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Abstract

Climate changes caused by the El Nifo oscillation southern (ENSO) significantly influence human diseases, becau-
se they are related to anomalies in precipitation or periods of drought. The aims of this paper are: to evaluate the
anomalies of the average sea surface temperature, to calculate the average sea surface temperature of the Nifio and
Nifio 1+2 regions, to contextualize infectious pathologies according to their classification: viral, bacterial, parasitic and
caused by fungi in the geographical areas or countries of the Region where they have been studied in the historical
context (1982-1983; 1997-1998 and 2016-2017) periods of the ENSO considered strong. A bibliographic, descriptive,
documentary, retrospective and cross-sectional review was carried out during the months of October 2023 to March
2024. Sea Surface Temperatures (SST) are higher than average, observed throughout the equatorial Pacific Ocean, with
anomalies being greater in the central and central-eastern Pacific. For ENSO 2023-2024, in the Nifio 4 region the last
calculated values of the Nifio index remained at a temperature of +1.4 °C, in the Nifio 3,4 region it was +1.9, in the
Nifio -3 region it was +2.0 °C while in the Nifio-1+2 regions it weakened to +1.0 °C. The highest incidence and pre-
valence of ENSO infection (1997-1998) in Ecuador stands out, accounting for an increase in 13 infectious pathologies.
Attention must be paid and the links between the environment and the risk of infection must be better understood.
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Resumen

Los cambios climaticos causados por el Nifio oscilacién sur (ENOS) influyen significativamente en las enfermedades
humanas, debido a que esté relacionado con anomalias en las precipitaciones o perfodos de sequia. El presente trabajo
estableci6 como objetivos especificos: evaluar las anomalias del promedio de la temperatura de la superficie del mar,
calcular el promedio de la temperatura de la superficie del mar de las regiones del Nifio y Nifio 142, contextualizar
las patologifas infecciosas segtn su clasificacion: virales, bacterianas, parasitarias y causadas por hongos en las areas
geograficas o paises de la Regién donde han sido mds estudiadas en el contexto histérico (1982-1983; 1997-1998 y
2016-2017) periodos de ENOS considerados fuertes. Se realiz6 una revision bibliografica, descriptiva, documental,
retrospectiva y de corte transversal durante los meses de octubre 2023 a marzo de 2024. Las temperaturas de la Super-
ficie del Mar (TSM) son superiores al promedio observdandose por todo el Océano Pacifico ecuatorial, siendo mayores
las anomalias en el Pacifico central y centro-este. Para ENOS 2023-2024, en la regién Nifio 4 los dltimos valores calcula-
dos del indice Nifio se mantuvieron a una temperatura de +1,4 °C, en la regién Nifio 3,4 fue de +1.9, en la regién Nifio
-3 fue de +2,0 °C mientras que en la regién Nifo -1+2 se debilit6 a +1,0 °C. Destaca la mayor prevalencia de infeccién
de ENOS (1997-1998) en Ecuador, contabilizando un incremento en 13 patologias infecciosas. Se debe prestar atencién
y comprender mejor los vinculos que existen entre el medio ambiente y los riesgos de infecciéon.
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El Niiio Southern Oscillation and the prevalence of infectious diseases: review

1 Introduction

The El Nifio/Southern Oscillation (ENSO) is a cli-
matic phenomenon that modulates climate variabi-
lity on both global and national scales on an interan-
nual timescale (NOAA, 2024). ENSO causes abnor-
mal warming of the Pacific Ocean waters near the
coasts of Peru and Ecuador, impacting the Indian
Ocean, equatorial southern Africa, South America,
and marginally Europe (Huarcaya Castilla et al.,
2004; Rua-Uribe et al., 2013). ENSO also refers to
disruptions in the normal circulation of the ocean
and atmosphere (Huarcaya Castilla et al., 2004; Ria-
Uribe et al., 2013; NOAA, 2024). Occurring at in-
tervals of 2 to 7 years, ENSO influences oceanic
components associated with changes in Sea Surfa-
ce Temperature (SST) in the tropical Pacific Ocean
and also affects atmospheric components (Kovats,
2000; NOAA, 2024; Latif et al., 2015). It is related
to variations in atmospheric pressure between the
western and eastern tropical Pacific Ocean, distur-
bing global climate through atmospheric telecon-
nections (Huarcaya Castilla et al., 2004; Rta-Uribe
et al.,, 2013; NOAA, 2024; Carlowicz and Schollaert,
2017; Kovats, 2000; Li et al., 2021).

El Nifio/La Nifia events are parts of the global
climate cycle. El Nifio is characterized by the war-
ming of equatorial Pacific waters, while La Nifia oc-
curs during the cooling phase. During El Nifio, the
western coasts and extreme south of South Ameri-
ca experience intense rainfall, causing higher water
levels, while the northern subcontinent and much
of Central America and the Caribbean suffer from
reduced precipitation, leading to droughts and a
high risk of wildfires. Conversely, La Nifia sees the
opposite pattern (Marinho et al., 2022; Fleck, 2022;
Huarcaya Castilla et al., 2004; Fuller et al., 2009; Mo-
raes et al., 2019; Kovats, 2000; Fan et al., 2017).

