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SUMMARY

Vaccination has reduced rotavirus hospitalizations by 25% in European regions with
low—moderate vaccine availability. We aimed to quantify the reduction in hospital costs after the
longest period in which Rotarix® and Rotateq® were simultaneously commercially available in
Spain. Cases, length of stay (LOS), and diagnosis-related groups (DRGs) were retrieved from the
Minimum Basic Data Set. Healthcare expenditure was estimated through the cost accounting
system Gescot™. DRGs were clustered: I, non-bacterial gastroenteritis with complications; 11,
without complications; 111, requiring surgicallother procedures or neonatal cases (highest DRG
weights). Comparisons between pre (2003-2005)- and post-vaccine (2007-2009) hospital stays and
costs by DRG group were made. Rotaviruses were the most common agents of specific-coded
gastroenteritis (N = 1657/5012). LOS and extended LOS of rotaviruses fell significantly in
2007-2009 (S-coefficient = —0-43, 95% confidence intervals (95% CI) —0-68 to —0-17; and odds
ratio 0-62, 95% CI 0-50-0-76, respectively). Overall, costs attributable to rotavirus
hospitalizations fell approximately €244 per patient (95% CI —365 to —123); the decrease in
DRG group III was €2269 per patient (95% CI —4098 to —380). We concluded modest savings
in hospital costs, largely attributable to cases with higher DRG weights, and a faster recovery. A
universal rotavirus vaccination program deserves being re-evaluated, regarding its potential high
impact on both at-risk children and societal costs.
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INTRODUCTION Europe [5, 6]. In Europe as a whole, the median length
of stay (LOS) for rotavirus hospitalizations is 4:8 days
(range 2-9-5) [1, 7], 1-4 days longer than the average
stay in North America [8]. Moreover, hospitalization
charges for rotavirus among European children ranges
from €1417-44 to 2263-79 per admission [9, 10]. For
example, the average LOS in Spain is 47 days [stand-
* Author for correspondence: O. Redondo-Gonzalez, MD, ard deviation (s.p.) 49 days], at an average cost of
Research Support Unit, La Mancha Centro General Hospital, €1580-33 per admission, which translates to approxi-
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Rotavirus is the most frequently identified agent of
infectious acute gastroenteritis (AGE) in unvaccinated
children under 5 years of age [1-4]. It is associated
with significant morbidity and cost across Western
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out by the Spanish National Health System (SNHS) and
another €50 million in estimated societal costs [11].
Compared with healthy children, vulnerable children
with co-morbidities have, on average, 8 days greater
LOS and six times higher hospital costs (P < 0-001) [12].
Children aged 6 months and younger are also at increased
risk of prolonged LOS from rotavirus [13].

After implementing a rotavirus vaccination pro-
gram during the period between 2008 and 2009, the
reduction in costs associated with hospitalizations in
the USA reached US$ 242 million [14, 15]. Likewise,
subsidized vaccination programs in Europe led to an
annual decrease of 74% in the incidence rate of rota-
virus hospitalizations after such period, representing
a 73% annual reduction of direct costs [16, 17].
Mean gross cost savings after implementation of rota-
virus vaccination are expected to be €304 per avoided
case; and up to 59% of total savings would be due to
herd protection [18]. In Spain, the reduction of the
incidence of rotavirus hospitalizations during 2008—
2009 was 33-1% [19], similar to the 25-36% decrease
observed in other European regions with low-to-
moderate commercialization [20]. Moreover, nosoco-
mial acute rotavirus gastroenteritis (ARGE) decreased
by 37-1% after the period 2007-2009 [21]. This is consist-
ent with a low-to-moderate rotavirus vaccine coverage
in Spain ranging from 17% in 2007 to 38% in 2009 [4].

Diagnosis-related groups (DRGs) are indicators of
hospital resource consumption and performance.
Hospitalized cases classified as belonging to a particu-
lar DRG are characterized by a homogenous resource
consumption pattern, which involves both direct and
indirect hospital costs. Thus, cases within the same
DRG are medically and economically similar. DRGs
use was approved by the SNHS in 1997 [22]. Still,
scientific publications on costs analyses of DRGs in
infectious diseases in Europe are scarce despite their
growing importance for determining hospital reim-
bursement [23-28]. Specifically, a national estimate of
reduction in costs following the decrease in rotavirus
hospitalizations [4, 19] has not been estimated to date.

Our aim was to quantify the impact on hospital
LOS and costs after the longest time period in which
both Rotarix® and Rotateq® were commercially avail-
able in Spain.

METHODS
Design, setting, and data source

This is a retrospective cohort study of community-
acquired ARGE requiring hospital admission in
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Castile-La Mancha (CLM), Spain, from 1 January
2003 to 31 December 2009. CLM is a region with a
population of over 2 million inhabitants and 19 ter-
tiary referral hospitals. CLM have five major cities
(provinces): Guadalajara, Toledo, Ciudad Real,
Cuenca, and Albacete. Patients with ARGEs admitted
to one privately owned hospital and 12 referral hospitals
belonging to the Health Service of Castile-La Mancha
(SESCAM), were identified from the Minimum Basic
Data Set (MBDS), which uses the codes set forth in
the International Classification of Diseases, 9th revision,
Clinical Modification (ICD-9-CM).

