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Background: Despite worldwide progress in terms of clean water supply,
sanitation, and hygiene knowledge, some middle and most of low-income
countries are still experiencing many diseases transmitted using unsafe water
and the lack of sanitation.

Methods: To understand the impact of all waterborne diseases (WBD)
registered in Ecuador. We performed a population-based analysis of all cases
and deaths due to WBD in Ecuador based on the national public databases
of hospital discharges as a proxy of incidence, in-hospital mortality, and
countrywide general mortality rates from 2011 to 2020.

Results: In Ecuador, mestizos (mixed European and Indigenous American
ancestry) had the greatest morbidity rate (141/100,000), followed by
indigenous (63/100,000) and self-determined white patients (21/100,000).
However, in terms of mortality, indigenous population have the greatest risk
and rates, having a 790% additional mortality rate (2.6/100,000) than the
reference group (self-determined white populations) at 0.29/100,000. The
burden of disease analysis demonstrated that indigenous had the highest
burden of disease caused by WBD with 964 YLL per every 100,000 people while
mestizos have 360 YYL per 100,000 and self-determined white Ecuadorians
have 109 YYL per 100,000.

Conclusions: In Ecuador, waterborne diseases (WBD) are still a major public
health problem. We found that indigenous population had higher probability
of getting sick and die due to WBD than the rest of the ethnic groups in
Ecuador. We also found that younger children and the elderly are more likely
to be admitted to the hospital due to a WBD. These epidemiological trends are
probably associated with the lower life expectancy found among Indigenous
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than among the rest of the ethnic groups, who die at least, 39 years earlier than
the self-determined white populations, 28 years earlier than Afro-Ecuadorians
and 12 years earlier than the mestizos.

diseases, water, sanitation, hygiene, disparities, inequalities, WaSH

1. Introduction

During the last 50 years, the world has experienced a
notable increase in wealth in almost every country and region;
nevertheless, the rise of inequality has been unparalleled and
continuous (1). Several countries’ economic prosperity and
health development have led to decreased mortality, increased
life expectancy, and a continuous struggle to maintain the
general state of health (2). However, those on the lower ends
of the socioeconomic spectrum have less ability to access
optimal welfare conditions such as nutrition, housing, and
education. Therefore, they are more likely to suffer from
pathogenic infectious diseases caused by micro-organisms such
as bacteria, virus or parasites, all responsible for what is known
as waterborne diseases (WBD) (1).

WBD are considered an essential indicator of health in the
most deprived populations (3). The World Health Organization
(WHO) estimates that 844 million people lack a basic drinking
water supply services (4). According to UNICEF in 2017, 2.1
billion people in the world did not have access to safe drinking
water, which can be contaminated by feces and other wastes,
causing diseases such as cholera, dysentery and typhoid fever
(5). About 842,000 people die each year from diarrhea due to
contaminated water, of which 361,000 are children under 5 years
old (6). WHO estimated that 10.6, 15.4, and 45.8 per every
100,000 deaths were attributed to water, sanitation and Hygiene
(WaSH) preventable diseases in the Eastern Mediterranean,
South East Asia and Africa continents, respectively (7). In Latin
America, the consumption of contaminated water and the lack
of access to improved sanitation services is related to more than
4,000 premature deaths (8). One important factor is that Latin
America is one of the fastest urbanizing regions of the world,
where only an average of 30% of the wastewater is treated and
most of it is dumped in the natural waterways that are source
of water for productive activities and production downstream
(9, 10).

Ecuador is one of the most affected countries by this reality,
with 15.4% of its urban and 31.8% of the rural population
consuming contaminated water with fecal coliforms, and only
an average of 20% of wastewater treated (11). In a country
like Ecuador, which shares similar characteristics to other
countries in the region such as Peru, Colombia, Bolivia or
Brazil, a large part of the indigenous population lives in remote
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areas without adequate access to basic services such as clean-
running water, electricity or sewage services (12, 13). It has
been reported that Indigenous groups suffer a heavier burden
of communicable and non-communicable diseases compared
to the rest of the population (14). In Ecuador, only 20.9% of
indigenous children have WaSH measures, meaning that 8 out
of 10 indigenous children simultaneously lack safe water, basic
sanitation or supplies for handwashing (15). The overall low
basic sanitation coverage (70.9%) of the indigenous population
does not represents the reality of some Amazonian or Andean
communities (15). For instance, WaSH within the Amazon
region (eastern region of Ecuador), only reaches 24.8%, while
in the highlands (central region of Ecuador) and the Coast
(western region of Ecuador), this indicator rises to 55.1 and
52.8%, respectively (15).

According to the identifiable Objectives of Sustainable
Development of Water, Sanitation and Hygiene of Ecuador,
access to safe water is influenced by the ethnicity of Ecuadorians.
For instance, only 59.1% of the Afro-Ecuadorian population
have access to clean and potable drinkable water, that number
raises to 58.7% among Montubios (a group made up of peasant
farmers on the Ecuadorian Coast region), 73.4% for mestizos
and >95% for self-determined white population (16). In terms
of running water, 86.9% of Afro-Ecuadorians, 86.7% of mestizos
and 85.6% of Montubios have a constant supply of water for
washing their hands and for their lavatories (16).