Due to the vast size of the Pacific Ocean basin,
which spans one-third of the planet, changes in tem-
perature, wind, and humidity are transmitted glo-
bally. Therefore, ENSO is an ocean-atmosphere in-
teraction phenomenon related to climate variability
(Del Carpio, 2023). Ocean condition variations cau-
se changes in weather patterns and fisheries along
the western coasts of the Americas (NOAA, 2024).
In South America, ENSO impacts result in floo-
ding along the west coast of Ecuador, Peru, and Co-
lombia and droughts in the Amazon and northeast
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of the continent. Additionally, dry areas in coun-
tries like Peru, Chile, Mexico, and the southwestern
United States often experience flooding from rains
and snow, with arid deserts blooming. Meanwhi-
le, the wetter regions of the Brazilian Amazon and
northeastern United States frequently suffer from
prolonged droughts (Carlowicz and Schollaert,
2017; Huarcaya Castilla et al., 2004; NOAA, 2024;
Cai et al., 2020; Del Carpio, 2023; Lam et al., 2019;
Da Silva et al., 2020; Yglesias-Gonzélez et al., 2023).

The climatic changes caused by ENSO signi-
ficantly influence human diseases. ENSO is asso-
ciated with precipitation anomalies in many cities
worldwide, where excessive rainfall or drought pe-
riods lead to an increase in infections with high epi-
demic risks, such as vector-borne diseases, dermal
diseases, diarrheal illnesses, and lower respiratory
tract infections (Arbo et al., 2022; Flahault et al.,
2016).

These conditions tend to increase infection risks,
exacerbated by poor water storage practices, lack
of access to clean water, insufficient sanitation fa-
cilities, open defecation, unsafe drinking water
supply, and poor solid waste management, lea-
ding to increased pests and vectors (Loayza-Alarico
and De La Cruz-Vargas, 2021; Anderson, 2010; Lam
etal., 2019; Da Silva et al., 2020; Kovats, 2000; Molle-
da and Veldsquez, 2022; Arbo et al., 2022; Woyessa
etal., 2023).

Malaria is one of the most studied diseases in
this context. A study conducted in Piura, Peru, bet-
ween 1996 and 1997 found that the highest inci-
dence of cases occurred in May, following the April
rains (Huarcaya Castilla et al., 2004; Cai et al., 2020).
The research revealed that breeding sites and vector
development increased, with transmission favored
by ambient temperature even at unusual altitudes.
This observation was corroborated in western Ken-
ya, where malaria outbreaks were noted at altitudes
above 2000 meters if temperatures exceeded 18 °C
and precipitation surpassed 15 mm?/month (Huar-
caya Castilla et al., 2004). Such climatic changes
influence the living conditions, longevity, and dy-
namics of adult Anopheles mosquitoes, impacting
disease transmission (Huarcaya Castilla et al., 2004).

Similarly, a team of researchers found a strong
relationship between ENSO-driven weather con-

11



Special Issue / Edicion Especial
EL NINO SOUTHERN OSCILLATION

Molleda, P. and Veldsquez Serra, G.

ditions in the Pacific and dengue epidemics in Sri
Lanka. Their findings indicated that the dengue risk
increased with weekly rainfall exceeding 50 mm.
The strongest correlation between precipitation and
dengue occurred six to ten weeks after weekly rain-
fall exceeded 300 mm, under extremely humid con-
ditions and high flooding probability. They noted
that temperatures rising to 30 °C or higher consis-
tently increased the dengue risk, with a delay of
four weeks post-event (Liyanage et al., 2016; Fuller
et al., 2009).

ENSO’s global climatic variability influences
social and economic components, but its impact
on human health is not well understood (Anttila-
Hughes et al., 2021). During ENSO periods in coas-
tal regions near the Pacific Ocean, anomalies in tem-
perature and precipitation often result in landslides,
floods, wildfires, droughts, and other natural di-
sasters, affecting community health. It is crucial to
identify the prevalence of diseases triggered by the-
se extreme weather events to develop prevention
plans to mitigate epidemics or vector-borne infec-
tious, viral, bacterial, parasitic, or fungal diseases.

This literature review was conducted to evalua-
te sea surface temperature anomalies, calculate the
average sea surface temperature in Nifio regions,
analyze ENSO temperature increases in Nifio 1+2
Region (Pacific region affecting Ecuador), based on
data from the National Oceanic and Atmospheric
Administration (NOAA). The review also exami-
ned air temperature and monthly precipitation to
contextualize and classify infectious diseases into
viral (Dengue, Zika, Chikungunya, Rift Valley Fe-
ver, Influenza, Enterovirus), bacterial (Leptospiro-
sis, Shigellosis, Cholera, Salmonellosis, Plague), pa-
rasitic (Cryptosporidiosis, Schistosomiasis, Leish-
maniasis), and fungal (Mycosis, Coccidioidomyco-
sis, Pityriasis) categories that have affected popula-
tions in regions studied during strong ENSO events
in 1982-1983, 1997-1998, and 2016-2017.

