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ABSTRACT

Sri Lanka is a country that has long suffered from epidemics of malaria. In this historical context, it is remarkable
that in 2016 the Indian Ocean island nation was able to officially celebrate the elimination of this parasitic disease
of major public health importance. The most devastating outbreak recorded in Sri Lanka was during 1934-35, when
close to 80,000 human deaths were reported. Indoor residual spraying with the insecticides, DDT and malathion
commenced in 1947 and was successful in causing a rapid decline in malaria incidence. However, poor vector con-
trol measures, resistance of mosquitoes to these insecticides and resistance of blood-stage Plasmodium parasites to
the prevailing drugs used are considered the principal reasons for the occurrence of subsequent outbreaks. Despite
this, Sri Lanka achieved the significant milestone of zero locally transmitted malaria cases in October 2012 and
zero recorded deaths since 2007. Vector surveillance, parasitological examination, and clinical case management
were collective effective activities that most likely led to elimination of malaria. Yet, there remains a high risk of
reintroduction due to imported cases and an enduring vulnerability to vector transmission. In order to prevent re-
establishment of malaria, continued financial support, sustained surveillance for vector species present in Sri Lanka
and effective control of imported cases through rapid detection and early diagnosis are all required. In addition to
these immediate practical priorities, further studies on vector biology and genetic variations that affect vectorial
capacity would help to shed light on how to avoid reintroduction. This review affords an insight into the determinants
of past malaria epidemics, strategies deployed to achieve and maintain the current status of elimination, lessons
learnt from this success and plans to avoid resurgence of infection.
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INTRODUCTION

Malaria is one of the most important and life-threat-
ening infectious diseases in the world. In 2018, the lat-
est year for which information is available, an estimated
228 million clinical cases of malaria in humans occurred
worldwide, resulting in approximately 416,000 deaths'.
Of all reported incidence, 93% of malaria cases and in
excess of 390,000 deaths are from sub-Saharan Africal.
Within a general population, some groups are at high risk
of contracting infection; these include pregnant women,
infants, children <5 yr of age, patients with HIV, non-im-
mune migrants and travelers' .

Sri Lanka, a small island 0f 65,525 km? in area located
in the Indian Ocean, is a country that has a long history
of epidemic malaria®. Since record-keeping started sev-
eral centuries ago, this has had a major public health im-
pact on the resident population, which currently stands at
22 million (https://www.indexmundi.com/sri_lanka/de-

mographics_profile.html). However, from the turn of the
21st century, the reported incidence of malaria declined
progressively as a consequence of a concerted campaign
of entomological surveillance, parasitological examina-
tion, and improved clinical case management®. Yet, the
exact cause of this sudden reduction in malarial disease
spread is unknown. This review provides an insight into
the recent research performed to gain a better understand-
ing of this phenomenon, concluding by discussing how
this knowledge may be applied to combat malaria in a
global context.

Parasite and vector species

The actiological agents of malaria are protozoan para-
sites of the Plasmodium genus. Of more than 250 spe-
cies that are known to infect vertebrates, only six spe-
cies are recognized as responsible for regularly infecting
and causing disease symptoms in humans, viz. Plasmo-
dium falciparum, P. vivax, P. malariae, P. ovale curtisii,
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P. ovale wallikeri and P. knowlesi*>. In Sri Lanka at any
time in history, only three of these species, namely P, fal-
ciparum, P. vivax and P. malariae, have been identified as
the cause of disease outbreaks®.

Female mosquitoes of the genus Anopheles act as
vectors for transmission of malaria. There are approxi-
mately 430 Anopheles mosquito species found worldwide
but only 3040 of these transmit malaria. The identity of
transmitting species varies depending upon the geograph-
ical region and the environmental conditions®. There are
23 reported Anopheles species in Sri Lanka’. Other than
the principal vector An. culicifacies, three species are con-
sidered to be possible vectors; An. subpictus, An. varuna
and An. annularis®®. However, in 2015 and 2017, respec-
tively, two new Anopheles species, An. jeyporiensis and
An. stephensi, were discovered in the country!'*!!. Due to
a lack of availability of mosquito surveillance informa-
tion in Sri Lanka prior to 2010, it is unclear whether or
not these two species have gone undetected on the island
over the past few decades or if their recent detection is
indicative of a recent invasion'®"!.

