associated with an increased risk of MTCT, Thus,
although concerns about potential toxicity in the fetus need to
be completely clarified, counseling on the temporary discon-
tinuation of ART in the first trimester should consider both
the need for marernal health [7] and the increased risk of HIV-
I transmission to the offspring. We believe that our findings
iy be useful for physicians who care for women infected with
HIV-1 and for specialists who determine guidelines,
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3.4 Psychosocial issues in children growing with HIV infection

3.41 Rationale

Children and adolescents with HIV infection have to face greater challenges to their
psychosocial well-being than their counterparts not affected by HIV (1-4). Children living
with HIV must deal with lack of adult influence, illness or death of a parent, poverty,
disclosure of their own or their parents’ HIV status to members of their community (5,6). As
a consequence, being a child or an adolescent with HIV implies major problems in terms of
quality of life, school attendance and social interactions with peers. Thus, notwithstanding the
spectacular improvement in the virological, immunological and metabolic control of the
disease due to highly active antiretroviral therapy (HAART), a number of psychosocial
problems may affect the health status of HIV-infected patients (5). In a recent Cochrane
review, no rigorous studies of interventions for improving the psychosocial well-being of
children affected by HIV and AIDS were identified (7). Current psychosocial practice is based
on anecdotal knowledge, descriptive studies and situational analyses.

The identification of needs is mandatory to improve the psychosocial well-being of this
vulnerable population. Assessment of psychosocial problems in HIV is hampered by the lack
of standard instruments to evaluate these issues in growing children and adolescents (8). The
International Classification of Functioning, Disability and Health (ICF) of the World Health
Organization adapted for children and young people (ICF-CY) is an age-specific descriptor
system devised to evaluate the health status and disabilities of a person or a group of persons
and ideally completes the information to outweigh the global impact of a given disease (8-11).
It encompasses information on health using a bio-psycho-social approach that takes into
account physical health as well as the social context and other factors that may favor, or
impair, school, work, and social achievements. Application of the ICF to pediatric HIV
infection may provide a framework for standardizing data collection and for evaluating health

care interventions.
The aim of this study was to investigate the feasibility of applying the ICF to determine the

health status and needs of a population of children and adolescents with HIV infection seen at

a reference center for pediatric AIDS in Europe.
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3.42 Experimental procedures

Patients with HIV infection

Children in follow-up at two HIV reference centers located in Southern and Northern Italy,
namely in Naples and Brescia, were enrolled. In both institutions, the children are managed
according to the recommendations of the Center for Disease Control (12) and the Italian
Register for HIV infection (13-15). The latter coordinates the medical care of children in Italy
and was established at the onset of the HIV epidemic (13-15).

ICF tool
ICF comprises a standard checklist validated at international level. The specific version for
children and adolescents, designated ICF-CY, was devised in 2006 by the World Health

Organization (www.who.int/classifications/icf/en/). The checklist may be completed by health

care personnel or by other caregivers such as teachers, social workers and parents.

The ICF encompasses 4 major areas of health and functioning of a person:

1) impairments of body structures;

2) impairments of body functions;

3) environmental factors;

4) activity limitations and restrictions to social life.

Impairments are defined as problems in body function or structure. Information about
impairment of body structures and functions was obtained from medical records and physical
examination of patients. The level of impairment detected in these two areas are scored from 0O
(no problem) to 4 (complete impairment).

The section of the ICF-CY regarding environmental factors includes a number of domains
related to the physical, social, and attitudinal environment in which the child lives. The
environmental factors section encompasses products and technology, natural environmental
features and human-made changes to the environment, supports and relationships, attitudes,
services, systems and policies that may positively or negatively affect the life of a patient.
Environmental factors are labeled as facilitators or barriers to the development of an
individual and are scored from O (no facilitator or no barrier) to 4 (complete facilitator or
complete barrier). Activity limitations are difficulties a person may have in carrying out daily
activities. Participation restrictions are problems a person may experience when involved in
life or social situations. Specifically, this section encompasses 9 domains: learning and
applying knowledge, general tasks and demands, communication, mobility, self care, domestic

life, interpersonal interactions and relationships, major life areas, and finally community,
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social, and civic life. This section is scored from 0 (no limitation or restriction) to 4 (complete
limitation or restriction).For all sections, the item was classified “code 8” (“not specified”) in
case of insufficient information to specify the severity of the impairment, whereas the item

was scored “code 9” (“not applicable”) if it is inappropriate to apply any other code.

Data collection

Information related to sections 1 and 2 were collected by the physicians in charge of children
(A.G.). Data regarding sections 3 and 4 were collected by a specifically trained psychologist
(G.G.) by means of interviews conducted in a protected setting. The key responder was the
person responsible for the care of the child and who accompanied the child to the hospital for
routine follow-up. Key responders were biological or foster parents or second-degree
relatives. Each interview lasted approximately one hour. Key responders were informed about

the objectives of the study and gave their consent to participate.

Statistical analysis

Data were analyzed with the SPSS package version 12. Considering the high number of issues
in each section of the questionnaire, in this report we focus on the more frequent critical
issues. Erratic issues, detected in less than 3% of the patients (1 child), are not reported herein,
but the corresponding author will provide information on all items of the ICF checklist upon

request.

3.43 Results

Forty-one families of HIV-infected children were enrolled, 25 from Naples and 16 from
Brescia.

Table 1 shows the main sociodemographic and HIV-related features of the enrolled children.
There was a high prevalence of children of low socioeconomic status, and most of them were
orphans. Most patients were adolescents. Overall, the major clinical, immunological and
virological parameters of HIV infection were well controlled; viral load was low and immune

derangement was limited.
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Table 1. Main sociodemographic and HIV-related features of 41 enrolled patients

Characteristics

Patients enrolled, n (%)

Maternal education (years)*:
<8
>8
Single parent
One or both parents unemployed
Natural father not alive
Natural mother not alive
Foster families
Children aware of their HIV diagnosis
Age range (years)
6-9
10-13
>14
Patient whose viral load was <40 copies/ml
Median viral load among patients with HIV RNA
>40 copies/ml (range)
Median CD4 (cell/mmc) (range)

20 (80)
5 (20)
12 (29)
18 (44)
9 (22)
7(17)
9 (22)
13 (32)

9 (22)

10 (24)

22 (54)

30 (73)

2935 (480-65400)

923 (259-2245)

* Information not available for some families.
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Table 2 summarizes the main findings regarding impairments of body structures. The main
problems reported were related to the immune system and skin, mainly due to lipodystrophy.
The latter is considered a “skin” problem in the questionnaire. As shown in table 3, the main

impairments of body function concerned vision and the gastrointestinal tract.

