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WHO -2021 WMR , estimated 241 million

malaria cases and 627,000 malaria deaths

globally in 2020.

These figures represent about 14 million more

cases and 69,000 additional deaths compared

to 2019, with two-thirds of the deaths linked to

disruptions in malaria services during the

COVID-19 crisis.

https://www.who.int/publications/i/item/9789240040496
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In 2020, the South-East Asia Region had nine malaria-endemic countries that 

contributed to about 2% of the burden of malaria globally. Most cases in the 

region were concentrated in India (83%).

Over the past 20 years, the Region achieved excellent progress in reducing its 

malaria burden. Between 2000 and 2020:

• case incidence fell from 18.0 to 3.0 cases per 1000 population at risk

(Fig 3.4 a);

• total malaria cases were reduced by 78%, from 22.9 million to 5 million;

• the mortality rate fell from 2.8 to 0.5 deaths per 100 000 population at risk 

(Fig. 3.4 b);

• total malaria deaths were reduced by 75%, from 35 000 to 9000.

During the COVID-19 pandemic in 2020, there were no major increases in the 

malaria burden in this Region.

South-East Asia is the only WHO Region that reached the GTS 2020 

milestones of a 40% reduction in malaria case incidence and mortality 

(compared to a 2015 baseline) 

Sri Lanka was certified malaria free by WHO in 2016 and remains 

malaria-free.
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Trends in a) malaria case incidence (cases per 1000 population at risk) and b) 
mortality rate (deaths per 100 000 population at risk), 2000–2020 in the WHO 
South-East Asia Region, 2020
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Problems  
of Malaria 
Control 
Program



NMCP- National Malaria 
Control Program

To combat devastating effects of Malaria, the National 
Malaria Control Programme (NMCP) was launched in 
1953.

Built around three key activities

1.Insecticidal residual spray (IRS) with DDT; 

2.Monitoring and surveillance of cases; and 

3.Treatment of patients. 

use of DDT as indoor residual sprays. 

The coverage of villages in India was almost 100%. 



NMCP- India

One should read the story of malaria control in India 
in those days, to realise how important a role the 
entomologists played & toiled hard in the field.

There was a drastic reduction in malaria and then 
the eradication era started in the sixties. 

The NMCP became NMEP. 

It was thought that DDT can replace entomologists, 
and slowly and steadily they were neglected.



NMCP in India & Elsewhere….

Then started the doom, slowly mosquitoes developed 
resistance to available insecticides; they showed behavioural 
changes in their resting, biting and breeding behaviour. 

These could have been measured only by the entomologists, 
but then they had been shunted out.

The big resurgence of malaria happened. 

It was too late. Meetings were held, and it was realised, 
though too late, that you cannot control malaria without 
entomologists; rather any vector-borne diseases. 

They are too many to be enumerated: Filariasis, Scrub Typhus, 
dengue, chikungunya, Zika,CCHF, KFD, etc.



NMCP-NVBDCP- …….
During the past few decades, no important research has resulted 
in finding new solutions to the control of any vector- borne 
disease like malaria. 

There are over 1.5 million cases now (2020) with thousands dying 
of malaria, according to a recent report issued by the 
Parliamentary Consultative Committee on Health. 

There were several thousand deaths and a few hundred in 
Bombay City alone. 

In tribal areas, infant and maternal mortality due to malaria is 
about 80% even now. 

Gone are the days when the malaria situation was tackled on a 
war footing.

With the success of DDT in controlling malaria, a euphoria was 
created which led to the ultimate destruction of the 
entomological cadre. 



NMCP – Resistance to DDT
The Malaria Institute of India became the National Centre for 
Disease control. 

Malaria control at the national level became an operational 
programme, with the belief - SPRAY AND PRAY! 

Soon the mosquitoes developed resistance to insecticides like 
DDT because of lacunae in the control operations. 

Had there been constant entomological surveillance and 
research, it would have been possible to find a solution to 
this serious problem.