After 2015, the Sustainable Development Goals (SDG)
broadened the spectrum of targets focusing on water, sanitation
and hygiene (WaSH), inviting the member states, including
Finland in first place with a human development index (HDI)
= 0.938, Chile in first place among American countries with
HDI = 0.851, followed by Uruguay with HDI = 0.817, while
for Ecuador the HDI is 0.759, to fulfill their obligation to
bring better services to its population on this matter (17).
Unfortunately, the effect of these achievements on health is hard
to measure. In Ecuador, two studies found that access to basic
services, better living conditions and access to health services
reduce morbidity and mortality, both in newborns and in adults
(18, 19). Nonetheless, to our best knowledge, there are no studies
that explore the national distribution of waterborne diseases
and related problems. This information is crucial to guide and
to prioritize interventions to address WaSH and WBD related
problems among vulnerable populations.
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In this context, the aim of this study was to analyze the
impact of waterborne diseases on Ecuadorian population and
their population differences (age, gender, ethnics, and social
health determinants) from 2011 to 2022.

2. Methodology
2.1. Study design

A country-wide comparison of the total number of cases
and deaths attributed to WBD from the 24 provinces and the
221 cantons in Ecuador was performed from 2011 to 2020.
We performed a secondary data analysis of publicly available
data from the Ecuadorian National Institute of Statistics and
Census (INEC) at https://aplicaciones3.ecuadorencifras.gob.ec/
sbi-war/.

2.2. Setting and participants

Ecuador with an area of more than 283,000 km? is the
smallest country in the Andean mountainous region in South
America. The country is divided into four geographical
regions, the coast, the highlands, the Amazon region, and
the Galapagos Islands. The political division encloses 24
provinces, 10 from the highlands, seven from the coast, six
from the Amazon region, and one from the insular region of
Galapagos. Ecuador has 221 political divisions called cantons
and they are comparable to cities elsewhere. In the 2010
Population Census, most of the population self-identified as
mestizo (71.9%), followed by those who considered themselves
(7.4%), (7.2%),
(7.0%) and white/Caucasians (6.1%). However, mathematical

Montubios Afro-Ecuadorians indigenous
projections as 2021 developed from data of the National Survey
on Employment, Unemployment and Underemployment

(ENEMDU) 2021 are described in Table 1.

2.3. Variables

We constructed measurements for disease occurrence using
hospital admission rates as a proxy for incidence. In terms of
mortality, sex-age and ethnicity specific rates were computed
using in-hospital mortality and death certificates as numerators
and the population at risk as denominators. The lists of
diseases used for the analysis was obtained from the INEC
databases (including the variables of year of registration, sex, age,
ethnicity, pathology, hospital discharge status, and geographic
location) based on The International Statistical Classification of
Diseases and Related Health Problems in its 10th version (ICD-
10) (Table 2). Due to data source incompleteness determined
by the absence of data for the cases studied corresponding
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to variables such as ethnicity and location especially in the
first years reported in this research (2011, 2012, 2013) and
underreporting, the proportion of entries with missing data on
ethnic identity and educational attainment did not match the
cumulative incidence and mortality for sex, age, and place of
residence. The data was retrieved as it was documented within
the reporting system.

2.4. Data source and measurement

We used the latest estimated projections based on the 2010
National Population Census to compute incidence and mortality
sex-age specific rates with a yearly resolution from 2011 to
2020. Information by ethnicity was retrieved directly from the
variable “ethnic background” from the official National Institute
of Statistics and Census (INEC) databases.

2.5. Bias

To reduce the likelihood of incurring in any type of
confirmation bias, data was retrieved directly from the official
source by two members of the research team. They performed
independent analysis and compared the results with the rest of
the team. If controversies were observed, the entire team met up
to solve any inconsistency.

2.6. Statistical analysis

We performed descriptive statistics based on demographic
variables to obtain absolute and relative variations. We also
constructed measurements for disease occurrence, including in-
hospital mortality (%), incidence, and countrywide mortality
rates. For the burden of disease analysis, the “lillies” package
of the R was used to estimate YLL for patients with a given
condition (20), the calculation methodology was based on the
number of cases in a population with the diagnosis of a specific
disease or condition, using the age of diagnosis of the disease
for the cases studied, the Ecuadorian population, and the annual
projection for each year based on the life expectancy of the
population studied for Ecuador (21).

The analysis of the data was performed using the SPSS
statistics software for Mac (IBM Corp. 2014, version 24.0.
Armonk, NY, USA) and R version 3.6.2. Figures and graphs
were performed in Prism 8 GraphPad Software version 8.2.0
(2365 Northside Dr. Suite San Diego, CA 92108). The basic
cartography maps were generated using QGIS Development
Team 180 2.8 (Creative Commons Attribution-ShareAlike 3.0
license CC BY-SA).
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TABLE 1 Population distribution by ethnicity in Ecuador.