Table 2. Major impairments regarding body structures of the ICF checklist in 41 HIV-

infected children and adolescents

Impairments Patients with impairments, n (%o)
Thorax* 1(2.4)

Immune system** 13 (32)

Endocrine system*** 2 (5)

Skin problems/fat distribution 8 11 (27)

* Lung tuberculosis
** Score 2 and 3 according to CDC criteria
*** Growth hormone deficiency

8 Includes lipodystrophy

Table 3. Relevant impairments regarding body functions of the ICF checklist in 41 HIV-

infected children and adolescents

Impairments Patients with impairments, n (%o)
Eye function* 7(17)
Gastrointestinal function** 6 (15)

* Myopia (5 patients), strabismus (1 patient), palpebral ptosis (1 patient)
** Chronic hepatitis B (1 patient), chronic hepatitis C (3 patients), liver steatosis (1 patient),
sclerosing cholangitis (1 patient)
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Table 4 reports the main environmental factors that were perceived to affect the quality of life
of subjects enrolled in the study. Many environmental factors of the ICF checklist were
considered by the key informants as barriers, whereas none was considered a facilitator. In
addition, the barriers were scored “severe” or “complete” by more than 50% of the key
informants interviewed. A major issue was limited availability of food and drugs. When the
reasons for the limited availability of foods and drugs were investigated, the most frequent
answers were poverty and unemployment. The majority (83%) of key informants considered
care providers, and in particular social workers, as “barriers” because they received
inadequate support from these institutions (public health services, school...). Moreover, when
key informants were asked why they had classified other family members, friends and health
and education care providers as “barriers”, the most frequent answer was that they had not

told these people about child’s HIV status due to the fear of social stigma.

Table 4. Environmental factors of the ICF checklist scored as barriers in 41 HIV-

infected children and adolescents

Barriers Families reporting the barriers, n (%)

Insufficient availability of:

Food 7(17)
Drugs 6 (15)
Daily consumption products 8 (19)
Transportation facilities 5(12)
Inadequate support by:

Other family members 11 (27)
Relatives and friends 22 (54)
Care providers (health, education or 34 (83)
social)

Inadequate approach by:

Other family members 1(2.4)
Relatives and friends 8 (19.5)
Care providers (health, education or 6 (15)
social)
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Table 5 shows the frequency of activity limitations and participation restrictions in the
children enrolled in this study. Few parents reported specific limitations and restrictions, and
the degree of severe or complete limitations and restrictions was approximately 50%.

Table 5. Reported activity limitations and participation restriction in 41 HIV-infected

children and adolescents

Domains of activity limitations and Families reporting limitations and
participation restrictions restrictions, n (%)

Relationship with relatives and friends 4 (10)
Learning in informal setting 5(12)
Learning at school 7(17)
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3.44 Discussion

This is the first attempt to apply the ICF to children and adolescents with AIDS in order to
obtain a functional profile of their psychosocial problems. ICF is an adjunct to the WHO
International Classification of Disease (ICD-X) and serves to obtain information on both
physical health status and social well-being by investigating environmental and social factors
that may influence the activities and the quality of life of an individual. Thus far, ICF has been
applied in several chronic childhood conditions that are mainly characterized by physical
disabilities (16-23). Application of this tool to children with HIV infection, a disease with a
heavy burden of psychosocial issues, may also yield information useful for planning health
care interventions.

Impairments of body structures and functions were neither frequent nor severe in our patients
and were well controlled by antiretroviral therapy. This is expected in a child in follow-up in a
reference centre for AIDS in Europe, where a high standard of pharmacological care is
guaranteed. It was easy to collect such information with the ICF, which may thus be a
standard means for monitoring both the evolution of the disease and the impact of
interventions. In contrast with the limited frequency and intensity of clinical problems, many
barriers were reported in the psychosocial sections. Indeed, most key informants labeled the
environmental factors in the checklist as barriers rather than facilitators to the participation in
social activities of their children. Perceived insufficient availability of food, drugs, other
products for personal use, as well as of transportation facilities, were considered a major
critical issue. This was probably due to the high prevalence of poverty and unemployment in
the families of HIV-infected children and the frequent absence of biological parents.

A second critical issue reported by key informants was the lack of support provided by other
family members and by care providers from the social, education and health sectors. The ICF
checklist does not investigate the reasons for this lack of support, but several parents reported
that they had not disclosed the health status of their children to family members or to other
care providers. It is thus conceivable that, in several cases, support had not been provided
because people who were in the position to provide (e.g. school teachers or primary care
pediatricians) were unaware of the clinical status of the child. The reasons for not disclosing
HIV status are probably the stigma and the fear of social exclusion associated with AIDS.
Most caregivers did not seem confident that the social, education, and health institutions could
take initiatives to effectively fulfill the needs of their child. However, almost all parents
reported that their child had good social relationships and attended school regularly. Finally, it
is noteworthy that most adolescents enrolled in the study had not received any information
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about their disease. Often the key informants themselves denied their consent to disclosure of
HIV diagnosis.

In conclusion, the ICF provides a common language for assessing the functional status of
children and adolescents that can enhance communication between health care workers in
charge of children with HIV. The scenario that emerges from this study is that the quality of
life of HIV-infected children and adolescents is associated with poor psychosocial conditions
rather than with the impairment of physical health. ICF is an easy to apply instrument to
investigate the clinical and psychosocial status of children and adolescents with HIV infection
and to plan interventions aimed at achieving an at least reasonable level of social participation
by HIV-infected children and their families. The improvement of the psychosocial condition
of HIV-infected patients should proceed in parallel with the spectacular progresses that have

been made in the clinical, immunologic and virologic control of the HIV infection.
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CHAPTER 4

STRATEGIES TO IMPROVE VACCINATION RATES IN
CHILDREN WITH CHRONIC MEDICAL CONDITIONS
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4.1 Pneumococcal and influenza vaccination rates in children with chronic

medical conditions

4.11 Rationale

Among vaccine preventable diseases, two are of outstanding importance and provide an
interesting area of evaluation: pneumococcus and influenza infections. The first is a relatively
common and potentially severe infection for which vaccines are widely available, effective
and relatively widespread. Influenza has peculiar features related to variable degree and the
need of annual vaccination.

Subjects with chronic medical conditions are at increased risk for severe complications related
to vaccine-preventable infections and should be extensively immunized for both infections
(1,15). Influenza is associated with increased morbidity, hospitalisation and mortality in
children with chronic medical conditions compared to healthy children (3,20,22). Similarly,
the incidence of invasive Streptococcus pneumoniae infection in children with sickle cell
disease, asplenia or human immunodeficiency virus (HIV) infection are 20- to 100-fold higher
than those of healthy children during the first 5 years of life (5,18,24).