Malaria: Historical significance

Sri Lanka experiences a tropical climate. For the pur-
pose of studying malaria, the country has been divided into
three distinct climatic zones'?; dry, intermediate and wet
(Fig. 1). The wet zone receives a relatively high mean annu-
alrainfall of over 2,500 mm, due to the southwest monsoons
from April to June, while the dry zone receives amean annu-
al rainfall of less than 1,750 mm, mostly through the north-
east monsoons from October to January. The intermediate
zone receives a mean annual rainfall of 1,750-2,500 mm.
When malaria was prevalent, endemicity varied by climatic
zone and was determined primarily by the local habitats of
An. culicifacies®. The disease was endemic across the entire
dry zone and a greater part of the intermediate zone. During
excessively dry weather there were outbreaks or epidemics
in the wet zone'2. Only the high hill country was entirely
free from malaria as the low overnight temperatures were
not conducive to mosquito survival.

Major outbreaks recorded in Sri Lanka

1934-1935: The epidemic that started towards the
end of 1934 and continued until April 1935 was the most
devastating outbreak of malaria in Sri Lanka on record
(Fig. 2). Anunusually prolonged drought across the entire
island led to the formation of riverine pools. The resultant
expansion of habitats for pre-imaginal development of
the principal vector An. culicifacies was implicated as the
major factor in the extended range and intensity of this
epidemic®.

SRI LANKA

DRY ZONE
@Trincomalee
G

@ Anuradhapura *\

$
Y
Puttalam é‘\ﬂ\
} Polongaruwa é;g 1
G
\' a8 \‘\ S

e Bat:gicaloa

v

. INTERMEDIATE "\ ;

Kurunegala
-

ZONE

¥
= ,\-‘T‘“ " Hambantota

Fig. 1: Climatic zones of Sri Lanka'*based on annual rainfall.

Itis estimated that a total of 5 million individuals were
infected, of whomnearly 80,000 died'* '*. Throughout the
epidemic, P. vivax was the predominant parasite (P, vivax
62.2%, P. falciparum 36.7% and P. malariae 1.1%)'?. Of
anopheline mosquitoes collected from epidemic areas,
88.5% were An. culicifacies and 8.7% were An. subpic-
tus. The highest infection rate was observed in December
1934, ranging between 10.8—-14% of the population of
geographically separate regions'?.

1967—-1968: Following the introduction of the insec-
ticide, dichlorodiphenyltrichloroethane (DDT) in 1946
for indoor residual spraying (IRS), malaria morbidity and
mortality declined steadily. After widespread use of DDT
over several years, in 1963 the annual incidence reached a
low of 17 (with only six indigenous cases) and for the first
time Sri Lanka stood on the verge of eliminating malaria.
However, the then Sri Lankan government made what
hindsight shows to be a catastrophic mistake by loosen-
ing vector control measures and disbanding DDT spray-
ing teams. Within months’ malaria incidence started to
increase, culminating in an island-wide re-emergence in
1967-1969, with over 50,000 clinical cases recorded in
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Fig. 2: Malaria cases in Sri Lanka, 1911-2016 (Source: Anti-Malaria Campaign, Ministry of Health, Sri Lanka & WHO Regional Office for
South-East Asia, 2017; Available at: http.//apps.searo.who.int/PDS _DOCS/B5395.pdf).

1969 (Fig. 2). Yet, fortunately only 58 deaths eventuated
because 99.9% of'the infections during this time were due
to P. vivax rather than to the more virulent P, falciparum®.