Altogether, 23 006 case records were retrieved: bac-
terial or parasitic AGEs (001-007, and 008-0-008-5),
viral AGEs (008-:6-008-8), and AGEs of unknown eti-
ology: ‘undetermined cause’ (009-0-009-3), ‘unspecified
non-infectious AGE’ (558-9), or ‘diarrhea’ (787-91),
any of which entered into any of the primary or second-
ary diagnosis fields (SDFs) [4]. The Information and
Sanitary Statistics Service of the Counsel for Health
and Social Welfare in CLM provided us with the
MBDS, specifically including the corresponding
DRGs attributable to rotavirus. Weights and costs of
DRGs were obtained from the cost accounting system
Gescot™, run by the Economic Management Control
Office of the General Secretary of SESCAM.

Definition of variables

Specified AGEs were defined by the presence of a
specific ICD-9-CM code of bacterial, parasitic, or
viral AGE in the primary diagnosis field of the
MBDS, as well as by any of these codes in any SDFs
accompanied by a principal diagnosis code of unknown
etiology. In particular, rotaviruses (‘008-:61°) and the
other most commonly coded cause-specific AGEs
were recovered this way (Salmonella ‘003-0-003-9,
Campylobacter ‘008-43,” adenovirus ‘008-62’, and other
viral enteritis ‘008-8’). Non-specified (or non-typified)
AGEs were those with a primary diagnosis code of
unknown AGE and no specific code in their corre-
sponding SDFs [4].

LOS (in days) was estimated from the hospital
admission and discharge dates. Extended LOS was
defined ad hoc as any hospital stay over 3 days, as
that was the median LOS for rotaviruses in CLM dur-
ing the study period. Hospital readmission due to ‘the
same process’ was defined as any hospitalization of
the same patient twice in a 1-month period.

Medical costs were estimated as mean costs per
DRG for each hospital and year of admission, in
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accordance with the Spanish norms that were opera-
tive throughout the study period (All Patient-DRG
Groups, versions 18 and 23). These data are given in
Supplementary Table S1. For the purposes of descrip-
tion and analysis, DRGs were clustered in three main
groups: 1. Non-bacterial AGE with complications
(DRGs 813, 815); I1. Non-bacterial AGE without com-
plications (DRGs 777, 814, 816); and IIl. Highly
weighted DRGs: admissions requiring surgical or other
procedures as well as newborns requiring admission
(DRGs 156, 468, 551, 613, 627, 628). Additional infor-
mation on SESCAM’s casuistic and functional indices
can be found in Supplementary Table S2.

The 2007-2009 period was defined as the vaccine
triennium, as it was the introductory and the longest
time period in which both vaccines were commercially
available in Spain simultaneously. For comparison
purposes, the period between 2003 and 2005 was
defined as the pre-vaccine period. Because only
Rotarix® was made commercially available in Spain
starting in July, 2006, that year was considered to be
a transition period and was not included in our study.

Epidemiological factors, comorbidities and compli-
cations accompanying rotavirus-coded hospitaliza-
tions were retrieved from the SDFs and analyzed
elsewhere [29].

Statistical analysis

First, we categorized the total number of bed days cor-
responding to coded AGEs, both specific and non-
specific, throughout the study period by age groups
(<5 years or 5 years and up). For LOS, the mean
and the s.p. were used. For extended LOS, absolute
and relative frequencies were employed. For
intra-group age (<5 or =5, and total), comparisons
of LOS and extended LOS between the main types
of AGEs were calculated with the aid of the
Student’s 7 test and the »* test, respectively. Pre- and
post-vaccine LOS and extended LOS were described
also separated into the two age groups, given the
reported differences in prevalence of the different
pathogens causing AGE that exist according to age
[14]. Then, an adjusted analysis by age both of LOS
and extended LOS was carried out for the most com-
monly coded community-acquired infectious AGEs
requiring hospitalization (apart from rotaviruses)
between the pre- and post-vaccine periods.
Afterwards, two estimate model approaches were
specifically built for the stays of rotavirus-coded hos-
pitalizations, simultancously adjusting for those
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confounding or interacting (modifying) features that
were identified in a previous stratified analysis of
LOS and extended LOS between both 3-year periods:
a multivariate linear regression analysis for LOS and a
multivariate logistic regression analysis for extended
LOS.

To quantify the magnitude of the association both
for adjusted analysis by age of the most commonly
coded AGEs and for multivariate regression analysis,
we estimated the S-regression coefficient in the case of
LOS and the odds ratio (OR) for extended LOS, both
with their 95% confidence intervals (95% CI).

Additionally, a disaggregated analysis was made to
explore the potential effect of vaccination on the
decrease in LOS, both for hospitalized patients with
rotavirus who presented comorbidities (perinatal pro-
blems, weight-height disorders, or co-infections), and
for the most severe cases that needed intravenous
rehydration.