Chronic diseases at risk of complications and hospitalisation due to influenza and/or
pneumococcal infections include chronic cardiopulmonary disorders (such as cystic fibrosis
and chronic cardiac diseases), chronic metabolic diseases (including diabetes mellitus), renal
dysfunction, hemoglobinopathies and immunosuppression (including HIV infection) (1,15).
Criteria for influenza immunization in USA by Advisory Committee for Immunization
Practice (ACIP) now include all children aged 6 months to 18 years (14). In Italy, influenza
vaccination is not routinely offered to healthy children, whereas it is recommended and
offered without costs to children with chronic conditions. The same is true for pneumococcal
vaccination (25).

Despite long-standing recommendations to provide pneumococcal and annual influenza
vaccinations to children with chronic medical conditions, immunization rates in these
vulnerable populations are poor (16). A cluster survey performed by means of interviews
carried out at the subjects’ home, showed less than 10% coverage for influenza and
pneumococcal vaccinations in most primary care settings in Italy (17). A more recent a study
evaluating influenza vaccination in lItalian children with chronic disease at high risk of

influenza complications confirmed a low rate of vaccination (11).
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Several factors hamper implementation of these vaccinations, including problems in
identifying at risk children and limited awareness of specific recommendations (4,7).
Vaccination of at-risk children is largely a matter of organisation. In Italy, as well as in many
other western Countries, children with chronic conditions are generally seen at specific
Reference Centres, often located in Universities or major Children’s Hospitals. However,
children with chronic diseases are seen also by primary care pediatricians (or family
pediatricians), like all children in the Italian Health Service. Moreover, vaccination centres
provide vaccinations to both healthy and at-risk children. Therefore, there are multiple

services through which a child with a chronic disease can receive immunization.

The aims of this research were to investigate the rates of pneumococcal and influenza
vaccinations in selected groups of high risk children and to comparatively define the correlates
of missed vaccination in different diseases. Influenza and pneumococcal vaccinations were

selected because of the different features of infections and models of immunization.

4.12 Experimental procedures

Study setting and populations enrolled

The study was conducted between January and June 2008. Children aged 2-18 years with the
following conditions were included: HIV infection (HIV), cystic fibrosis (CF), type I diabetes
mellitus (DM) and children who received liver transplantation (LTx). Children <2 years and
those diagnosed as having any of the selected chronic conditions since less than 1 year were
excluded, in order to evaluate the rates for influenza vaccination in two subsequent seasons.
Physicians involved in the management of children with chronic diseases, including
pediatricians of the Reference Centres and primary care pediatricians, were enrolled and
received a specific questionnaire. Parents or legal guardians of children received a specific

questionnaire providing that informed consent had been given.

Data sources

Patients with chronic medical conditions were identified through the Regional Reference
Centres for each disease. The Reference Centres for HIV infection, for CF and for LTx
(University of Naples “Federico II”) and all three Reference Centres for DM located in
Campania Region (University of Naples “Federico 11, Second University of Naples and “San

Sebastiano” Hospital of Caserta) took part into the study.
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Key instrument

A questionnaire was administered face-to-face to caregivers of subjects aged between 2 and
18 years with high risk medical conditions during their routine clinical evaluation at the
Reference Centre. Parental report of vaccination status has been previously validated and has
a reasonable sensitivity, specificity and reliability (26,28). In addition to the basic questions of
having received vaccinations against pneumococcus and influenza, the questionnaire included
a demographic section with age, sex and age at diagnosis. Twelve items on Streptococcus
pneumoniae infection and 13 on influenza were included to investigate caregivers' awareness
about infection, their children's vaccination status and factors that might have affected
vaccination status. The latter consisted of the following items: (1) who recommended
immunization; (2) who administered the vaccines and (3) the reasons for receiving or missing
vaccination. Children were considered immunized against pneumococcus if they have
received heptavalent pneumococcal conjugate vaccine or pneumococcal polysaccharide
vaccine, according to their age. Inactivated influenza vaccine is the only vaccine available in
Italy.

In addition, a specific questionnaire on pneumococcal and influenza diseases was delivered to
a representative sample of 113 primary care pediatricians, corresponding to approximately
15% of the total number of primary care pediatricians of Campania Region (southern lItaly).
Items included the specific risks of pneumococcal and influenza infections in children with
chronic medical conditions, knowledge of current national recommendations on vaccination
and the number of patients with high risk conditions routinely seen at their practice. Finally,
physicians of Reference Centres were interviewed in order to investigate whether they

routinely recommend pneumococcal and influenza vaccinations to at-risk children.

Statistical analysis

Data are expressed as medians and ranges or means and standard deviations (SD). The chi
square and the t tests for independent samples were used to compare categorical and
continuous variables, respectively. The Mann-Whitney test was used to compare non

parametric data. A p value <0.05 was considered statistically significant.
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4.13 Results

Pneumococcal and influenza vaccination rates

The questionnaire was administered to 343 caregivers of high risk children (174 males;
median age 13 years, range 2-18) including 40 patients with HIV, 39 with CF, 59 with LTx
and 205 with DM.

The demographic features were similar in all 4 groups (table 1).

Table 1. Demographic features of 343 at-risk children

Patients HIV CF LTx DM
Number 40 39 59 205

Males 17 (43%) 18 (46%) 34 (58%) 105 (51%)
Median age in years 11 (2-18) 11 (2-18) 9.5 (2-18) 13 (2-18)
(range)

Median age at diagnosis in 3 (1-12) 0.3(0.1-15) 0.1(0.1-13) 8(2-16)

years (range)

HIV=human immunodeficiency virus infection
CF=cystic fibrosis
DM=type | diabetes mellitus

LTx=liver transplantation
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Vaccination rates against pneumococcus were low and largely below 50% in all high risk
categories, the lowest being in subjects with DM (figure 1). Vaccinated and not vaccinated
children did not differ by sex (17/29 males versus 155/314, respectively; p>0.05) or mean
duration of chronic disease (6.3+4.41 versus 745 years; p>0.05). However, children who
received vaccine were younger than those who did not (mean age 8.2+4.3 versus 12.5+4

years, respectively; p<0.0001).
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9% of vaccinated children

HIV CF LTx DM

Figure 1. Pneumococcal vaccination rates in 343 high risk children

Inset: percentage of patients with DM vaccinated for pneumococcus seen at each of the three
Reference Centres.