10.3389/fpubh.2022.1029375

Ethnic self-determination = White-Caucasian Afro-Ecuadorian Montubio Indigenous Mestizo
Population (N) 215,499 582,838 744,461 1.401,315 13.458,965
% 1.30 3.60 4.50 8.50 82.10
Urban (N) 179,079 436,233 320,110 302,036 9.957,615
Rural (N) 36,420 146,606 424,351 1.099,278 3.501,349
Men (N) 103,748 280,978 376,331 692,399 6.543,623
Women(N) 111,751 301,861 368,130 708,916 6.915,342
Suitable employment (%) 40.10 29.40 18.60 15.10 35.30
Unemployment (%) 7.10 10.20 2.10 1.80 5.60
Underemployment (%) 19.90 26.60 31.20 21.20 22.90
Income poverty rate (%) 16.90 37.70 38.30 52.70 24.60

2.7. Ethical considerations

According to the local and international regulation,
secondary, fully anonymized publicly available data analysis
do no required ethical approval for any kind. All procedures
performed in our study were in accordance with the ethical
standards of the Minister of Public Health (MoH) and with the
Helsinki Declaration and comparable ethical standards.

2.8. Availability of data and materials

The datasets generated and/or analyzed during the current
study are available in the following link: https://github.com/
covid19ec/WASH.

3. Results

In the last 10 years of available data, Ecuador officially
registered 361,457 cases and 1,870 deaths due to waterborne
diseases. Women accounted for 51.8%. The overall incidence
rate was 223 cases [CI95% 118-295] per 100,000 people and 1.1
deaths [CI95% 0.7-1.7] (Table 3).

3.1. WBD-related morbility

3.1.1. Age and gender differences

The average age of all water borne disease related cases for
the mestizo group was 21.2 years. Meanwhile, the indigenous,
Afro-Ecuadorian and Montubio groups were younger than
mestizos with means of 21.3, 18.6, and 18. One years,
respectively. On the other side, the white population recorded
a mean of 28.9 years.

Frontiersin Public Health

TABLE 2 ICD-10 Classification of waterborne diseases (WBD).

ICD-10 classification ‘

A00 Cholera

A01 Typhoid and paratyphoid fevers

A02 Other salmonella infections

A03 Shigellosis

A04 Other bacterial intestinal infections

A05 Other bacterial foodborne intoxications, not elsewhere classified

A06 Amoebiasis

A07 Other protozoal intestinal diseases

A08 Viral and other specified intestinal infections

A09 Other gastroenteritis and colitis of infectious and unspecified origin

A71 Trachoma

B15 Acute hepatitis A

B58 Toxoplasmosis

B68 Taeniasis

B69 Cysticercosis

B75 Trichinosis

B77 Ascariasis

B78 Strongyloidiasis

B79 Trichuriasis

B80 Enterobiasis

B81 Other intestinal helminthiases, not elsewhere classified

B82 Unspecified intestinal parasitism

In terms of cases by age, we found that 39.9% of all WBD in
Ecuador were among children younger than 4 years, followed by
those from 5 to 9 years of age with 12.6% of the overall number
of cases (Table 4).
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TABLE 3 Number of WaSH related cases and deaths in Ecuador from 2011 to 2020.

% Incidence Rate/100,000 CI95% Deaths Mortality rate/100,000 Cl 95%
Men 177,704 | 49.16 221 [115-292] 919 49.14 11 [0.8-1.78]
Women | 183,753 | 50.84 224 [120-298] 951 50.86 11 [0.75-1.75]
Total 361,457 | 100.00 223 [118-295] 1,870 100.00 1.1 [0.78-1.75]

TABLE 4 Age differences among patients with Wash related diseases.

Age Pop. at Hospital Relative Incidence  Cl <95% Cl > 95% Deaths Relative In hospital
risk  admissions (N) (%) rate/100,000 (%)  mortality (%)
0-4 1,658,115 144,188 39.9 89.18 38.75 124.42 581 311 0.4
5-9 1,676,535 45,420 12.6 27.85 16.68 33.43 70 3.7 0.2
10-14 1,682,311 22,429 62 13.79 8.18 17.22 37 2.0 02
15-19 1,619,198 13,938 3.9 8.62 4.46 12.16 18 1.0 0.1
20-24 1,515,761 14,813 4.1 9.17 46 13.16 25 13 02
25-29 1,397,212 15,554 43 9.61 5.18 13.31 23 1.2 0.1
30-34 1,287,159 14,259 3.9 8.81 491 12.04 30 1.6 02
35-39 1,189,296 11,970 33 7.38 431 9.65 37 2.0 03
40-44 1,076,995 10,354 2.9 6.4 3.48 8.74 31 17 03
45-49 951,067 9,434 26 5.83 3.12 8.22 43 23 0.5
50-54 833,293 9,301 26 5.74 3.14 7.55 39 21 0.4
55-59 719,133 8,703 2.4 536 3.13 7.0 48 26 0.6
60-64 594,271 8,191 23 5.05 2.87 6.53 55 29 07
65-69 465,854 7,627 2.1 47 2.82 5.94 79 4.2 1.0
70-74 347,342 7,091 2.0 4.36 271 5.45 90 48 13
75-79 240,977 6,241 17 3.84 2.42 5.01 107 5.7 1.7
80+ 256,124 11,944 33 7.35 454 9.11 557 29.8 47
Total 17,510,643 361,457 100.0 223.03 118.32 295.33 1,870 100.0 05

