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Epidemiology and medical cost of hospitalization
due to rotavirus gastroenteritis among children
under 5 years of age in the central-east of Tunisia
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ABSTRACT Data on the economic burden of rotavirus infection in Tunisia are needed to inform the decision to
include rotavirus in routine childhood immunizations. This study aimed to describe the epidemiological profile
of rotavirus disease in central-east Tunisia and to estimate its hospital cost. In the first stage - the prospective
collection of epidemiological data - we enrolled all patients < 5 years old who were hospitalized for acute
diarrhoeaat5 university paediatric departmentsin central-east Tunisia during the period 2009-2011. Rotavirus was
responsible for 65 (23.3%) of the 279 cases enrolled. In the second stage, cost data were collected retrospectively
using an activity-based costing method from the medical records of the children who were positively diagnosed
with rotavirus. The average cost of care per child was TD 433 (SD 134). This is a significant economic burden in
Tunisia, where a safe and effective vaccine is available but not yet introduced to the immunization schedule.

Epidémiologie et coit médical d’'une hospitalisation pour une gastroentérite a rotavirus chez des enfants de
moins de cinq ans dans le centre-est de la Tunisie

RESUME Des données sur le fardeau économique de I'infection a rotavirus en Tunisie sont nécessaires pour décider
ou non d'inclure le rotavirus dans les vaccinations infantiles systématiques. La présente étude visait a décrire le profil
épidémiologique de l'infection a rotavirus dans le centre-est de la Tunisie et |'estimation de son colt hospitalier. Lors
delapremiéere phase, a savoirle recueil prospectif de données épidémiologiques, nous avons recruté tous les patients
de moins de cinqg ans ayant été hospitalisés pour une diarrhée aigué dans cinq services pédiatriques universitaires du
centre-est de la Tunisie entre 2009 et 2011. Le rotavirus était responsable de 65 cas sur 279 recrutés (23,3 %). Lors de
la deuxieme phase, des données sur les colits ont été recueillies rétrospectivement a partir des dossiers médicaux des
enfants qui étaient positifs au rotavirus, en utilisantune méthodologie de gestion des colts par activité. Le coGt moyen
des soins par enfant était de 433 dinars tunisiens (ET 134). Ce montant représente un fardeau économique important
en Tunisie, ou un vaccin sir et efficace existe mais n’est pas encore intégré dans le programme de vaccination.
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Introduction

Rotavirus is the leading cause of severe
diarrheal disease in young children.
Worldwide, in 2008, diarrhoea attrib-
utable to rotavirus infection resulted
in 453 000 deaths (range 420 000 to
494 000) in children younger than S
years—ie. | of every 260 children born
each year will die before their fifth birth-
day from diarrhoea caused by rotavirus
infection . Most of these deaths occur in
developing countries in Africa and Asia
(1). Even in high-resource countries,
where rehydration therapy is accessible
and deaths are rare, rotavirus gastro-
enteritis represents a public health
problem and places a heavy economic
burden on the health-care system (2).

In 2009, the World Health Or-
ganization (WHO) issued a global
recommendation that rotavirus vaccine
should be included in national immu-
nization programmes (3). Two oral
rotavirus vaccines (RotaTeq® and Ro-
tarix”) are currently available and have
positively demonstrated safety and ef-
ficacy in clinical trials (4). However,
the decision whether to incorporate the
vaccine into routine schedules of child-
hood immunization in a country must
include an objective assessment of the
disease burden and an economic evalu-
ation of the benefits of the vaccine’s
introduction.

In Tunisia, epidemiological data on
rotavirus were previously presented and
analysed by Soltani et al. However, data
on the economic burden of rotavirus
gastroenteritis in the country are lack-
ing, which makes difficult any decision
or rational reflection on the relevance
of introducing the vaccine into routine
childhood immunization schedules.
This study was conducted in order to
describe the epidemiological profile
of rotavirus disease in the central-east
region of Tunisia and to estimate the
medical costs of hospitalization, in an
effort to provide sufficient data to help
policy-makers to assess the need for
rotavirus vaccine.

The study was conducted in 2 stages.

The first concerned the collection of
epidemiological data, while in the sec-
ond stage data were collected about the
cost of hospital care for the disease.

Epidemiological data

This study was part of sentinel hospital
surveillance established in the Eastern
Mediterranean Region under the aus-
pices of the WHO. In Tunisia, there
were 11 sites comprising 11 paediatric
departments that belong to 11 public
hospitals located in different regions of
the country: Tunis (1 site), north-west
(1 site), north-east (2 sites), central-east
(S sites) and mid-west (1 site) (S).

