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ABSTRACT

The transmission of vector-borne infections after an earthquake is related to the changes in the
environment caused by the earthquake. The displacement of thousands of people, especially in
areas where vector-borne diseases are endemic, can significantly increase human exposure to
mosquitoes and other vectors and the pathogens they may carry in overcrowded environments
and inappropriate temporary shelters, leading to an increase in human infection cases. The
devastating earthquakes in Tirkiye on 6 February 2023 pose a risk of the spread and outbreaks
of vector-borne infections such as cutaneous leishmaniasis (CL) and malaria, which are endemic in
the region. Public health authorities should prioritise surveillance in all earthquake-affected areas.
Immediate detection and identification of local vector species, monitor environmental conditions
and potential breeding grounds, insecticide application and use of mosquito nets and development
of interventions to prevent the emergence of vector-borne infections are essential. Case
diagnosis and treatment follow-up, prophylaxis, training of the public and health personnel,
improving temporary shelter conditions and facilitating access to clean drinking water and health
services are essential to minimise the impact of vector-borne infections in post-earthquake
situations.
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As stated by the WHO" and Chala and Hamde,? vector-borne infections, which are a
significant public health issue worldwide, are infections that do not spread directly from
person to person but are transmitted to humans through a vector. The most common
vector-borne infections are transmitted by mosquitoes and ticks. Vector-borne infections
can be caused by parasites, bacteria or viruses and annually, over 700 000 deaths are
attributed to these infections, which represent more than 17% of all infectious
diseases."”

Host-environment interactions are key in vector-borne disease emergence. Favourable
conditions for vector-host—climate—pathogen-human interactions increase transmission
risk. Social and demographic factors also significantly contribute to the emergence of
vector-borne infections.?

Earthquakes, which constitute 8% of natural disasters, can cause an increase in the
incidence of infectious diseases.®> The transmission of vector-borne infections after an
earthquake is related to the changes in the environment caused by the earthquake. The
displacement of thousands of people, especially in areas where vector-borne infections
are endemic, can significantly increase human exposure to mosquitoes and other vectors
and the pathogens they may carry in overcrowded environments and inappropriate
temporary shelters, which can lead to an increase in human infection cases.*

One of the most devastating earthquakes of the last century occurred in the south-
eastern region of Tiirkiye on 6 February 2023. The first earthquake, centred in the
Pazarcik district of Kahramanmaras, had a magnitude of 7.7 and occurred at
04:17 hours local time. Subsequently, at 13:24 hours, another earthquake with a magni-
tude of 7.6, centred in the Elbistan district of Kahramanmaras, occurred. These earth-
quakes were felt in 11 provinces, including Gaziantep, Sanliurfa, Diyarbakir and Hatay,
and caused widespread building collapses and severe structural damage. The earthquakes
resulted in the loss of more than 50 000 lives, with over 107 000 people injured (Fig. 1).
An area of ~500 km in diameter was directly affected by the earthquake, affecting over
14 million people residing in the region. It was reported that more than half (50.52%)
of the Syrian migrant population in Tiirkiye, lived in this region and were affected by
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Fig. 1. Provinces affected by the 2023 Turkey earthquake.

the earthquake. Due to the earthquakes, ~6 million people
faced housing shortages, ~2 million people began living in
temporary settlements, and ~4 million people migrated out
of the earthquake-affected area. Access to clean drinking
water and adequate sanitation facilities, including toilets
and bathing, in tent camps was extremely limited.”

Additionally, on 15 March 2023, the earthquake-affected
provinces of Sanliurfa and Adiyaman experienced flooding.
Twenty-one people lost their lives in this disaster. Because
many of the temporary shelters were set up on unsuitable
terrain, the living conditions of the local residents worsened
after the flooding. Homeless earthquake victims were
affected, and the floodwaters inundated many of the erected
tents and containers, exacerbating the damage caused by the
earthquake (see https://en.wikipedia.org/wiki/2023_Turkey_
floods, accessed 29 October 2023).

