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ABSTRACT

Rotavirus (RV) is the most common cause of severe gastroenteritis (GE) in infants and young children
worldwide and is associated with a significant clinical and economic burden. The objective of this study
was to analyze the characteristics, healthcare resource utilization and the direct medical costs related to
RVGE hospitalizations in Spain. An observational, multicenter, cross-sectional study was conducted from
June 2013 to May 2018 at the pediatric departments of 12 hospitals from different Spanish regions.
Children under 5 years of age admitted to the hospital with a confirmed diagnosis of RVGE were selected.
Data on clinical characteristics, healthcare resource use and costs were collected from patient records and
hospital databases. Most children hospitalized for RVGE did not have any previous medical condition or
chronic disease. Forty-seven percent had previously visited the Emergency Room (ER), 27% had visited
a primary care pediatrician, and 15% had received pharmacological treatment prior to hospital admission
due to an RVGE episode. The average length of a hospital stay for RVGE was 5.6 days, and the mean
medical costs of RVGE hospitalizations per episode ranged from 3,940€ to 4,100€. The highest direct
medical cost was due to the hospital stay. This study showed a high burden of health resource utilization
and costs related to the management of cases of RVGE requiring hospitalization. RV vaccination with high
coverage rates should be considered to minimize the clinical and economic impacts of this disease on the
health-care system.
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Introduction recommendations and fully paid by parents, reaching an

intermediate vaccination coverage rate with significant
differences among regions. It has been shown that, in
this context of suboptimal vaccination, the burden of
hospitalization due to RVGE in Spain is still relevant'’
and, therefore, may lead to a substantial economic impact
to the healthcare system.

Previous studies have estimated the use of health-care
resources and costs related to the hospital management of
RVGE disease in Spain. Most of them by using hospital
administrative databases that have been found to under-

RV vaccines have demonstrated to be highly effective, estimate the actual hospital admission incidence, likely due
achieving 60% to 90% reductions in outpatient visits, to the selected hospital discharge codification.''”"?
emergency room (ER) visits, and hospitalizations due to Furthermore, estimation of the use of medical resources
severe AGE in children in many Western European and related costs might be hampered by the limited data
countries.>”” In Spain, Rotavirus vaccines, RotaTeq®, available in those databases.'"'*'* The aim of this study
(MSD)® and Rotarix®, (GSK),” have been available since was to describe the clinical characteristics and healthcare
2006, but are not included in the National Immunization resource utilization of children under 5years of age hospi-
Program. They are used under pediatricians’ talized due to RVGE in Spain and perform a medical costs

Rotavirus (RV) remains one of the leading causes of severe
diarrhea requiring hospitalization in children worldwide."
A recent systematic review and meta-analysis, performed in
highly developed countries, estimated an average propor-
tion of cases of acute gastroenteritis (AGE) caused by RV of
41% (IC95%, 36-47%) at the hospital level and of 29%
(IC95%, 25-34%) for nosocomial infections, leading to
a considerable number of hospitalizations every year.’
This use of direct health-care resources places relevant
economic burden to the health-care system and society.’

CONTACT Maria San-Martin @ maria.san.martin@merck.com e Medical Affairs Department, MSD, C/Josefa Valcarcel, 38, Madrid 28027, Spain.

@ Supplemental data for this article can be accessed on the publisher’s website at https://doi.org/10.1080/21645515.2022.2046961.

© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.


https://doi.org/10.1080/21645515.2022.2046961
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2022.2046961&domain=pdf&date_stamp=2022-05-20

€2046961-2 (&) J. ARISTEGUI ET AL.

analysis using different sources of information that may
provide wide and complete data related to RVGE
hospitalizations.

Materials and methods
Study design

This was an observational, multicenter, cross-sectional study
conducted at the pediatric departments of Spanish hospitals
from different regions.

Hospitals that systematically performed microbiological
tests to confirm the etiology to all children <5 years admitted
due to AGE and which have electronic records in the
Microbiology and Pediatric Departments were considered for
selection. The analyzed data corresponded to a 5-year period
(from June 2013 to May 2018).

This study was designed, conducted and reported in accor-
dance with the Guidelines for Good Pharmacoepidemiology
Practices of  the International Society for
Pharmacoepidemiology.'> The study was reviewed and
approved by the Euskadi Independent Ethics Committee for
Research with Medicines (CEIC-E).

Study population

All children under 5years of age hospitalized with
a diagnosis of RVGE during the 5-year period were con-
sidered for the study. Selection criteria included: age <5
years; admitted to the hospital (at least 24 h of stay); RVGE
confirmation through a microbiological laboratory test; and
with available patients’ medical charts including the neces-
sary data for study objectives analyses (clinical, diagnostic
and treatment-related data).