We prospectively collected epide-
miological data by enrolling all patients
less than S years of age who were hos-
pitalized for acute diarrhoea at the §
university paediatric departments in
the central-east region of Tunisia dur-
ing the period 1 June 2009 to 31 May
2011. Acute diarrhoea was defined as
a decrease in consistency (loose or lig-
uid) and/or an increase in frequency of
bowel movements to 3 or more per 24
hours, typically lasting less than 7 days
and no more than 14 days (6).

A case report form was completed
for every eligible case. This covered
demographic characteristics (age, sex
and residence), details of the clinical
manifestations of the disease, labora-
tory data and treatment given. A stool
sample was taken from each child. The
virological analysis of all these samples
was performed at the laboratory of virol-
ogy at Sahloul University Hospital by
enzyme-linked immunosorbent assay
(ELISA). Molecular characterization
into G and P genotypes was carried out
for rotavirus-positive samples by reverse
transcription polymerase chain reaction

(RT-PCR) at the same laboratory.

Cost data

Data for the cost analysis were col-
lected retrospectively from the medical

records of children who were positively
diagnosed with rotavirus.

The activity-based costing method
was used to estimate the total medical
cost for each patient from the health-
system perspective. The principle be-
hind this method is as follows: products
consume activities, which in turn con-
sume resources and these resources are
aggregated because they constitute a
cost (7). Hospitalization due to rotavi-
rus gastroenteritis consumes different
resources that can be grouped into 3
main categories according to the result-
ing activities: resources used in biology
and radiology diagnostic activities (e.g.
laboratory kits, materials and equip-
ment, medical and paramedical staff,
electricity); resources used in therapeu-
tic activities (e.g. drugs and pharma-
ceutical products); and resources used
during hospital stay (e.g. restaurant,
laundry, hotel, electricity).

Cost of biology and radiology diag-
nostic activities

For each patient, all the biological tests
and radiological diagnostic procedures
were listed and converted to a number
of B units for biology and R units for ra-
diology, according to a predetermined
weighting provided by the Tunisian
Ministry of Health; for example: C-
reactive protein test = 80 B, complete
blood count = 60 B, chest X-ray = 25
R). The average costs in Tunisian dinar
(TD) of 1 Bunit=02TD and 1 R unit
=0.9 TD were estimated at the Univer-
sity Hospital of Monastir in 2008 using
activity-based costing method. For this,
all resources used by the laboratory and
the radiology department during 2008
(laboratory kits, medical and paramedi-
cal staff salaries, electricity and all ingre-
dients used in the laboratory or in the
radiology department) and the number
of B and R units produced during the
same period were considered to calcu-
late unit costs. So for each patient, the
total cost of biology tests and radiology
diagnostic procedures were calculated

by multiplying the number of B or R
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units consumed by the average unit cost
of BorR.

Cost of therapeutic activities

For each child, all drugs and pharma-
ceutical products received were listed
and the doses were calculated by refer-
ring to medical records. The total cost
per child was calculated by multiplying
the total dose received by the price of
the product which the hospital paid
from the supplier prices for that period.

Cost of hospital stay

Daily bed cost was estimated by mul-
tiplying the length of stay by cost of
hospital bed/day in a paediatric de-
partment, which is estimated at 30 TD
by the Tunisian Ministry of Health
using activity-based costing. This in-
cludes restaurant, laundry, hotel, elec-
tricity and medical and paramedical
staff salaries.

Data analysis

Statistical analyses were performed us-
ing SPSS software, version 17. The chi-
squared and Fisher exact tests were used
to compare qualitative data. One-way
analysis of variance and Tukey multiple
comparisons were carried out to test for
any significant differences between the
means. P values < 0.05 were considered
to be statistically significant. Cost data
were presented as total and mean and
standard deviation (SD).

Study participants

Between 1 June 2009 and 31 May 2011,
279 children less than 5 years of age,
hospitalized in one of the S paediatric
departments of the central-east of Tu-

nisia, were enrolled in the study. Out of
these, 116 (59.5%) were male and 259
(92.8%) were aged less than 2 years old
(Table 1).

Rotavirus detection

Rotavirus was detected in 65 (23.3%) of
stool samples screened.

Strain

For 39 (60.0%) of these rotavirus-pos-
itive specimens, we were able to assign
G and P types (26 specimens were not
typeable). Of the 30 characterized G
types, G3 was the most common (1 =
13) followed by G4 (n = 12) and Gl
(n = 4). The most common P type was
P8 (11 =28). P6 and P4 were found in 6
and 4 strains respectively. G4P8 was the
most common type of specimens typed
Pand G (n=11), followed by G3P8 (n
- 10).

