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ABSTRACT

Introduction: Ecuador introduced routine
infant rotavirus (RV) vaccination in 2008 and
pneumococcal conjugate vaccination (PCV) in
2011 to manage disease and mortality in chil-
dren caused by gastroenteritis (GE) and by
pneumonia (PNE) and invasive pneumococcal
disease (IPD), respectively.

Methods: This retrospective ecological database
study described vaccination coverage as well as
the trends in incidence and mortality in the pre-
versus post-vaccination periods and used time-
trend analysis models to assess the impact of
vaccination.

Results: RV vaccination coverage of the second
dose was between 79-97% from 2008 to 2016.
GE incidence and mortality showed a declining
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trend before vaccination which continued in
the post-vaccination period. The model esti-
mated a statistically significant decrease of
72.4% for GE mortality and 51.2% for GE inci-
dence in the post-vaccination period. PCV vac-
cination coverage remained above 80% (second
dose) and 40% (third dose) after 2011. PNE
mortality showed a declining trend before vac-
cination and a continued decline after vacci-
nation, while PNE incidence was more variable
(sharp increase from 2005-2009 then decrease
and eventual stabilisation). The model esti-
mated a statistically significant decline of 41.1%
for PNE mortality and a stable PNE incidence in
the post- versus pre-vaccination period. IPD
incidence and mortality yearly data showed
large wvariability by year and low numbers,
making it difficult to discern a trend. The model
estimated a statistically significant reduction of
51.1% for IPD mortality and 31.5% for IPD
incidence in the post- versus pre-vaccination
period.

Conclusion: After the first 9 years of routine RV
vaccination and 6 years of routine PCV vacci-
nation in Ecuador, significant decreases in
incidence and mortality in children < S years of
age due to GE and pneumococcal disease have
been observed.
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Graphical Abstract:

Decreasing trends in gastroenteritis
and pneumococcal disease incidence
and mortality after universal
vaccination in children in Ecuador.
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GE: gastroenteritis; HRV: Human-attenuated rotavirus vaccine; IPD: invasive pneumococcal disease; NIP:
National Immunization Program; PCV: pneumococcal conjugate vaccine; PNE: pneumonia; RV: rotavirus. This
infographic represents the opinions of the authors. For a full list of declarations, including funding and author
disclosure statements, please see the full text online. ® The authors, CC-BY-NC 2021.

Ecuador: Incidence and mortality trends of acute
SEDSRARHIC gastroenteritis and pneumococcal disease in children following
/\ Adis uniyersal rotavirus and pneumococcal conjugate vaccination.
— Juliao P, Guzman-Holst A, Gupta V, Velez C, Rosales T, Torres C.

A\ Adis



Infect Dis Ther (2021) 10:2593-2610

2595

Keywords: Diarrhea; Ecuador; Incidence;
Infant mortality; Invasive pneumococcal
disease; Pneumonia; Rotavirus; Vaccination

Why carry out this study?

This study described the incidence and
mortality of gastroenteritis (GE) following
the first 9 years of universal rotavirus
vaccination, and of pneumonia (PNE) and
invasive pneumococcal disease (IPD)
following the first 6 years of universal
pneumococcal conjugate vaccination in
Ecuador

A time-trend analysis model estimated the
impact of vaccination

What was learned from the study?

GE mortality and incidence started to
decline before vaccination, and the model
estimated a significant decrease in the
post- compared with the pre-vaccination
period

PNE mortality started to decline before
vaccination, and the model estimated a
significant decrease post-vaccination,
while PNE incidence remained stable

IPD mortality and incidence varied year by
year before vaccination, post-vaccination;
the model estimated a significant decline
in both

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.15172752.

INTRODUCTION

Rotavirus (RV) infection is the leading cause of
severe diarrhea, which is still a main cause of
mortality worldwide in children < 5 years of
age [1, 2]. Before vaccination, nearly 40% of
childhood diarrheal deaths were due to RV,
primarily in developing countries [3, 4]. In Latin
America, RV accounted for 24% of gastroen-
teritis (GE) cases overall (31% in Ecuador) and
nearly 30% of hospitalized GE cases (33% in
Ecuador) between 1977 and 2009. During this
time, the annual GE mortality rate was 88.2 (93
in Ecuador) per 100,000 children < 5 years of
age [5]. In 2005, in Ecuador, GE was the first
cause of hospitalization in children (i.e., 11% of
all hospitalizations) and the seventh cause of
infant mortality (0.6/1000 births) [6].