At the end of the 1960s, it became evident that re-
sistance of mosquito vectors to insecticides and resis-
tance of malaria parasites to chemotherapeutic drugs
presented significant barriers to the success of malaria
elimination programmes'®. In 1969, DDT resistance was
discovered for the first time in Sri Lanka't. As a reso-
lution to this problem, in 1977 the country switched to
use of the unrelated malathion. Despite initial promise,
malaria incidence continued to rise during the 1980s.
This was due to the emergence of chloroquine-resistant
P. falciparum'®.

1980-2000: In the latter part of the 20th century,
water irrigation schemes were expanded throughout Sri
Lanka, thereby creating artificial breeding habitats for
mosquitoes. The Mahaweli Project was a major develop-
ment established in the country’s climatic dry zone (Fig. 1)
during this period. Due to resettlement programmes, peo-
ple who previously lived in malaria non-endemic areas
and thus lacked acquired immunity were relocated to en-
demic areas. Itis thought that as a consequence these non-
immune individuals were susceptible to the more severe

manifestations of infection. As a result of this unfortunate
occurrence, P. falciparum once again became a predomi-
nant species of malaria parasite on the island. In 1987 the
P, falciparum: P. vivax case ratio'* reached nearly 1:1. Ac-
cording to a study carried out on the Mahaweli Project,
93% of all anopheline mosquitoes collected in the project
area were identified as An. annularis, previously recog-
nized only as a vector of minor significance'”.

Current situation

Until the 2 1st century malaria was a significant public
health concern in Sri Lanka, negatively affecting both the
country’s health and its economy. In the year 2000, there
were 210,048 indigenous reported cases'®, but since Oc-
tober 2012 there has not been a single locally transmitted
malaria infection and hence no indigenous deaths have
occurred in the entire 5-yr period 0f2013-2017 (Table 1).
Aslevels of infection dropped, the proportion of reported
indigenous cases that were caused by P. vivax and by P.
falciparum changed over time (Table 2). After achieving
three consecutive years of zero local cases, in September
2016 the World Health Organization (WHO) certified Sri
Lanka to be free from malaria'-®. However, malaria cases
brought in from overseas by infected travelers continued
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Table 1. Number of indigenous and imported cases of malaria
reported during 2008-2017

Year Total cases  Indigenous cases Imported cases
2008 670 647 23
2009 558 531 27
2010 736 684 52
2011 175 124 51
2012 93 23 70
2013 95 0 95
2014 49 0 49
2015 36 0 36
2016 41 0 41
2017 56 0 56

Source: Annual Reports 2008-2017 Anti-Malaria Campaign, Ministry of
Health, Sri Lanka.

Table 2. Percentage of malaria cases diagnosed as P. vivax and P.
falciparum during 2001-2017

Year % P vivax % P, falciparum
2001 84 16
2002 88 12
2003 88 11.4
2004 85 134
2005 92 5.8
2006 95 3
2007 96.4 3
2008 93 43
2009 95 3.8
2010 95.3 2.3
2011 90.3 6.8
2012 48.3 45.2
2013 54.7 44.2
2014 57.1 40.8
2015 47.2 472
2016 39 439
2017 29 25

For 2016 and 2017 the species of malaria parasite in some samples remains
to be identified. Source: Annual Reports 20012017, Anti-Malaria Campaign,
Ministry of Health, Sri Lanka.

to be identified'. While importation is at present the only
source of malaria in the country, the existence of vector
mosquitoes means that there remains a potential risk of
reintroduction'®.

Possible reasons for the decline of malaria incidence
Parasitological examination: Examination to de-
tect malaria parasites played an essential part in the case
screening process. Passive case detection (PCD) is the
screening of individuals attending health care institu-

tions while active case detection (ACD) is a village-level
screening of high-risk groups in endemic areas. This two-
pronged screening approach facilitates efficient treatment
regimens and informs tailored IRS programmes®. Acti-
vated passive case detection (APCD) is the mainstay of
disease surveillance, which was a form of PCD used in Sri
Lanka whereby all the fever cases were tested for malaria.
In district hospitals, APCD capacity was enhanced in the
last decade by doubling the number of trained microsco-
pists compared to the late 1990s. For the years 1995, 2000
and 2005, this method helped in identifying 89.8, 89.4
and 94.0% of cases, respectively®. The diagnosis is heav-
ily dependent upon the accuracy of microscopical tech-
niques. The rapid diagnostic test (RDT) is another rapid
method that was administered first in 2001 but is reserved
for emergencies because of'its high cost and limited avail-
ability.