But there were no entomologists.



NMCP – Resistance to DDT

Failure of the control 
operations was sought to be 
covered under the cloak of 

“resistance”.

Other diseases like dengue 
had also come in a big way, 

often obscuring the diagnosis 
of malaria! 

Many research organizations 
were there in India like ICMR 
and NCDC. Separate control 
Organisations like NVBDCP 

(now NCVBDC) - successors to 
NMCP and NMEP also came.

Instead of operational 
research in the field, the 

research organisations started 
Molecular Research. 

Fieldwork gave way to 
laboratory work in air-

conditioned rooms. 

New educational courses were 
started to produce Medical 

Entomologists. 



National Malaria Control 
Programme, 1960



Key definitions: control, elimination, eradication

Control - WHO defines malaria control as the reduction of disease incidence, prevalence, morbidity or

mortality to a locally acceptable level as a result of deliberate efforts. Continued intervention efforts are

required to sustain control.

Elimination -Malaria elimination is the interruption of local transmission (i.e. reducing the rate of malaria

cases to zero) of a specified malaria parasite in a defined geographic area. Continued measures are required

to prevent reestablishment of transmission.

Eradication -Malaria eradication is defined as the permanent reduction to zero of the worldwide incidence of

infection caused by human malaria parasites as a result of deliberate efforts. Once eradication has been

achieved, intervention measures are no longer needed.



Entomological set up in 
India

• To control the resurgence of malaria, Modified Plan of Operation (MPO) was started in 1977
with incorporation of entomological components for the first time.

- 72 Entomological Zones were created in 17 states

- In each Zone one Zonal Entomologist, 2 Insect Collectors and mobility support was
provided

- 1 State Entomologists in all states

- 16 Posts of Entomologists also created at Regional Office for Health & Family Welfare and
at state headquarter level

- 21 Entomologists under IDSP

- 12 Entomologists in NCDC

- - ICMR Research Entomologists

- - Biologists/Entomologists (under urban Malaria in 131 towns)



Entomologists expected to do 
-Objectives

• - Entomological surveillance

• To know the distribution and prevalence of vectors in time and space

• Vector Bionomics: breeding, resting, feeding habits

• To understand the dynamics of disease transmission

• To strengthen the vector surveillance to predict any outbreak of malaria or other
vector borne disease.



Entomological surveillance - Parameters

• Adult mosquito density (Per Man Hour Density)

• Man mosquito contact –Elisa Test

• Cone Bioassay Tests

• Dissection of mosquito gut, glands & ovary

• Larval collection

• Whole night collection to detect feeding time and site of transmission.

• Susceptibility status; Larva & Adult



Global distribution of 
malaria vectors 

Global prevalence of An. 
stephensi (Purple) 

recent invasion to ------



Entomological Surveillance: vector mapping, risk  area stratification, foci investigation, resistance

An. culicifacies, An. fluviatilis, An. minimus

An. sundaicus, An. stephensi, An. dirus



Opportunities for expanded 
skill needs

Expanding “Public Health”  
entomologist skills in  
epidemiology, information  
management and mapping

Stratification and
identification of
transmission foci for
more efficient use of
resources



Srilanka
Entomological surveillance is a
major component of the malaria
prevention of re-introduction
strategy of the country to measure
the levels of receptivity.

Anti Malaria Campaign (AMC)
implements a comprehensive
package of entomological
surveillance activities among 22
RMO regions throughout the
country through 43 entomological
teams

21 Anopheline Sp.

•

An entomological surveillance system on Malaria was established in Sri Lanka shortly
after the 1934–1935 epidemic, aiming to forecast increases in seasonal transmission and
potential epidemics through identification of changes in vector breeding.

• Trained mosquito collectors collected larvae and adult mosquitoes in dwellings on a
monthly schedule.

• In 1940s the programme added mandatory inspections of rivers and streams for larvae by
public health inspectors in each jurisdiction.