Data collection

The pediatric population (<14 years of age) of the catchment
area of each hospital was collected from the hospital adminis-
trative database to estimate the population covered by the
participating hospitals. Data of population assigned to
a specific hospital is divided into pediatric and adult popula-
tion, but not disaggregated by age groups.

The Microbiology Department databases of each parti-
cipating hospital were reviewed to identify all hospitaliza-
tions with a RVGE confirmed diagnosis in children <5
years during the study period. The type of test used for
microbiological determination by each hospital was also
collected.

Hospital medical records of children included in the
analysis were reviewed to collect information on the type
of RVGE (community acquired or nosocomial), their epi-
demiological and clinical characteristics and use of health-
care resources. Nosocomial RVGE was defined as children
<5years of age hospitalized with symptoms of RV infec-
tion and laboratory confirmation appearing from 48
h after admission in hospital to 72 h after hospital
discharge.'®

Variables collected from the patients’ medical records
included sociodemographic data (age, gender, nationality);
previous medical history and epidemiological data (prema-
turity, previous medical conditions, type of lactation, atten-
dance to daycare, family members with similar symptoms);
hospitalization data (admission and discharge dates), clin-
ical characteristics of the episode (presence and duration of
symptoms, complications during hospitalization, hospitali-
zations outcome); diagnostic test, pharmacological treat-
ment and hygienic-dietary measures for the management
of the RVGE. Also, the utilized medical resources prior to
hospital admission (primary care and ER visits and treat-
ments) noted in the medical records of patients and read-
missions due to the same RVGE episode were collected. All
study data were reviewed and recorded in an electronic case
report form by the investigators.

In the case of nosocomial RV infections, classification
was verified by investigators according to case definitions
and only resource consumption related to the manage-
ment of the RVGE, according to the investigator criteria,
were collected. In those patients presenting dehydration,
categorization of the severity was performed by the inves-
tigators based on the information in the medical record.

To assess direct medical costs related to health care
resource utilization, the unit costs were obtained from the
cost accounting of each hospital. In case the unit cost
information for a given resource was not available from
the hospital databases, Oblikue e.Salud database was used as
source. Oblikue database collects Spanish unit costs
obtained from more than 300 data sources retrieved from
published articles, official health services tariffs of the
Autonomous Communities, and discharge records from
the National Health System hospitals.'”

Statistical analysis

For the description of the clinical characteristics and use
of health-care recourses of the RVGE hospitalizations,
a sample size of 969 patients was estimated to allow the
detection of a patient profile with the characteristics pre-
sent in 8% of the studied population with a precision of
+1.8% percentage units and a two-sided alpha risk with p
=.05 (type I error). Based on the Orrico-Sanchez et al.
study,'® the proportion of RVGE cases among all hospita-
lizations in children <5 years of age during the postvaccine
introduction period was 1.9%. The study was performed in
20 hospitals from the Autonomous Community of
Valencia over a 7-year period, representing approximately
20 RVGE hospitalizations per hospital and year.
Therefore, by selecting a convenience sample of 12 hospi-
tals would provide a total of 1,200 hospitalizations due to
RVGE during the 5-year period with a precision of .79%
and a level of confidence of 95%. Subsequently, according
to our sample size calculation, a study sample of approxi-
mately 1,000 cases was selected by a simple random sam-
pling per hospital among the total sample of children
hospitalized due to RVGE in the participating hospitals
during the study period.



For the clinical characteristics and resource consump-
tion descriptive analysis, absolute and relative frequency
distributions for the qualitative variables and the mean
and standard deviation (SD) for quantitative variables are
presented. For each variable, percentages were calculated
using as denominator the number of subjects for which
data on that variable was reported by investigators in the
study electronic case report.