Following the introduction of ACD in 1997, mobile
malaria clinics have targeted conflict-affected, remote and
inaccessible populations in all the regions of the island.
The aim is to detect asymptomatic and symptomatic para-
site carriers. RDTs are occasionally used in these clinics,
but most tests are carried out by microscopy. The World
Bank International Development Association and Global
Fund supported ACD activities from 2003 onwards®.

Entomological surveillance: In Sri Lanka, entomo-
logical surveillance served as a facet of the epidemic
forecasting system and was an essential component in
the national integrated vector management (IVM) strat-
egy. The first entomological surveillance was instigated
soon after the remarkable malaria epidemic of 1934-35
in order to attain early information on the possible occur-
rence of increased seasonal transmission and outbreaks.
Trained officers were engaged in mosquito collection and
it was their duty to gather anopheline larvae and adult
mosquitoes from the breeding sites of An. culicifacies
and dispatch these on a monthly schedule to the Central
Malaria Laboratory for confirmatory identification?'. In
1940, public health inspectors carried out a mandatory
inspection of rivers and streams for larvae at both central
and district levels. Data obtained from susceptibility tests
and bioassays were used in planning IRS and the distribu-
tion of insecticide-treated nets (ITNs) and/or long-lasting
insecticidal nets (LLINs). In 2009, a private organization,
Tropical and Environmental Diseases and Health Asso-
ciates, conducted entomological surveillance in targeted
districts®.

Vector control: The IVM approach was started in Sri
Lanka during the 1970s, whereupon it contributed sig-
nificantly to the reduction in malaria incidence. Strate-
gies like IRS, ITN, LLIN, larviciding, filling abandoned
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gem pits and intermittent flushing of canals and water-
ways formed part of this plan. In the late 2000s so-called
‘field schools’ were introduced with the aim of educating
farmers about malaria vector management and the link
between agriculture and public health?.

In 1946 the primary vector control method of IRS
was introduced nationwide. A spatial mosaic insecticide
rotation was implemented in 1998, using a combination
of up to six insecticides of the two classes, organophos-
phates and pyrethroids. The use of DDT was replaced by
malathion in 1975 due to repeated reports of mosquito re-
sistance to DDT. Lambda-cyhalothrin was introduced in
1994 and other novel insecticides were also used more re-
cently. Spraying of pyrethroids was more popular among
local communities than that of organophosphates as they
emit less odour and do not leave a visible residue on
house walls. In 2002, use of malathion ceased because of
evidence of resistance?. National IRS coverage declined
over a 15-yr period®, from 64.8% in 1995 to 46.5% in
2000, then to 22.5% by 2005.

The widespread deployment of ITNs and LLINs
was a second important vector control tool in Sri Lanka.
The distribution of ITNs started in 1999 and LLINs were
introduced in 2004 with the help of the Global Fund. In
2005, 14.8% of the population at risk was estimated to
be covered by LLINs*, which rose to 22.7% in 2009 and
34.6% in 2010.

The IVM brought the relevant stakeholders together
and engaged local communities. This approach also
harnessed vector surveillance research to best in-
form the use of insecticides and to determine the most
satisfactory combination of vector control interventions
and environmental management®.

Case management: Appropriate patient management
and effective treatment played a key role in achieving the
successful elimination of malaria from Sri Lanka. Starting
from the mid-1990s all the patients suffering from fever
were tested routinely for malaria. However, since 2007
testing has been recommended only for febrile patients
with malaria-related clinical history and symptoms. For
Sri Lankan citizens traveling to malaria-endemic coun-
tries, chemoprophylaxis is provided for up to six months
free of charge?.