RV is a common pathogen for which vacci-
nation is the most effective public health strat-
egy. Two effective RV vaccines with an
acceptable safety profile are currently licensed
in infants: Rotarix (GSK, Belgium) [7, 8], a two-
dose human attenuated vaccine (HRV), and
RotaTeq (MSD, USA), a three-dose bovine-hu-
man reassortant vaccine (BHRV) [9, 10]. Both
vaccines protect against major circulating RV
serotypes.

As the fourth Millennium Development Goal
is to reduce childhood mortality by two-thirds,
the World Health Organization (WHO) recom-
mends infant RV vaccination worldwide
[11, 12]. Several Latin American countries have
successfully implemented it since 2006 [11],
and Ecuador introduced HRV in the National
Immunization Program (NIP) at the end of 2007
[13] with 80% coverage in 2016 [14]. The pro-
portion of diarrhea due to RV post-vaccination
was estimated to have declined by 37% in 2012
(from 30 to 18.8%) [15] and by 46% (in
2011-2013) in a study in rural Ecuador [16].

Streptococcus pneumoniae infections are lead-
ing causes of community-acquired pneumonia
and invasive pneumococcal disease (IPD, e.g.,
meningitis and sepsis) in children < 5 years of
age, as well as less severe otitis media [17]. In
2000, there were over 14.5 million severe cases
and an estimated 826,000 child deaths world-
wide due to pneumococcal diseases,
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Fig. 1 Pre-vaccination, transition and post-vaccination
periods studied for RV and PCV. Figure shows the pre-
vaccination study periods, the transition periods when
universal rotavirus (RV) and pneumococcal conjugate
vaccination (PCV) were introduced into the NIP (Na-
tional Immunization Program) in Ecuador and the post-

representing around 11% of all deaths in this
age group [17]. In 2009, annual estimates for
the Latin America and Caribbean region pre-
dicted 18,000 deaths [18], over 1.4 million
outpatient visits and 182,000 hospitalizations
due to pneumococcal disease in chil-
dren < Syears of age [19, 20]. With its high
morbidity and mortality, pneumococcal disease
is considered an important vaccine-pre-
ventable cause of death in children [21]. Rou-
tine pneumococcal conjugate vaccine (PCV)
immunization is the most effective public
health strategy to prevent pneumococcal dis-
ease [21].

There are > 90 known S. pneumoniae ser-
otypes, of which 8-11 cause most cases of severe
pneumococcal disease [22]. The first PCV
(PCV7, licensed in 2000) provided protection
against seven serotypes and was later replaced
by two effective vaccines with good safety pro-
files comprising more serotypes: PHiD-CV
(pneumococcal polysaccharide non-typeable
Hemophilus influenzae protein D-conjugate vac-
cine, Synflorix, GSK in 2009) [23] comprising ten
serotypes, and PCV13 (diphtheria CRM protein
conjugate vaccine Prevenar, Wyeth/Pfizer in
2010) [24] comprising 13 serotypes [235].

it |
Transition

vaccination study periods. Rotarix (HRV) was adminis-
tered against RV in a two-dose schedule given at 2 and
4 months. The PCV was PHiD-CV, used in a 2 4+ 1
schedule (at 2 and 4 months with a booster dose at
12-15 months) from 2011 to 2015 and then a 3 + 0
schedule (at 2, 4 and 6 months of age) from 2016 onwards

In 2012, the WHO recommended PCVs
worldwide, especially in high-mortality coun-
tries [26], and in 2019, the recommendation
was broadened to all countries regardless of
mortality [22]. Countries in Latin America were
among the first developing countries to intro-
duce universal PCV programs, with 34 countries
offering routine PCV by 2015 [20, 27]. Ecuador
first introduced PCV vaccination in 2008 for
high-risk groups and then recommended the
universal infant PCV (PHiD-CV) vaccination in
2010 (implemented in the NIP in 2011 [13]),
achieving coverage of > 90% from 2012 to 2015
[28].