The direct medical costs of hospitalization for RVGE
were calculated as the sum of the costs of the hospital
stay, diagnostic tests, pharmacological treatment and hygie-
nic-dietary measures. Additionally, the total medical costs
per RVGE episode, defined as the direct medical cost of
hospitalization for RVGE and the cost derived from ER
visits, out-of-hospital visits, treatment prior to hospitaliza-
tions and the length of readmissions were calculated.
Hospital length of stay for community-acquired RVGE epi-
sodes was calculated as follows: hospital discharge date
minus the date hospital admission plus 1; and, in cases of
nosocomial RVGE episodes as: date of hospital discharge
minus the date of microbiological diagnosis of RVGE plus
1. The unit costs related to the use of resources were
calculated as the average unit costs obtained from the cost
accounting of each hospital. If not available (hygienic-
dietary measures and special diets), it was obtained from
the Oblikue-e.Salud database. Unit costs of pharmacologic
treatments were obtained from the database of the General
Council of the official Colleges of Pharmacists.'” Tests/
treatment for which no available unit cost was identified
or for which the duration was not recorded were not
included in the cost analysis. The costs were quantified by
multiplying the registered natural units of the use of health-
care resources by the unit costs obtained for each resource.
All costs were expressed in euros and corrected according
to the consumer index price for 2019. The costs were
estimated for each case, per hospital and year during the
study period.

All statistical analyses were performed using the statis-
tical program Statistical Package SAS version 9.4. A level
of statistical significance of .05 was applied to all statistical
tests.

Results

Twelve hospitals from 11 provinces throughout the coun-
try were included in the study. Average aggregated pedia-
tric population (<14 years of age) of the catchment area of
hospitals during the study period, from June 2013 to
May 2018, was 792,739 children. This figure represents
an 11% of the total Spanish population <14 years accord-
ing to the census data for the same period.*’

During the study period, 1,731 RVGE hospitalizations in
children <5years were collected from the microbiology
department databases of the study hospitals. Of those,
a random sample of 1,002 admissions were selected and
included in the clinical characteristics descriptive analysis.
For the cost estimations, the episodes for which there were
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Table 1. Epidemiological characteristics of RVGE episodes hospitalized in children
<5 years of age.

N subjects/
Epidemiological Characteristics Total sample  Percentage
Previous conditions
Prematurity 131/981 13.4%
<32 weeks 46/130 35.4%
<37 weeks 84/130 64.6%
Low birth weight 98/970 10.1%
<2,5009 66/97 68.0%
<1,500 g 31/97 32.0%
Malabsorption syndrome 12/994 1.2%
Gastroesophageal Reflux Disease 18/992 1.8%
Chronic disease 193/1.001 19.3%
Pneumopathy 41/193 21.2%
Gastrointestinal disorders 36/193 18.7%
Cardiopathy 32/193 16.6%
Encephalopathy 28/193 14.5%
Nephropathy 25/193 13.0%
Failure to thrive 16/193 8.3%
Endocrine/Metabolic disorders 16/193 8.3%
Chromosome disorders 13/193 6.7%
Others 48/193 24.9%
Type of feeding at hospital admission time
Nursing children 456/750 60.8%
Breastfeeding 119/456 26.1%
Formula 253/456 55.5%
Mixed 84/456 18.4%
Day care or school attendance 147/544 27.0%
Household contacts with similar symptoms 153/719 21.3%

N subjects: number of subjects presenting the condition or characteristic; Total
sample: number of subjects for which the information was available.

data available in the study sources on the health-care
resources considered for the analysis and their correspond-
ing costs were selected (N =994).

Epidemiological and clinical characteristics of
hospitalizations

The mean age of cases was 13.70 (SD £ 11.71) months, and
59.1% (592/1,002) were boys. Ninety percent (740/821) of
children and 75.9% (1,091/1,438) of parents had Spanish
nationality and 70.6% (707/1,002) of RVGE hospitalizations
occurred between January and April.

Among all RVGE hospitalizations, prematurity and low
birth weight were reported in 13.4% and 10.1% of cases,
respectively, and in 19.3% of patients, a chronic disease was
informed (Table 1). Sixty-one percent of patients were nursing
children, 26.1% of whom were breastfed (Table 1). Among
other epidemiological characteristics of interest, 27.0% of
patients were attending a daycare center or school at the time
of admission, and 21.3% were confirmed to have household
contacts with similar symptomatology (Table 1), with an aver-
age of 1.34 (SD £ .74) contacts affected.

The most commonly reported symptoms of RVGE were
diarrhea (94.4%; 940/996), vomiting (64.6%; 636/985), and
fever (55.8%; 547/981), with mean durations of 2.97 (SD =+
1.63), 2.16 (SD *+1.12), and 2.11 (SD + 2.25) days, respectively.
The mean number of episodes per day was 7.1 (SD + 4.26) for
diarrhea and 5.4 (SD + 4.48) for vomiting. Abdominal pain was
reported in 11.5% (75/649), and other symptoms in 21.1% (201/
952) of cases.
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Figure 1. Frequency of complications reported in RVGE hospitalization episodes in children <5 years of age.