• Thereafter, entomological surveillance was carried out as per the dictates of a control
programme focusing on many aspects using different techniques.

• In 1945, an extensive indoor residual spraying (IRS) operation was launched. The early
success of IRS in reducing the malaria burden constrained the country to embark on a
malaria eradication strategy in 1957, coinciding with the WHO’s Global Malaria
Eradication Programme.

• In 1963, near eradication was achieved with only 17 cases and 11 of this number were
imported cases

Well: Common breeding place of An. stephensi in Jaffna

Challenge in Srilanka
Overhead tank: A breeding place 
of An. stephensi in Jaffna



…NMCP and 
Covid-19

• Because of the COVID-19 pandemic, no more attention was paid any 
more on malaria. 

• The priorities are different now because dengue epidemics are now 
occurring with regular frequency in many places. 

• As Wilbur Downs had said, dengue has in the past also overshadowed 
malaria, and many malaria cases are diagnosed as dengue.

• But then there are no more entomologists these days, who used to 
slog in the field looking for mosquitoes and study their vectorial 
status.



URGES Member States to:

• Develop/adapt national vector control strategies and operational plans to 
align to GVCR and IHR

• Build and sustain adequate capacity and capability at all levels and across all 
sectors based on needs assessment

• Promote basic and applied research
• Promote collaboration across all levels and sectors, and with engagement 

and mobilization of communities
• Strengthen capacity for vector surveillance and M&E
• Strengthen and engage in cross-border and regional collaboration
• Collaborate with international, regional, national and local institutions and 

non-State actors

RESOLUTION WHA 70.16

WHA 70.16

Global vector control response: 

an integrated approach  for the 
control of  vector-borne diseases

WHO  GVCR 



• Relevant staff from health ministries 
or supporting institutions trained 
in public health entomology

• National and regional institutional networks to 
support training and/or education in public health 
entomology and technical support established 
and functioning

• National and regional vector control strategic plans 
developed/adapted  
to align with draft global vector 
control response

• National vector control needs assessment conducted or
updated and resource mobilization plan developed
(including for outbreak response)

• National entomology and cross-sectoral workforce
appraised and enhanced to meet identified
requirements for vector control, including for epidemic
response

* To be revised and updated for the subsequent period of 2023–2030. 

10 PRIORITY ACTIVITIES FOR 2017-2022*

WHO



10 PRIORITY ACTIVITIES FOR 2017-2022*

• National agenda for basic and applied research on 
entomology and vector control established and/or 
progress reviewed

• National inter-ministerial task force 
for multisectoral engagement in vector control 
established and functioning

• National plan for effective community engagement and 
mobilization in vector control developed

• National vector surveillance systems strengthened 
and integrated with     health information systems to 
guide vector control

• National targets for protection of 
at-risk population with appropriate vector control 
aligned across    vector-borne diseases

* To be revised and updated for the subsequent period of 2023–2030. 

WHO 



Framework for vector surveillance



(WHO) 
recommends 
both malaria 
control and 
prevention 
strategies

• The evidence-based core strategies include: 

• Vector control with long-lasting insecticide-
treated nets (LLINs), indoor residual spraying 
(IRS) and 

• The supplementary strategy of larval source 
management (LSM); 

• Along with access to diagnostic facilities and 
improved treatment 

• Surveillance, monitoring and evaluation 
(including entomological surveillance). 

• Wide scale deployment of these strategies 
reduced the global malaria incidence by 37% 
for all human malarias. 

• Furthermore, between 2007 and 2019, 11 new 
countries were certified as malaria free—the 
first certifications since 1987. 



Challenges……
• However, the global progress has stagnated since 

2014. 

• Predicted trends in climate change and urbanization 
will likely facilitate reductions in malaria transmission, 
but will not, by themselves, achieve elimination.

• These megatrends facilitating malaria control will be 
offset by disruptions to health systems though civil 
unrest, migration of displaced populations and land 
use changes. 