The objectives of this study were to: (1)
describe trends in incidence and mortality of GE
and pneumococcal disease in children < 5 years
of age in Ecuador between 2005 and 2017, as
well as vaccine coverage, from pre- to post-
vaccine periods and (2) use time-trend analysis
to assess the impact of vaccination after
adjusting for other variables. The results of this
study will help policymakers evaluate the
impact of immunization programs on public
health.
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METHODS

Study Design and Population

A retrospective ecological database study was
conducted to assess GE and pneumococcal dis-
ease incidence and mortality trends in children,
before and after the introduction of HRV (Oc-
tober 2007) and PHiD-CV (February 2011) vac-
cination in Ecuador. A pre- and post-
vaccination period were defined as well as a
transition period for the year of vaccine intro-
duction (Fig.1). Vaccine coverage was also
assessed over the study period.

Outcomes were assessed in all chil-
dren < S years of age and in children < 2 years
of age where disease burden is highest and
based on the availability and national

stratification of the data. Outcomes were eval-
uated at the national level as well as in four
regions, as follows: Sierra (Carchi, Imbabura,
Pichincha (includes capital city, Quito), Coto-
paxi, Tungurahua, Bolivar, Chimborazo, Canar,
Azuay, Loja, Santo Domingo de los Tsachilas),
Oriente (Sucumbios, Napo, Pastaza, Orellana,
Morona Santiago, Zamora Chinchipe), Costa
(Esmeraldas, Manabi, Guayas, Los Rios, El Oro,
Santa Elena) and Insular (Galapagos).

The main databases from INEC (Instituto
Nacional de Estadisticas y Censos [National
Census and Statistics Bureau]) was searched for
population projections and for GE, pneumonia
(PNE) and IPD cases and deaths (using ICD-10/
ICD-9 codes), captured by the public surveil-
lance system. The database from Direccion
General de Salud [Department of Health] was
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Fig. 2 RV vaccine coverage data. No data were available
by region or the year 2017. The population of
infants < 1 year old was used as the denominator. NIP
National Immunization Program. *Coverage levels >
100% are occasionally reported in national administrative

After the introduction of Rotavirus vaccination in the NIP at the end of 2007,
vaccination coverage of the 2" dose ranged from 79-97% at a National level.

databases as a result of systematic error in the numerator or
denominator, such as the inclusion of children outside the
target age group in the numerator
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to be significantly associated with the outcome
in initial univariate analyses and if they did not
add an interaction effect.

All descriptive and time-trend analyses were
conducted in SAS v9.4 and R 3.6.3.

Compliance with Ethics Guidelines

This study used anonymized aggregated data-
base data with no personally identifiable infor-
mation which can be linked to a patient. It was
therefore considered out of scope for ethics
review based on Ministerial Agreement MSP-
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Transition period: period during which the rotavirus
vaccination was introduced in Ecuador. ICD-10 codes
used were Intestinal Infectious Disease A00—A09

CGDES-2018-0185-O from Ecuador’s Ministry
of Health (Coordinacion General de Desarrollo
Estratégico en Salud).

RESULTS

RV Vaccination and Impact on GE
Mortality and Incidence

RV Vaccine Coverage
After universal RV vaccination was introduced
at the end of 2007, national vaccine coverage of
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the last (2nd) dose ranged between 79 and 97%
(Fig. 2). No data were available by region or for
the year 2017 and after.

GE Mortality

In 2005-2017, there were 1329 GE deaths in
children < 2 years (1622 in children under
5 years). The highest number of deaths was in
the Sierra region (647), followed by Costa (433)
and Oriente (238), with just one death in the
Insular region (during the transition period).
Prior to vaccination, GE mortality was 34.69/
100,000 nationwide, with the highest rate in
Oriente (88.31) and the lowest in Costa (18.66)
region. Following RV vaccination, GE mortality
significantly declined by 70.7% [63.1, 79.1]
nationwide and in all regions by 58.6-78.6%
(Table 1, Supplementary Fig. 1a). Among all

children < 5 years, GE mortality was lower (i.e.,
16.7/100,000 nationwide); however, regional
trends and significant post-vaccination reduc-
tions in GE mortality (i.e., 69.9% [63.1, 77.5]
nationwide) were comparable to those observed
in the younger age group (Fig. 3a).

