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SUMMARY

Using polymerase chain reaction (PCR) to detect faecal hepatitis A virus (HAV) can be a useful

tool for investigating HAV outbreaks, especially in low-endemic countries. We describe the use

of faecal HAV PCR as a non-invasive tool for screening. Two Dutch children visiting different

daycare centres were diagnosed with hepatitis A in 2011. A systematic contact investigation was

started in the daycare centres and relevant contacts were screened. The faecal HAV PCR test

was used to screen the children. The employees were screened with a serum IgM. The faecal HAV

PCR test proved to be an appropriate tool for screening. The screening of a total of 135 children

and employees in the daycare centres resulted in evidence of eight asymptomatic infections and

transmission to three related daycare centres. Control measures were taken including immunization.

Compared to an epidemiological investigation without screening, 144 extra contacts were

vaccinated based on the screening results. This most likely led to improved prevention of

expansion of the outbreak.
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INTRODUCTION

Hepatitis A virus (HAV) is a vaccine-preventable,

acute inflammatory liver disease causing little or no

symptoms of infection in young children, whereas it

may result in severe morbidity and even mortality in

adults [1, 2]. HAV is transmitted via the faecal–oral

route in person-to-person contact or via contami-

nated water and food. Clinical cases are considered

to be infectious from 1 to 2 weeks before the onset of

symptoms to 1–2 weeks after. However, recent studies

have reported cases with high faecal excretion of

HAV during at least the first month of illness, sug-

gesting some patients may be infectious for a longer

period than currently assumed [3, 4]. The diagnostic

gold standard for an acute HAV infection is the de-

tection of anti-HAV immunoglobulin M (anti-HAV

IgM) or the detection of HAV RNA in serum [3].

Alternative media for viral detection have been stud-

ied and saliva and faeces have proved to be effective

non-invasive media for HAV RNA detection [5–8].

Low HAV prevalence in industrialized countries

makes all age groups susceptible to infection [9, 10].
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Introduction of HAV in daycare centres in these

countries may easily cause outbreaks because HAV

has a long incubation period and children show little

or no signs of infection. Moreover, transmission be-

tween children occurs via various routes such as direct

contact, sharing of toys, sharing of food or poor toilet

hygiene [5, 8, 11]. In such outbreaks an epidemi-

ological investigation of the outbreak followed by

mass immunization of the people identified as being

at risk is the cornerstone of outbreak management

[5, 8, 11–13].

However, identification of the vaccination target

group can be difficult. At time of notification the

duration and the extent of viral circulation is usually

uncertain and parents of young or special-needs chil-

dren may hesitate to participate because they perceive

mass vaccination as child-unfriendly. In such a situ-

ation screening of the direct contacts may comp-

lement the epidemiological investigation: it may

identify asymptomatic cases and thus enable fine

tuning of the vaccination target group [6, 14]. Viral

detection on faecal samples can be an alternative

screening tool to serological screening. Using poly-

merase chain reaction (PCR) for detection of faecal

HAV has important benefits over serological screen-

ing. It is an accessible and child-friendly technique

that overcomes the difficulties and objections related

to collecting blood from children. The samples can be

collected at home by the parents and can be sent to the

laboratory by regular mail. The sample collection

does not require any trained staff.

In this context we report on an outbreak of hepa-

titis A involving several daycare centres, where faecal

HAV PCR was used to define the children at risk and

the related vaccination target group.

In January 2011 the Municipal Health Service

(MHS) in the rural part of the Dutch province of

Utrecht managed a HAV outbreak involving several

daycare centres. The outbreak started with the notifi-

cation of a total of seven hepatitis A infections within

one family of Dutch-Moroccan descent. The diag-

noses resulted from active case-finding by the general

practitioner following the HAV infection in a 21-year-

old family member who suffered from jaundice since

the last week of December 2010 (Fig. 1). This report

focuses on two family members who were linked to

daycare centres.