Dehydration was the most frequent complication regis-
tered (48.5%;484/997), followed by electrolyte disorders
(38.3%;380/991). The severity of dehydration is described
in Figure 1. Almost all children with dehydration
(98.8%;478/484) received, at the time of admission, an
intravenous rehydration bolus. Seizures were reported in
5.0% of subjects (50/999) (Figure 1), with an average of
2.48 (SD +2.59) episodes per patient. ICU admission was
needed in 2.1% (21/1,000) of children for a mean time of
2.5 h (SD +1.29).

Among the total RVGE episodes, 16.5% (165/1,002) were
identified as nosocomial infections. Regarding hospitaliza-
tion outcome, of the total sample, 999 patients (99.7%)
were discharged, and 3 died. Two of the deaths were
reported as unrelated to the RVGE episode, and 1 was
possibly related. Finally, .9% of cases (9/995) had to be
readmitted following discharge due to a cause related to
their previous RVGE episode.

Use of resources prior to hospital admission

Forty-six point seven percent of the children (462/990)
attended the ER before the hospitalization with a mean of
1.48 (SD +.75) visits, and 27.4% (211/770) attended pri-
mary care pediatric office with a mean of 1.24 (SD *.61)
visits due to the RVGE episode. In addition, 15.4% (150/
973) of patients were prescribed a pharmacological treat-
ment before their hospital admission. The frequencies of
the medications and their respective treatment durations
are displayed in Table 2.

Use of resources during the hospitalization

The mean length of hospital stay due to RVGE was 5.59 (SD +
7.61) days, with a split of 5.54 (SD +7.56) days for hospital
inpatient stay and .05 (SD +.37) days for children admitted to
the ICU. Mean length of stay was 4.66 (SD +5.00) days in
community-acquired RVGE and 10.57 (SD + 14.32) days in
nosocomial infections.

Immunochromatography was the most widely used test for
the microbiological determination of RVGE during hospital
admission (Table 3). In 94.0% (935/995) of the RVGE episodes
for which this data was collected, other tests were performed to
determine the presence of other pathogens (Table 3). Globally,
66 RVGE hospital cases tested positive for coinfection, the most
frequent pathogen being adenovirus and bacteria (stool culture).

In 90.2% (901/999) of subjects, other diagnostic tests were
performed during hospital admission (accounting for a total of
2,138 diagnostic tests). The most frequently performed tests are
summarized in Table 3.

Of the 991 children hospitalized due to RVGE for which
information on pharmacological treatment was available,
306 (30.9%) received at least one treatment during hospi-
talization, mainly, antibiotics, antipyretics, and oral rehy-
dration solutions, with a mean treatment duration of 5.31
(SD£3.29), 1.90 (SD+1.28), and 1.98 (SD +1.34) days,
respectively (Table 2). Among the 20 subjects with
a positive stool culture for bacteria (Table 3), only 6
received antibiotics. Additionally, among the dietary and
hygiene interventions during hospital admission, and
although dehydration was recorded in 484 of the children
hospitalized as mentioned above, intravenous fluid



Table 2. Pharmacological and therapeutic interventions for the RVGE episodes
before and during hospitalization.

N subjects/

Total Mean Duration
sample Percentage (SD)
Pharmacological treatments
Prior to hospitalization 150/973 15.4%
Analgesics 3/150 2.0% 2.00 (1.00) d
Antipyretics 49/150 32.7% 244 (1.54) d
Antidiarrheal/antisecretory 2/150 1.3% —_
agents
Antiemetics 24/150 16.0% 1.68 (.75) d
Antibiotics 23/150 15.3% 2.87 (2.03) d
Oral rehydration solutions 71/150 47.3% 242 (1.19) d
Probiotics 6/150 4.0% 4,60 (5.86) d
Other 27/150 18.0% 46.13 (103.10) d
During hospitalization 306*/991 30.9%
Antibiotics 133/306 43.5% 531(3.29)d
Antipyretics 117/306 38.2% 1.90 (1.28) d
Oral rehydration solutions 89/306 29.1% 1.98 (1.34) d
Antiemetics 46/306 15.0% 3.03 (7.55) d
Analgesics 27/306 8.8% 2.44 (1.46) d
Gastric protectors 18/306 5.9% 9.91 (12.53) d
Vitamins and iron supplements 18/306 5.9% 16.78 (15.78) d
Respiratory drugs 16/306 5.2% 5.42 (3.70) d
Corticosteroids 14/306 4.6% 6.89 (3.76) d
Anticonvulsants 7/306 2.3% 2.00 (1.73) d
Benzodiazepines 6/306 2.0% 1.00 (.00) d
Probiotics 5/306 1.6% 4,67 (3.06) d
Diuretics 4/306 1.3% 20.00 () d
ACE inhibitors 4/306 1.3%
Antihypertensive agents 3/306 1.0% —_
Amino acids and derivatives 3/306 1.0% 19.00 () d
Antidiarrheal/antisecretory 2/306 0.7% 10.00(.) d
agents
Other 22/306 7.2% 842 (9.45)d
Dietary and hygiene measures
during hospitalization
IV fluid replacement 785/988 79.5% 33.31 (34.67) h
IV bicarbonate 40/997 4.0% 0.59 (7.02) h
Special diets 56/996 5.6%
Lactose-free milk 25/56 44.6% 0.03 (42) d
Casein hydrolysate 16/56 28.6% 0.06 (.61) d
Whey protein hydrolysate 4/56 7.1% 0.01(11)d
Hydrolyzed other 4/56 7.1% 0.00 (.10) d
Parenteral nutrition 9/56 16.1% 0.03 (.39) d
Nasogastric tube feeding 22/994 2.2% 0.06 (.98) d