Chloroquine and primaquine were used to treat pa-
tients with P. vivax malaria. Typical dosages for adults
were: chloroquine — 25 mg/kg body weight over 3 days;
primaquine —0.25 mg/kg per day for 14 days. The P. falci-
parum patients were treated with artemisinin-based com-
bination therapy and primaquine. For severe cases, the use
of intravenous artesunate or quinine dihydrochloride was
introduced® in 2008 and updated® in 2014.

Cost of malaria elimination

The Sri Lankan government and the Global Fund
were the principal financial contributors to the malaria
control programmes®. Upto 2017, US$ 35.6 million from
the Global Fund had been disbursed towards elimination
efforts?. This has been used mainly to scale-up IRS, for
active surveillance through mobile clinics, diagnosis and
treatment, and for LLIN distribution®?°. On the advice of
the Ministry of Health, Nutrition and Indigenous Medi-
cine (MoH), the Ministry of Finance allocated funding
at a district level based on available resources and rela-
tive risk. The MoH’s Anti-Malaria campaign (AMC)?¥,
supported by external funding and partnerships with
non-government organizations, drove the decline in ma-
laria incidence through adoption of innovative, evidence-
based strategies of vector control, parasitological surveil-
lance and clinical case management®,

In 2014, the most recent year for which information
is available, the entire budget allocated to the AMC for
malaria control activities was US$ 934.1 million®. At that
time, the median cost for malaria control at district level
wasUS$ 195,316, witha cost per capitaranging from US$
0.21-0.54. The overall estimated national cost per capita’
was about US$ 0.50.

The AMC has identified nine key strategies to ensure
malaria-free status and prevention of reintroduction of
malaria to Sri Lanka. These strategies are under the fol-
lowing themes: (i) Strengthening services for surveillance
for malaria case detection and protection of vulnerable
population; (ii) Maintaining clinical skills, capacity and
services for management of malaria cases; (iii) Strength-
ening outbreak preparedness, prevention and response
to malaria outbreaks; (iv) Strengthening entomological
surveillance and response through IVM; (v) Establishing
arigorous quality control system for malaria elimination;
(vi) Strengthening information, education and commu-
nication (IEC) activities to raise awareness on the ma-
laria elimination programme; (vii) Improving programme
management and performance; (viii) Engaging in opera-
tions and implementation research; and (ix) Monitoring
and evaluating programme performance. Table 3 shows
the annual financial allocation for the 5-yr period between
2014—18 covering malaria elimination and prevention of
reintroduction phases in Sri Lanka.

Implications for global health

Sri Lanka’s long road to the successful elimination of
malaria was troublesome and it took more than a century
to achieve this ultimate goal. Nevertheless, despite this
notable national accomplishment malaria remains amajor
global public health concern. Hence, important lessons
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Table 3. Financial allocation of malaria elimination and prevention
of reintroduction programme in Sri Lanka

Year Capital budget (USS$)
2014 8,819,615
2015 10,016,583
2016 9,205,899
2017 9,809,282
2018 10,220,913

Source: National Malaria Plan for Elimination Prevention of Sri Lanka
2014-2018. Anti-Malaria Campaign, Ministry of Health, Sri Lanka.

learnt from this experience can be applied to help control
malaria in other countries and to prevent its reintroduction
to Sri Lanka'*'®.

The AMC’s effective strategic plan was to intensively
target both the parasite and the vector. Setting up mobile
malaria clinics in areas of high transmission intensity was
successful”’. Incorporation of APCD, ACD and RDTs al-
lowed abroad capacity for detection of parasites across the
country. The genetic diversity and population structure of
Plasmodium species have been estimated by investigat-
ing allelic variation of polymorphic microsatellite loci or
candidate genes'. In order to identify the geographical
origins of these parasites and to facilitate effective control
and preventive measures, analysis of genetic maps of the
parasites would be useful®.