The model showed significant decreases in
mortality in children < 5 years in the post-
versus pre-vaccination period at the national
level (e.g., Poisson: — 72.4% [— 73.5, — 71.1]) as
well as by region (e.g., Costa — 65.6% [— 69.6, —
61.2], Sierra — 72.1% [— 74.0, — 70.0] and Ori-
ente — 68.4% [— 70.4, — 66.3]). Due to the small
number of deaths in the Insular region (in-
cluding no deaths post-vaccination), the mod-
els did not converge.

PCV

NATIONAL VACCINATION

COVERAGE

91%

1St
DOSE

20m

2nd

DOSE

201m 2012 2013 2014 2015

59%

45% 6%

3rd

DOSE

81%
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TN

Fig. 4 PCV vaccine coverage data. No data were available

respectively.

by region or the year 2017. The population of
infants < 1 year old was used as the denominator. PCV
2 + 1 schedule from 2011 to 2015 and then a 3+ 0

After the introduction of PCV vaccination in the NIP in 2010 and implemented in
2011, vaccination coverage of the 2" and 3'¥ dose ranged from 82-92% and 41-84%,

schedule from 2016 onwards. NIP National Immunization
Program, PCV pneumococcal conjugate vaccine
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Fig. 5 National PNE a mortality (/100,000) and b inci-
dence (/1000) yearly trends (descriptive analysis). N num-
ber, PNE pneumonia, J’x vaccination, y years. Transition

GE Incidence

In children < 2 years, 169,894 GE cases were
reported over the study period (2005-2017),
with the highest number of cases seen in the
Costa region (104,561) followed by Sierra
(51,313), Oriente (13,467) and Insular (220)
regions. Incidences in the pre-vaccination per-
iod were 34.9/1000 (nationwide), highest in
Costa (41.1) and lowest in Insular (25.0). Post-
vaccination, the national incidence decreased
by 55.4% [95% CI 54.8, 55.9], with significant
decreases also seen in each region (Table 1,

period: period during which the PCV vaccination was
introduced in Ecuador. ICD-10 codes used were Pneumo-
nia J12-J18

Supplementary Fig. 1la). Among all chil-
dren < S years, 249,509 GE cases were reported
for 2005-2017 and pre-vaccination incidence
was 19.1/1000 nationwide. Regional incidence
trends and post-vaccination incidence reduc-
tions (i.e., 49.8% [49.4, 50.2] nationwide) were
similar to those in the younger age group
(Fig. 3b).

For GE incidence, univariate analyses pre-
dicted significant decreases nationally (e.g.,
Poisson: — 51.2% [— 53.5, — 48.9]) and by
region (Costa — 44.8% [— 49.8, — 39.4], Sierra —
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56.2% [— 59.4, — 52.7], Oriente — 49.6% [—
53.8, — 45.0] and Insular — 35.4% [— 49.0, —
18.3]). After adjusting for secular trends in
multivariate analyses, there was a statistically
significant reduction in the national incidence
post-vaccination (e.g., Poisson: — 29.0% [—
35.2, — 22.3]), with significant reductions in
some regions and non-significant increases in
other regions.

(a) IPD MORTALITY

(b) IPD INCIDENCE
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y year. Transition period: period which pneumococcal
conjugate vaccination was introduced in Ecuador. ICD-10

codes used for IPD were G00.1, A40.3, B95.3 and J13

PCV Vaccination and Impact on PNE
and IPD Mortality and Incidence

PCYV Vaccine Coverage

After PCV vaccination was recommended in the
NIP in 2010 and implemented in 2011, national
vaccination coverage of the second and third
dose ranged from 82-92% and 41-84%, respec-
tively (Fig. 4). No vaccination coverage data
were available by region or for the year 2017.
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PNE Mortality

There were 4232 PNE deaths in chil-
dren < 2years (5196 in children < 5 years)
reported for 2005-2017. The regions with the
highest numbers of deaths were Sierra (2479)
and Costa (1530) followed by Oriente (215) and
Insular (4). The national pre-vaccination mor-
tality estimate was 70.84/100,000 and was
highest in Sierra (96.60) and lowest in Insular
(36.17). Post-vaccination, there was a signifi-
cant reduction in mortality of around 50%
nationwide and in the regions with the highest
numbers of deaths (Table 1). Among chil-
dren < Syears, the pre-vaccination mortality
was 34.15/100,000 with similar trends observed
by region as in the younger age group. Overall,
PNE mortality decreased by 47.4% (95% CI 44.7,
50.3) post-vaccination (Fig. 5a).