(N =994)

N subjects: number of subjects with a treatment; Total sample: number of subjects
for which the information was available; **306 RVGE episodes with a total of
534 pharmacologic treatments.

SD = Standard deviation; ACE inhibitors = angiotensin-converting enzyme inhibi-
tors; IV = intravenous; h = hours; d = days.

replacement was administered in 79.5% (785/988) of the
RVGE episodes during hospitalization, with an average
duration of 33.31 (SD * 34.67) hours (Table 2).

Direct medical costs of hospitalization for RVGE

The average direct medical cost related to the RVGE hospita-
lization during the study period was €3,940.38 (SD =+
€5,248.85). The total average associated cost for RVGE epi-
sodes, including the costs of medical resources reported before,
during hospitalization and related to readmissions, was of
€4,100.11 (SD +€5,283.63) (Table 4). Among the direct medical
costs during hospitalization, the highest was due to hospital
stay with an average cost of €3,676.63 (SD +€5,013.00), fol-
lowed by hygienic dietary measures (€97.24; SD +€645.81).
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Prior to hospitalization, ER visits represented the highest cost
(Table 4). No differences were observed in the direct medical
costs across the study period. Direct medical costs in each of
the participating sites ranged from €3,163.47 (SD +€3,083.06)
to €5,843.24 (SD +€8,716.44) (Table S1).

Diagnostic tests and treatment for which a unit cost could
not be identified were excluded for the cost analysis. Those
represent a 2.2% and a 5.2% of the total diagnostic test and
treatments collected, respectively.

Discussion

The aim of this study was to describe the clinical charac-
teristics, use of health-care resources and costs of RVGE
hospitalizations in Spain by analyzing a wide sample of
patients from different centers and regions, and using dif-
ferent sources of information, that may expand and com-
plete the information previously available for Spain. Our
findings showed a significant health resource utilization and
costs related to the management of severe cases of RVGE
requiring hospital treatment in a country with intermediate
vaccination coverage rate. Results from a previous analysis
in the hospitals participating in this study, published
elsewhere,'® showed that the RVGE-related hospitalization
ratios were highly dependent on the vaccination coverage
rates, suggesting that the increase in the vaccination cover-
age rate would significantly impact the related healthcare
resource utilizations and costs.

The description of the characteristics of children hos-
pitalized with RVGE showed that most of them were
previously healthy, not reporting previous medical condi-
tions or chronic diseases, and that attendance to daycare
or school centers is not predominant, similarly to what
has been observed for RVGE cases managed at primary
care.”' * As expected, clinical characteristics were similar
to those reported in other studies"*>** with a high pre-
sence and intensity of symptoms, if we take into consid-
eration the duration and number of episodes per day of
diarrhea and vomiting, which are the potential cause of
the high frequency of dehydration among RVGE cases.”
In our sample almost half of children hospitalized
reported to present dehydration with a not negligible
proportion of cases suffering a severe presentation.
However, our study was not designed to evaluate the
rate of dehydration in RVGE, and the high proportion of
this complication could be biased, as dehydration may
have been the cause of admission in many of the children.
Also, it should be noted that, independently of the pro-
portion of dehydration observed in this study, almost 80%
of children hospitalized received IV rehydration treatment
during admission, in many cases, probably as a preventive
measure for reducing the risk of severe rehydration or
prolonged hospital stay. Seizures have been previously
described as a complication related to RVGE. The fre-
quency reported in our study (5%) is within the range of
what has been observed in other studies.**** Although
RV-related seizures are usually benign and self-limited,
they may lead to ER visits, additional diagnostic and
treatment measures and considerable stress for parents.*’
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Table 3. Diagnostic test performed for RVGE confirmation at admission and other tests during hospitalization.

