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Early infection and asymptomatic spread of hepatitis A virus in a
public child care center in Rio de Janeiro, Brazil: Should attending
children under two years of age be vaccinated?

Liliane M Morais/™, Vanessa S de Paula, Milton R Arantes*, Maria LA Oliveira,
Ana Maria C Gaspar

Departamento de Virologia, Instituto Oswaldo Cruz-Fiocruz, Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, Brasi|
*Hospital Geral da Santa Casa de Misericordia, Rio de Janeiro, RJ, Brasil

A cross-sectional study was conducted in order to identify hepatitis A virus (HAV) serological markersin 418
individuals (mean age, 16.4 years; range, 1 month-80 years) at a public child care center in Rio de Janeiro, Brazil,
aswell asto analyze risk factors and determine circulating genotypes. Serum samples wer e tested using an enzyme
immunoassay. Rever se transcription polymerase chain reaction (RT-PCR) was used to detect and characterize HAV
RNA, and sequencing was performed. Anti-HAV antibodies and IgM anti-HAV antibodies were detected, respec-
tively, in 89.5% (374/418) and 10.5% (44/418) of the individuals tested. Acute HAV infection in children was
independently correlated with crawling (p < 0.05). In 56.8% (25/44) of the IgM anti-HAV-positive individuals and
in 33.3% (5/15) of the IgM anti-HAV-negative individuals presenting clinical symptoms, HAV RNA was detected.
Phylogenetic analysis revealed co-circulation of subgenotypes |A and 1B in 93.3% (28/30) of the amplified samples.
In present study, we verify that 79% (30/38) of children IgM anti-HAV-positive were asymptomatic. In child care
centers, this asymptomatic spread is a more serious problem, promoting the infection of young children, who rarely
show signs of infection. Therefore, vaccinating children bel ow the age of two might prevent the asymptomatic spread
of hepatitis A.
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HepatitisA virus (HAV) is a hepatotropic virus and a
member of the Hepatovirus genus within the Picorna-
viridae family (Minor 1991). Thevirusisresponsiblefor
the majority of the acute hepatitis casesin Brazil (Gaspar
et a. 1996), and infection symptoms are age-related.
Among HAV-infected individuals, children under 6 years
old are typically asymptomatic, whereas older children
and adults develop jaundice or present dark urine. The
prevalence of HAV infectionisclosely correlated with the
level of environmental sanitation and with prevailing so-
cioeconomic and hygiene conditions. The incidence of
HAV ishigher in developing countries, although the pat-
tern of HAV endemicity in several of these countries has
dropped from high to intermediary due to improvements
in sanitation conditionsin recent decades (Tapia-Conyer
et al. 1999, Tanaka 2000). As a conseguence, increasing
proportions of those populations have had no contact
with HAV and are therefore more susceptible to infection.
In Brazil, hepatitis A is still considered an endemic dis-
ease, although data collected in the state of Rio de Janeiro
indicate that ashift in the hepatitis A epidemiological pat-
tern hastaken place (Santoset al. 2002, Villar et al. 2002).

Thevirusisusually transmitted viathefecal-oral route,
either through person-to-person contact or through in-
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gestion of contaminated food or water. On rare occasions,
HAV infection has been transmitted by transfusion of
contaminated blood or blood products (Pereira &
Gongalves 2003). Outbreaksin day care centershave been
related sincethe 1970s (Gehlbach et al. 1973, Williams et
a. 1975). Results of some studies have suggested that
HAV istransmitted mainly by children with either asymp-
tomatic or subclinical infection. Lack of proper hygiene
facilitates HAV transmission from such children to their
relatives and friends, as well asto child care center staff
members (Castelli et a. 1999, Poovorawan et al. 2005).

The HAV strains have been classified into six geno-
types (I to VI), based on nucleotide sequences of the
VPL/2A junction region (Robertson et al. 1992, Lu et al.
2004). Prevalent human strainsfall into genotypes| or 111,
each of which are divided into subtypesA and B. In Bra-
zil, co-circulation of subgenotypes IA and IB have been
found in Rio de Janeiro (de Paulaet al. 2002, Villar et al.
2004). Circulation of subgenotype IA has also been de-
tected in other regionsof Brazil (de Paulaet a. 2004).

Sinceit wasfirst reported that HAV was ableto propa-
gatein cell culture (Provost et al. 1979), there have been
many attemptsto develop an HAV vaccine. In the United
States and some other countries, safe and effective for-
malin-inactivated HAV vaccines against hepatitisA have
been licensed and are available for children aged 2 years
and older (CDC 1999). In Brazil, no HAV vaccine hasbeen
included in public health programs.