The Poisson model showed significant
decreases in PNE mortality in children < 5 years
in the post- versus pre-vaccination period at the
national level (e.g., Poisson: — 41.1% [— 42.9, —
39.3]) as well as in some regions (e.g., Poisson:
Costa — 44.0% [— 48.1, — 39.5], Sierra — 49.7%
[- 51.7, — 47.6]). After adjusting for secular
trends in the multivariate analysis, there was a
statistically significant decrease in the post-
versus pre-vaccination period mortality at the
national level (Poisson: — 7.7% [— 13.8, — 1.2])
with non-significant decreases in the regions.

PNE incidence

Overall, 328,723 PNE cases were reported for
2005-2017 in children < 2 years; most cases
were reported in Sierra (82,780), followed by
Costa (60,830) and Oriente (20,228), with few
cases in the Insular (128) region. Prior to PCV
vaccination, the national incidence was 40.09/
1000 and varied significantly by region [i.e.,
highest in Oriente (37.50) and lowest in Insular
(7.96) regions]. The PNE incidence remained
relatively unchanged after vaccination,
decreasing by 0.24% nationwide (Table 1).
Among children < 5 years, 468,027 PNE cases
were reported for 2005-2017 with a national
pre-vaccination incidence of 21.94/1000.
Regional incidence trends were comparable to
the younger age group. Overall, a 5.7% reduc-
tion [5.67, 5.74] in PNE incidence was observed
in this age group (Fig. 5b).

Univariate analyses (in children < 5 years)
showed a non-significant reduction nationally
(e.g., Poisson: — 0.80% [— 5.00, 3.60]) and in all
regions in the post- versus pre-vaccination per-
iod, except in Costa where there was a signifi-
cant increase in incidence (16.0% [3.60, 29.8]).
After adjusting for secular trends in multivariate
analyses, there was a non-significant reduction
in incidence post- versus pre- vaccination (e.g.,
Poisson: — 0.4% [— 9.5, 9.7]) at the national and
regional level, while Costa had a non-significant
increase (e.g., Poisson: 11.4% [— 13.0, 42.7]).

IPD Mortality
There were 227 IPD deaths in children < 2 years
(288 in children under 5 years) reported for
2005-2017, with most occurring in Sierra (125)
and Costa (85) regions. Following PCV vacci-
nation, the national mortality decreased from
3.83 to 2.11/100,000 (45.0% reduction [34.3,
59.1]) with regional reductions of 59.7% and
13.9% in Sierra and Costa, respectively (Table 1,
Supplementary Fig. 1b). Among chil-
dren < S years, the national mortality decreased
post-vaccination by 50.0% (95% CI 39.1, 63.9)
from 1.98 to 0.99/100,000, with similar regional
trends as seen in children < 2 years (Fig. 6a).
The Poisson model showed statistically sig-
nificant decreases in IPD mortality in chil-
dren < Syears in the post- versus pre-
vaccination period at the national level (—
51.1% [— 57.2, — 44.2]) as well as in some
regions (Costa — 47.3% [— 61.0, — 28.9], Sierra
— 48.7% [— 57.2, — 38.5] and Oriente — 57.9%
[— 67.5, — 45.6]).

IPD Incidence

There were 4290 IPD cases in children < 2 years
reported for 2005-2017, with most cases in
Sierra (1966) and Costa (1741), followed by
Oriente (571) and Insular (10) regions. Before
PCV vaccination, the national incidence was
0.61/1000 and after PCV vaccination; it
decreased significantly by 24.4% [23.0, 26.0]
with regional wvariations (e.g., reduction of
32.8% in Sierra and 8.5% in Costa) (Table 1,
Supplementary Fig. 1b). Among chil-
dren < 5 years, 5570 IPD cases were reported for
2005-2017. Incidence decreased from 0.32 to
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0.23/1000 (26.0% reduction [24.6, 27.4], with
similar trends by region as seen in chil-
dren < 2 years (Fig. 6b).