Furthermore, in the subgroup analysis (by age), substantial
differences in morbidity among patients under 5 years old per
ethnic group were found (Figure 1). In this case, the under
5 years hospital discharge rates showed a 118% increase in
hospital discharges rates among mestizos (60/100,000) than
indigenous children (27/100,000) and 1,032% more than
self-reported white children (5/100,000). In terms of morbidity
among those older than 65 years of age, mestizos have a
significantly higher incidence rate (13/100,000) than indigenous
(6/100,000) and self-reported white elderly (2/100,000)
(Figures 1A,B).

3.1.2. Morbidity rates by ethnic groups

The mean overall morbidity rate of WBD in Ecuador
was 223 (CI95% 118-295) cases per 10,000 inhabitants
(Figure 1). We found that in Ecuador, mestizo people
had the greatest morbidity rate (141/100,000) followed by
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indigenous (63/100,000) and self-determined white patients
(21/100,000). However, in terms of mortality, indigenous
population have a 790% increase in mortality rate (2.6/100,000)
compared to self-determined white populations (0.29/100,000)
and 176% more compared to mestizos (0.94/100,000)
(Figures 1A,B).

3.2. WBD-related mortality

In Ecuador, a total of 1,870 deaths were recorded from 2011
to 2020, 951 (51%) were women and 919 (49%) were men.
The mean mortality rate of WBD was 1.1 per 100,000 (CI95%
0.7-1.7). From 2011 to 2020, we observed an average decline
of 70% in the number of WBD hospital admissions, ranging
from 67% from indigenous to 73% among Afro-Ecuadorians
(Figure 2A).
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FIGURE 1
Morbidity due to waterborne diseases in Ecuador from
2011-2020. (A) Overall Morbility rate in Ecuador. (B) Morbility
Rate by ethnic group in children from O to 5 years. (C) Morbility
rate by ethnic group in patients over 65 years of age.

3.2.1. Age and gender differences

The average age of death due to WBD in Ecuador as 42.4
for men and 49.6 for women. The difference among ethnic
group is significant at 95% confidence level (p < 0.001). Most of
deaths were found among children younger than 4 years of age,
representing 31.07% (n = 581) of the total universe, followed by
those patients older than 80 years of age, representing 29.79% (n
= 557).

3.2.2. Mortality rates by ethnic group

In Ecuador, indigenous people have the highest mortality
rates due to waterborne diseases per every 10,000 inhabitants.
This group has a mortality rate from 2011 to 2020 of 2.6 per
100,000 (CI 95% 1.1-5.2), while Afro-Ecuadorians have a rate of
0.8 per 100,000 (CI95% 0.1-3.0), Mestizos the highest rate of 0.9
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per 100,000 (CI95% 0.7-1.2) and self-reported white population
with the lowest rate of 0.2 per 100,000 (CI95% 0.08-0.56)
(Figure 2C).

Furthermore, in the subgroup analysis per age, substantial
differences in mortality among under 5 years old per ethnic
group were found (Figure 2D). In this context, the mean
mortality rate among indigenous children was 1.2 per 100,000
(CI95% 0.3-2.6), while Afro-Ecuadorians have a rate of 0.3 per
100,000 (CI95% 0.1-1.0), Mestizos with 0.25 per 100,000 (CI95%
0.1-0.3) and self-reported white people with 0.04 per 100,000
(CI95% 0.1-0.19) (Figure 2B). Regarding mortality among the
elderly, the trends follow the same pattern than among children
(Figure 2C).

3.2.3. Life expectancy

In Ecuador, the all-causes mean age at death was 62.3 years
while for the WBD the mean age at death was 45.6 years. The
average age of death among self-reported white people with a
WBD was 63.3 years, while indigenous people died 29.3 years
younger than self-reported white people, followed by Afro-
Ecuadorians with 28.2 years, Mestizos 12.1 years and Montubios
with 5.1 years of age (Figure 3).

3.2.4. In-hospital mortality

Overall, in Ecuador we found an average in-hospital
mortality proportion of 5.6% of the total number of admissions.
Trichinosis (B75) resulted in the most lethal when admitted
to the hospital with 60.0 % of patients dying, followed
by Strongyloidiasis (B78) with 12.50 % and other intestinal
helminthiases, not elsewhere classified (B81) with 11.76 %
(Table 5).