Finally, analysis of the costs associated with DRGs
attributable to rotavirus-coded hospitalizations in
2007-2009 were compared with those in 2003-2005.
Prior to this, we corrected the annual average costs
represented by each DRG in accordance with the
Consumer Price Index for each year, obtained from
an online application of the Spanish National
Institute of Statistics. For each DRG group in each
3-year period, quality variables (readmission rates)
and efficacy variables (mean hospital stay and
DRG-based costs) were calculated. Pre—post compar-
isons of costs and stays by DRG group were analyzed
with the independent Student’s ¢ test; the y° test was
used to compare readmission rates.

All analyses were performed using Stata 12
Statistical Software (StataCorp LP, TX); the level of
significance (P) was assigned to values <0-05.

Ethics

The Ethical Review Board of the Service of Information
and Sanitary Statistics of the Counseling of Health and
Social Welfare in CLM approved this study.

RESULTS

A total of 17415 AGEs were recovered throughout
the study period; 5012 (29%) were coded as cause-
specific. The most frequently coded agents were rota-
virus (N =1657; 33%), Salmonella spp. (N=1581;
32%), undefined viral agents (N=446; 9%),
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Campylobacter (N =337; 7%), and adenovirus (N =
120; 2%).

Between 2003 and 2009, the average stay for
ARGEs requiring hospitalization in children under 5
year was 3-79 + 4-04 days; 45% of these ARGEs had
an extended LOS (Table 1). Figure 1 shows the
mean distribution of LOS further broken down into
different ages. In the case of rotavirus, the longest
average hospital stay was found in children under
the age of 7 months (4-51 days, 95% CI 4-17-4-85).
In the case of other specified AGEs as well as non-
specified AGEs, the longest mean LOS was for chil-
dren >10 years (6:76 days, 95% CI 6-40-7-06 and
4-96 days, 95% CI 4-81-5-11, respectively). The
mean LOS of patients with perinatal problems
affected by ARGE was 3:34 days greater than for
those without (95% CI 2-54-4-14, P <0-0001).
Similarly, LOS of patients with weight-height devel-
opmental disorders or with at least one concomitant
infection in addition to ARGE was 1:12 and 1-00
days greater than for those without these additional
problems (95% CI 0-49-1-74, P =0-0005) and (95%
CI 0-70-1-29, P <0-0001), respectively.

Figure 2 represents annual distribution of LOS and
extended LOS for the main groups of gastroenteritis
overall, according to their codification: a general
downward trend of LOS during the vaccine period
can be observed in all cases, even in non-specified
AGEs. However, as shown in Table 2, a significant
decline in the mean LOS was only found for rotavirus
(p-coef. = —0-43, 95% CI —-0-68 to —0-17) and
Campylobacter (—1-35, 95% CI —2-39 to —0-30).
Unlike rotaviruses, LOS of hospitalizations due to
Campylobacter was 4-22 days longer in patients =5
years (95% CI 3-15-5-28, P <0-0001). With respect
to other non-specified AGEs, LOS experienced a
non-significant decrease in children <5 years
(—=0-07, 95% CI —0-43 to 0-28, P=0-693) during
the vaccine period, but increased in children =5
years of age (0-44; 95% CI 0-17-0-70; P=0-001).
Extended LOS also decreased significantly in the
case of rotavirus (OR 0-62, 95% CI 0-50-0-76) and
Campylobacter (OR 0-32, 95% CI 0-19-0-55)
(Table 3). Again, the mean extended LOS for
Campylobacter was four times higher in patients
=5 year (95% CI 2-42-7-49, P<0-0001). During
the vaccine period, extended LOS for ‘other non-
specified AGEs’ decreased significantly in children
<5 year (OR 0-840; 95% CI 0-736-0-958, P=
0-010), but increased non-significantly in those =5
(OR 1:05; 95% CI 0-96-1-15, P=0-254).
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After a stratified analysis of decrease in LOS for
rotavirus hospitalizations, no interacting variables
were found, and only ‘provinces of residence’ turned
out to be a confounding variable in such decrease:
crude f-coef. = —0-42 (95% CI —0-68 to —0-17, P=
0-001); and adjusted fS-coef. by provinces of residence
=-0-39, (95% CI —064 to —0-14, P=0-002). The
consequent multivariate linear regression analysis
including ‘provinces of residence’ showed that the
decrease in LOS was only significant in Ciudad Real
province (f-coef.=—0-31, 95% CI —0-609 to
—0-140, P=0040) and Guadalajara province
(B-coef. = —099, 95% CI —1:56 to —043, P=
0-001). In the stratified analysis for extended LOS,
we did not find any variable that confounded or mod-
ified the decrease of extended LOS in the vaccination
period.

We found non-significant decrease in the LOS for
rotavirus hospitalizations with concomitant perinatal
problems (P =0-135) or weight-height disorders (P
=0-822) in 2007-2009; but there was a significant
decrease in LOS of ARGEs with at least one concomi-
tant infection (S-coef.=—0-66, 95% CI —1-25 to
—0-075, P=0-027) and in those requiring intravenous
rehydration (f-coef. = —1-37, 95% CI —2-56 to —0-17,
P =0-025).