For IPD incidence (in children < 5 years)
univariate analyses showed a statistically sig-
nificant reduction nationally (e.g., Poisson: —
31.5% [— 47.8, — 10.1]) and in Oriente (— 39.9%
[- 60.3, — 8.8]) in the post- versus pre-vacci-
nation period. After adjusting for secular trends
in multivariate analyses, there was a non-sig-
nificant reduction in incidence post- versus pre-
vaccination (e.g., Poisson: — 25.8% [— 59.4,
35.7]) at the national level and non-significant
increasing or decreasing trends at the regional
level.

DISCUSSION

With the WHO objective in mind of reducing
childhood mortality through recommended
universal infant vaccination programs, this
study assessed the impact of RV and PCV vac-
cination on childhood mortality and incidence
in Ecuador.

After RV vaccination began in 2007, cover-
age of the second dose was relatively high
(79-97%). In the post-RV vaccination period,
GE incidence and mortality decreased signifi-
cantly nationwide in children < 2 years (by
55.4% [54.8, 55.9] and 70.7% [63.1, 79.1],
respectively). GE graphs showed a decreasing
GE mortality and incidence trend before vacci-
nation was introduced. GE incidence graphs
showed decreases at the national and regional
level suggesting a decline due to vaccination.

The impact of HRV vaccination on commu-
nity RV prevalence, both symptomatic and
asymptomatic, was assessed in rural Ecuador in
a large population-based case-control study
(from 2003 to 2013) and a smaller 2-year active
surveillance study [16]. Post-vaccination, there
was a significant decrease in all-cause diarrhea
in both the case-control (69%) and cohort study
(57%) in children < 1 year. While most benefits
were seen in the youngest (vaccinated) chil-
dren, there was an indirect effect among older
unvaccinated children; the overall prevalence of
RV decreased by 56% in symptomatic cases and

79% in asymptomatic cases among all children
[16].

Latin American countries that implemented
RV vaccination have demonstrated a positive
impact on acute gastroenteritis (AGE) hospital-
izations and mortality, in a meta-analysis of
recent data up to 2018, with benefits seen in
both low- and high-mortality countries [14]. In
high-mortality countries (other than Ecuador),
vaccine efficacy in children < 1 year was 67%
against RV hospitalization and 71% against
severe RVGE among fully vaccinated children.
In  high-mortality = countries in  chil-
dren < 1 year, RV hospitalizations declined by
51% and AGE hospitalizations by 20% com-
pared to the pre-vaccination period, while AGE
mortality declined by 45%. Based on 2015
coverage and hospitalization rates, vaccination
was estimated to have prevented 37% (95% CI
27, 47) of RV hospitalizations and 37% (95% CI
27, 48) of RV deaths in children < 5 years in
high-mortality Latin American countries [14].

In Latin American countries, studies often
must rely on passive surveillance data, which is
useful for evaluating the population-level
impact of RV vaccination and seasonal changes,
but which also has limitations. For example,
outcomes can be influenced by vaccine cover-
age levels or factors such as data gaps due to
variable reporting over time, changes in case
definitions and diagnostics, changes in access to
healthcare or changes in health status or
hygiene practices [30]. This study in six Latin
American countries using sentinel RV surveil-
lance networks found an overall 16% reduction
in RV-associated diarrhea hospitalizations with
large country variations, a reduction in the
seasonal peak and a shift in peak to later in the
year in high-mortality countries. The lower
reduction estimated versus other studies may be
due to inclusion of any diarrhea case, regardless
of severity [30]. Differences in case definitions
and methods used across studies in the region
result in variable estimates for the impact of
vaccination; however, all studies have reported
a positive impact of RV vaccination on preva-
lence of RV and hospitalizations [30] as found
in our study.