DM vs HIV: p=0.0007; DM vs CF: p=0.02; DM vs LTx: p=0.002.
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In 2006-2007, a total of 208 (61%) of the 343 children with chronic disease conditions were
vaccinated for influenza and 135 (39%) were not. A very similar pattern was observed in the
same population in 2007-2008 (figure 2). Similarly to findings for pneumococcus,
vaccination rate for influenza was significantly lower in patients with DM compared with HIV
(p=0.01), CF (p<0.0001) and LTx (p=0.0006). Vaccination rates in children seen in the 3
Reference Centres for DM were broad ranging from 21% to 61% (figure 2). Vaccinated
children were younger than not vaccinated (mean age 11+4.2 versus 12+4.2 years,
respectively; p=0.03), but the mean duration of the chronic conditions was significantly higher
in vaccinated subjects (7.8+4.9 years) than in non vaccinated subjects (6.5+5 years; p=0.001).
This apparently surprising result is explained by the lower age at diagnosis of children with
HIV, CF and LTx compared to DM.
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Figure 2. Influenza vaccination rates in 343 high risk children

Influenza vaccination rates in two subsequent winters. Inset: percentage of patients with DM
vaccinated for influenza seen at each of the three Reference Centres.

*p<0.05.
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Role of physicians working in different settings in recommending vaccinations

To investigate the role in promoting immunization by the physicians working in specific
Reference Centres, key responders were asked to report who recommended vaccinations. As
shown in figure 3, physicians of the Reference Centres for HIV and LTx actively
recommended immunization against pneumococcus, while this was not so in the 3 centres for
DM. A similar number of physicians of the Reference Centres and primary care pediatricians
recommended pneumococcal vaccination for CF patients. Again, the Reference Centre had a
major role in recommending influenza vaccination to children with HIV, CF and LTX,
whereas primary care pediatricians had a main role in case of children with DM (figure 4).
This data may be due to the different management of these chronic conditions: children with
HIV and LTx were rarely seen by primary care pediatricians, while for children with DM the

pattern was more scattered and depended on the individual Reference Centre.
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HIV CF LTx DM

B Recommendation by primary care pediatrician
Recommendation by Reference Center

O Recommendation by both

H Others

Figure 3. Reasons for receiving pneumococcal vaccination in 343 high-risk children
Role of the Reference Centre in recommending vaccination in HIV vs CF and DM: p<0.05.
Role of the Reference Centre in recommending vaccination in LTx vs CF and DM: p<0.05.
“Others” includes vaccination because of previous serious influenza illness,
recommendation by relatives or friends, information garnered from the mass media or not

specified reason.
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Figure 4. Reasons for receiving influenza vaccination in 343 high risk children
** DM versus HIV, CF and LTx: p<0.0001.
“Others” includes vaccination because of previous serious influenza illness, recommendation

by relatives or friends, information garnered from the mass media or not specified reason.
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Reasons for missing vaccinations
There was a wide spectrum of reasons why patients were not vaccinated for pneumococcus

and influenza, ranging from lack of information to parental “ideological” attitudes and
concern. Lack of information prevailed in all groups, particularly as regards pneumococcal

vaccination (figure 5, A and B).
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Figure 5. Reasons for not having pneumococcal or influenza vaccinations in 343 high
risk children

A. Reasons for not having pneumococcal vaccination.

B. Reasons for not having influenza vaccination.

“Others” includes child barriers (“child was sick”), parents barriers (“no time”, “forgot”),
system barriers (“no vaccine available”), vaccination considered unnecessary by physician or

not specified reason.
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Key informants were specifically asked whether they would consider pneumococcus and
influenza infections as potentially serious diseases in their children. As a control question, we
also asked whether they would consider these infections a severe problem in healthy children.
Overall, a small number of parents (79/343, 23%) were aware of pneumococcus infection and
this was perceived as a potentially severe infection by only 15% of the key informants of at-
risk children. Influenza was perceived as a serious infection by 53 (15%) caregivers, but as
many as 243 (71%) considered it a severe disease in children with chronic medical conditions.
A greater proportion of caregivers of CF (36 of 39, 92%) and LTx patients (50 of 59, 85%)
were concerned about influenza infection than caregivers of HIV (25 of 40, 62%; p=0.002 and
p=0.01, respectively) and DM children (134 of 205, 65%; p=0.0005 and p=0.003,
respectively).

Awareness of the severity of pneumococcus and influenza infections, as reported by key
informants, was then correlated with vaccination rates. Significantly more children of key
informants who were aware that pneumococcus infection could be severe, were vaccinated
than children of key informants who did not considered pneumococcus infection as severe
(12% versus 32%; p<0.0001). No relationship between infection awareness and vaccination

rate was found for influenza.

Reported knowledge of health care providers about national vaccine recommendations
Physicians working in 5 of 6 the Reference Centres reported that they actively recommended
immunization against pneumococcal and influenza to high risk children as part of their routine
approach to children with chronic conditions. Physicians working within the same Reference
Centre had a similar vaccination policy. In one of the 3 Reference Centres for DM,
pediatricians advised influenza vaccination only to patients with poor metabolic control,
whereas vaccination was considered unnecessary and not recommended in other children with
DM. Interestingly, only 20 (25%) of the 80 children with DM followed at that Centre had
been immunised, thus supporting the role of Reference Centre in promoting or not
immunization.

A total of 113 primary care pediatricians were interviewed. They reported that the proportion
of at-risk children in the age range of 0-14 years followed at their practices was approximately
10% of all children in their practice. The estimate included children with any chronic
condition that would require pneumococcal and/or influenza vaccinations.

Most interviewed pediatricians were aware of the relevance of pneumococcal (102/113, 90%)
and influenza (109/113, 96%) infections in children with chronic medical conditions and
reported they recommend these vaccinations to at-risk children. When asked to indicate
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which high risk conditions required pneumococcal and influenza vaccinations according to the

National VVaccine Programme, the majority of them correctly identified the main categories.

4.14 Discussion

Vaccination against influenza of healthy children aged 6 months-18 years is recommended in
the USA (14) but not in Italy (25). However, vaccination of children with chronic medical
conditions against a wide spectrum of infectious diseases has been included in the Essential
Levels of Care and is provided free of charge (25).

Although it is well known that pneumococcal infection can be more severe than influenza and
that pneumococcal vaccine is protective for a long time, the vaccination rate against
pneumococcus was low in all studied groups and far lower than influenza. This rate was
consistent with the findings of a previous Italian study (17). Data from the United States
showed that coverage rate for pneumococcal polysaccharide vaccine in 2003 was only 37%
among persons 18-64 year of age at increased risk for pneumococcal diseases (6). As for
pediatric age, recent data reported an estimated coverage rate for pneumococcal conjugate
vaccines of 31, 38 and 49% among children born in 2000, 2001 and 2002, respectively (21).
These low rates of pneumococcal vaccination may be due to lack of knowledge by care
providers or to low priority by public health authorities.

Furthermore, “once in the life” administration instead of annual administration (as required by
influenza vaccine) could reduce the opportunities that physicians have to check vaccination
status. In our study vaccinated children were younger than non vaccinated. This result may be
due to the Italian vaccination program that promotes pneumococcal vaccination in children
aged less that 5 years, while no clear indications are provided for children aged 5 to 18 years
(25).