2 Materials and Methods

A bibliographic, descriptive, documentary, re-
trospective, and cross-sectional investigation was
conducted between October 2023 and March
2024. The study was structured through a li-
terature search in the Pubmed database (https:
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//pubmed.ncbinlm.nih.gov/). Additionally, arti-
cles published by the WHO (https://www.paho.
org/es, https://www.cdc.gov/), and the National
Oceanic and Atmospheric Administration (https://
www.noaa.gov/education/resource-collections/
weather-atmosphere/el-nino) were considered.

The following search equations were used as
filters in the search engine bar, using DeCS/MeSH
descriptors: “Infectious Diseases”, “Vector-Borne
Diseases”, “Dengue”, “Zika”, “Chikungunya”,
“Rift Valley Fever”, “Respiratory Diseases”,
“Diarrhea”, “Cholera”, “Salmonellosis”, “Shigello-
sis”, “Plague”, “Hantavirus”, “Cryptosporidiosis”,
“Leishmaniasis”, “Mycosis”, “Coccidioidomyco-
sis”, and “Pityriasis” for the classification of viral,
bacterial, parasitic, and fungal diseases. To associate
infectious diseases with climatic factors, the follo-
wing terms were searched: “ENSO”, “ENSO and
diseases”, all combined with the Boolean operators
AND, OR, NOT, and NOR. Figure 1 shows the al-
gorithm used to select articles and the search and
selection strategy for carrying out the bibliographic
review.

Inclusion criteria were as follows: articles pu-
blished from 2000 to 2023, focusing on infectious
diseases and their relationship with ENSO climatic
variations during the strong periods of 1982-1983,
1997-1998, and 2016-2017. Original peer-reviewed
articles in indexed journals, comparative studies,
evaluation, and meta-analyses published in En-
glish, Spanish, and Portuguese were included. The-
se articles provided quantitative associations with
epidemiological data between viral, bacterial, pa-
rasitic, and fungal diseases in the population and
ENSO. Excluded from the research were guidelines,
letters to the editor, editorials, theses, and disserta-
tions. Articles in languages other than Spanish, En-
glish, or Portuguese, and those not published bet-
ween 2000 and 2023 were also excluded.

2.1 Data collection

The literature search was verified twice to ensure
consistent results. For vector-borne viral diseases,
the following articles were found: 429 for dengue,
139 for Zika, 182 for Chikungunya, 156 for Rift Va-
lley Fever, 91 for Leptospirosis, 235 for Influenza, 19
for Enterovirus, 69 for Salmonellosis, 33 for Plague,
3 for Shigellosis, 38 for Cryptosporidiosis, 111 for
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Leishmaniasis, 2 for Mycosis, and 3 for Coccidioi-
domycosis. These articles were evaluated to apply
exclusion and inclusion criteria, then organized in
an Excel sheet by infectious disease, ENSO year, and
geographic area to select those best suited to the
study objectives.

E—
c
=
frer}
s Paper identified in the database:
=
=
c PUBMED = (n = 1641)
(7]
=
-
)
Duplicate papers
(n=641)
g
‘= Articles after removing duplicate:
© (n=1000)
[¥)
v
Excluded by titles and summary
(n=900)
—
‘)
>
=
:: Articles selected for full reading
[ =
a (n=100)
w
\ J
‘)
o
7]
© Selected articles with relevant
% information that met the criteria
c (n=63)
" J

Subsequently, the selection of articles was based
on the geographic area affected by ENSO, the years
in which data were recorded (1982-1983, 1997-1998,
2016-2017), and the type of infectious disease pre-
sented (viral, bacterial, parasitic, and fungal).

Reason for exclusion
Articles that does not complain with the
objective: (n=200)
Thesis: (n=100)
Other geographical area : (n=300)
Idiomas diferentes: (300)

Figure 1. Algorithm Used for Article Selection. Search strategy and selection of scientific articles for conducting the literature
review.

3 Results and Discussion

Figure 2 shows that Sea Surface Temperatures (55T)
are above average across the equatorial Pacific
Ocean, with the greatest anomalies observed in the
central and east-central Pacific. According to the
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National Oceanic and Atmospheric Administration
(NOAA), NOAA'’s Climate Prediction Center, and
the National Weather Service, there is a 73 % proba-
bility that the 2023-2024 ENSO will be considered
"Neutral"for the months of April to June 2024. In
December 2023, positive subsurface temperature
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anomalies in the Pacific Ocean decreased, indica-
ting a strengthening and eastward expansion of
subsurface temperatures that will be below avera-
ge in the Western Pacific (NOAA, 2024). Therefore,
ENSO in some Nifio regions may not cause as much
damage as the strong El Nifio events.