The first was an 18-year-old girl (case 1, centre A;

Fig. 1) who visited a special-needs school for children

aged 4–21 years. She had been symptomatic since

the second week of December 2010. The second was a

3-year-old boy (case 2, centre B; Fig. 1). He remained

asymptomatic and visited a nursery for children aged

0–4 years.

In case of HAV introduction, the Dutch national

guidelines recommend mass vaccination of all con-

tacts that share toilet facilities in daycare centres.

However, we decided to first screen the direct

contacts before identifying the vaccination target

group. We chose this approach for two reasons:

(1) the jaundice of case 1 started in the second week

of December 2010 suggesting a longer period of viral

circulation; (2) within the daycare centres the role of

toilet facilities in transmission was unclear : in centre

A the index was in nappies and thus did not share

toilet facilities with the direct group members and in

centre B the toddler toilets were alternately used by

another daycare group, but direct contact between

case 2 and the children of the other group did not

occur.
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Fig. 1. The outbreak overview.
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Because of the relatively new use of the faecal HAV

PCR test as a tool for screening in outbreak manage-

ment, we consider a discussion of our experiences to

be valuable.

METHODS

As soon as theMHS was notified about the infections,

a systematic contact investigation was started. All

high-risk contacts were offered screening, i.e. cases

1 and 2, centres A, and B (Fig. 1).

A high-risk contact was defined as a ‘group mem-

ber’ or ‘sharing toilet/changing facilities ’ with a

case during the infectious period (Fig. 2). The in-

fectious period for a symptomatic IgM-positive case

was defined as 1 week prior to the onset of symptoms.

An asymptomatic case was considered infectious

4 weeks prior to serum IgM detection or 18 days

prior to HAV RNA detection in faeces. These

periods were pragmatically selected based on the in-

formation on HAV excretion in the Dutch National

Guidelines.

Each time the screening identified a positive case a

new contact investigation was started and each time

the investigation linked a new daycare centre, the

screening was repeated (centres C and D; Fig. 1).

When the newly identified case was an employee

linked to a new daycare centre, the screening was not

repeated because transmission through employees was

considered less likely (case 10, centre E; Fig. 1).

HAV RNA detection in faecal material was used

for the screening of children. The faecal samples were

collected by the parents and sent to the laboratory

by regular mail, in properly packaged sample collec-

tion tubes. All HAV RNA detection was performed

by the National Institute of Public Health and the

Environment (RIVM) in The Netherlands. A real-

time reverse transcription–polymerase chain reaction

(RT–PCR) was used to detect HAV RNA in total

nucleic acid extracted from faecal samples and

serum using a procedure similar to one described

previously [15]. Positive samples were further ana-

lysed to determine the HAV genotype by comparing

the sequence to a database of reference sequences.

Employees were screened through classic serum

IgM by commercial enzyme immunoassay (EIA) via

the individual general practitioners and related lab-

oratories. IgM-positive samples were sent to the

RIVM for further analyses to determine the HAV

genotype.

The estimated attack rate was calculated by divid-

ing the number of hepatitis A cases (asymptomatic

and symptomatic) by the total number of persons

screened, multiplied by 100.

Direct contact: group member or
sharing toilet/changing facilities*

Indirect contact: sharing multisensory
room/kitchen

Day care centre
(centre A, n=137)
(centre B, n=60)

(centre A, n=43)
(centre B, n=20)

(centre A, n=0)
(centre B, n=40)

(centre A, n=94)
(centre B, n=0)

Immune/
no show
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Fig. 2.Method of outbreak investigation in centres A and B. * In centre A the index case was in nappies and therefore did not

share toilet facilities with the direct group members who used the toilet facilities.