Global costs attributable to rotavirus hospitaliza-
tions went down approximately €243-65 per patient
(95% CI —365-18 to —123-18, P =0-0001) during the
vaccine period, with a 1-5% decrease (95% CI —2-8
to —02%) in the readmission rate (P =0-0318)
(Table 4). A real decrease of €2268-83 per patient
was observed for more highly weighted DRGs (95%
CI —4097-87 to —379-76; P =0-0204), since the
mean cost for DRGs corresponding to groups I and
IT rose by €476:79 per patient in 2007-2009 (95% CI
40898 to 544-61; P <0-001). Besides, the average
decrease in LOS for DRGs owing to group III was
3:56 days (95% CI —5-28 to —1-84; P <0-0001).

DISCUSSION

After the 2007-2009 period with a mean vaccine
coverage of 34% in CLM (from 18% in 2007 to 44%
in 2009), we found a 14% decrease in the median
rate of rotavirus hospitalizations (95% CI 4-22) [4]
leading to a modest overall savings of €26071 for
SESCAM, which were largely attributable to a fall
in cases with higher DRG weights (representing nearly
€2300 per patient). While the overall mean LOS of
rotavirus hospitalizations fell by almost half a day (a
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Table 1. Comparison of LOS for all (specific and non-specific) coded AGEs in the 2003-2009 period by age groups
(Source: MBDS, Castile-La Mancha, Spain*)

Other specified Non-specified

LOS ARGE AGE:s AGE:s P-value
<5 year

N admissions (%) 1623 (98%) 1059 (32%) 4507 (36%)

Mean % s.p. 379+ 235 4-15+2-61 3+2:10 0-001

Range (0-31) (0-124) (0-57)

Median (IR) 3 (2-5) 4 (2-5) 324

Extended LOS N (%) 737 (45%) 536 (51%) 1321 (29%) 0-001
=5 year

N admissions (%) 34 (2%) 2296 (68%) 7895 (64%)

Mean % s.D. 379+ 4-04 676 £ 7-42 497+ 691 <0-0001

Range (0-23) (0-159) (0-357)

Median (IR) 324 5(3-8) 3 (2-6)

Extended LOS N (%) 11 (32%) 1543 (67%) 3822 (48%) <0-0001
Total

N admissions (%) 1657 (100%) 3355 (100%) 12403 (100%)

Mean £ s.p. 379 +2:40 521551 426 £574 <0-0001

Range (0-31) (0-159) (0-357)

Median (IR) 3 (2-5) 4 (3-6) 3(2-5)

Extended LOS N (%) 748 (45%) 2079 (62%) 5143 (41%) <0-0001

IR, interquartile range.

* The assumption of normality by age group for the three types of AGEs was confirmed with the aid of the Shapiro-Wilks test.
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Fig. 1. Distribution of means for LOS (in days) with their 95% CI, by age groups, for rotavirus and other specific and
non-specific coded AGEs. Period 2003-2009. Source: MBDS of CLM, Spain.

10% decrease); the mean LOS for the highest DRGs
fell by almost 4 days (an eightfold higher decrease).
Further, the decrease in LOS was 7% and 24% greater
for ARGEs accompanied by at least one concomitant
infection or requiring intravenous rehydration,
respectively; and extended LOS fell by 38%.

A prospective observational study conducted from
October 2008 to June 2009 covering the regions of
North-west Spain concluded that indirect societal
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costs due to ARGE in children up to 5 years old
(~192-7€ per family) were 1-74-fold higher compared
with AGEs of other etiologies [30]. Although the
aim of our work was not determining societal costs,
the projection of such value to the 709 hospital admis-
sions avoided during the vaccination period would
allow us to estimate an approximate additional saving
of €136 624; of which, €85364 would be due to
absenteeism.
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Fig. 2. Distribution of both the LOS in days (graph
above) and the percentage of extended LOS (graph
below), for all (specific and non-specific) coded AGEs by
year. Source: MBDS of CLM, Spain.

Extended LOS for non-specified AGEs decreased
significantly by 16% in children <5 year, many cases
of which could actually be attributed to rotavirus, as
some similarities were observed in their incidence
when they were categorized by age groups [4]. This
hypothesis concerning an under-codification of rota-
viruses was bolstered by the similarities observed in
the seasonality of ARGEs and non-typified AGEs
[4, 31]. In fact, it is a well-known fact that approxi-
mately 28% of ARGEs are underdiagnosed in the
MBDS [8]. In this respect, the LOS trend-line for non-
specified AGEs in Figure 2 seems very similar to that
of rotaviruses, particularly from 2007 onwards, with
the lines representing the percentages of extended
LOS for rotaviruses and those for non-specified
AGEs overlapping in this period. Additionally, the
median LOS for both ARGEs and non-specified
AGEs between 2003 and 2009 was the same (Table 1).