Due to the vast expanse of the Pacific Ocean,

ENSO has been divided into Nifio regions or areas.
According to the ENSO regions in the Pacific Ocean
(Figure 3), for the 2023-2024 El Nifio event, the latest
calculated Nifio index values were as follows: in the
Nifio 4 region, the temperature remained at +1.4 °C;
in the Nifio 3.4 region, it was +1.9 °C; in the Nifio 3
region, it was +2.0 °C; while in the Nifio 1+2 region,
it weakened to +1.0 °C (NOAA, 2024).

SST Anomalies (*C)
05 JUN 2024

140W 1200 100W 80W
[ [
0.5 1 2 3

Figure 2. Anomalies of the Average Sea Surface Temperature (SST) °C for the Week Centered on January 3, 2024. The anomalies
are calculated relative to the weekly averages of the 1991-2000 base period. Source: NOAA, (2024).

In the Nifio 4 and Nifio 3.4 regions, SST increa-
sed from April, progressively rising from June and
peaking in December. The Nifio 3 region showed an
increase in SST starting in March, with the highest
temperatures observed during September, October,
November, and December 2023. In the Nifio 1+2 re-
gion, which affects countries such as Ecuador and
Peru, temperatures increased from February, remai-
ned high until June, decreased, and then rose again
from July through December, starting to decline in
December.

Figure 4 shows the evolution of ENSO from
1957-58, 1965-66, 1982-1983, 1991-1992, 1997-1998,
2009-2010, 2015-2016, up to November 2023, with
respect to temperature (the years in red are consi-
dered strong El Nifio events). This graph eviden-
ces how the 1982-83 ENSO period evidenced tem-
peratures rise by 4 °C from July to January, and
during the 1997-1998 El Nifio event, temperatu-
res also reached 4 °C from March to September
(NOAA, 2024). The Nifio 1+2 region is the area
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of the Pacific Ocean used to observe the climatic
variations caused by ENSO in Peru and Ecuador.
This graph shows sea surface temperature (SST)
anomalies in the Nifio 1 and Nifio 2 regions with
coordinates 0-10° South, 90° West, 80° West. The va-
lues were calculated from the monthly ERSST V5
by NOAA/CPC (NOAA, 2024).

The El Nifio events of 1982-1983 and 1997-1998
are considered the most significant of the 20th cen-
tury due to the severe catastrophes they caused, es-
pecially in South America, which prompted govern-
ments and researchers to conduct more studies to
understand the nature of ENSO and, thus, predict
it to mitigate the impact of climatic disasters caused
by this event (Kovats, 2000). The black line repre-
sents the 2023-2024 ENSO, where the SST begins to
decrease from January 2024. For this reason, the El
Nifio phenomenon of this period is considered neu-
tral or moderate because temperatures did not ex-
ceed 2.5 °C (NOAA, 2024).
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SST Anomalies
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Figure 3. Time Series of the Average Sea Surface Temperature Anomalies. Anomalies in °C for the Nifio regions: Nifio-1+2
(0°S, 90°W-80°W), Nifio-3 (5°S, 150°W-90°W), Nifio-3.4 (5°N-5°S, 170°W-120°W), and Nifio-4 (5°N-5°S, 150°W-160°E). The
anomalies are calculated relative to the weekly averages of the 1991-2000 base period. Source: NOAA ,(2024).

Table 1 shows the prevalence of infectious disea-
ses during the strongest El Nifio events of the 20th
century (1982-1983, 1994-1995, 1997-1998) reported
for South American countries such as Ecuador, Pe-
ru, Bolivia, Venezuela, and Colombia. The highest
incidence and prevalence of ENSO (1997-1998) was
observed in Ecuador, with an increase in 13 infec-
tious diseases. Brazil ranks second, showing an in-
crease in encephalitis cases (Rio, West Nile Virus,
and Rocio) during the 1994-1995 El Nifio. Thirdly,
malaria cases rose significantly in Bolivia, Colom-
bia, Ecuador, Peru, and Venezuela during the 1982-
1983 event. Similarly, dengue cases in Ecuador, Pe-
ru, and Brazil increased significantly in 2016-2017.

In Table 2, out of a total of 1641 articles found
in the consulted database, 63 articles that met the
review’s objectives and inclusion/exclusion criteria
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were selected. These articles are classified according
to the type of disease: viral, bacterial, parasitic, and
fungal. From the 1641 articles, 429 were related to
Dengue, of which 10 were selected as they met the
study’s objectives. For Zika, 6 out of 139 articles we-
re selected. For Rift Valley Fever, 3 out of 156 articles
were selected. For Enterovirus, 3 out of 19 articles
were selected. For infectious Gastroenteritis, 1 out
of 42 articles was selected. For Influenza, 6 out of
235 articles were selected.

