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ABSTRACT

Malaria, caused by the female Anopheles mosquito is one of the
most rampant vector-borne diseases which significantly affects low
and middle-income countries. Many actions have been taken at
national and global levels to mitigate the disease burden of malaria.
Mitigation of malaria is also within the ambit of the Sustainable
Development Goals (SDG) of 2030 under target 3.3. The WHO also
intends to reduce the global burden of malaria by 90% by 2030.
Many initiatives such as the Roll Back Malaria Advocacy Plan, Action
and Investment to Defeat Malaria 2016- 2030 have been launched.
Malaria approximately affects about 300-500 million people with
pronounced effects in the endemic regions. Many of these regions
belong to Latin America and the Horn of Africa. Additionally, many
of these regions also experience the El Nifo Southern Oscillation
(ENSO) which according to studies have shown to increase cases of
malaria during these cycles. The ENSO influences the temperature

and precipitation patternsin South America, which indirectly affects
the spawning duration and capacity of mosquitoes. The
reproductive capacity of the Anopheles mosquito is influenced by
the ENSO. This review article explores biological, socio-economic
and meteorological factors that affect the spawning cycle of
malaria-causing mosquitos by the ENSO climatic phenomenon.

Background

Malaria transmission control and gradual eradication continue to be
one of the greatest public health challenges in the world. It also
continues to impede socio-economic development in around 91
countries, infecting 300- 500 million people and causing
approximately 3 million deaths worldwide (1). The risks associated
with malaria are more pronounced in middle- and low-income
countries in Asia, South America and Africa. To tackle the same, the
World Health Organization has launched initiatives such as the WHO
Global Technical Strategy for Malaria 2016- 2030, and the Roll Back
Malaria Advocacy Plan, Action and Investment to Defeat Malaria
2016-2030.Target 3.3 of the Sustainable Development Goals (SDGs)
also addresses this by pledging to curb malaria mortality and case
reduction by >90% by 2030 (2).
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Fig 1: Representation of countries as controlling malaria, malaria-free or eliminating malaria, 2012 (3)

The biological pathway and disease epidemiology of malaria is
crucial to mitigate outbreaks. Malaria is a temperature- dependant
disease wherein the Plasmodium parasite has an extrinsic
incubation period (EIP) for egg development (4). The ENSO provides
warm, optimal temperatures in South America particularly on the
West coast of Peru and Ecuador, which decreases the EIP and leads
to outbreaks (5). Nearly every El Nifio results in torrential rainfall in
thisregion.

Literature Review
ENSO and temperaturesin South America
ENSO was characterised by weakened easterly winds that blow from

east to west in the Pacific, leading to prolonged warm periods that
occur in the Pacific Ocean near the equator, also mimicked by the
West Pacific (5). These affect the interannual climate variability in
South America in addition to climate anomalies called
“teleconnections” that extend beyond the Pacific and lead to
malaria outbreaks because the water temperature increases up to
3.5 °C in the Eastern Pacific (6). Many studies performed statistical
analysis of all the significant El Nifo occurrences that had transpired
in the 20th century (ignored 1963, 1969 and 1979 weak episodes) by
considering temperature, rainfall and hydrological anomalies as
parameters, all of which indicated a positive correlation between
temperature and malaria transmission (7). The strong 1982/83 El
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Nino led to anincrease in malaria incidence in many Latin American
countries such as Colombia and Brazil, which was also experimentally
confirmed by a Fisher's Exact test indicating a strong statistical
significancein EINiflo occurrence and malarial epidemics (1).

There were, however, a few limitations associated with the accuracy
of running climatic suitability statistical analyses to determine the
influence of environmental temperature on malaria. Gray et al
observed that many regions despite having the ambient
temperature to facilitate mosquito breeding lacked moisture and
instead, were arid such as the Arabian Peninsula (8). Moreover, these
templates cannot incorporate details such as transmission
efficiency of local vector species; which for instance, shows lower
endemicity in the Amazon region when compared to other parts of
South America, explained by Gething et al (9). Additionally, many
Latin American regions are exposed to drought and therefore,
during the occurrence of an EINifo every 2-8 years, flash-floods and
slow- floods occur because water cannot be absorbed in the former
and gets logged in the latter due to prolonged periods of rainfall,
leading to stagnated water serving as breeding grounds. Therefore,
the occurrence of ENSO in South America leads to greater cases of
malaria because it stimulates Anopheles mosquito vector
propagation, survival and vectorial capacity, noted by many
empirical and theoretical studies (10-12).

The relation between temperature and the reproductive cycle
of Anopheles mosquito

Innumerable studies have demonstrated that the transmission of
malaria is affected by temperature (9,13,14). However, the
transmission intensity and thermal sensitivity of mosquitos which
ought to consider factors such as parasite EIP, biting rate, vector
competence, fecundity, generation time are insufficiently
characterised (15). Moreover, historical experiments that had
studied temperature-sensitive parasite development took limited
data points, did not consider blood infection levels and explored a
narrow spectrum of temperatures (16). Shapiro et al studied the
adult mosquito mortality rate by taking vector competence, biting
rateand the timetoreach EIP into considerationacross 21-34°C,and
found that the range 21- 27°C best supported the increase in
sporogony, leading to a greater prevalence of infectious mosquitos
(15). It was also observed that the EIPs were the shortest in higher
temperatures but also led to earlier adult mosquito mortality.
Martens et al concluded that the optimal transmission of
Plasmodium takes place at 20.4°C whereas studies from Bayoh-
Ermertshowthatitis between 26.8-27.5°C(16).

The transmissible capacity of the Plasmodium parasite depended
on the temperature associated with EIP; the eggs take
approximately 8- 14 days to develop, where most mosquitos would
probably die before passing on the parasite (17,18). Hence, studies
showed that populations with long-lived mosquitos in humid areas
survived and were better vectors (19,20).

CONCLUSION

Of vector-borne diseases, malaria is one of the most pervasive
because populations of many low-income and middle-income
countries live in endemic regions. Early intervention at the national
and international level are required to mitigate outbreaks during
ENSO. Malaria transmission control is an important SDG goal that
comes under 3.3 and also indirectly positively impacts SDG goals
1,2,4,517. A plethora of studies shows that there is a positive
correlation between ENSO and malaria outbreaks in South America.
This is mainly influenced by the change in temperature as countries
such as Venezuela and Colombia receive torrential rainfall during
the occurrence of an El Nifio which lasts 12- 15 months. Moisture
aided with stagnant water becomes a breeding ground for
Anopheles mosquitos. However, many of these studies had either
mapped malaria incidences from single data points, used older
statistical models and did not consider the local ecology of the
regions. These can be supplanted by better epidemiological study
methods and obtaining more accurate meteorological information.

Despite these study gaps, ENSO still leads to increased malaria
outbreaks due totemperature changes.
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