Approximately 60% of children with the selected chronic conditions were vaccinated against
influenza. This rate was stable over two subsequent seasons. Recently, in a large retrospective
observational study, a poor influenza vaccination coverage has been reported in adolescents
with high risk conditions, with 85% of subjects who were not vaccinated in 2002 (19).
Immunization rate against influenza found in our study was higher than in other subjects with
other chronic conditions (2,8,23,27) and than that reported in a previous study in Italian at-risk
children (17).

A suboptimal vaccination rate in at-risk children may be in part related to a lack of
information, fear of side effects of vaccination in children who are already ill, to
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organisational problems and difficulties to identify at-risk subjects. Furthermore, from our
study it appears that another potential reason of the low coverage rates could be the lack of
awareness of the severity of pneumococcal and influenza infections in at risk children, as
reported by key informants of patients with HIV and DM.

Immunization rates against pneumococcus and influenza were closely related to the
underlying condition, with the lowest rate for both vaccinations occurring in patients with
DM. This may be due to the lack of awareness of the risks related with pneumococcus and
influenza infections by physicians in charge of children with DM. There was a clear
relationship between immunization rates and the policy of the Reference Centres as appeared
by the comparative evaluation of rates in the 3 Reference Centres for DM.

According to the responses by parents and physicians, Reference Centres rather than primary
care pediatricians were more instrumental in increasing the rate of influenza vaccination in
patients with HIV, CF and LTx. In contrast, primary care pediatricians had a major role in
children with DM.

The low vaccination coverage in at-risk children largely depends from on having three
categories of physicians, namely disease specialists, primary care physicians and vaccination
service physicians, equally encharged with vaccination, with no clear distinction between
them.

It was previously found that one of the most important factors positively associated with
vaccination was recommendation by a health care provider (9,11,13). However, it has been
reported that health care workers’ knowledge about recommendations on vaccinations is
limited (11,12), and, in a previous study on the determinants of influenza vaccination, the
majority of parents of infants stated they received information through mass media rather than
from physicians (10).

In summary, 3 major findings emerge from this study. Firstly, although both pneumococcal
and influenza vaccines in Italy are provided free of charge, the immunization rate for
pneumococcal infection is very low, whereas the immunization rate for influenza is relatively
high, with a pattern consistent over time. Secondly, for most chronic conditions, vaccination is
performed upon the advice of a Reference Centre. Third, the main reason of unvaccination
was the lack of knowledge by parents of the benefits of pneumococcal and influenza
vaccinations in children with chronic underlying diseases.

In conclusion, immunization should be considered part of the global care of children with
chronic medical conditions. Immunization includes three different actions: to recommend
vaccination, to administer vaccine, to check vaccination status. For diseases principally

managed by Reference Centres (such as HIV, CF and LTx), physicians of the Reference
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Centres should also take the responsibility to administer vaccines. For diseases with a has a
less defined management, more detailed information on vaccination should be provided to
families by primary care pediatricians. To achieve optimal immunization rates in at-risk
groups a complex array of responsibilities and functions is required. A special effort is

required to implement pneumococcal immunization among Italian high risk children.
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4.4 Influenza and pneumococcal vaccinations in HIV-infected children:

assessment of methological quality of current recommendations

4.41 Rationale

Pediatric human immunodeficiency virus (HIV) infection has evolved from a rapidly
progressive, fatal disease to a chronic infection with prolonged survival thanks to the advent of
highly active antiretroviral therapy (HAART). However, HIV-infected subjects are at increased
risk of severe complications related to vaccine-preventable infections (1). Prevention is
therefore an important area of HIV care. Among the factors that must be considered when
contemplating vaccination of HIV-infected patients are the safety, immunogenicity and
efficacy of a given vaccine. Selected vaccines may be administered to all HIV-infected
children. Individuals with HIV infection, like healthy children, should receive DTP, Hib, HBV
vaccines (1). Other vaccines are more appropriate in selected patients with HIV infection. For
example, live virus vaccines, such as measles and varicella, should be administered only to
HIV-infected patients that are not severely immunosuppressed (CD4+ cells greater than 15%)
(2).

Specific features distinguish influence from other vaccine-preventable diseases: it is a frequent
(almost inevitable) disease and it is an annual risk so that vaccination must be repeated every
year. HIV-infected naive patients have an approximately 10-fold higher influenza-attributable
mortality rate than the general population (3). Even in patients on HAART, hospitalization
rates during the influenza season are higher than in the general population and similar to that of
at-risk groups of patients (4). The increased risk is not limited to influenza. There is evidence
that the incidence of invasive Streptococcus pneumoniae infection in children with HIV
infection is 20- to 100-fold higher than in healthy children during the first 5 years of life (5,6).
The increased influenza- and pneumococcal-related diseases in HIV-infected individuals
prompted the recommendation that HIV-infected patients be considered a high-risk group and
a specific target for annual influenza and pneumococcal vaccinations (7-9). The past 10 years
have seen a plethora of guidelines, consensus statements and systematic reviews on preventive
aspects of HIV-infected children. However, the increase in the number of guidelines and
recommendations has been accompanied by growing concern about their quality (10-16).

The aim of this study was to identify and assess the quality of guidelines and of consensus

statements concerning influenza and pneumococcal vaccinations in HIV-infected children. To
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indirectly evaluate the reliability and quality of the studies on which the recommendations
were based, we also analyzed systematic reviews for rigor and production methodology. Rather
than focusing on their content, our primary objective was to review the methods applied in

writing the recommendations and to identify the fields of major weaknesses.

4.42 Experimental procedures

Search strategy

The following definitions were applied in this study. A guideline is a systematically developed
statement to assist practitioners make decisions about appropriate care for specific diseases
based on evidence (17,18). Consensus statements are documents representing the opinion of a
panel of experts to help clinicians the most agreed-upon approach to clinical practice. A
systematic review is a methodologically rigorous process with which to analyze and
summarize scientific evidence (19). The development of a systematic review is based on a
“step by step” process that includes formulation of review questions, definition of
inclusion/exclusion criteria, detailed search strategy and a critical appraisal of the studies
selected through specific quality scales and checklists (19).

We screened PubMed and Embase for guidelines, consensus statements and systematic reviews
on influenza and pneumococcal vaccinations in HIV-infected patients. The following search
terms were used: influenza vaccines, pneumococcal vaccines and HIV infection. The keywords
used for the search strategy in Medline were: (“HIV infections”[Mesh] AND “Influenza
Vaccines” [Mesh] AND “Guidelines” OR “Systematic review” [Mesh]); (“HIV
infections”’[Mesh] AND “Pneumococcal Vaccines” [Mesh] AND “Guidelines” OR
“Systematic review” [Mesh]). For papers identified within PubMed, we applied the definition
of guideline and systematic review based on the Mesh term that identified them in the
database. To be more specific, if a paper was identified in PubMed with guidelines in Mesh, it
was labeled as such. Inclusion criteria were: studies in English; published in the last ten years.