Herein, we report the asymptomatic spread of HAV
occurringinapublic child care center in Brazil. Most indi-
vidualsin the center were younger than 10 years of age.
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MATERIALS AND METHODS

Study population - In a cross sectional study con-
ducted in October 1999, serum samples were collected
from 418 individuals (261 children and 157 staff members)
at a child care center located in an urban area of Rio de
Janeiro, Brazil. Of thetotal, 54.3% werefemale, and 45.7%
weremale. Agesranged from 1 month to 80 years (mean,
16.4 years, median, 5 years). A questionnaire was applied
in order to assess employment status and to evaluate
potential risk factorsfor infection. All sampleswere col-
lected on asingle day, after which they wereimmediately
frozen and stored at —20°C until processing. Written in-
formed consent was obtained from adult participants and
from the parents or legal guardians of participating chil-
dren. The present study was approved by the Ethics Com-
mittee of the Oswaldo Cruz Foundation (Fiocruz), operat-
ing under the auspices of the Brazilian Health Ministry.

Background - The center evaluated functions both as
an orphanage and as a child care center for the children
with families. However, the children were not segregated
based on this status, being allocated to classrooms based
solely on age and gender. In June 1999, the first case of
hepatitis A at this child care center was reported. The
infected child was two-and-a-half years old and lived in
an area of Rio de Janeiro that has poor sanitary condi-
tions. Three months|ater, astaff member presented clini-
cal symptomsof hepatitis. The Brazilian Reference Center
for Vira Hepatitis, Fiocruz, was called into investigate the
immunity level of thispopulation.

The child care center was housed in a 3-story building
with akitchen, cafeteria, yard and nursery, aswell as 20
additional rooms, including astudy, dormsand recreational
classrooms. On each floor, there werefive bathroomsand
four drinking fountains. The same cooks prepared the
mealsfor everyonein the center. Therewas only one caf-
eteriaand mealswere served to children of same age group
at atime.

Laboratory tests - Serum specimens were tested for
IgM anti-HAV and total anti-HAV antibodiesusing acom-
mercial enzymeimmunoassay (Organon Teknika, Boxtel,
The Netherlands), according to manufacturer instructions.

Satistical analysis - Data are expressed as mean *
standard deviation. Differencesin the prevalence of anti-
HAV among different age groupswere analyzed using the
chi-squaretest. A linear regression model was applied to
test for a linear association between age and the preva-
lence of anti-HAV. A multiple logistic regression model
was applied to investigate which independent variables
significantly on the prevalence of IgM anti-HAV. A two-
tailed p < 0.05 was considered statistically significant.
The statistical analysiswas performed using the Statisti-
cal Package for the Social Sciences (SPSS for IBM-PC,
release 11.0; SPSSInc., Chicago, IL, US).

Molecular tests - The VPL/2A junction region of the
HAV genome was amplified using reverse transcription
polymerase chain reaction (RT-PCR) followed by a sec-
ond round of PCR. Nucleotide sequencing from extracted
HAV RNA was carried out as described elsewhere (de
Paulaet d. 2002).
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Phylogenetic analysis - Nucleotide sequences were
aligned using the GCG Wisconsin Package (Wisconsin
Genetics Group, Madison, WI, US). Initial multiple aign-
ments were performed using the PILEUP program (Wis-
consin Genetics Group). Further adjustments were per-
formed manually using visual correction based on se-
guence comparison generated withthe PRETTY program
included in the GCG Wisconsin Package (Wisconsin Ge-
netics Group). The MEGA 2.1 program (The Biodesign
Institute, Tempe, AZ, US) was used to calculate nucle-
otideidentities and genetic distances between sequences,
aswell asto construct a phylogenetic tree. The phyloge-
netic tree was constructed using the neighbor-joining
method.

RESULTS

Laboratory analysis - The overal rate of positivity
for total anti-HAV was 89.5%. IgM anti-HAV antibodies
were detected in 44 (10.5%) of the 418 individual stested:
6 staff members and 38 children. Among the 38 children
testing positivefor IgM anti-HAV, 30 (79%) were asymp-
tomatic. Tablel showsthe age-specific prevalence of anti-
HAV antibodies (total and IgM) in the studied popula-
tion. Thetotal anti-HAV prevalence was morethan 60%in
all age groups. We observed that the prevalence of IgM
anti-HAV decreased in parallel with increasing age. In sub-
jects between 7 months and 1 year of age, the prevalence
was 26.7%, compared with 1.1% in those older than 30.
After detection of anti-HAV antibodies, all susceptible
subjects aged 2 years or older (n = 43) were immunized
with an inactivated hepatitis A vaccine (Havrix®, manu-
factured by SmithKline Beecham Biologicals, Rixensart,
Belgium).