Diarrhea of undetermined etiology had already
been taken into account for analyzing in parallel
with rotavirus hospitalizations in Spain [19], but nei-
ther the impact in LOS nor the costs that could be
attributed to rotaviruses were calculated. We had pre-
viously estimated that 54% of the registries coded with
a principal diagnosis of AGE are non-typified in chil-
dren under 5 years of age, so it was worth analyzing
their behavior in relation to rotaviruses. Others have
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also emphasized that underestimation of ARGE hos-
pitalizations may be also due to the fact that estima-
tions are usually made using only the principal
diagnosis [32]; but we have only estimated 17 cases
with a primary diagnosis code of non-typified AGE
and a specific code of rotavirus in their corresponding
SDFs [4]. Anyway, poor classification of non-specified
gastroenteritis events (including rotavirus cases in this
group) can only lead to a dilution of the potential
impact of the rotavirus vaccine both in terms of
costs and stays (bias toward null value or non-
differential classification bias).

In this study we analyzed the decrease of stays apart
from that of costs because in SESCAM the price of
each DRG is not calculated by the cost attributable
to each patient individually, but by multiplying each
DRG weight by the ‘weight unit’ cost (or Hospital
Complexity Unit (HCU) cost) owing to the hospital-
ization ‘Homogeneous Functional Group’ (HFG) of
a department: HCU cost of a department = total
cost of the hospitalization HFG of the department/
total weight of the hospitalization HFG of the depart-
ment. The calculation of the total weight of the hospi-
talization HFG is made independently of the stays as
¥ (unit weight of each DRG X number of hospital dis-
charges with that DRGQG); as the hospitalization
department would maintain, with rare exceptions, a
full stay throughout the year for whatever reason of
admission. Therefore, according to this management
system, the average stay would not influence directly
the HCU cost of a department. Although LOS does
not directly influence the costs, the LOS decrease
would have an impact on social costs by reducing par-
ental absenteeism, while improving the efficiency of the
neonatal-pediatric department, allowing other patients
to be hospitalized and thus decreasing the waiting lists.

The decrease in LOS for ARGEs was only signifi-
cant in Ciudad Real and Guadalajara provinces.
The vaccination coverage of both were the largest
and the ones that increased the most during the trien-
nium of vaccination, together with Albacete, although
here the decrease in LOS did not become significant
(Supplementary Table S4). One reason why it did
not happen in Albacete could be a misclassification
in exposure variable (data provided by laboratories
come from distributed, but not administered vaccines,
so we do not know to what extent immunization sche-
dules were administered completely); and on the other
hand, that hospital stays depend on the own depart-
ment and/or intra-hospital bed management and its
consequent efficiency.
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Table 2. Adjusted analysis of LOS (in days) by age groups for the most common codified community-acquired infectious AGEs requiring hospitalization between
the pre (20032005 )- and post-vaccine (2007-2009) periods in CLM, Spain*

Pre-vaccine period (2003-2005)

Post-vaccine period (2007-2009)

P-value

Hospitalization days (N) All <5 years =5 years All <5 years >5 years
Rotavirus (N) 3077 3034 43 2368 2312 56

Mean * s.D., range 4-01 £2-64, 0-31 4-00+2-64, 0-31 3:91%2-70, 1-10  3-58 £2-16, 0-23 3-57+2:03,0-16 4-00 %568, 1-23

Age-adjusted f-coef.t (95% CI)  0-000 —0-43 (—0-68 to —0-17) 0-001
Salmonella spp (N) 5421 1218 4203 2690 545 2145

Mean * s.p., range 5-84+4-31,0-45 503+244,1-16 6:12+476,0-45 626+8-54 1-16 495+£2-73,1-20 670+ 9-73, 1-159

Age-adjusted S-coef.t (95% CI)  0-000 0-41 (—=0-27, 1-10) 0-233
Campylobacter (N) 815 414 401 720 224 496

Mean * s.D., range 5-74+4-38,0-24 4-27+2-59,0-17 891+563,0-24 518%525,0-38 3-25+2:00,0-12 7-09+6:61, 1-38

Age-adjusted f-coef.t (95% CI)  0-000 —1-35 (=239 to —0-30)* 0-012
Adenovirus (N) 112 111 1 186 186 0

Mean + s.p., range 3:39+2:54, 1-12  3:47+£2:54,1-12 - 321+1-:35,1-7 321+1:35,1-7 -

Age-adjusted S-coef.t (95% CI)  0-000 —0-262 (—1-075 to 0-551)* 0-524
Undefined viral enteritis® (N) 715 324 391 699 239 460

Mean * s.D., range 3-95+4-74,0-55 3-21+£2-33,0-16 4-89+6-54,1-55 376 £3-04, 0-21 295+ 1-56, 1-10  4-38 + 3-70, 0-21

Age-adjusted p-coef.t (95% CI)  0-000 —0-383 (—1-189 to 0-424) 0-352
Other AGEsY (N) 14137 950 13187 16322 950 15372

Mean £ s.p., range 4:22+4-620-123 310+ 1-94,0-18 493 £5-58,0-123  4-60 £ 6-90, 0-357 3-:03+2:48, 0-57 5-36 +8-22, 0-357

Age-adjusted S-coef.t (95% CI)  0-000 0-254 (0-043-0-466)* 0-019

* No significant interaction of ‘age group’ (= 5/<5 years) was found in the association between LOS and 3-year period in known AGEs (p-rotavirus = 0-595; p-salmonella =
0-404; p-campylobacter = 0-460; p-adenovirus = non-evaluatable; p-undefined viral enteritis = 0-762); but an interaction was found in the case of unknown AGEs (p-other

AGEs=0-025).