Effective vector control methods utilizing IRS, ITNss,
LLINs and using larviciding chemicals and larvivorous
fish have played a major role in malaria elimination®. An
island-wide entomological survey and determination of
vectorial capacities of Anopheles species in Sri Lanka
should now be undertaken since there remains a threat
from imported malaria cases. Studies of taxonomy, biolo-
gy, ecology, behaviour and genetics of Anopheles mosqui-
toes will afford a better understanding of malaria vectors
and their role in transmission'*. These vector control mea-
sures can also reduce the transmission of other mosquito-
borne diseases, notably dengue and chikungunya*=!.

Public health system infrastructure

The Democratic Socialistic Republic of Sri Lanka, to
give the nation its official title, provides free healthcare
services in order to entrust health security, quality and
modern healthcare facilities for all citizens and residents.
The MoH has established a substantial free curative and
preventive public health services network to enhance
public health necessities provided by the Public Health
Midwives, Public Health Inspectors, and the Medical Of-
ficers of Health/Divisional Health Officers. There are 593
government hospitals in the country that are staffed with
ratios of 0.49 doctors and 1.93 nurses/midwives per 1000

population. Facilities are structured around primary care
institutions and with secondary care institutions that pro-
vide specialized care®.

The National Malaria Strategy in Sri Lanka focuses at
central, provincial and district levels on the evolved con-
sensus of stakeholders from the health and non-health sec-
tors of government, the private sector, non-government
organizations and international contributors. It comprises
an evidence-based plan of action published/produced by
the MoH and derived from the WHO Global Malaria Pro-
gramme and South East Asia Regional Malaria control
guidelines and recommendations. This ensures a coor-
dinated, multilateral national response that aligns with
the WHO malaria control strategy recommendations
and reflects Sri Lanka’s national development policies.
The AMC plays a leading role in eliminating malaria and
preventing its reintroduction through the provision of
support to districts. In keeping with the National Health
Sector Strategy, decentralization of implementation to
the district level ensures that each district is directly re-
sponsible to provide funds and human resources for local
community-based activities to combat malaria.

Current control strategies

The current approach to malaria elimination in Sri
Lanka is based on strengthened surveillance, early re-
porting, case investigation and case management with
a radical cure. A mechanism for reporting malaria cases
in the private sector has also been established. An IEC
programme targets at-risk populations. Other elimina-
tion strategies are also being developed or implemented,
including border screening and treatment, formation of
rapid response teams and a real-time malaria case infor-
mation system.

The paradigm shift from malaria control to malaria
eradication followed declarations at the Gates Malaria
Forum in October 2007 and subsequent support voiced
by the WHO?2, in response to which the board of the Roll
Back Malaria (RBM) partnership and many other institu-
tions renewed the inspiration for innovation and public
health action. Very swiftly a coherent global action plan
for malaria eradication was established and approved by
the RBM partnership* in late 2008. This led to the forma-
tion of the Malaria Elimination Group (MEG), a consor-
tium of scientists, public health decision-makers, control
programme managers and funders. Based on all scientific
evidence and case studies available at the time, the MEG
compiled a guideline to policy makers for malaria elimi-
nation in areas that embark or have embarked on elimina-
tion strategies’.

As part of the global campaign that started a decade
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ago, the MoH, Sri Lanka launched a national malaria
elimination programme in 2009 following an end to the
civil conflict in the country. Funded in part by the Global
Fund to fight AIDS, Tuberculosis and Malaria, the aim of
the initial 5-yr drive was the phased elimination of ma-
laria in the country by the end of 2014. This was achieved
through the interruption of transmission of P. falciparum
(by the end of 2012) and the interruption of transmission
of P. vivax (by the end of 2014). There are three main
partners in the ongoing project, namely the AMC, Tropi-
cal and Environmental Diseases and Health Associates
Pvt. Ltd, and the Sarvodaya Shramadana Movement of
Sri Lanka.