We also explored relevant websites of agencies involved with HIV infection, vaccinations or

guidelines such as AIDSinfo (http://www.aidsinfo.nih.gov/); American Academy of Pediatrics
(AAP, www.aap.org); Centers for Disease Control and Prevention (CDC, www.cdc.gov);

National Guideline Clearinghouse (NGC, www.guidelines.qgov); Cochrane Database of

Systematic Review (www.cochrane.org); Scottish Intercollegiate Guidelines (SIGN,

www.sign.ac.uk); Canadian Medical Association (CMA, www.cma.ca). Where one review was

an update of a previous review, only the most recent publication was considered. To identify
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additional relevant studies, we also searched the reference lists of published guidelines,

protocols and systematic reviews.

Selection criteria

Articles were selected in a two-step procedure. First, two investigators (AG and ALV)
independently screened all titles and abstracts concerning influenza and pneumococcal
vaccinations in HIV-infected patients potentially relevant for the present study. Studies
meeting inclusion criteria were fully read. Three issues on influenza and pneumococcal
vaccinations were considered: recommendations for vaccination, and the efficacy and safety of

vaccines.

Instruments to assess quality

We evaluated the scientific quality the selected guidelines using the Appraisal of Guidelines
for Research and Evaluation (AGREE) instrument, which is an internationally validated
instrument for assessment of the quality of the reporting and of some aspects of
recommendations (20). AGREE provides an assessment of the predictive validity of a
guideline. It provides a framework with 6 domains and a total of 23 items for the assessment of
several components that are integral to guideline development: “Scope and Purpose” (3 items),
“Stakeholder Involvement” (4 items), “Rigor of Development” (7 items), “Clarity and
Presentation” (4 items), “Applicability” (3 items), “Editorial Independence” (2 items). Each
item is scored with a 4-point scale ranging from ‘strongly disagree’(1) to ‘strongly agree’ (4).
The score for each domain is obtained by summing all the scores of the individual item in a
domain and is expressed as percentage of the maximum possible score for that domain.
Although a threshold to label a domain “good” or “bad” has not been established, a domain
scoring less than 50% is considered not appropriate. The final step of AGREE is a judgment of
a guideline application as “strongly recommended”, “recommended (with provisos)”, “would
not recommend” or “unsure”.

Four independent investigators (AG, ALV, AF and VG) extracted data and evaluated the
scientific quality of guidelines. Reviewers also determined whether the guideline was
evidence-based or consensus-based. The AGREE instrument was also used to evaluate the
quality of consensus statements, as previously reported (13). Consensus statements may have a
less rigorous development process than guidelines; consequently, a lower score should be
expected. Agreement between reviewers on the scores given to each item of the AGREE

instrument was also evaluated.
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The quality of systematic reviews was assessed with methodological checklists produced by
the Scottish Intercollegiate Guidelines Network for the evaluation of effectiveness of health
assistance (21). This instrument includes the following methodological items: “the study
addresses an appropriate and clearly focused question”; “a description of the methodology used
is included”; “the literature search is sufficiently rigorous to identify all the relevant studies”;
“study quality is assessed and taken into account”; “there are enough similarities between the
studies selected to make combining them reasonable”; “what types of study are included in the
review?”. A six-point scale (from “well covered” to ‘“adequately addressed”, “poorly
addressed”, “not addressed”, “not reported” and “not applicable”) was used to evaluate the
validity of each item. A final question (“how was the scientific quality rate of the overview?”),
based on the previous items, and expressed by a score ranking from — to ++ (indicating

superior quality) was used to assess the overall scientific quality of the systematic review.

Statistical analysis

Dichotomous variables were analyzed by the chi square test and Fisher’s exact test.
Continuous variables were compared with the Student t test and the Mann-Whitney test. A
two-sided test was used to indicate statistical significance at a p value of <0.05. To measure
the agreement between reviewers, we used the Free-marginal multirater kappa (multirater
Kiee). We choose this statistical instrument because it was appropriate for the typical
agreement study (22). Fleiss’ multirater kappa, generally used to assess agreement between
more than two raters, is influenced by prevalence and bias, which can lead to the paradox of
high agreement but low kappa. The response categories were dichotomized into strongly
agree/agree versus disagree/strongly disagree because this analysis of agreement was
considered sufficient at this level to estimate consistency of rating between evaluators. The
measure reflects the degree of agreement in classification over that expected by chance and
ranges between 0 and 1.The k statistic was then applied to each of the 23 items of the AGREE

instrument.

4.43 Results

The search in Pubmed and Embase yielded 22 citations that met the inclusion criteria (12
citations on influenza and 10 citations on pneumococcus vaccinations). Eight additional
citations were identified in the websites. After screening titles and abstracts and removing

duplicates, 19 (63%) of the 30 citations were considered relevant. Based on full text reading,
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18 met the selection criteria (1,2,8,9,23-36). One article was excluded because it did not
contain recommendations (37).
Nine of the 18 selected articles were guidelines or consensus statements, and 9 were systematic

reviews.
Quality assessment of guidelines and consensus statements

Five guidelines and 4 consensus statements were analysed and the AGREE scores are reported
in table 1.
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Table 1. Quality assessment of recommendations of influenza and pneumococcal vaccinations in HIV-infected children

Study

Domain scores (%)

Scope/ Stakeholder Rigor of Clarity and Applicability Editorial Mean score (%)
[type of article]* ) ) )

purpose involvement  development presentation independence
Kaplan JE [G] (2) 83.3 58.3 56 81.3 30.6 16.7 54.4
Fiore AE [G] (8) 52.8 33.3 52.4 70.8 30.6 8.3 41.4
NACI [CS] (9) 52.8 313 33.3 58.3 25 20.8 36.9
Overturf GD [CS] (31) 75 29 38.1 46 28 17 38.8
AAP [CS] (32) 78 23 38.1 77 28 8.3 42.1
NY State Dept. of
Health 2003 [G] (33) 38.9 33.3 19 35.4 11.1 25 27.2
Geretti [G] (34) 52.8 27.1 27.4 72.9 19.4 16.7 36.0
ECDC [CS] (35) 72.2 22.9 19 43.8 0 8.3 27.7
NY 2006 [G] (36) 30.6 22.9 26.2 48.3 16.7 45.8 31.7
Mean score 59.6 31.2 34.4 59.3 21.0 18.5
G=guideline

CS=consensus statement
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The overall mean score ranged from 27.2% to 54.4%. One guideline scored >50% of the
AGREE criteria thereby meeting the standard of good overall quality (2). Interestingly,
consensus statements had a total score comparable to that of guidelines (mean scores 54% vs
53%, respectively; p=0.7).