Regarding bacterial diseases, 7 out of 91 articles
on Leptospirosis were selected. For Cholera, 4 out
of 273 articles were selected. For Shigellosis, 2 out
of 3 articles were selected. For Plague, 2 out of 33
articles were selected. In the literature search on pa-
rasitic diseases, 2 out of 111 articles on Leishmania-
sis were selected. For Cryptosporidium, 2 out of 38
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articles were selected. For Cyclospora, 1 out of 6 ar-
ticles was selected. For fungal diseases, 1 out of 2
articles on Mycosis was selected, and 2 out of 3 arti-
cles on Coccidioidomycosis were selected. Additio-

nally, 5 articles that dealt with infectious diseases in
general and the influence of ENSO were selected, as
they were considered relevant and met the study’s
objectives.

Nino 1+2
Top 8 El Nifio events (since 1950)

2.0 —

1957-58 106566 198283  [1991-92 2000-10]  [201518 202324
L &_ [ L [ i: DL é_ |

@ 1] [i+] = Q o © 1} 1] = Q

] = = = (] zZ - = = =] ]

Month of El Nino Event

Figure 4. Sea Surface Temperature (SST) Relationship from the 1950 El Nifio Event to the 2023 EI Niifio Event. Source: NOAA,
(2024).

Fisman et al. (2016) conducted a study related to
ENSO and infectious diseases in the United States.
They identified groups of diseases that can cau-
se epidemiological changes due to climate change:
vector-borne diseases, viral diseases causing con-
ditions such as pneumonia and influenza, enteric
diseases, bacterial, zoonotic, parasitic, and fungal
diseases. Evaluations of historical ENSO events did
not show the presence of fungal diseases, sugges-
ting that daily morbidity records from health cen-
ters and hospitals should be reviewed to determine
their occurrence.

Due to the irregular periodicity of ENSO with
strong temperature and precipitation variability
patterns affecting the risk of infectious diseases, so-
me studies demonstrated a significant impact on
vector-borne diseases in the Western United States,
without showing morbidity in other regions. In this
regard, vectors move according to water availabi-
lity needed for breeding site survival, which could
be influenced by either the lack of water resources
or the implementation of permanent vector control
strategies in that region.

16

The study also found an increase in the preva-
lence of tick-borne diseases due to elevated tempe-
ratures and precipitation, which favored the presen-
ce of ticks and other rodents that serve as reservoirs
for diseases such as Babesiosis, Lyme disease, and
Rickettsiosis, among others (Fisman et al., 2016). It
has been documented that the transmission rate of
microorganisms is higher with shorter tick life cy-
cles due to high temperatures, suggesting that EN-
SO could increase the number of tick-borne disease
cases beyond usual expectations (Rodriguez Arranz
and Oteo Revuelta, 2016).

3.1 El Nino Southern Oscillation and viral
diseases

Lietal. (2016) evaluated an emerging viral infection
caused by Coxsackievirus 16 and Enterovirus, affec-
ting children and infants in China. The clinical pre-
sentation includes fever, vesicles, and ulcers in the
hands, feet, and mouth. While clinical symptoms
can be mild, severe neurological symptoms such
as meningitis, encephalitis and polio-like paralysis
can occur, as well as pulmonary edema. The study
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analyzed how ENSO and climatic variations affect
this disease. They determined that high Southern
Oscillation Index values were associated with an in-

creased incidence of the disease. The study sugges-
ted that meteorological factors predict the occurren-
ce of this infection in China.

Table 1. Infectious Diseases Associated with the El Nifio Phenomenon in Latin America (2000-2019).

. . Year of the El
Disease Country or region Nifio Phenomenon Reference
. Ecuador, Peru, Bolivia,
Malaria Venezuela and Colombia 1982-1983 Kovats (2000)
. Ecuador, Peru, Bolivia,
Paludism . 1982-1983 Huarcaya et al. (2004)
Colombia
West Nile Encephalitis
Ross River Fever Brasil 1994-1995 Huarcaya et al. (2004)
Rocio Encephalitis
Cholera
Conjunctivitis
Diarrhea
Sexually transmitted diseases
Yellow Fever, Chagas
Hepatitis Ecuador 1997-1998 OPS (2000)
Leishmaniasis
Leptospirosis
Marsh fever
Paludism
Plague
Chickenpox
Peru 1997-1998 Huarcaya et al. (2004)
Dengue Ecuador 2010-2011 Stewart et al. (2013); Lipi et al. (2018)
Brasil 2015-2016 Anyamba (2019)

On the other hand, Oluwole (2017) conducted
a study demonstrating that ENSO dynamics dro-
ve the incidence of seasonal influenza from 2009 to
2019, a period during which severe seasonal flu
epidemics coincided with ENSO dynamics. The
authors concluded that the combination of all in-
fluenza pandemics over the past 140 years, with
chaotic low-transitivity regimes, shows that ENSO
dynamics contribute to driving influenza pande-
mics. Therefore, all models forecasting this event
should complement influenza virus surveillance
from now on.