T p regression coefficient adjusted by age group (=5/<5 years), comparing LOS (in days) between post- and pre-vaccine periods.
1 Age was a confounding factor for the association between LOS and the two 3-year periods: LOS of Campylobacter (f-coef. 5 5;<5 = 4-22; 95% CI 3-15-5-28; P<0-0001); LOS
of adenovirus (f-coef. > 5/<s = non-evaluatable); LOS of other viral enteritis (f-coef.~ 5;<s = 1-91; 95% CI 0-35-10-54; P = 0-457).
§ Undefined viral enteritis: ICD-9-CM code ‘008-8’
9 Ninety-eight percent of other AGEs were coded as non-specified (or non-typified) AGEs in the MBDS.
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Table 3. Adjusted analysis (by age group ) of extended LOS for the most commonly coded community-acquired infectious AGE requiring hospitalization between

the pre (2003-2005 )- and post-vaccine (2007-2009) periods in CLM, Spain*

Pre-vaccine period (2003-2005)

Post-vaccine period (2007-2009)

P-value

Hospitalization episodes (N) All <5 years >5 years All <5 years >5 years (crude/adjusted)
Rotavirus (N) 769 758 (98-6%) 11 (1-4%) 662 648 (97-9%) 14 (2-1%)

0-3 days 379 (49-3%) 372 7 405 (61-2%) 394 11

>3 days (extended stay) 390 (50-7%) 386 4 257 (38-8%) 254 3

Age-adjusted ORT (95% CI) 1-00 0-62 (0-50-0-76) <0-0001
Salmonella spp (N) 929 242 (26:1%) 687 (74:9%) 430 110 (25:6%) 320 (74-4%)

0-3 days 251 (18-5%) 71 180 126 (9-:3%) 37 89

>3 days (extended stay) 678 (49-9%) 171 507 304 (22:4%) 73 231

Age-adjusted ORT (95% CI) 1-00 0-89 (0:69-1-15) 0-378
Campylobacter (N) 142 97 (68-3%) 45 (31-7%) 139 69 (49:6%) 70 (50-4%)

0-3 days 46 (16-4%) 41 5 71 (25:27%) 46 25

>3 days (extended stay) 96 (34:2%) 56 40 68 (24-20%) 23 45

Age-adjusted ORT (95% CT) 1-00 0-32 (0-19-0-55)* <0-0001
Adenovirus (N) 33 32 (96:97%) 1 (3-03%) 58 58 (100%) 0

0-3 days 24 (72-7%) 23 1 39 (67-24%) 39 0

>3 days (extended stay) 9 (27-3%) 9 0 19 (32-76%) 19 0

Age-adjusted ORT (95% CI) 1-00 1-25 (0-48-3-21) 0-650
Undefined viral enteritis§ (N) 180 101 (56-1%) 79 (43-9%) 188 81 (43-1%) 107 (56-9%)

0-3 days 108 (60%) 66 42 117 (62-2%) 59 58

>3 days (extended stay) 72 (40%) 35 37 71 (37-8%) 22 49

Age-adjusted ORT (95% CI) 1-00 0-86 (0-56-1-32) 0-488
Other AGEsY (N) 5586 2114 (37-8%) 3472 (62-2%) 5758 1823 (31:7%) 3935 (68-3%)

0-3 days 3218 (57:6%) 1434 1784 3272 (56-8%) 1304 1968

>3 days (extended stay) 2368 (42-4%) 680 1688 2486 (43-2%) 519 1967

Age-adjusted ORT (95% CI) 1-00 0-98 (0-91-1-06) 0-603

08L1
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N, number of hospital admissions (hospital episodes).

* No significant interaction of ‘age group’ (=5/<5 years) was found in the association between extended LOS and 3-year period in known AGEs (p-rotavirus = 0-772; p-sal-
monella = 0-684; p-campylobacter = 0-438; p-adenovirus = non-evaluatable; p-undefined viral enteritis = 0-403); but an interaction was found in the case of unknown AGEs
(p-other AGEs = 0-005).

1 OR adjusted by age group (= 5/<S5 years), comparing extended LOS (>3 days) between post- and pre-vaccine periods.

1 Age was a confounding factor for the association between extended LOS of Campylobacter and the two 3-year periods: OR - 5/<5 = 4+40; 95% CI 2-42-7-49; P <0-0001.
§ Undefined viral enteritis: ICD-9-CM code ‘008-8’.