Earthquakes and floods can affect vector-breeding sites
and the transmission of diseases by these vectors. Although
initial flooding can wash away existing mosquito breeding
grounds, stagnant water caused by heavy rainfall, overflow-
ing rivers or puddles created by earthquakes can create new
breeding sites. This can lead to an increase in vector popu-
lations and disease transmission potential (typically with a
delay of several weeks) depending on the local mosquito
vector species and its preferred habitat.®

There are numerous examples demonstrating that earth-
quakes can lead to an increased incidence of vector-borne
infections. In 1991, an earthquake in the Atlantic region of
Costa Rica caused favourable changes in vector-breeding
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habitats and resulted in a significant increase in malaria
cases.” In 2003, in the city of Bam, Iran, 124 malaria cases
were reported within 2 months.® During the same period, the
incidence of cutaneous leishmaniasis (CL) gradually and then
exponentially increased from 2004 to 2008. This earthquake
in 2003 resulted in the formation of 10 million tons
(—907 000 tonnes) of rubble, creating suitable conditions for
the spread of sand-fly vectors. Since then, the epidemiology of
CL has been changing, with the emergence of new foci and
persistent clinical forms.? After the 7.9-magnitude earthquake
in China’s Sichuan province on 12 May 2008, it was reported
that it contributed to the spread of vector-borne infections,
leading to outbreaks.” Following the earthquake in Haiti in
2010, 76 out of 255 patients (29.8%) presenting with an
unknown fever were diagnosed with falciparum malaria.
Among other vector-borne infections, there were 13 cases of
filariasis and 6 cases of dengue fever.'® In China, after the 2014
earthquake, there was an increase in vector populations,
coupled with homelessness, resulting in significantly increased
exposure to mosquito bites.

Leishmaniasis is a disease caused by protozoan parasites
of the genus Leishmania. These parasites are transmitted to
humans through the bite of infected female sandflies. The
disease is still an important public health problem in Tiirkiye
and is a notifiable disease (Fig. 2). CL is the most common
form of the disease and exists in two main types in the Old
World: zoonotic CL (ZCL), caused by L. major with rodents as
the primary reservoir host, and anthroponotic CL (ACL),
caused by L. tropica with humans as the reservoir host.’
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Fig. 2. Cutaneous leishmaniasis lesion and distribution of cutane-
ous leishmaniasis cases.
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A strong association between the number of earthquakes
and an increased incidence of CL has been found and regions
with frequent earthquakes have been considered as high-risk
areas for CL.'? According to a 2022 meta-analysis, there was
a 1.5-fold increase in infectious diseases, including skin,
respiratory, gastrointestinal, and central nervous system
infections, in the post-earthquake period.'®> When we look
at vector-borne infections expected to occur in the post-
acute period after earthquakes (after the first month), it is
observed that malaria is endemic in the region, and CL is
one of the most common infections in the region.

ACL is endemic in the south-eastern Anatolia and
Mediterranean regions. According to the Ministry of Health
data, 96% of cases were reported from this region, with over
half of them originating from Sanliurfa. Although L. tropica
remains the predominant causative agent in these cases, CL
cases caused by L. major and L. infantum have also been
reported in recent years.'*® It is known that in the region,
there are vectors such as Phlebotomus sergenti (the vector of
L. tropica), P. papatasi (the vector of L. major) and P. perfiliewi
(which could transmit L. infantum).'®~>*

Leishmaniasis is linked to human behavioral patterns,
urbanisation, and environmental changes caused by both
human activities and natural disasters. The disease is wide-
spread in weak healthcare systems and can lead to large
outbreaks, especially in crowded conditions.?? The major
earthquake in Iran, for instance, created new breeding
potentials for vectors and had the most significant impact
on CL incidence.’

Malaria, caused by Plasmodium species and transmitted
by female Anopheles mosquitoes, includes five human-
infecting species: P. falciparum, P. vivax, P. ovale, P. malariae
and P. knowlesi. In 2021, the World Health Organization

reported 247 million new malaria cases in 84 endemic
regions, with 619 000 malaria-related deaths.

For many years, Tiirkiye faced a significant public health
challenge with chloroquine-sensitive P. vivax malaria. After
long-standing efforts, it entered the pre-elimination stage in
2009 and since 2013, no new indigenous cases have been
reported. Although imported malaria cases are observed, the
WHO has not declared Tiirkiye as a malaria-free region.**

In south and south-east Anatolia, malaria vectors, includ-
ing 10 species such as Anopheles sacharovi and A. super-
pictus, are present.”*?’ Identifying the vector species,
environmental factors and breeding areas in the region is
crucial for developing intervention activities and control
measures against diseases transmitted by these vectors.