Risk factors - Risk factors were investigated only in
children (n = 261) because there were few adults testing
positive for IgM anti-HAV. In this study, we considered
thefollowing asrisk factors: fingernail biting, pacifier use
and crawling. Initially, HAV infection wasfound to corre-
late significantly with pacifier use (p = 0.023) and with
crawling (p=0.002) (Tablell). However, after logistic re-
gression, crawling was identified as the only indepen-
dent risk factor (OR: 4.8; 95% ClI: 1.1-19.6) for acute HAV
infection.

Molecular analysis - To investigate HAV dissemina
tion, RT-PCR was used to test for HAV RNA in al 44 se-
rum samples collected from IgM anti-HAV positiveindi-
viduals. Serafrom 15 individuals who were negative for
IgM anti-HAV but presented jaundice or dark urine were
also tested. We detected HAV RNA in 25 (56.8%) of the 44
samplesfrom IgM anti-HAV-positiveindividualsandin 5
(33.3%) of the 15 samplesfrom individua swho presented
clinical symptomsonly. A 168-bp nucleotide sequence of
the VPL1/2A region of the HAV genome wasidentified in
28(93.3%) of the 30 amplified samples. Of those 28 samples,
17 were of subgenotype |A and 11 were of subgenotype
IB (Figure). Sequences reported in this paper have been
deposited in the GenBank database under the accession
numbers DQ061160 to DQO61187.
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TABLE
Prevalence of anti-hepatitisA virus (HAV) antibodies (total and IgM) in the population of a Brazilian child care center,
by age group
Anti-HAV IgM anti-HAV

Agegroup n Positive % Positive %

1-62 7 5 714 0 0
78-1b 30 18 60 8 26.7

2-3b 79 69 87.3 9 114

4-5b %4 83 88.3 18 19.1

6-10P 41 38 92.7 3 7.3
11-15b 23 23 100 2 8.7
16-20b 15 15 100 1 6.7
21-25b 15 112 80 1 6.7
26-30D 24 23 95.8 1 4.2

>30P 9 8 97.8 1 11
Total 418 374 89.5 44 105
a: month; b: year
TABLE I
Risk factors associated with hepatitisA virus (HAV) infection in children at the child care center
IgM anti-HAV
Risk factor Pos (%) Neg (%) Odds Ratio (95% Cl) p value
Fingernail biting 7.1 23 3.2 (03-33.6) 0.299
Pacifier use 52.9 329 2.3(1.1-4.8) 0.023
Crawling 143 2.3 7.0 (1.9-25.6) 0.002
DISCUSSION diapers that need to be changed regularly. Inadequate

The laboratory tests conducted in the present study
were performed in October 1999 and thus four months
after thefirst case had been reported. Of the 418 individu-
als (261 children and 157 members) tested at that time, 374
(89.5%) presented anti-HAV antibodies and 44 (10.5%)
werelgM anti-HAV positive. Among the 38 IgM anti-HAV-
positive children, 30 (79%) were asymptomatic. The as-
ymptomatic status of those children may have facilitated
the transmission of HAV. It is well known that children
under 6 years of age rarely show clinical signs of HAV
infection. Poovorawan et a. (2005) studied an outbreak
that occurred in achild care center in Thailand and found
that 65 of the 70 children testing positive for IgM anti-
HAV were asymptomatic. Since HAV infection can bedis-
seminated by asymptomatic individual s, and the mgjority
of HAV infections in young children are of the ‘silent’
type, the findings of those authors, taken together with
those of the present study, indicate that hepatitis A repre-
sents agreat threat in child care centers.

Of the potential risk factorsanalyzed, crawling proved
to be an independent factor, correlating significantly with
acute HAV infection (p = 0.002, after adjustment by multi-
variate analysis). These data suggest that children under
2 years of age promote HAV infection when they start
crawling since HAV infection naturally occurs through
direct hand-to-mouth contact, mainly in endemic coun-
trieswherethereiswidespread HAV disseminationinthe
environment. In addition, children that crawl typically wear

diaper-changing facilities may also contribute to HAV
transmission. Indeed, previous findings indicate that the
presence of young children wearing diapersis a factor
that facilitates the spread of HAV in child care centers
(Rosenblumet a. 1991, Venczel et a. 2001).