Ninety-eight percent of other AGEs were coded as non-specified (or non-typified) AGEs in the MBDS.
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Table 4. Evaluation of change in mean LOS and costs attributable to hospital admissions caused by rotavirus in CLM, Spain (Sources: MBDS, 2003-2009; Cost
Accounting System Gescot®, Economic Management Control, General Secretary of the Health Service of Castile-La Mancha*)

Pre-vaccine period

Post-vaccine period Impact

Characteristics™* (2003-2005) N =769 (2007-2009) N = 662 (post—pre change, 95% CI) P-value
Group I (non-bacterial AGE with complications) N =145 (18:86%) N =160 (24:02%)
Mean stay, s.D. (days) 3:99+2-01 3-86+2-17 —0-13 (—=0-37 to 0-11) 0-0624
Readmission rate 3 (2:1%) 0 —2:1% (=5 to 0-9%) 0-2143
Mean cost per patient (€) 1428-72 £ 134-49 2061-77 £ 164-61 633-05 (599-24 to 666-86) <0-0001
Group II (non-bacterial AGE without complications) 777, 814, 816 N =604 (78:41%) N =481 (72:51%)
Mean stay (days) 3-81 £ 1-90 (2300/603)  3-35%1:76 (1608/480) —0-46 (—0-58 to —0-34) 0-0009
Readmission rate 12 (2:0%) 4 (0-8%) —1-2% (=27 to 0-4%) 0-1889
Mean cost per patient (€) 102578 £ 59-97 1346:31 £ 126:32 320-53 (21872 to 422-35) <0-0001
Group III (higher DRGs weights: requirements of 156, 468, 551, N =20 (2:73%) N=21(3-47%)
surgical/other procedures and/or neonatal cases)} 613, 627, 628
Mean stay (days) 9-95+9-55 639 £ 543 —3-56 (—5-28 to —1-84) <0-0001
Readmission rate 1 (4:8%) 0 —4-8% (—18-4 to 8-9%) 0-9633
Mean cost per patient (€) 4565-81 £3776-44 232698 + 1409-14 —2268-83 (—4097-87 to —379-76) 0-0204
Groups I, 1Ty IIT N =769 (100%) N =662 (100%)
Mean stay (days) 4-01 £2-64 3:58+2 —0-43 (—=0-67 to —0-19) 0-0005
Readmission rate 16 (2-:08%) 4 (0-:60%) —1-48% (—2-8 to —0-2%) 0-028
Mean cost per patient (€) 2155-30 = 1620 1911-12 £ 507-23 —243-65 (—365-18 to —123-18) 0-0001

* Groups have been defined according to individual DRG costs (Supplementary Table S3): I (1500-2200€); 11 (<1500€); III (>2200€).
1 Each of these GRDs represented a median cost for the entire study period that was over €2000 per hospital admission.
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DRGs are universally recognized tools used to opti-
mize Health Systems [22]. However, to date, we only
found two DRG-based studies in Spain, investigating
the cost-effectiveness for infectious diseases, both not
dealing with vaccines [23, 33]. According to a national
study, the introduction of universal vaccination with
RotaTeq® would not be cost-effective in Spain [34].
Notwithstanding, more research was needed on real
cost savings. We only observed a significant cost
decrease for more highly weighted DRGs accompan-
ied by a significant decline in LOS of almost four
days, despite the number of cases did not decrease
(Table 4). On the contrary, the major descent in the
number of hospitalizations occurred in group II,
with a significant decrease in LOS by half a day, but
with an increased cost. Regarding group I, the costs
increased, but the mean stay did not change.
Therefore, in the vaccination period, the less compli-
cated hospitalizations due to rotavirus (group II) fell
by 20% (from 604 to 481), at the cost of only an
11% increase (from 145 to 160) in hospitalizations of
ARGEs with complications (group I). If unit mean
costs owing to each I, II and III DRG groups had
not increased so much in 2007-2009, overall savings
we have estimated would have been even greater. It
seems that a probable lower efficiency in the context
of a greater complexity of the own hospitalization
units for rotavirus (pediatrics and neonatology) over
the years might have directly expanded the mean
costs estimations by DRG in 2007-2009. That is
because the increase in costs would have exceeded
the increase in complexity. The hypothesis of a higher
complexity in 2007-2009 is because the case mix (or
casuistic) index (CIX) from pediatric and neonatology
units of SESCAM indicates that the casuistry of the
analyzed series in the vaccine period (CIX 0-58) was
somewhat higher than that of the pre-vaccine period
(CIX 0-37) (Supplementary Table S2). The suppos-
ition of a probable lower efficiency is because the per-
formance or (functional) index of both 3-year periods
reveals that those units of SESCAM attended its
patients with an average mean stay similar to that of
Spain; despite of its complexity was significantly
lower than that of the SNHS (Supplementary
Table S2).