PCR for detection of faecal HAV as a screening tool 551



RESULTS

In this outbreak a total of 173 high-risk contacts were

identified of which 135 contacts were screened for

HAV (Table 1). This resulted in the identification of

eight additional HAV infections (cases 3–10; Fig. 1)

and linked three additional centres to this outbreak

(centres C, D, E; Fig. 1). HAV RNA was detected in

seven faecal samples of children and anti-HAV IgM

was detected in the serum of one employee. All chil-

dren were asymptomatic, the employee reported

malaise but jaundice was not observed. The estimated

AR in this outbreak was 5.9 (8/135r100).

The overall participation in the screening was

high: 90% chose to participate. Of the risk contacts

55% (96/173) were screened with faecal HAV PCR

(children), 23% (39/173) with HAV serology (em-

ployees), 12% (21/173) were already immune to HAV

(with a history of vaccination or living in an endemic

area) and 10% (17/173) chose not participate in the

screening (Table 1).

Figure 2 shows that the toilet facilities were not the

primary transmission route at the daycare centres. At

centre A screening resulted in the identification of a

total of three hepatitis A cases in direct group mem-

bers who were linked to the index case by group con-

tact only: the index case was in nappies and therefore

did not share toilet facilities with these three cases

who used the toilet facilities. In centre B screening

showed no viral circulation in children that shared

the toilet facilities on alternate days but did not have

direct contact with the index case (Fig. 2).

Table 2 compares the epidemiological approach

and the screening approach and shows that 144

extra contacts were vaccinated based on the screening

results. In centre A additional screening led to a larger

vaccination target group and in centre B to a smaller

vaccination target group. Contacts in centres C, D

and E were linked to the outbreak by the results of the

screening only and would therefore not have been

vaccinated in an epidemiological approach without

additional screening.

This outbreak is most likely caused by a ‘seeding

event’ related to Morocco. Apart from the seven in-

fections within the index family and the eight trans-

missions found in the outbreak investigation, no

further notifications of HAV infections were reported

to the MHS. The three family members mentioned

here (index case and cases 1 and 2; Fig. 1) did not

travel abroad but three other asymptomatic family

members visited Morocco in the third week of

October 2010. This epidemiologically links the incu-

bation period of the first symptomatic family case

(case 1; Fig. 1) to Morocco.

The sequence analysis confirms this : two viral

strains from the family were genotyped as type 1A

with a sequence most similar to sequences found in

travellers returning from Morocco.

The suggestion is that these children subsequently

transmitted the HAV virus to the daycare centres.

However, this could not be confirmed by sequence

analysis of the virus because the HAV viral titre in the

faecal samples in this outbreak was not sufficient for

genotyping.

DISCUSSION

In this hepatitis A outbreak, faecal HAV PCR was

shown to be an appropriate screening tool. Additional

Table 1. Number of contacts screened per daycare centre

Faecal PCR test Serology

Immune Not participatingNeg. Pos. Neg. Pos.

Centre A* 25 3 6 0 6 3

Centre B 42 4 10 0 1 3
Direct# (7) (4) (6) (0) (0) (3)
Indirect$ (35) (0) (4) (0) (1) (0)

Centre C 9 0 12 1 5 3

Centre D 13 0 10 0 9 8
Total 89 7 38 1 21 17

* Total contact (n=137), screening not indicated (n=94) (see Fig. 2).
# Direct contact : group member (see Fig. 2).

$ Indirect contact : sharing toilet/changing facilities on alternate days (see Fig. 2).
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screening in an epidemiological approach identified

eight additional cases and linked three additional

daycare centres. This led to the assumption that toilet

facilities were not the primary transmission route

and resulted in a vaccination target group that dif-

fered considerably from the target group in the epi-

demiological approach.

We do not know the number of cases of HAV that

have been prevented by the additional screening and

the related vaccination target group, since the attack

rates from previously published outbreaks are too

heterogeneous to allow for estimations. Previously

published outbreak attack rates range from 2.8 to 42

and these outbreaks differ in terms of settings and age

profiles [16, 17].