Among the current operational issues of concern to
the programme are: sustaining political commitment for
malaria elimination at national, provincial and district
levels; maintaining adequate cadres in essential sectors
to implement effective elimination and prevention of re-
introduction nationwide; rehabilitation of primary care
institutions in conflict-affected areas of the northern and
eastern Provinces; and ensuring adequate infrastructure
and logistical facilities for effective implementation. All
these recent endeavours point to an ethical long-term
pathway from control to elimination and eventually to
eradication’®.

Ongoing challenges

There remain several challenges in sustaining inter-
rupted transmission and preventing malaria reintroduc-
tion in Sri Lanka that are essential to consider in order to
maintain the malaria-free status of the country. Develop-
ment projects in the wake of the separatist war involve
the presence of foreign national workers, particularly
from China and India. The presence of such a large non-
indigenous labour force increases the risk of imported
infections, including malaria. Similar risks have been
identified in association with illegal migrants'®*’. In ad-
dition, other movements of people to and from overseas
elevate the risk of parasite carriage into the country. These
include the posting of security force personnel previously
engaged in United Nations peace-keeping missions in
malaria-endemic countries and Sri Lankan nationals who
travel to other countries in search of jobs, as tourists or
pilgrimage visitors'®. By contracting malaria outside Sri
Lanka, these individuals could then reintroduce it to the
country; this may reconcile reported imported cases with
the presence of malaria vectors in early disease-endemic
areas™.

The identification of adult female anopheline mos-
quitoes is a central tenet of the malaria surveillance and
control strategy enforced throughout the world. Anoph-

eles jeyporiensis, a confirmed vector species for P. falci-
parum transmission in Vietnam and China, was detected
after absence of 108 yr from Sri Lanka. Further, samples
collected from coastal areas in the Mannar District of Sri
Lanka presented some morphological features similar
to An. sundaicus and An. epiropticus™*. Recent obser-
vations provided evidence of An. stephensi for the first
time in Sri Lanka, from Mannar District''. Therefore, it
is of paramount importance to investigate the presence of
novel potential vectors for malaria transmission in early
endemic areas. Hence, entomological monitoring proce-
dures should be continued as a priority in order to main-
tain the WHO certification of malaria elimination from
the island.

The bioecology of Anopheles breeding habitats in
urban areas has received very little attention. Recent in-
vestigations have revealed, for the first time in Sri Lanka,
the ability of An. culicifacies, An. subpictus and some
other potential malaria vector species to breed in drains
containing wastewater**“! and, like Aedes mosquitoes,
in habitats with high salinity such as coastal brackish
water** . Thus, adaptation of anopheline mosquitoes to
breed in polluted water in urban locations could be a seri-
ous concern, especially given the fact that An. stephensi
plays amajor role in transmitting malaria in neighbouring
southern parts of India*.

Vectorial capacity provides a quantitative summary
of the basic ecological attributes of a vector population in
relation to parasite or virus transmission. A comprehen-
sive study of the vectorial capacity of Sri Lankan anoph-
eline varieties has not been performed for many years.
Therefore, it is essential to study this aspect even though
malaria cases are very low at present. This may facilitate
an understanding of whether the decrease in reported in-
cidenceis due to areduction of vectorial capacities among
malaria vector species in Sri Lanka.

An effective surveillance and response system is
an important part of a successful disease control pro-
gramme. However, continued allocation of appropriate
resources faces a challenge in view of the current ab-
sence of recorded malaria in Sri Lanka, with public fund-
ing prioritized for other more immediate public health
concerns, notably dengue. Dwindling case numbers has
meant that it is difficult to sustain the necessary level
of interest within management, administration and field
staff, and, more importantly, the required level of com-
mitment from policy makers'®. Consequently, meeting
the substantial costs needed to maintain the country’s
malaria-free status is an increasingly demanding task,
particularly since external funding has also reduced as
the disease burden has fallen away. Under these circum-
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stances, it may be a tough task to prevent the reintroduc-
tion of malaria to Sri Lanka as the majority of funds
allocated to surveillance and control is currently met
through limited local provision.