N subjects/ N of tests
Diagnostic tests Total sample Percentage Mean (SD)
Test performed for microbiological diagnosis of RVGE 1.002/1.002 100%
Immunochromatography 930/1.002 92.8% 0.95 (.45)
ELISA 1/1.002 0.1% 0.00 (.03)
Stool culture 284/1.002 28.3% 0.30 (.52)
PCR 82/1.002 8.2% 0.09 (.31)
Other 8/1.002 0.8% 0.01 (.0)
Tests for detection of coinfection with other pathogens 935/995 94.0%
Adenovirus 858/935 91.8% _
Positive 28/858 3.3% _
Norovirus 131/935 14.0% _
Positive 2/131 1.5% —_—
Sapovirus 54/935 5.8% _
Positive 2/54 3.7% _
Coronavirus 2/935 2% _
Positive 0/2 0.0% —_—
Bocavirus 3/935 3% _
Positive 0/3 0.0% _
Bacteriae (stool culture) 670/935 71.7% _
Positive 20/670 3.0% —_—
Others 332/935 35.5% _
Positive 14/332 4.2% _
Other diagnostic tests 901%/999 90.2%
Blood tests 844/901 93.7%
Complete blood count 752/844 89.1% 1.22 (1.43)
Biochemistry 790/844 93.6% 1.61 (2.33)
Coagulation 47/884 5.6% 0.08 (.52)
Other 99/884 11.2% 0.25 (.64
Blood gases 673/901 74.7% 131 (1.78)
Abdominal ultrasound scan 41/901 4.6% 0.05 (.24)
Abdominal/plain X-rays 49/901 5.4% 0.09 (.73)
Ultrasound 26/901 2.9% 0.03 (.23)
CT scan 8/901 9% 0.01 (.09)
MRI 2/901 2% 0.00 (.04)
Urinalysis 99/901 11.0% 0.12 (.39)
Culture 344/901 38.2% 0.38 (.84)
ECG and EEG 28/901 3.1% 0.03 (.17)
ECG 10/28 35.7%
EEG 18/28 64.3%
Other tests 24/901 2.7% 0.02 (.19)

Notes: N subjects: number of subjects with a diagnostic test; Total sample: number of subjects for which the information was available.; *901

RVGE episodes with a total of 2,138 diagnostic tests performed.

ELISA = Enzyme-linked immunoassay; PCR = Polymerase Chain Reaction; CT scan = Computerized tomography scan; MIR = Magnetic
Resonance Imaging; ECG = Electrocardiogram; EEG = Electroencephalogram.

Overall, these clinical characteristics of the RVGE hospi-
talizations have implications in the need of health care
resources needed to manage these cases.

We found that almost half of the patients who were hospi-
talized due to an RVGE episode had attended the ER, and
approximately 30% had visited a primary care pediatrician on
more than one occasion before hospital admission. Altogether,
this suggests the significant impact of RVGE episodes on the
disease burden at different health-care levels. Anyway, only
approximately 15% of all RVGE cases received treatment
before admission, being these oral rehydration solutions in
47% of those cases. This represent a very low proportion of
oral rehydration prescriptions in primary care, although there
is consensus in the guidelines on the recommendation of oral
rehydration for the management of AGE in children, especially
in cases of mild-to-moderate dehydration.’*** Other authors
have previously stated that guidelines are not frequently fol-
lowed pointing out that, despite it is generally known among
pediatricians that oral rehydration should be given to prevent
invasive procedures or hospital admissions, it remains unclear
‘how’ and to ‘whom’, leading to a suboptimal adherence to
treatment.”