Similarly, studies conducted in Japan by Zaraket
et al. (2008) found that the highest peak of influenza
was related to the warm ENSO period (Xiao et al.,
2022; Tang et al., 2022). The warm phase of El Ni-
fio, where sea surface temperatures are abnormally
high, occurs during the first seven months of the
year, followed by a drop in temperature below nor-
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mal. This could lead to large-scale environmental
changes that alter the trend of flu viruses to redis-
tribute and transmit to the human host.

Latinne and Morand (2022) expressed that cli-
mate variability and anomalies are factors driving
the emergence of infectious diseases. They highligh-
ted the association between climatic factors like EN-
SO, land surface temperature anomalies, and the
emergence and transmission of viral diseases from
bats to humans and livestock in Asia, the Pacific re-
gion, and the Arabian Peninsula. The authors found
that ENSO and its climatic anomalies can create op-
portunities for spreading bat-transmitted rabies vi-
ruses to humans and animals. Their results suggest
that most of these viral diseases transmitted by bats
were likely caused by ENSO climatic anomalies, as
9 out of 12 bat-transmitted viruses emerged in the
Asia-Pacific region and the Arabian Peninsula after
an El Nifio event.
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Additionally, the recent emergence of the SARS-
CoV-2 virus responsible for COVID-19 in China
in 2019 occurred after an ENSO event that im-
pacted China. According to these authors, the bat-
transmitted viruses include the Coronaviridae, Pa-
ramyxoviridae, Reoviridae, Rhabdoviridae, Nipah
virus, and Hendra virus. Regarding SARS-CoV-2,
which appeared in Wuhan, China, it was likely
transmitted from bats to humans through an inter-
mediate host believed to be a pangolin. The trans-
mission chain, involving caging wild animals in
food markets, subsequent slaughter, and contami-
nation in sales areas, presents high risks for patho-
gen transmission to both buyers and market wor-
kers, leading to the rapid spread of the virus to the
broader population (Silva-Jaimes, 2020).

Furthermore, it affected the biodiversity of in-
vasive species, causing loss of local flora and fauna
due to aggressive exploitation without adequate
biological controls, invading ecosystems unsustai-
nably results in infectious outbreaks by disrupting
the balance between predators and prey. However,
it is believed that the bat moved unusually from its
habitat due to climate change.

Climate change has accelerated the anthropoge-
nic emission of greenhouse gases, increasing zoo-
nosis risks. Additionally, global warming increa-
ses the number of infectious disease vectors, such
as mosquitoes and ticks. Global warming directly
influences pathogens with a higher thermal range
than their hosts, including humans, where the ba-
lance between the invasive pathogen and the host’s
immune system shifts in favor of the pathogen.
Another important aspect is the migration patterns
of wildlife, which could favor the emergence of new
diseases through interactions between different ani-
mals. Moreover, increased global trade fosters inter-
actions between wild fauna and domestic animals,
leading to greater global exposure of humans to
pathogenic microorganisms, promoting the trans-
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mission of zoonotic diseases, COVID-19 being an
example (Valladares, 2020).

3.2 Southern Oscillation El Nino and
vector-borne viral diseases

According to Anyamba et al. (2019), the investiga-
tion into patterns of interannual climate variability
related to ENSO indicates that it results in clima-
tic and environmental anomalies in specific regions
worldwide, leading to outbreaks or increases in a
wide variety of diseases, notably Dengue, Chikun-
gunya, Zika, Hantavirus, Rift Valley Fever, and pla-
gue, among other infectious diseases.

The authors state that these outbreaks, which oc-
curred during the strong ENSO event of 2015-2016,
affected regions including Southeast Asia, Tanza-
nia, the western United States, and Brazil. Changes
in precipitation, temperature, and vegetation cau-
sed excessive droughts and floods, creating favo-
rable ecological conditions for the emergence and
spread of pathogenic microorganisms and their vec-
tor transmitters in these regions.

The researchers demonstrated that the intensity
of diseases in some regions teleconnected with EN-
SO doubled compared to years when this climatic
event did not occur (Anyamba et al., 2001, 2019).
Dengue in Brazil and Southeast Asia is also asso-
ciated with higher-than-normal land surface tem-
peratures (Anyamba et al., 2001, 2019; Coelho-Cruz
et al., 2023). An increase in temperature above the
usual levels, closely related to increased humidity,
shortens the development cycles of vectors, subse-
quently increasing vector density. This rise in vec-
tor population density leads to greater mosquito-
human interaction, resulting in arboviral diseases
such as Dengue, Chikungunya, Zika, and even ur-
ban yellow fever, due to the domestic habits of the
vector. Consequently, the number of cases could be
expected to double.
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3.3 El Nino Phenomenon and bacterial di-
seases