Factors such as an increase in infected and susceptible
hosts following an earthquake, a weak public health infra-
structure and interruptions in ongoing control programs are
risk factors for the transmission of vector-borne infections. In
public health emergencies like earthquakes, public health
authorities should prioritise surveillance in all affected
areas to reduce the emergence and spread of vector-borne
infections. It is essential, especially in regions endemic to
diseases such as malaria and CL, to promptly identify and
characterise local vector species, environmental variables
and breeding habitats. This is crucial for implementing
control measures and preparing initiatives to prevent
vector-borne infections. Key components of control measures
include case diagnosis and treatment monitoring, prophy-
laxis, education of both the public and healthcare personnel,
indoor application of insecticides for vector population
control, the use of bed nets to reduce outdoor exposure,
improvement of temporary housing conditions, and facilitat-
ing access to clean drinking water and healthcare services.

Considering the chaotic situation in the region, it is
essential to begin implementing these measures as soon as
possible. Following the earthquake in Haiti, the rapid diag-
nosis and treatment using fast tests played a vital role in
controlling a potential malaria outbreak due to factors such
as lack of coordination, logistical challenges, a mobile pop-
ulation, a constantly changing healthcare system and the
absence of experienced microscopists.'’ The use of pesti-
cides has also been effective in preventing vector-borne
infections from causing outbreaks after earthquakes.*

After an earthquake, the risk of transmission and spread
of certain ectoparasitic infections may increase because of
the environmental changes caused by the earthquake and
the alteration of people’s living conditions.” In areas with
insufficient water, inadequate personal hygiene, and among
those placed in temporary shelters or communal housing,
scabies and pediculosis may pose significant problems.>

Scabies is a contagious skin infestation caused by the
Sarcoptes scabiei. Infrequent bathing, not changing clothes
regularly, sharing beds and incomplete treatment of entire
families for scabies can increase the transmission risk. In
the 2005 earthquake-affected Kaghan Valley of Pakistan,
scabies was detected as the second most common infection
among 22 122 patients, accounting for 17%.%®

Pediculosis is an infestation caused by louse. The notable
lice are the head louse (Pediculus humanus capitis; head louse
nit shown in Fig. 3), the body louse (Pediculus humanus
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Fig. 3. Nit of a head louse.

humanus) and the crab louse (Phthirus pubis). In overcrowded
and poor hygiene conditions, there is an increased risk of lice
transmission from person to person due to close physical
contact. The prevention and control of the spread of pedicu-
losis is aided by prompt diagnosis and effective treatment of
infestations.?’

The Ministry of Health has established a network of
outbreak investigation laboratories by setting up field labora-
tories in earthquake-affected areas with both active and non-
functional existing laboratories 1 week after the earthquake.
Through this network, in which the authors participated,
active and passive surveillance has been carried out, and
potential outbreak agents have been closely monitored.
Despite sporadic cases of malaria and CL observed in these
surveillance activities, there has been no imminent threat of
an outbreak thus far. Although an outbreak is not expected in
the near future due to the earthquake occurring in the winter
months, the number of cases may increase in October—
November as the vector-human and environmental conditions
in the region have become more favourable for the develop-
ment of vector-borne infections due to the earthquake.

Conclusion

After natural disasters, the placement of disaster survivors
should be well-planned. The location of the shelter camps to
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be established, their proximity to water sources, and the
distance of mobile toilets and bathrooms to these water
sources should be well planned. Additionally, it is crucial
to ensure access to clean and safe water, establish proper
sanitation conditions, deliver healthcare services, and col-
laborate with relevant institutions to ensure the collection
and safe disposal of waste, garbage, toilets, and animal
carcasses for environmental health protection. Measures
such as rehabilitating vector-breeding sites, using appropri-
ate pesticides, implementing interventions to reduce
human-vector contact, and providing prophylaxis can
reduce the risk of vector-borne infections.

In order to prevent the emergence of infectious diseases
after an earthquake, it is crucial to assess potential outbreak
risks and develop a scientific and reasonable monitoring and
control plan that reduces economic and social damage.
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