3.3. Sociodemographic analysis around
WBD

3.3.1. Educational attainment

In Ecuador, the number of cases of waterborne diseases,
when plotted by educational attainment, demonstrated that
from the 100% of deceased people, most of the indigenous
have no formal education at all (62%) (Figure 2B). In contrast,
self-determined White Ecuadorians with no formal education
accounted for <5% in the control group (Figure 2B).

3.3.2. Rural vs. urban differences

The percentage of patients affected by waterborne diseases
who lived in urban areas is greater for all groups except for
indigenous, where 54% of them are reported to be living in rural
areas during the time of diagnosis.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1029375
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Ortiz-Prado et al.

10.3389/fpubh.2022.1029375

A B
Crude Mortality Rate Educational Attainment by ethnicity
50,000 100%-
-1.8 5 ]
40,000-] 15 g £ 80%
$ g E 70%-
;,’ 30,000 1.2 g g 60%- Undergrad/postgrad
3 y 0—0 9 3 E 50%- Secondary
8 20,000+ T xS a0%- Primary
-0.6 "8‘ g 30%-] literate
10,000 03 -8 w o 20%-
S 10%-
0%~
@ RN R &
& F & ¥ &
& &
«
Cc
In-Hospital Mortality Rate by Ethnic Group
8
S 6.0
8 5.5 .
- 5.0 —— Indigenous
x - s
o 45 Afroecuatoriana/
5 ot Afrodescendient
¢ 3.5- rodescenaiente
2 3.0 —— Montubia
= 2.5 :
g 2_8_ /\ — Mestiza
1.5+ — White
E 1.0—/\—’—\_\4
S 0.5—/,,<_\/\\,_ — .
g 0.0 —r T T T T T 7
IR I I SR
N
Year
D E
§ In-Hospital Mortality Rate Children <5y § In-Hospital Mortality Rate > 65 y
8 3.0- 8 3.0
- -
I3 2.7— 3 2.7"
2 2.4 2 2.4+
© 2.1- e 214
2 1.8 2 1.8+
© 1.5+ T 1.5
E 1.2- ‘Eg 1.2-
o 0.9+ o 0.9+
% 0.6 £ 0.6
g 037 §- e m
g 0.0 T I 0 T T -7 T 2 0.0 | S R R B R E— 1
N D >0 o A D 0D N D > e 0 A N
(=)} N N N N N N N N N’ Q% )] N N N N’ N N N N &
LTSS S S S S S S TS S S S
Year Year
FIGURE 2
Mortality due to waterborne diseases in Ecuador from 2011 to 2020. (A) Mortality rate due to WBD in Ecuador from 2011 to 2020. (B)
Educational attainment by ethnic group in Ecuador. (C) Overall mortality rate by ethnic group. (D) Mortality rate by ethnic group in among
children younger than 5 years of age. (E) Mortality rate by ethnic group in people older than 65 years of age.

3.3.3. Geographical differences

In terms of provinces, the most affected province in Ecuador

was Morona Santiago with 446.23 cases per 100,000 inhabitants,
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followed by Canar with 346.47 cases per 100,000 inhabitants
and El Oro province with 327.16 cases per 100,000 inhabitants

(Table 6).
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Average age of death due to all cause’s mortality and WBD in Ecuador by ethnic group.

WBD Mortality

In relation to mortality, Napo Province had the highest
mortality rate with at least 2.98 deaths per 100,000 inhabitants,
followed by Cotopaxi with 2.46 deaths per 100,000 inhabitants
and Chimborazo with 2.31 deaths per 100,000 inhabitants. The
most affected cantons (cities) by WBD in Ecuador were Santiago
(Morona Santiago) with an incidence rate of 897.33 cases
per 100,000 inhabitants, followed by Limon Indanza (Morona
Santiago) with 844.98 cases per 100,000 inhabitants and El
Chaco (El Napo) with 771.73 cases per 100,000 inhabitants
(Figure 4A). In relation to mortality, the canton of Saquisili
(Cotopaxi) presented the highest mortality rate with more than
10.59 deaths per 100,000 inhabitants, followed by the canton of
Ona (Azuay) with 7.63 deaths per 100,000 cases and Putumayo
(Sucumbios) with 4.48 deaths per 100,000 cases (Figure 4B).

3.3. WBD burden analysis

Overall, in Ecuador, 56,507 years of life have been lost
prematurely due to WBD from 2011 to 2020. Although the
majority of the population studied in this analysis was of mestizo
ethnicity with 9,822 YLL, the adjusted calculation of YLL
per capita (100,000 inhabitants), showed that the indigenous
ethnicity group had the highest burden (964/100,000) of
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disease caused by WBD, followed by mestizos (360/100,000),
Afro-Ecuadorians (287/100,000) and self-determined white
Caucasians (109/100,000) (Table 7).

Consequently, when comparing the indigenous ethnicity
with the other ethnic groups, the indigenous were more affected
showing an excess of 236.2% of YLL prematurely compared to
Afro-Ecuadorians, 2,374.4% compared to Montubios, 167.3%
compared to mestizos, and 777.3% compared to White-
Caucasians.