In the case of leptospirosis, research by Weinber-
ger et al. (2014) on the relationship between EN-
SO and leptospirosis in New Caledonia shows that
this disease exhibits seasonal outbreaks in the tro-
pics. Using time series data from 2000 to 2012, the
authors evaluated whether climatic factors such as
ENSO and meteorological conditions can predict
leptospirosis outbreaks. They found that periods
coinciding with La Nifia were associated with abun-
dant precipitation, which in turn was related to out-
breaks of this disease. Their study demonstrated a
strong association between ENSO and leptospirosis,
suggesting that similar studies should be replicated
in regions of the South Pacific, Asia, or Latin Ame-
rica where El Nifio also induces climatic variability
that poses a risk of outbreaks. Leptospirosis cases
were above the annual average observed from 2012
to 2016. However, the incidence of other diseases
sensitive to ENSO, with shorter incubation periods
such as acute respiratory infections, diarrhea, and
pneumonia, was lower than the reported during
2012-2016 (Weinberger et al., 2014).

Leptospirosis outbreaks are closely related to
climatic events like floods caused by heavy rainfall,
considered a risk factor associated with the disea-
se. For example, plague outbreaks in Colorado and
New Mexico are linked to abnormal precipitation
(Anyambea et al., 2019). Plague is caused by Yersenia
pesti, a zoonotic bacterium found in small mammals
and their parasitic fleas. Abundant winter precipi-
tation followed by hot summers leads to increased
flea production, as noted by the authors.

Additionally, heavy rainfall influences the con-
tamination of surface water with sewage, represen-
ting common causes of diarrhea associated with
contaminated water supplies and floods, directly
impacting the transmission of typhoid fever and
shigellosis. Typhoid fever is common where sani-
tation is poor and potable water is unavailable, si-
milar to conditions for shigellosis. In areas without
water supply, events like heavy rainfall often lead
to unusual outbreaks of these diseases due to conta-
mination of drinking water with sewage (Anyamba
et al., 2001, 2019).

Kim et al. (2021) studied the effects of El Nifio

30

and La Nifia on the number of shigellosis cases in
Korea from 2004 to 2017. They demonstrated that
the risk of shigellosis infection increased with the
rise in La Nifia index, as fluctuations caused by La
Nifia in South and Southeast Asian countries affect
water sanitation.

Floods and ENSO cannot be directly related to
disease transmission. However, droughts can be
linked to increased pathogens in surface water and
hygiene-related diseases. ENSO-induced tempera-
ture increases directly influence gastrointestinal in-
fections. For instance, the 1997-1998 El Nifio in Peru
caused temperature rises that resulted in a signi-
ficant number of children being hospitalized with
diarrhea (Kovats, 2000).

Solomon and Bezatu (2017) conducted a syste-
matic review on the impact of El Nifio on the morta-
lity and morbidity of diarrheal diseases. This study
found a significant relationship between ENSO and
these diseases. Childhood diarrheal diseases cause
morbidity and mortality in developing countries,
and ENSO has been shown to affect the dynamics
of diarrhea incidence in South America and Asia.
However, the effects of this event on diarrhea in
sub-Saharan Africa, where the burden of diarrheal
infections among children under five is highest, are
not well understood. Diarrhea is a leading cause
of mortality in Africa due to the lack of water and
basic services.

Diarrhea usually occurs due to infections cau-
sed by rotavirus or bacteria, leading to the deaths of
thousands of children due to the loss of salts, elec-
trolytes, and nutrients. Southern Africa and South-
west Asia account for nearly 80% of all diarrhea-
related deaths globally, possibly linked to the lack
of nutrient-rich water, exacerbating the epidemiolo-
gical situation in these children. ENSO is characte-
rized by a warming period of sea surface tempera-
tures and the consequent suppression of nutrient-
rich cold water currents, which follows the pattern
observed off the coasts of Peru and Ecuador and
generally lasts between 12 and 18 months.

Regarding enteric diseases in the western Uni-
ted States, a decrease in this pathology was ob-
served, with increased risk in other regions of the
country. Thus, both wet and dry conditions increa-
se the risk of enteric diseases (Fisman et al., 2016).
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3.4 El Nifo Southern Oscillation and para-
sitic and fungal diseases

Climate change triggers extreme weather events
that have been associated with parasitic diseases
worldwide, with leishmaniasis being one of the
most studied. Da Silva et al. (2020), in their re-
search on the effect of ENSO on human visceral
leishmaniasis, mention that the increase in visceral
leishmaniasis cases in Panama was associated with
the cold phase of ENSO. They also note that factors
influencing the variation in the number of visceral
leishmaniasis cases in Brazil include environmen-
tal variables such as temperature, light, humidity,
altitude, and vegetation cover. These factors can
influence the transmission of the parasite and the
development of the disease.