The selling price of Rotateq® for complete immun-
ization to the public in pharmacies at the end of the
study period was about €207, while the selling price
of the reference laboratory was €133-5. In Spain, there
is no option that the cost of vaccines not included in
the universal national immunization program will be

https://doi.org/10.1017/50950268817000620 Published online by Cambridge University Press

partially reimbursed by the Government. That is, the
rotavirus vaccination is fully self-financed by consu-
mers, which makes it difficult to acquire for families
facing economic difficulties. The selling price of
Rotateq®™ for complete immunization to the public in
pharmacies at the end of the study period was about
€207, while the selling price of the reference laboratory
was €133-5. Then, while savings of €26 071 due to the
decrease (by 107 cases) in rotavirus hospitalizations
during the 2007-2009 period was a consequence of
patients self-financing the vaccination at a cost of
€22 149(107*207) for them, the vaccination cost for
the SNHS would actually be lower, namely €14 285
(107*134). If the actual level of 34% coverage reached
in 2007-2009 had been provided by a public immuniza-
tion program at that lower per unit cost, the vaccine
would have been cost-effective because the expense of
the vaccination for the SNHS represents €11 786-05
less than the overall savings we have estimated.
Furthermore, a national immunization program would
let reach a higher coverage and so, get more sustained
saving over the time.

Long-term trends in Europe suggest an increase of
campylobacteriosis [35, 36]. We discovered a decrease
by 28% in children under 5 years of age, and LOS and
extended LOS for Campylobacter decreased signifi-
cantly by almost 1% days and by 68%, respectively.
One reason for this decrease could be simultaneous
co-infection with rotavirus. Although viruses are the
most commonly reported agents of gastrointestinal
co-infections accompanying rotavirus [37, 3§],
Campylobacter spp. is the most frequent cause of
enteropathogenic concomitant AGE for ARGEs, pre-
sent in up to 19% of cases [38]. While co-occurrence of
rotavirus and Campylobacter was coded in 5% of hos-
pitalizations in children under 5 years of age during
2003-2005, this co-infection was not present during
2007-2009. This would contribute to the decrease
observed in stays for campylobacteriosis during
2007-2009, as co-infections involve an increased
assistance during hospitalization [39]. Although very
little is known about the role of interaction between
pathogens in causing diarrhea, a recent study has
reported that the co-occurrence of rotavirus and
Campylobacter jejuni only occurs in symptomatic chil-
dren (P <0-0001) and that Salmonella usually does
co-occur with norovirus better than with rotavirus
[38].

Our study has some limitations. Although MBDS
was designed for financial management purposes, cer-
tain incremental change in health costs over time is


https://doi.org/10.1017/S0950268817000620

Impact of rotavirus vaccines in Spanish hospitals

presumed to be inevitable. Despite we took into con-
sideration the yearly Consumer Price Index, other fac-
tors influencing the incremental mean unit costs of
DRGs over the years may have contributed to an
underestimation of the real savings. The recognition
of the health workers’” Professional Career status
that began in 2006 is a good example, which of course
might have entailed an increase in the budget set to
health personnel salaries. We also commented above
a lower efficiency of pediatric and neonatology units,
which means incremental costs exceeding an incre-
mental complexity. Actually, there was an increase
in public health expenditure of SESCAM despite
the economic crisis that started in Spain in 2008
(Supplementary Fig. S1). There is also the possibility
of underestimation in the recruitment of cases from
the discharge database. The dependency of our esti-
mations on accuracy coding remains a problem
when comparing and interpreting trends in the five
provinces of CLM, even though the variable ‘pro-
vinces’ is a field always fulfilled in the MBDS. In
this sense, we found some differences in the decrease
in LOS and in the incidence rate by provinces [4], des-
pite we found no province-specific differences in vac-
cine coverage (P =0-599). Finally, it is well known
that the true burden of community-acquired rota-
viruses is generally misclassified when estimated in
hospital databases through ICD-9-CM [8], with a
maximum sensitivity of 47% [40]; albeit this underesti-
mation that is supposed to affect equally both periods
of comparison would not influence the estimation of
changes occurring between them.

The biggest strength is that this research constitutes
the first national study published using the DRG sys-
tem to evaluate cost savings after a period of vaccine
implementation. The 2007-2009 study period coin-
cided with the above mentioned economic crisis,
therefore some LOS descent findings may be expected
to be due to economic constrains, more than the
vaccines. But the decrease in rotavirus hospitalization
costs gives meaning to the trend to a lower LOS that only
became significant for rotavirus and Campylobacter (the
last, the most frequent cause of enteropathogenic con-
comitant AGE for ARGEs), which would reflect a modest
vaccine impact more than health policy changes or an
improvement in the AGE management.

In summary, the actual modest decrease in hospital
costs after the 3-year period of simultaneous Rotarix®
and Rotateq®™ availability in Spain was due to cases
with higher DRG weights; and the decrease in LOS
would represent a faster recovery of such complex
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cases or even of more moderate-to-mild cases hospita-
lized post-introduction. Alongside this, the conse-
quent savings in social costs according to previous
studies might have been even fivefold higher than hos-
pital savings; to which we would even have to add a
specific saving in social costs derived from a lower par-
ents’ absenteeism, as a consequence of the average
stay decrease in the vaccination period. Despite a uni-
versal rotavirus vaccination program has been dis-
carded in Spain for not being cost-effective overall,
the present study provides a first step toward
re-evaluating its implementation, regarding its poten-
tial high impact on both at-risk children and societal
costs.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be
found at https://doi.org/10.1017/S0950268817000620
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