4. Discussion

The results of our research show that in Ecuador there
is a high incidence rate of waterborne diseases. In general
terms, the burden of disease of these WBD is greater among
indigenous populations than among mestizos or self-reported
white/Caucasians. This is evident when we analyze the years
of life lost prematurely (YYL) due to these infectious diseases
related to the consumption of poor-quality water or the lack
of sanitation, especially among indigenous populations. We
found significant differences between indigenous populations
and other ethnic groups in Ecuador, probably linked to
higher poverty index rates, lower access to clean water and
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TABLE 5 In hospital mortality (%) caused by WBD in Ecuador from 2011 to 2020.

Disease ICD-10 Deaths (N) Hospital In hospital
admissions (N) mortality (%)
Typhoid and paratyphoid fevers A01 13 6,162 0.2
Other salmonella infections A02 22 11,080 0.2
Shigellosis A03 1 451 0.2
Other bacterial intestinal infections A04 229 35,304 0.6%
Other bacterial foodborne intoxications, not elsewhere classified A05 24 9,259 0.3
Amoebiasis A06 19 6,413 0.3
Other protozoal intestinal diseases A07 1 959 0.1
Viral and other specified intestinal infections A08 9 12,485 0.1
Other gastroenteritis and colitis of inf. and unspecified origin A09 1,300 262,914 0.5
Acute hepatitis A B15 46 8,017 0.6
Toxoplasmosis B58 43 683 6.3
Cysticercosis B69 123 1,968 6.3
Trichinosis B75 3 5 60.0
Ascariasis B77 15 1,282 1.2
Strongyloidiasis B78 5 40 12.5
Other intestinal helminthiases, not elsewhere classified B81 2 17 11.8
Unspecified intestinal parasitism B82 15 4,418 0.3
Total N/A 1,870 361,457 0.5
reduces access to health systems as depicted in our conceptual 223 per 10,000 inhabitants. Countries with a very high Human
framework (Figure 5). Development Index, such as Canada, report lower mortality
According to the local authorities, indigenous people and hospitalization rates from transmitted diseases, on average
are more likely to live in rural areas, areas with poorer 0.52 and 12 per 10,000, respectively (30). Regarding nearby
infrastructure, no potable water treatment plants and scarce or realities, in Colombia, the mortality rate for children under 5
none waste management (22, 23). This trend might be related years old due to acute diarrheic disease was 2.69 per 10,000
to the fact that rural area has cheaper housing and makes inhabitants during the years 2011-2014. This value did not
it possible to cultivate the land (24). Therefore, they do not considered ethnicity as a risk factor, neither age-sex adjusted
have access to all other favorable social conditions, including rates, reducing our chances to fairly compare WBD incidence
education and adequate hygiene habits, since most of them between countries (31).
cannot afford housing in urban centers, continuing the vicious It is known that the main factors that contribute to
circle of poverty among indigenous. Also, these lands suffer high waterborne disease outbreaks are the poor treatment of
degrees of deforestation, with a consequent loss of water quality consumption and waste water, being higher on underground
that have been linked to gastrointestinal diseases (25, 26). water sources than in other sources (58.6% vs. 53.7%) (32).
Apart from that, these populations have low levels of In Ecuador, 27% of the population consumes polluted water,
educational attainment which increases the risk of incurring regardless of the source, being higher in rural and amazon
in unhygienic practices such as not washing hands after going areas where almost 45.3% have inadequate water quality (33).
to the bathroom or before eating, open defecation and river More development in the control of the factors contributing to
defecation as well as poor waste management (27, 28). Another outbreaks should be considered to achieve the 6th goal in the
finding comes along to the fact that despite having lower WBD Sustainable Development Goals (SDGs). Ecuador has made a
incidence rates, indigenous population have higher mortality considerable improvement since the 1990s by increasing some
rates, an indirect indicator of poorer healthcare access increasing health indicators, such as the percentage of rural population
the risk of more severe illness, thus, increasing death rates (29). with access to improved water, from 61.4% in 2003 to
This study found that the average mortality rate in Ecuador 75.5% in 2014 (34). In addition, accomplishing the objective
was 1.1 per 10,000 inhabitants, while the hospitalization rate was of sustainable development in WaSH practices, then water

Frontiers in Public Health 09 frontiersin.org


https://doi.org/10.3389/fpubh.2022.1029375
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lp1eaH 211and Ul s1anuody

ot

Bio uisianuoly

TABLE 6 Incidence and mortality rate due to waterborne diseases by province in Ecuador from 2011 to 2020.