The domain “Scope and Purpose”, which evaluates the aims of a guideline, the specific clinical
questions and the target patient population, had the highest mean score. Seven (78%) of 9
analyzed papers performed well in this domain scoring >50%. Similarly, the “Clarity and
Presentation” domain, which deals with the language and format of the guideline, had a good
total score, and the score was >50% in 5 (55.6%) cases. Lower scores were obtained for the
“Stakeholder Involvement” domain, which evaluates the degree of a guidelines to represent the
views of its target users, for “Applicability”, pertaining to the organizational, behavioral and
cost implications of applying the guideline, and for “Editorial Independence”, which addresses
the independence of the recommendations and disclosure of possible conflict of interest. The
score for these domains was lower than 50% in all papers but one. The “Rigor of
Development” domain had a low mean score with only two (22.2%) guidelines scoring more
than 50%. This domain deals with the process used to search for evidence and criteria for
selecting them, the methods to formulate the recommendations, the link between the
recommendations and the supporting evidence, consideration of health benefits, side effects
and risks, external revisions of the guideline and procedures to update it. Low scores were
largely due to poor reporting. Specifically, two (22.2%) guidelines described methods for
searching and selecting the evidence, only one (11.1%) described the methods used to
formulate the recommendation and another (11.1%) was externally reviewed. The strongest
item of this domain was that on health benefits, side effects and risks when formulating the
recommendation, which was well described in 7 (77.7%) cases.

Of the 9 guidelines and consensus statements evaluated, 3 (33.3%) were evidence-based. The
AGREE score tended to be higher for evidence-based guidelines than for non evidence-based
recommendations (mean score 44.2% vs 35.1%, respectively; p=0.1), but the difference was
significant only for the “Clarity and Presentation” domain (mean score 77.1% for evidence-
based recommendations vs 50.4% for non evidence-based recommendations; p=0.009).

After completing the AGREE instrument, the appraisers came to a consensus with respect to an
overall recommendation for each guideline. A guideline was recommended (“strongly
recommended” or “recommended with provisos”) if it had a fairly good quality with the
AGREE and was considered useful to health-care providers. Overall, the reviewers
recommended 5 (2,8,31,32,34) of the 9 guidelines (55.6%) for use in local practice.
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Agreement among reviewers

The agreement among reviewers for the 23 items of the AGREE Instrument is reported in table
2. Agreement was higher than 60% for most items. Only 5 (22%) items had an agreement score
less than 50%. Agreement was not fair (<40%) or poor (<20%) for any of the 23 items. The
percentage of agreement among reviewers was lowest for the “Applicability” domain (for all
the items of this domain, agreement was less than 60%); agreement was highest for the

“Clarity and Presentation” domain (>60% for all items).

Table 2. Agreement among reviewers for AGREE Instrument

Agreement, % N. of items

(agreement calculated by Fleiss test)

0-20 0
21-40 0
41-60 11 (48%)
61-80 12 (52%)
>81 0
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Quality assessment of systematic reviews

The quality score of the systematic reviews analyzed is reported in table 3. The question
addressed by the study was sufficiently clear in 6 (66.7%) of 9 reviews. The methodological
quality areas had the lowest scores. In four reviews search strategies were not reported.
Overall, only 3 (33%) reviews fulfilled all or most quality criteria, and 2 (22%) fulfilled some

criteria.
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Table 3. Quality assessment of systematic reviews on influenza and pneumococcal vaccinations in HIV-infected children

Author Scope and Search Search Study quality Combine Overall
purpose methods stated comprehensive assessment findings scientific
quality
Overton ET (1) C NA NA NA NA -
Anema A (23) B A A B B ++
Zanetti AR (24) C NA NA NA NA -
Neuzil KM (25) B NA NA NA NA -
Brydak LB (26) A B B NA NA +
Destefano F (27) B A A B B ++
Bliss SJ (28) B A C B A ++
Spencer DC (29) C NA NA NA NA -
Pai VB (30) B B C B NA +

A=well covered; B=adequately addressed; C=poorly addressed, NA=not addressed.
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Analysis of the content of recommendations

All guidelines, consensus statements and systematic reviews recommended influenza and
pneumococcus Vvaccinations for HIV-infected children. Two systematic reviews on
pneumococcus (25,27) did not give any indication for vaccination because this was not a
specific aim of the studies. The only contraindication to influenza vaccination in HIV-infected
subjects was age below 6 months (as for healthy children); in addition, the live intranasal
influenza virus vaccine was contraindicated (1,8). There were minor differences between
papers on the optimal type of pneumococcal vaccine in relation to patient’s age. Some authors
recommended eptavalent conjugate vaccine in children aged <5 years and 23-valent
pneumococcal polysaccharide vaccine in adolescents and adults, whereas others
recommended eptavalent pneumococcal conjugate vaccine in children below the age of 2
years (29). Most guidelines and systematic reviews did not include indications for these
specific pneumococcal vaccines. Antibody response against vaccines can be lower in the
presence of severe immunosuppression (CD4+ cell count less than 200 cells/ml) (1,8,25,31).
However, in the absence of contraindications and of specific side effects, al guidelines
recommend inactivated influenza and pneumococcal vaccinations in all HIV-infected children

because of the expected benefits.

4.44 Discussion

We have investigated the methodological quality of guidelines and systematic reviews on
influenza and pneumococcal vaccinations in HIV-infected children using the AGREE
instrument, a widely accepted instrument designed for this purpose (20, 38-40). Application of
AGREE has frequently revealed serious methodological flaws in guidelines that are used in
clinical practice (12-14,39). Recently, the quality of 215 evidence-based pediatric guidelines
was assessed with AGREE (12). The poorest performance was for the domains “Applicability”
and “Editorial Independence”. However, overall, pediatrics guidelines scored better than
guidelines in other fields. For example, no guideline of 11 examined on oral mucositis scored
>50% in all domains, which equates with a low overall quality (14). In addition, the quality of
lung cancer guidelines was found to be poor, with only 37% of guidelines recommended for
use in clinical practice (38).

Our analysis shows that the quality of most recommendations on influenza and pneumococcal
vaccinations in HIV-infected children is poor. None of the guideline scored >50% on all

domains and “Applicability” and “Editorial Independence” were again the weakest fields. Also
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the “Rigor of Development” domain, which is considered the best indicator of scientific
quality, scored >50% only in two cases, mainly because most guidelines performed poorly on
external revision and procedures for updating the guideline. It should be pointed out that when
no specific information is provided (e.g. methods used in the development process or conflicts
of interest), the resulting score will be low. Therefore, low scores can be explained by bad
reporting rather than by an inappropriate development.

To indirectly support that the mean quality score of consensus statements was similar to that of
guidelines. This result may be due to the poor quality of guidelines rather than to the high
quality of consensus statements.