Regarding Cryptosporidium, Cann et al. (2013)
mention that most outbreaks of parasitic disea-
ses occurred after extreme water-related weather
events, such as severe storms, heavy rains related
to ENSO, cyclones, seawater flooding, hurricanes,
or tides. After an extreme weather event, the pro-
bable causes of parasitic infections could be water
contamination, scarcity of potable water, and poor
sanitation and hygiene.

In Peru, it was reported that most of the po-
pulation affected by floods presented skin disea-
ses, mainly among children. The most frequent ca-
ses included infections, excoriations or superficial
wounds, allergic dermatitis, pyodermatitis, myco-
ses, among other pathologies (MSP/OPS, 1989).
However, there are few studies that reveal the effect
of ENSO as a trigger for mycoses. To evaluate coc-
cidioidomycosis in the United States, a soil-borne
fungal disease common throughout the southwes-
tern U.S. and related to soil moisture, Tobin et al.
(2022) analyzed the correlation between ENSO, soil
moisture, and coccidioidomycosis incidence from
2009 to 2012. They observed a moderate and sig-
nificant connection between ENSO, soil moisture,
and coccidioidomycosis. The authors demonstrated
that ocean-atmosphere teleconnections could affect
human health.

Gorris et al. (2019), in their study on the expan-
sion of coccidioidomycosis in endemic regions of
the United States in response to climate change, de-
termined that elevated temperatures could shift the
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location of this fungal disease from the southeastern
U.S. to also affect the western part of the country.
By 2100, the west is expected to become hotter and
more affected by rain, conditions that favor the fun-
gus and could double the number of affected in-
dividuals in the country. The Coccidioides fungus
thrives in areas with little rainfall and high tempe-
ratures, so when soil moisture is high, accompanied
by high temperatures, it favors the dispersion and
transmission of the fungus, as observed between
2009 and 2012, facilitated by ENSO.

As previously noted, ENSO events may become
more frequent due to climate change. Although El
Nifio events are global, the magnitude of their im-
pact varies, with some regions considered telecon-
nected to ENSQO. This means they experience clima-
tic anomalies related to ENSO despite being thou-
sands of kilometers away, while other regions are
not teleconnected (Fisman et al., 2016).

3.5 Strengths and Limitations

This study focused on research regarding infectious
diseases and the influence of climatic anomalies
caused by ENSO, conducted between 2000 and
2023. It included the strong El Nifio-Southern Os-
cillation events of 1982-1983, 1997-1998, and 2016-
2017. The geographical areas selected for the re-
search were those vulnerable to El Nifio events,
where studies on epidemics or infectious diseases
had been conducted. The search terms were very
broad, and some articles were excluded because
they dealt with general infectious diseases, such
as diarrhea, which can be caused by bacteria, pa-
rasites, or viruses, or respiratory diseases without
specifying the causative microorganism.

For viral infectious diseases like Zika and Chi-
kungunya, few studies were found for the years
1982-1983 and 1997-1998. Similarly, few studies on
parasitic or fungal diseases met the inclusion cri-
teria. The broad search terms and the search for
complete citations may have overlooked important
literature. Additionally, possible biases could ha-
ve arisen from not conducting a more exhaustive
meta-analysis. Limited data availability and hetero-

geneous climatic indicators should also be conside-
red.

Furthermore, the vulnerable geographical areas
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are typical in developing countries that do not ge-
nerate data or research comparing epidemiological
cases with environmental or climatic data. More
research is recommended on the influence of ex-
treme climatic variables under ENSO, which gene-
rally leads to catastrophes like wildfires, floods, and
droughts, usually resulting in an increase in viral,
bacterial, parasitic, and fungal diseases.

There is a need to determine the nature of eco-
logical mechanisms and their relationship with di-
seases, analyzing the ecological foundations of di-
seases. Links should be established between health
professionals, policy makers, and meteorological
predictors to predict long-term epidemiological
risks in areas vulnerable to extreme climatic factors.
Additionally, early epidemiological alerts should be
created to mitigate the proliferation of diseases cau-
sed by viruses, bacteria, parasites, and fungi.

4 Conclusions

The climatic variability caused by ENSO promo-
tes the emergence of imported infectious diseases,
which can become endemic rather than being era-
dicated. The projected consequences of diseases re-
sulting from ENSO will vary depending on how the
phenomenon manifests (flooding, drought, tempe-
rature increase, or heavy precipitation).

To forecast the repercussions in different ende-
mic areas due to ENSO, it is imperative to consider
risk factors, climate variability, and the geographi-
cal context. These factors should be integrated with
programs that control infectious diseases. Attention
should be focused on the climate and the neces-
sity for programs to adapt and identify changes in
morbidity and mortality induced by the climate.
This will help stratify the risk of these diseases in-
fluenced by climatic variations, aiding in decision-
making.

It is crucial to better understand the links bet-
ween the environment and the risk of infection
in various regions to establish working groups,
perhaps prioritizing the most prevalent infectious
diseases in the region.
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