Seasonality

Rotavirus gastroenteritis showed a
distinct seasonal pattern, with a peak
during the winter period; more than
half of all rotavirus cases (64.6%) were
reported between December and Feb-
ruary (Figure 1).

Age

The mean age of children with acute
gastroenteritis attributable to rotavirus
was 9.4 months. The proportion of rota-
virus-positive acute gastroenteritis cases
varied by age, and was highest among
children 6-23 months old (73.5%). The

cumulative age distribution showed that
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the majority of rotavirus gastroenteritis
cases occurred by the age of 24 months

(Figure 2).

Clinical characteristics and clinical
course

Significantly more of the children
positive for rotavirus had vomiting,
dehydration and respiratory disorders
than did children with acute gastro-
enteritis not attributable to rotavirus
(Table 2). Among rotavirus-positive
acute gastroenteritis cases, 36 children
were dehydrated, half of whom were
in stage 2. Intravenous rehydration was
administrated to 28 patients. The reso-
lution was favourable for all hospitalized
children and no deaths were reported.

Health-care utilization and
hospital cost

The mean duration of hospital stay for
children with rotavirus gastroenteri-
tis was 6 days (median 4 days; range
1-45 days). The total cost among these
children was 28 124 TD. Overall cost
data are summarized in Table 2. The
mean cost of hospitalization per child
admitted with rotavirus diarrhoea was

433 (SD 134) TD [US $274 (SD 87)]

Table 1 Sociodemographic features of children hospitalized for acute
gastroenteritis (n = 279) in the central-east of Tunisia, 1 June 2009 to 31 May 2011

Variable
Age groups (months)
0-5
6-11
12-23
>24
Sex
Male
Female
Site/hospital
Kairouan
Monastir
Mahdia
Sahloul, Sousse
Farhat Hached, Sousse
Breasfeeding
Yes
No

No. %
81 28.8
99 35.6
79 28.4
20 7.2
166 59.5
113 40.5
104 373
60 21.5
19 6.8
39 31.9
7 2.5

212 76.1
67 23.9
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Figure 1 Seasonal distribution of cases of acute gastroenteritis attributable to rotavirus (n = 65) in the central-east of Tunisia, 1

June 2009 to 31 May 2011

ranging from 379 TD [US$ 245] in
Kairouan to 535 TD [US$ 345] in
Monastir, with a significant difference
between the 2 sites (P=0.012).

Discussion

This study was conducted in order to

provide background data on rotavirus
gastroenteritis and the hospital costs
related to this disease. It showed that
rotavirus was responsible for 23.3% of
hospitalized cases of acute gastroen-
teritis among children < S years of age
in the central-east of Tunisia, with a
peak occurring between December and
February. From 1995 to 2005, 4 studies
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conducted in the same region of Tuni-
sia have reported rotavirus rates ranging
from 17.3% to 20.8% (8—11), confirm-
ing the endemicity of rotavirus-positive
acute gastroenteritis cases in the region,
and its rising trend.

Studies from other countries in the
WHO Eastern Mediterranean Region
have estimated the overall annual pro-
portion of rotavirus cases among hospi-
talized cases of acute gastroenteritis in
children < § years old to range between
17% and 46% (12). Moreover, data
collected through the global surveil-
lance network for rotavirus in 2009 in
5§ countries belonging to the 6 WHO
regions, revealed a median rate of rota-
virus of 36% (range 129%—68%) among

enrolled and tested children aged < 5
years hospitalized with diarrhoea (13).
Our study results fall within these rang-
es. Differences between countries and
regions can be explained by variations
in hospital admission and health-care
policies for children with gastroenteri-
tis, accessibility to the health-care sys-
tem and the use of different laboratory
settings.

Rotavirus gastroenteritis mostly af-
fected children from 6 to 23 months
of age (73.5%), which is consistent
with previous observations of the epi-
demiological profile of rotavirus infec-
tion (14-16). This can be explained by
the protection conferred by maternal
antibodies before the age of 6 months

0-5

6-11 12-23
Age (months)

24-60

Figure 2 Cumulative age distribution of cases of acute gastroenteritis attributable to rotavirus (n = 65) in the central-east of

Tunisia, 1June 2009 to 31 May 2011
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Table 2 Clinical features of gastroenteritis in children hospitalized for acute gastroenteritis, with a stool sample testing

Clinical presentation

Fever

Vomiting
Dehydration

lonic disorder
Respiratory disorder

Neurological disorder

Rotavirus-positive

positive or negative for rotavirus antigen, in the central-east of Tunisia, 1 June 2009 to 31 May 2011

Rotavirus-negative

P-value (x*-test)

patients patients
(n=65) (n=214)
% %

64.6 58.8 04
69.2 477 0.002
64.6 36.9 <0.001
23.0 173 0.3
40.0 24.7 0.02
26.1 25.2 0.88

and by the immunity acquired after re-
peated infections after the age of 2 years
(17), and emphasizes the importance
of implementing preventive strategies
early in life.