Among the health-care resources used during the hospi-
talization, it is important to highlight the long average
length of the hospital stay (5.6 days) observed. There is
a high variability in the length of stay reported in previous
studies, ranging from 2.5 to 6.5 days, approximately.'®>>*
Results from the study performed in the Autonomous
Community of Valencia including a long period of time
(2002-2015), showed the relationship of the average hospi-
tal stay with age, with children <2 years having an approxi-
mately 50% longer average length of stay than the older
groups,'® therefore, the age distributions in the different
studies may partly explain these differences. Mean age of
the subjects in our study was 13.7 months which is consis-
tent with a longer hospital stay. Our study also took into
consideration nosocomial infections, for whom length of
hospital stay is difficult to estimate and may overestimate
the days of admission related to the RV infection. We,
anyhow, used the date of the microbiological diagnosis
confirmation for the nosocomial infection as a reference
for its calculation, to minimize that potential overestima-
tion. Apart from the consequent high use of medical
resources and costs, we assume that this long hospital stay



Table 4. Direct Medical Costs (€) related to the RVGE episodes.
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2013-2014 2014-2015 2015-2016 2016-2017 2017-2018
Direct Medical Costs (€) Global (N=199) (N=226) (N=165) (N=222) (N=182) p-value’
During hospitalization
Hospital stay (Ward) 3,676.63 3,949.32 3,753.12 3,602.46 3,883.43 3098.48 0.7977
Mean (SD) (5,013.00) (5,920.96) (5,341.70) (5,365.19) (5,036.95) (2550.77)
Hospital stay (ICU) 62.11 27.27 126.08 41.12 73.34 26.09 0.4929
Mean (SD) (498.74) (271.36) (793.99) (315.16) (527.09) (250.77)
Microbiological diagnostic test 26.01 24.81 30.78 23.68 24.82 24.99 0.6793
Mean (SD) (45.17) (10.71) (92.58) (11.05) (11.93) (9.71)
Other diagnostic tests 76.74 68.68 80.18 77.46 73.54 84.51 0.3027
Mean (SD) (100.23) (82.76) (102.76) (79.43) (78.85) (144.99)
Pharmacologic treatments 1.65 1.29 2.07 2.68 1.02 1.35 0.4272
Mean (SD) (9.58) (4.19) (6.80) (20.51) (3.65) (5.31)
Hygienic-dietary measures 97.24 36.69 153.64 121.99 112.04 52.93 0.6960
Mean (SD) (645.81) (238.63) (827.24) (965.49) (586.08) (316.76)
Total direct hospitalization 3,940.38 4,108.07 4,145.86 3,869.38 4,168.19 3,288.36 0.8794
Mean (SD) (5,248.85) (5,955.87) (5,921.35) (5,556.53) (5,181.77) (2,723.54)
Prior to hospitalization
ER visits 103.34 103.70 102.21 97.07 103.67 110.85 09114
Mean (SD) (137.66) (140.91) (140.19) (129.77) (137.17) (139.59)
Outpatient visits 25.98 25.53 27.99 18.23 21.95 35.90 0.0089
Mean (SD) (58.93) (60.29) (64.31) (47.15) (55.39) (63.18)
Prior pharmacologic treatments 0.41 0.51 0.40 0.56 0.34 0.29 0.2794
Mean (SD) (1.64) (1.85) (1.57) (1.92) (1.60) (1.20)
After hospitalization
Rehospitalization length of stay 30.00 9.99 123.15 0.00 0.00 0.00
Mean (SD) (727.54) (140.92) (1,518.95) (.00) (.00) (.00) 0.1269
Total costs related with the RVGE episode 4,100.11 4,247.80 4,399.61 3,985.23 4,293.15 3,435.39 8323
Mean (SD) (5,283.63) (5,932.51) (6,100.49) (5,536.02) (5,171.30) (2,708.19)

SD: Standard deviation; ER: Emergency room; Each season includes data from June of the previous year to May of the next. 'Kruskal-Wallis t.

must have had an important impact on the number of
workdays lost by parents and caregivers, as well as other
indirect costs. In fact, it has been estimated that RVGE
hospitalizations of children cause work absenteeism in
nearly 70% of parents, with a mean number of days off
from work of 4, negatively impacting their quality of life.”

Only 31% of children received at least one pharmaco-
logical treatment during hospitalization, and, surprisingly,
of those, more than 40% (13,4% among the total number
of hospitalizations) were prescribed with antibiotics,
despite the low frequency of detected bacterial coinfection.
Anyway, even in the case of bacterial coinfection, antibio-
tics are not routinely used, being only indicated for very
specific cases, according to guidelines.” >>** This result
should be interpreted with caution due to retrospective
collection of data in our study and other studies to con-
firm the misuse of antibiotics in RVGE cases are war-
ranted. In this regard, a study performed in 8 European
countries including Spain, assessing the appropriateness of
antibiotic prescription in febrile children, showed that
one-third of all antibiotic prescriptions in ED were of
inappropriate or inconclusive indication.’® This may sug-
gest that prevention of infectious diseases may contribute
to an improvement in rational use of antimicrobial. The
use of vaccines, as has been stated in the Action
Framework recently released by the World Health
Organization, are already contributing to the battle against
antimicrobial resistance, mainly by reducing cases of
infections for which antibiotics were prescribed. In the
survey performed by GAVI to measure the vaccine impact
on antimicrobial resistance, vaccination strategies

targeting bacterial pathogens generally received higher
scores, but experts also attributed significant value to
some vaccines against viral pathogens, including rotavirus
vaccines.’”?®