Similarly to guidelines, the most common weakness of systematic reviews was the unclear, not
reported or inadequate search strategy. However, most articles classified as reviews were not
systematic reviews but narrative reviews, which generally do not include a thorough and
systematic search of papers. Few guidelines graded their recommendations, whereas the
majority did not and the former obtained higher scores. Guidelines and consensus statements
recommended by reviewers for use in local practice obtained an AGREE score higher than
guidelines that were not recommended. For all recommended guidelines except one, the “Rigor
of Development” domain scored higher than for not recommended guidelines.

The AGREE instrument is designed only to evaluate the development process of a guideline,
and not to assess the clinical significant of recommendations. Consequently, a high AGREE
score does not imply that the recommendation is correct or appropriate (41). However, no
substantial differences in the evaluation of each appraiser were found; this indicates that the
judgment of quality was consistent. Despite the methodological limitations, all papers
recommended influenza and pneumococcal vaccinations for children with HIV infection.

In conclusion, when drawing-up guidelines for vaccination in HIV-infected patients, much
more attention should focus on the domains of “Stakeholder Involvement”, “Applicability”,
“Editorial Independence” and “Rigor of Development”. Our analysis of the weaknesses and
strengths of guidelines and systematic reviews should alert physicians to the importance of the
methodological process in developing or implementing a guideline or a systematic review.
Concomitantly, users should critically evaluate the process leading to a recommendation before

applying it in clinical practice.
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5.1 Conclusions

Children with chronic diseases have often a long life. They grow, and become adolescents and
young adults thanks to improvements of quality of care and progresses in medical treatments.

A careful understanding of the natural history of HBV and HCV infections in children is
important in making decisions regarding treatment. Our research shows that chronic hepatitis
B and C acquired in childhood have a mild and often benign course. Histological analysis
shows a low prevalence of cirrhosis and a slow progression of fibrosis. Furthermore, a very
low frequency of liver steatosis was found in chronically HBV-infected children, while a
higher prevalence o steatosis was found in children with chronic hepatitis C. Conventional
interferon alpha, lamivudine and adefovir are approved to treat chronic hepatitis B in children.
The rapid emergence of resistant HBV associated with long-term lamivudine therapy, as well
as poor tolerability associated with conventional interferon alpha, are factors that should be
considered before initiating antiviral therapy. To date, it seems reasonable not to treat all
children, but only those with more-severe liver disease and/or with positive predictive factors
of response. Treatment of children with chronic HCV infection has provided promising

results.

Highly active antiretroviral therapy (HAART) has proven effective in controlling clinical
disease progression and reducing mortality of both adults and children with HIV infection.
Although HAART has substantially changed the natural history of HIV-1 infection, the
complex therapeutic regimens require strict adherence. Children growing with HIV face new
problems related to long-term side effects of therapy, adherence to treatment schedules,
disclosure of their own or their parents’ HIV status to other members of community, quality
of life, and psychosocial problems. The results obtained in this thesis shows that adherence is
a crucial variable of treatment of AIDS in children and needs early and continuous monitoring
and implementation. Adherence tends to change over time and, more importantly, children
non adherence in early stages of life predicts later non adherence, when control of therapy
may become more difficult or impossible. The caregiver, the relationship between patient and
physician, and the perception of drug efficacy are key aspects to obtain and maintain
adherence. The improvement of the psychosocial conditions of HIV-infected patients should
proceed in parallel with the spectacular progresses that have been made in the clinical,
immunologic and virologic control of the HIV infection. The identification of needs by means

the International Classification of Functioning, Disability and Health (ICF), a standardized
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instrument, may yield essential information for planning health care interventions. ICF
provides a common tool for assessing the functional status of children and adolescents that
can increase effective communication between different health care professionals in charge of
children with HIV.

Public health policies are fundamental to optimize the distribution of resources. Immunization
should be considered part of the global care of children with chronic medical conditions.
Strategies are needed at national and regional levels to indicate who should be offered
vaccinations, how to prioritise target populations, and what are the pathways to ensure rapid
vaccination in large cohort of subjects. To ensure an effective vaccination policy in at risk
children, three order of actions should be applied: clear information to families on where to go
to receive vaccination; coordination of services and physicians involved in the care of
children to avoid redundancy of vaccination offer; control of immunization performed
routinely as well as in exceptional circumstances. A suboptimal vaccination rate in at risk
children may be in part related to a lack of information, fear of side effects of vaccination in
children who are already ill, to organisational problems and difficulties to identify and call at
risk subjects. The results presented in this thesis show that the lack of awareness of the
severity of pneumococcal and influenza infections in at risk children is another reason for the
low coverage rates

Immunization includes three different actions: to recommend vaccination, to administer
vaccine, to check vaccination status. To achieve optimal immunization rates in at risk groups
a complex array of responsibilities and functions is required. Strategies should differ
according to the different models of chronic conditions. For diseases principally managed by
Reference Centres (e.g. HIV infection, chronic liver diseases), physicians of the Reference
Centres should be in charge for immunization. For diseases with a has a less defined
management (e.g. neurological disorders), detailed information on vaccination and check of
vaccination status should be guaranteed by primary care pediatricians.

Another tool to improve quality of care is the use of practice guidelines. Clinical practice
guidelines are systematically developed statements to assist practitioners in making decisions
about appropriate health care in specific clinical circumstances. Their purpose is to make
explicit recommendations with a definite intent to influence what clinicians do. The primary
goal of practice guidelines in pediatrics is to improve the health of infants and children by
ensuring that they receive up-to-date, evidence-based care. Several studies have shown that

adherence to evidence-based guidelines leads to improvement in the quality of care provided.
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However, for many health conditions, there is a gap between what medical science has shown
to be effective practice and what is actually done. The number of guidelines is rapidly
mounting, also in pediatrics. However, the plethora of guidelines has been accompanied by
growing concern about differences among guideline recommendations and about the quality
of guidelines. A well performed guideline should be scientifically valid, usable, reliable, and
should improve the outcome of patients. But, it is rarely known how a guideline performs in
clinical practice. Evaluation of guidelines should include both the methods used to develop
recommendations and the applicability of the recommendations (benefits, adverse effects and
costs). The analysis of guidelines for vaccination in HIV-infected patients shows weaknesses
in several domains. Our analysis should alert physicians to the importance of the
methodological process in developing or implementing a guideline. Concomitantly, users
should critically evaluate the process leading to a recommendation before applying it in

clinical practice.

In conclusion, the research presented in this thesis highlights new problems that children with
chronic diseases have to face, shows some weaknesses of current public health models and
provide information to improve quality of care of at risk children. Overall, it indicates that the
rapidly changing pattern of infections on one side, and management on the other should
promote changes in organization to maximize efficiently and ultimately improve the quality

of care of high risk children and their families.
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