Faecal HAV PCR has important benefits over

serological screening. The collection and transport of

material does not require trained staff, making it an

accessible technique. Contrary to serological screen-

ing, the technique is non-invasive and therefore very

suitable for outbreaks involving children.

Compared to serological testing, HAV RNA de-

tection will find more (a)symptomatic HAV preva-

lence since HAV RNA is present before anti-HAV

IgM [6].

A positive faecal HAV PCR test shows the presence

of viral RNA but remains inconclusive on the ques-

tion of whether this RNA is able to form cultivatable

virus strains that replicate in vivo and infect others.

The objective of screening in HAV outbreaks involv-

ing daycare centres is not to identify infectious

cases, but to determine the likelihood of HAV viral

circulation. Considering the presence of HAV viral

RNA in the number of children involved in this

outbreak, viral circulation within the centres is im-

plicit and it is likely that further transmission to the

population has been prevented by the vaccination

intervention.

It may be expected that additional screening will

increase the number of vaccinations. However, in this

outbreak the number of vaccinations in centre B de-

creased. This was caused by the fact that the Dutch

national guidelines advise mass vaccination of all

contacts that share toilet facilities in case of a child

with hepatitis A in a daycare centre. However, the

outbreak investigation in centre B showed no viral

circulation among the toddlers that shared toilet fa-

cilities but did not have any direct contact with case 2.

Consequently we concluded that the children only

sharing toilet facilities and not having any direct

contact were not at risk and could therefore be ex-

cluded from vaccination.

An additional advantage of the use of screening

(both molecular and serological) in outbreak man-

agement is that it yields material for genetic typing

of the virus. This may lead to useful insights on

the sources of infection and on transmission routes

[18, 19]. Moreover it may help to discriminate be-

tween real outbreaks and pseudo-outbreaks that are

caused by multiple unrelated viral introductions [20].

Seven out of eight cases detected via screening in

this outbreak were asymptomatic. Studies about in-

fectiousness of asymptomatic cases are rare despite

their relevance for outbreak management [5]. Further

research is needed on the relevance of asymptomatic

cases for the continuation of an outbreak. Many

outbreak reports suggest continued transmission

in the community by asymptomatic cases [5, 8, 12].

Outbreaks in The Netherlands are reported to remain

small after the vaccination of the contacts that are

considered to be at risk in epidemiological investi-

gation without screening [18, 21, 22].

Table 2. Number of contacts in the vaccination target group in the outbreak

investigation without screening compared to outbreak investigation and

additional screening

Centre
Outbreak
investigation

Outbreak investigation
and additional
screening

Target group for
vaccination identified through
additional screening

A 43 137 94
B 60* 40# x20
C+E 0 30 30
D 0 40 40

Total 103 247 144

* Direct contacts and contacts sharing toilet facilities.
# Direct contacts only.
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The costs of screening in HAV outbreak manage-

ment are an important limitation. We cannot estimate

the cost effectiveness of our intervention, since we

were unable to give a realistic estimation of the num-

ber of cases prevented by the identification of the

eight asymptomatic cases and the related vaccination

intervention. Furthermore, estimates of the costs of

an outbreak of hepatitis A must be interpreted con-

servatively because of difficulties in describing and

valuing all costs generated by an outbreak [23]. The

costs of this outbreak should include direct costs, such

as medical resources and costs of outbreak control, as

well as indirect costs of non-medical resources such

as lost time at work. Intervention in a HAV outbreak,

however, is reported to be cost effective [23]. Direct

costs related to the management of an hepatitis A

outbreak are reported to be high and are usually

underestimated [17, 23]. Post-exposure prophylaxis is

the major cost factor in HAV outbreak management

[23]. The costs of screening will add up to the cost of

vaccination and must be compared with the prevented

morbidity.

In conclusion, the faecal HAV PCR test is a new,

non-invasive tool appropriate for screening that

may well complement the epidemiological investi-

gation. Further research is needed on the relevance of

asymptomatic cases for outbreak management and on

the cost-effectiveness of the method.
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