Using molecular analysis, we detected the co-circula
tion of subgenotypes |A and IB, which corroborates the
findings of other studies conducted in Rio de Janeiro (de
Paulaet a. 2002, Villar et a. 2004). The co-circulation of
two subgenotypes suggests the existence of more than
one source of infection. The occurrence of simultaneous
community outbreaksis also a possibility.

We detected two potential sources of hepatitisA trans-
mission in the child care center. The first source was a
cook (staff member #092) who had HAV acute infection.
Nucleotide sequencing of a sample collected from that
staff member revealed that the HAV genotype
(subgenotype IA) was identical to that observed in the
other 13 strains isolated in samples collected from indi-
viduals in the various classrooms, suggesting that this
handler-food can have been asource of transmission (Fig-
ure). Previous studies have shown that HAV-excreting
food handlers can contaminate the food they handle
(Bidawid et al. 2000, Fiore 2004). The second potential
source of HAV infection is the children infected with
subgenotypes |A and 1B who attend the child care center
but live in areas with poor sanitary conditions. These
children might have contracted the illness outside the



404

staff-092
— child-D02
child-B35
child-A07
child-A17
child-A13
child-E18
child-D01
child-E41
child-F25
child-D07
child-B02
child-C17

6 | staff-020
child-B32
| staff-104
L— child-E43
RJ_17

RJ_127

RJ_135

RJ_117
HAS15

o|©

L-A-1
1B child-E29

HAF-203
staff-066

~ ©

3 child-A26
child-co9
child-A03
HM175
child-B36
— staff-018
staff-107
) 5 | [child-D12

36—< child-D03

5

child-D34

(G-

I SLF88
CF53

AGM-27

NOR-21
1V Cy145

Phylogenetic tree based on a 168-bp sequence of the VP1/2A re-
gion and depicting the genetic relatedness between isolates found in
this study (in bold) and other HAV strains previously characterized.
Letters A, B, C, D, E, and F indicate classrooms. Isolates from staff
members are in bold and shaded grey. Numbers located at nodes
indicate bootstrap percentages after 1000 replicate samplings. Only
percentages = 50% are shown. Genbank sequences used as refer-
ences included strains of subgenotype |A (accession numbers
AY 322886, AY 322856, AY 322901, AY 322855, X 15464, X 75214,
AB020566, and AF357222), subgenotype IB (accession numbers
AF314208, AF268396, and M14707), subgenotype 1A (accession
number AY644676), subgenotype |IB (accession number
AY 644670), subgenotype Il (accession number AJ299464),
subgenotype IV (accession number L07732) and subgenotype V
(accession number D00924). The horizontal scale bar at the bot-
tom of the tree is used to determine genetic distance.

Early HAV infection in a child care center < Liliane M Morais et al.

center and then transmitted it to others inside. In addi-
tion, infected staff members (subgenotypes IA and IB)
had open accessto all classrooms and might or might not
have complied with hygieneregulations, which could have
facilitated HAV dissemination.

Thehigh prevalence of total anti-HAV (71.4%) in chil-
dren under 7 months of age who tested negative for IgM
anti-HAV strongly suggests passive acquisition of ma-
ternal antibodies. However, previous studies have shown
that, after 7 months of age, maternal antibodies diminish
rapidly, favoring the occurrence of early infection (Vitra
etal. 1998, Linder et al. 1999). In our study, 26.7% of the
children aged 7 months to 1 year had already had acute
HAV infection. These findings suggest that children at-
tending child care centers in endemic countries such as
Brazil should be vaccinated before the age of two. A study
conducted in India presented data suggesting that chil-
dren should be immunized against HAV by 10 months of
age, when the maternal antibodies disappear (Chadha et
a. 1999). Pre-existing materna antibodiesdointerferewith
the immune response to hepatitisA vaccine (Dagan et al.
2000, Letson et al. 2004), although some studies have
shown that infants born to anti-HAV-positive mothers
develop anamnestic responses with a booster dose of
hepatitisA vaccine (Fioreet al. 2003, Letson et al. 2004).

Our data suggest that, should vaccination against
HAV become aroutine practicein endemic countries such
asBrazil, children under 2 years of age should bethemain
target of vaccination campaign efforts, particularly be-
fore they begin attending child care centers.
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