The mean medical cost of RVGE hospitalizations per
episode estimated was 3,940€, increasing to 4,100€ when
out-of-hospital costs related to the episode were considered.
It is important to note that these last costs may be under-
estimated due to the retrospective collection of data based
in the hospital medical records of patients in which not all
medical visits and treatments occurring before hospitaliza-
tion may be recorded. As expected, more than 95% of that
cost was attributable to the hospital stay, as there is no
specific pharmacological treatment for RV infection."

Important variability in the average costs per RVGE
hospitalization from one participating hospital to another
was observed, ranging from €3,000 to €5,800, probably
due to differences in patient management protocols.
Other studies performed previously in Spain have also
reported variable results.'>”'**° Different factors may
explain these differences. First, the time periods analyzed
in the different studies and the increase in costs over time.
Second, in previous studies the costs were mainly esti-
mated by using the Diagnosis Related Groups for Disease
(DRG). According to the DRG reimbursement system,
patients belong to a group of diagnostically homogeneous
cases; therefore, patients within the same category are
similar clinically and are expected to use the same level
of hospital resources. There is no specific DRG for RV,
and a DRG including AGE and other miscellaneous diges-
tive disorders in age <18years was mainly used.'>'* As
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RV is known to cause more severe AGE than other patho-
gens that lack of a specific GRD for RVGE may be respon-
sible for an underestimation of RVGE hospitalization costs
when using the DRG cost assignation. Similar variability
in direct cost related to RVGE hospitalization was
observed in other European countries that may be
explained by the same factors described above. Studies
were mainly performed in periods prior to vaccine intro-
duction and used primarily the DRG system for hospital
costs estimation. Moreover, differences in health care sys-
tems and its utilization can limit comparisons between
countries.'®*

Our study only considered costs related to the most
severe presentation of disease. Although cases requiring
hospitalization represent a significant proportion of the
economic burden of disease, the number of cases is
much higher in primary care, and the indirect costs
assumed by families are not negligible. The study by
Bouzén-Alejandro et al.*' prospectively assessed indirect
costs related to RVGE in Spain, showing a mean cost per
case of 192.7€ (SD +219.8€). Therefore, additional
research contributing to the global economic impact of
disease estimation is warranted.

This study has several strengths. The participating hos-
pitals systematically performed microbiological testing to
all children <5years admitted due to RV to confirm the
etiology. Therefore, by using the Microbiology
Department records as source of information is less sub-
ject to underestimation than the use of hospital adminis-
trative databases. Additionally, we included a large sample
size from different hospitals and different regions and used
hospital medical records as source of information, allow-
ing us to obtain more detailed information on health care
resource use. Also, unit costs were obtained directly from
the hospital’s accountability. This use of different sources
to complete data, may have led to a more precises estima-
tion of use of medical resources and costs related to the
hospital management of RVGE cases.

Study limitations are mainly related to the retrospective
design. Some healthcare resources may have not been
recorded in the medical records of patient leading to an
underestimation of estimated costs. Also, for some tests
and treatment no unit costs were identified and were
excluded from the analysis, although these represented
a small proportion of the total tests and treatments col-
lected that may have contributed minimally to the overall
costs. A proportion of episodes in our sample were noso-
comial and/or reported having previous medical condi-
tions. It is known that RV infection may complicate the
course of patients with previous conditions especially
immunocompromising diseases.*> This may have an
impact on the severity and resource consumption analysis
(including antibiotic use). While we cannot exclude the
possibility of nosocomial transmission complicating the
course of disease and resulting in cost overestimation
due to RVGE, we have tried to minimize this bias by
only including costs related to the treatment of RVGE in
the estimations for nosocomial cases.

Conclusion

Health-care resource utilization associated with RVGE
hospitalization and the derived direct costs in Spanish
hospitals are high, representing a substantial economic
burden of RV severe cases requiring hospital management.
This fact reinforces the importance of RV vaccination with
high vaccination coverage rates for the minimization of
the clinical and economic impact of disease in the health-
care system. Other studies that may help to estimate the
global economic burden of disease related to RV infections
in Spain and the potential pharmacoeconomic impact of
preventive measures are granted.
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