An international perspective

Malaria was officially eliminated from Sri Lanka? in
2016, yet there exists a potential risk of reintroduction
due to imported cases of infection. Importation is the only
source of malaria in the country today. Hence, screening,
detection, early diagnosis ofthe disease and effective treat-
ment are most important for preventing the possibility ofa
resurgence. There is evidence that P. vivax has the ability
to re-emerge in regions where malaria eradication or con-
trol efforts in the past had apparently proved successful.
Examples include Uzbekistan, Azerbaijan, South Korea
and northern Afghanistan'. The decade following the end
ofthe civil war that ravaged Sri Lanka from 1983 to 2009
has witnessed an expansion of social and economic devel-
opment projects which led to an influx of imported hired
labour from neighbouring malarious countries. There has
also been a sharp rise in both immigration, principally
from the Indian subcontinent, and international travel un-
dertaken by residents and visitors. As a consequence, the
risk of reintroduction of P. vivax into areas of Sri Lanka
where species of Anopheles mosquitoes with proven vec-
torial capacity are present is considered to be high®.

In October 2016, an imported case of infection with
the zoonotic parasite P. knowlesi was reported from a
Sri Lankan soldier returning from Malaysia*. As related
monkey hosts and anopheline vectors are present in Sri
Lanka, the development of local expertise to reliably iden-
tify zoonotic malaria parasites is a diagnostic laboratory
training priority.

Chloroquine and primaquine have been the anti-
malarial drugs of choice in Sri Lanka over the past few
decades'> . Sharing best practice in clinical case man-
agement with clinicians from other countries would be of
great assistance to prevent the reintroduction of malaria in
the nation. Research to unravel mechanisms of parasite re-
sistance and to discover novel drug targets would benefit
infection control nationally and globally.

DDT was first introduced as a front-line insecticide
shortly after World War II but its continuous use over a
long period prompted the emergence of resistant mos-
quitoes. On that account, research into susceptibility to
insecticides and resistance mechanisms of Anopheles spe-
cies are extremely important for ongoing maintenance of
effective vector control*. Further studies relating to the
vectorial capacity of malaria-transmitting anopheline
species present in Sri Lanka and its genetic basis would

provide insights into the means by which malaria elimina-
tion was achieved and help to prevent its reintroduction
to the island.

The lack of indigenous cases of malaria in Sri Lanka
since 2012 should be applauded. Yet, if the current ab-
sence of reported infections is extended for a longer pe-
riod of time it may lead gradually to a loss of awareness
among medical professions to the possibility of malaria
as a clinical diagnosis. Other major vector-borne dis-
eases, such as dengue and chikungunya, are transmitted
by Aedes and not Anopheles mosquitoes®*3!. With some
justification, these are competing increasingly for limited
public health services and management resources. How-
ever, the unexpected onset of major outbreaks of P. vivax
and P, falciparum infections during the 20th century act
as a warning that sustained surveillance and awareness
among entomologists and medical professionals for ma-
laria should be continued.

CONCLUSION

When considering the turbulent history of malaria in
Sri Lanka and its recent elimination from the country, there
are several strategies that have contributed to the recent
rapid decline in case numbers. Notable among these is the
implementation of methods for accurate parasitological
examination, vigilant entomological surveillance and ef-
fective patient treatment. However, molecular level infor-
mation relating to malaria infections is by itself not suffi-
cient. The availability of more detailed genetic information
about previous cases would be of immense value for further
investigations and the rapid decline of malaria incidence.

Two species of Anopheles mosquitoes that have not
been identified previously in Sri Lanka were recently
found on the island. Therefore, a nationwide study of the
vectorial capacity of all such mosquitoes is warranted.
This type of investigation may not only shed light on
the success of current measures to contain malaria but
can also help to safeguard the country against the future
reemergence of indigenous infections.
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