Province Hospital Incidence Cl<95% Cl>95% Deaths Mortality Cl<95% Cl>95% In hospital
admissions rate/100,000 rate/100,000 mortality (%)
Azuay 22,218 275.81 147.85 388.48 164 2.03 0.89 3.09 0.74
Bolivar 3,999 198.66 120.08 243.91 20 0.98 0 243 0.50
Canar 8,943 346.47 204.29 437.83 37 1.45 0.38 3.53 0.41
Carchi 2,512 139.65 82.27 183.24 21 116 0 253 0.84
Chimborazo 15,029 300.56 151.26 408.46 116 231 1.25 337 0.77
Cotopaxi 10,689 234.24 125.33 302.75 109 2.46 0.1 6.73 1.02
Eloro 21,935 327.16 162.77 410.04 52 0.78 021 1.57 0.24
Esmeraldas 7,190 121.09 59.49 202.07 65 1.09 0.34 251 0.90
Galapagos 589 202.20 79.29 302.29 0 0 0 0 0.00
Guayas 97,223 239.03 122.98 333.74 304 0.74 057 0.96 031
Imbabura 7,408 167.25 86.75 23823 55 1.23 0.64 1.83 0.74
Loja 9,450 191.40 101.43 272.73 67 1.37 0.17 2.8 071
Los rios 22,656 263.72 119.20 395.87 68 0.79 035 1.45 030
Manabi 30,972 208.25 89.65 311.52 97 0.64 035 0.97 031
Morona Santiago 7,779 446.23 259.82 589.84 37 2.13 0.81 43 0.48
Napo 3,085 263.33 78.96 465.17 34 2.98 0 10.44 1.10
Orellana 2,071 137.85 65.97 215.34 25 1.76 0 8.3 1.21
Pastaza 3,030 307.37 134.46 468.22 10 0.95 0 2.82 0.33
Pichincha 41,315 140.25 82.81 175.97 341 115 0.82 1.56 0.83
Santa Elena 11,157 31118 156.11 397.31 41 115 0 2.07 037
Sto. Domingo DLT 9,474 227.16 148.26 336.32 51 1.2 0.6 1.65 0.54
Sucumbios 4,843 237.96 74.90 372.28 43 2.15 0.88 47 0.89
Tungurahua 15,110 271.86 155.55 378.97 104 1.87 0.77 2.99 0.69
Zamora C. 2,780 255.41 177.22 310.17 9 0.84 0 2.44 032
Total 361,457 223.55 118.60 296 1,870 119 0.83 1.78 0.52
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TABLE 7 Burden of WBD and years of life lost (YLL) prematurely caused by WBD in Ecuador from 2011 to 2020.

10.3389/fpubh.2022.1029375

White-Caucasian Afro-Ecuadorian Montubio Indigenous Mestizo Other Total
Total cases (N) 23 5 1 847 1,101 27 2,004
Urban (N) 718,589 774,486 434,007 218,571 6,904,554 40,579 9,090,786
Rural (N) 163,794 267,073 636,721 799,605 3,512,745 12,775 5,392,713
Total (N) 882,383 1,041,559 1,070,728 1,018,176 10,417,299 53,354 14,483,499
YLL 967 2,992 422 9,822 37,587 4,717 56,507
YLL/100.000 109.6 287.3 39.5 964.7 360.8 8,840.3
Bold values are the total Years of Life Lost Prematurely per 100,000 people.
WaSH related Diseases in Ecuador: Ethnicity as a social determinant for
inequalities
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FIGURE 5
Conceptual framework of the relationship between social determinants of health and water related morbi-mortality.

availability seemed to be assured. However, several factors in
terms of access and coverage vary, which is the cause of
significant disparities. The investment in aqueduct and sewerage
systems in Colombia during 2011-2014 were not enough reduce
the incidence of waterborne diseases (31). In Argentina and
Brazil, although mortality cases decreased, the measure was
not enough to eradicate waterborne diseases, neither in the
long nor in the medium term (35). In fact, in Colombia and
Argentina only 12 and 10 % of the population, respectively,
are connected to wastewater treatment facilities (10), which
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means that wastewaters are dumped in natural waterways
without treatment, which can be the source of water for other
populations downstream. For example, in Ecuador, a study
in Quito, where 98 % of wastewater is dumped directly to
waterways, found 26 viral species associated with infections in
humans (36).

Indigenous people have limitations to access healthcare,
such as geographical isolation and poverty (37). This may be
the reason why they show lower rates of hospital discharges
but higher rates of mortality due to WBD. Disease progression
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is another consequence of having poorer access to the health
system among indigenous and Afro-Ecuadorian populations.
For example, a previous otherwise treatable roundworm
infection caused by the ingestion of Trichinella larvae becomes
severe trichinosis in cases of heavy infestation (38, 39). In
addition, several reports show that vital organ complications
such as myocarditis, encephalitis, or meningitis, caused by
foodborne parasitic diseases increase in-hospital mortality,
something that we observed in our results (40, 41).