WHO recommends that the first
dose of either Rotateq or Rotarix be
administered at age 6—15 weeks and
the last dose should be before 32 weeks
(18). Rotavirus vaccination has been
associated with protection against se-
vere rotavirus disease of 85-100% in
high- and middle-income countries and
46-77% in low-income countries in
Africa and Asia (19).

In this study, the most common
genotypes were G3, G4 and P8. G4P8
was the predominant single G/P
combination. This result suggests a
modification in the circulating strain
of the virus in this region where G1
and G1P8 used to be the predomi-
nated strains (9). Furthermore, all the
strains identified in this study are tar-
geted by the current available vaccines
(Rotateq and Rotarix) (20), which

highlights the need for these vaccines
in our country.

Information about the cost of
rotavirus infection in the literature is
limited and a direct comparison with
available studies is difficult. There is in
fact great variability in the socioeco-
nomic environment and approaches
to health-care delivery across regions
(21). Even the accounting methods
used are different. In the Middle East
and North Africa, the direct medical
cost per episode of rotavirus gastro-
enteritis ranges from US$ 467 to US$
1117 (22). In Asia, the average direct
medical cost (adjusted to US$ 2009)
ranged from US$ 20 per child in Viet
Nam to US$ 2142 per child in Hong
Kong (23), and in Europe it ranged
from €1217 (US$ 826) in the United
Kingdom to €1515 (US$ 1028) in
Sweden (24). In this study, the average
direct medical cost per rotavirus G
admission was 433 TD (US$ 274).
The share of health care in Tunisia
that is financed out-of-pocket varies

Table 3 Total cost of care for acute gastroenteritis rotavirus-positive infection
among children aged less than 5 years old (n = 65) hospitalized in the central-east

of Tunisia

Cost variables Mean (SD) cost (TD)

Bed

Laboratory tests
Radiology
Medication
Total

149 (95)
243 (62)
20 (13)
16 (1)
433 (134)

!Tunisian dinar (TD) = US$ 0.652 at the time of analysis.
SD =standard deviation.

depending on whether the patient has
health insurance. Households with
no health insurance have to pay the
total amount, which represents 75%
of the average monthly income of
Tunisian citizens [estimated as US$
375 (25)] and 400% of their monthly
expenditure on health [estimated as
US$ 68.5 (26)]. In Tunisia, treating a
hospitalized rotavirus-positive acute
gastroenteritis case would cost 3 times
the price of the vaccine, which is 150
TD for both doses of Rotarix.

Non-medical direct costs, which
include transportation, nutrition, extra
diapers and other expenses, and indirect
costs, which include caregivers’ produc-
tivity lost due to a child’s hospitalization,
were not included in this study, and it is
therefore an underestimate of the real
cost. In fact, according to a prospective
study conducted in eastern China, the
direct medical cost of rotavirus care was
estimated at US$ 460, while non-direct
medical costs and indirect costs were
estimated at US$ 224, increasing the
total cost by 50% (27). Another limita-
tion is that this study did not include
costs associated with rotavirus diarrheal
episodes for children cared for at home.
Considering these costs would increase
the economic burden of rotavirus in-
fection and further highlight the need
of rotavirus vaccines as an important
measure to reduce the morbidity and
economic burden that rotavirus diar-
rhoea places on affected families and on
the government.
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The use of rotavirus vaccine needs
to be part of a comprehensive strat-
egy to control diarrheal diseases, This
strategy should include, among other
interventions, improvements in hygiene
and sanitation, providing safe drink-
ing water, promoting breastfeeding,
community-based administration of
oral rehydration solution and overall

improvements in case management
(18).

In conclusion, the economic burden
of rotavirus gastroenteritis seems to be
major in Tunisia, where a safe and ef-
fective vaccine is available but has not
yet been introduced to immunization
schedules. In this context, cost—effec-
tiveness studies would be helpful to

inform policy-makers to take appropri-
ate decisions.
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