After PCV vaccination was implemented in
2011, coverage of the second and third dose was
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> 80% and 40%, respectively. The national
incidence of pneumonia in children < 2 years
was 40.09/1000 and remained stable (decrease
of 0.24% post-vaccination), while the mortality
was 70.84/100,000 and declined significantly by
around 50%. Graphs showed a decreasing
pneumonia mortality trend prior to vaccine
introduction, which continued in the post-
vaccination period. Pneumonia incidence
trends appeared to increase for several years and
had started to decline before vaccine introduc-
tion. Following vaccination, pneumonia inci-
dence trends eventually appeared to stabilize,
resulting in a small decrease in the post- versus
pre-vaccination period. IPD national incidence
(0.61/1000) decreased significantly by 24.4%
[23.0, 26.0] after PCV vaccination, while mor-
tality decreased significantly by 45.0% [34.3,
59.1] (from 3.83 to 2.11/100,000). Large yearly
fluctuations in the pre-vaccination period as
well as small numbers with IPD did not allow
for adequate trend assessment.

In a time series analysis (2005-2015 national
data) of PCV impact on pneumonia mortality
and hospitalization in Ecuador [28], in the post-
vaccination period, there was a clear and sig-
nificant reduction in pneumonia hospitaliza-
tions (27% and 33% for children <1
and < Syears, respectively); however, the
reduction in pneumonia mortality was lower
(14% and 10% for children < 1 and < S5 years,
respectively) and with uncertainty, i.e., wide
credible intervals. The authors reported that
other studies assessing vaccine impact on
pneumonia mortality also showed a decline but
with similar difficulties related to uncertainty
[28].

An analysis of all-cause pneumonia mortality
data in children 2 months to 5years old
between 2000 and 2016 from ten Latin Ameri-
can and Caribbean countries was conducted
using a range of time series model that con-
trolled for other factors such as unrelated secu-
lar trends in mortality not affected by PCV as
well as gaps in reporting. Mortality was found to
decline in many countries following PCV vac-
cination, with the most important declines seen
in Ecuador (25% [95% CI 4, 41]), Peru, Colom-
bia, Mexico and Nicaragua. Data quality varied
across countries, and most countries had low to

moderate baseline pneumonia mortality, which
could have affected estimates and levels of
uncertainty around estimates (e.g., high uncer-
tainty in Guyana, Honduras and Dominican
Republic possibly due to low numbers of deaths
reported). The overall results, however, support
PCV vaccination as responsible for substantial
declines in childhood mortality in this region
[31].

In Brazil, 1 year after PHiD-CV introduction,
there was a 23-29% reduction in pneumonia
hospitalizations in young children in cities with
high vaccine coverage [32]. In Peru, 3 years after
PCV vaccination was introduced, there was a
35% reduction in mortality and 21% reduction
in morbidity due to pneumonia in infants
(< 1year old) [33]. A recent analysis from 2000
to 2016 found a 25% decline in all-cause
pneumonia mortality in children in Ecuador
post-vaccination [31].

There were several limitations in our study
due to the observational ecological design and
use of passive surveillance data, which cannot
control for external developments in the coun-
try that impact health outcomes (e.g., changes
in healthcare access or poverty levels) or
reporting quality (e.g., changing or incomplete
data over time and by age group or region).
Based on the distribution of data, neither Pois-
son nor other explored regression models pro-
vided an exact fit, yet the Poisson model
generally fit better, and univariate analyses were
in line with descriptive data findings. In multi-
variate analyses, however, results were some-
times non-significant because of interactions,
e.g., at the regional level, the interaction
between secular trend and age was significantly
associated with GE mortality, which may have
affected the association between vaccination
period and mortality after adjustment. In addi-
tion, it was not possible to adjust for seasonal
trends with the models. The Insular and Ama-
zon regions are difficult to access, and the
health care system in these regions is mostly
primary care, which could have led to under-
reporting of cases.
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CONCLUSION

In conclusion, the impact of vaccination in
Ecuador was assessed with post-vaccination data
from 9 years of RV and 6 years of PCV programs.
Significant decreases in GE and pneumococcal
incidence and mortality have been observed in
children < 5 years of age and those with the
highest burden, likely due to the important
contribution of RV and PCV vaccination.
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