According to the latest statistics from the National Institute
of Statistics, poverty was reduced significantly, especially
extreme poverty (42). About WaSH resources, the share of
the population using improved drinking water resources in
2015 was 92.6%, and sanitation facilities was 86.1% (34).
Despite these achievements, the reduction was not equitable
among all ethnic groups in the country. This study shows
that WBD in the indigenous population is significantly greater
than the one reported among mestizos, Afro-Ecuadorians, and
white populations, as shown in another work by Morales
and Mideros (43). Living under poverty in rural areas and
limited access to clean water, secure food sources and other
basic needs have affected this ethnic group. Moreover, there
is a strong relationship on land conservation and children’s
health, especially in rural areas. It has been stated that forest
cover is associated with less diarrheal disease in children in
developing countries (25). Studies across tropical countries have
demonstrate that land conservation is a crucial factor preventing
WBD and improving child health. Therefore, land conversion
can have tremendous effects on vulnerable population living on
rural areas, like indigenous groups in Ecuador.

On the other hand, the diagnosis of less-lethal infectious
diseases such as respiratory endocrine and metabolic diseases is
more frequent in proportion in the white population, possibly
due to better access to health resources and medicines (44). In
Ecuador, diseases related to poor hygiene and lack of potable
water, clean and safe for health, mainly affect the indigenous
population. In a report from the INEC, it was evidenced that the
houses with adequate access to clean water did not exceed 80%,
while in other groups such as mestizos and white population, it
surpassed 97% (42). In general, Ecuadorian indigenous groups
have reduced access to safe drinking water and appropriate
sanitation and wastewater treatment facilities, which influences
greater morbidity and mortality caused by diseases transmitted
by the water. All this information is available from the
countrywide databases that includes data from indigenous
populations that live in Ecuador and have access to health
services. In the country however, as well as in other parts of
the Amazon rainforest there are indigenous populations living
in voluntary isolation that drink water directly from the rivers
(45, 46). Those groups could be affected by the poor quality
of the water that might arrive through the tributary streams,
thus, the importance of WBD is fundamental not only to reduce
the prevalence of water-related infectious diseases but also to
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prevent the potential extermination of indigenous groups living
in voluntary isolation (47). The information provided in this
investigation seeks to set a precedent and serve as an input to
generate public policy related to health prevention and health
promotion in the context of WBD.

The effect of WBD on economic and social development
was evidenced by a significant number of deaths and a total
of 56,507 YLL between 2011 and 2020; while with regard to
analyses corresponding to 2016, the disability-adjusted lost years
(DALYs/1,000) for low- and middle-income countries in the
Americas was much higher (DALY = 799/1,000) compared to
countries in the high-income continent (DALY = 25/1,000);
However, the regions that were shown to be most affected by
diseases related to inadequate water, sanitation and hygiene
behaviors were sub-Saharan Africa, and Southeast Asia (48).
Although the first analysis exposed the mestizo ethnic group
as the most affected by WBDs, the per capita adjusted analysis
exposed that the group that truly feels the most WBD burden
effects is the indigenous (YLL/100,000 = 964.7), no analyses
have been reported that evaluate the effects of ethnic inequities
on the disease burden of waterborne diseases, however, we
consider that these effects cannot be present only in Ecuador
since several developing countries in the world and the region
have reported ethnic inequities (49-51).

Finally, we believe that it is essential that both local and
national governments focus on providing clean, drinking and
readily available water to all the populations that are currently
living in regions with not access to it. All the strategies
should also aim to achieve adequate management of water
sanitation and hygiene with a holistic perspective, including
wastewater treatment and land management and to improve

other socioeconomic factors within communities.

5. Limitations

One of the main limitations we encountered in this study
was the quality of the national disease reporting system. As a
result, we cannot differentiate the number of people getting sick
from the number of events (hospital admissions) that required
hospitalization. The same patient could have entered the hospital
twice in the same week, but the database cannot differentiate
these events. At the same time, we could not purge the database
from the presence of garbage codes, which might hinder the
accurate analysis of this type of information.

6. Conclusion

In Ecuador, waterborne diseases (WBD) are still a major
public health problem. We found that indigenous population
had higher probability of getting sick and die due to WBD than
the rest of the ethnic groups in Ecuador. We also found that
younger children and the elderly are more likely to be admitted
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to the hospital due to a WBD. These epidemiological trends
are probably associated with the lower life expectancy found
among Indigenous than among the rest of the ethnic groups,
who die at least, 39 years earlier than the self-determined white
populations, 28 years earlier than Afro-Ecuadorians and 12 years
earlier than the mestizos.

7. Recommendations

We recommend that all the efforts in terms of public policy
need to be directed to improve sanitation and access to clean
water based on good data, including the ecological quality of
freshwater resources, that provide holistic indicators of water
quality and land use (52, 53). In the next 10 years it will be
the only chance to overcome disparities and probably make a
difference in terms of health outcomes. This is especially relevant
in climate change scenarios that can reduce the water availability
but also increase the incidence of WBD. Since cultural and social
factors are more difficult to change, improving access to basic
services such as potable water, waste management and more
hygienical environments will represent progress toward equality
among groups, preventing infectious diseases with epidemic
or pandemic outbreaks such as the one we are currently
experiencing with SARS CoV-2 virus, due to, among other
causes, the weakness on improved water sanitation systems and
good WaSH practices (54).
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