• The capacity of National Malaria Control Programmes 
(NMCPs) will be further challenged by public health 
emergencies, such as the COVID-19 pandemic, 
although it is important to note here that most 
countries have been supported to develop and 
implement mitigation plans to prevent the potential 
negative impact of COVID-19.



Challenges….

• Additional biological challenges are 
escalating, most notably in the form of 
physiological and behavioural resistance of 
mosquitoes to insecticides and resistance of 
parasites to anti-malarial drugs.

• With the growing number of pre-qualified 
malaria control products available and 
recommended for programmatic 
deployment, malaria control has evolved into 
“a problem to be solved, not simply a task to 
be performed” with country programmes 
encouraged to adapt WHO 
recommendations to local circumstances.



Find the 
solution to 
our problems

• The present-day research on malaria is all about getting 
foreign funding for new research projects (euphemistically 
called sponsored research), trying to find out new drugs, 
new insecticides etc but nothing was being done to 
improve operational efficiency - the less said about it, the 
better. 

• Current day research on vector biology and control is all on 
paper. Go on publishing more and more papers - of course, 
it must have an impact factor - it does not matter whether 
your research has contributed towards disease control or 
not. 

• What is the result? We are perpetually publishing papers, 
with a high impact factor (?) more to enhance one’s career, 
than to solve problems in the field! There is no 
accountability. 

• There is no adventure or curiosity in trying to find the 
solution to our problems



Solving the 
problem of 
malaria 
requires 

➢A highly skilled workforce with robust infrastructure, 

➢Financial backing and 

➢Sound programme management coordinated by a strategic 
plan.

The capacity of National Malaria Control Programmes (NMCPs) 
analysed to identify the strengths and weaknesses underpinning 
the implementation of vector surveillance and control activities 
by the core elements of :

1.Programme capacity, 

2.Being strategic frameworks, 

3.Financing, 

4.Human resources, 

5.Logistics and 

6.Infrastructure, and 

7.Information systems.







Intervention capacity by 
programmatic inputs

Vector surveillance implementation by NMCPs was limited by governance (42%), human resources (40%),
finance (20%), information systems (20%) and logistics and resources (14%).
For vector control (LLINs, IRS and LSM), the proportional responses in these same categories differed with the
majority of respondents highlighting limitations in logistics and resources (53%), followed by human resources
(43%), funding (36%) and governance (10%)
Capacity of National Malaria Control Programmes to implement vector surveillance: a global analysis
Tanya L. Russell, Malaria Journal,2020



Capacity of National Malaria Control 
Programmes to implement vector 

surveillance: a global analysis
Tanya L. Russell, Malaria Journal,2020

Results:

• Across nearly every country surveyed, the vector 
surveillance programmes were hampered by a lack 
of capacity and capability. 

• Only 8% of NMCPs reported having sufficient 
capacity to implement vector surveillance. 

• In contrast, 57% of NMCPs had the capacity to 
implement long-lasting insecticidal nets (LLINs),

• 56% of NMCPs had the capacity to implement 
indoor residual spraying (IRS) and 

• 28% of NMCPs had the capacity to implement larval 
source management (LSM) activities. 

• Largely underlying this was a lack of up-to-date 
strategic plans that prioritize vector surveillance and 
include frameworks for decision-making and action.



Capacity of National Malaria Control 

Programmes to implement vector 
surveillance: a global analysis



Availability of entomology 
lab, and insectary

• NMCPs in 60% (n = 21) of countries had access to an entomology laboratory (e.g.
molecular (PCR) or immunology (ELISA) capacity). All countries with ELISA capabilities
(31% (n = 11)) also were PCR capable (42% (n = 15)).

• Insectaries were maintained in 57% (n = 18) of the countries in which colonies of
Anopheles arabiensis, Anopheles funestus sensu stricto (s.s.), Anopheles gambiae s.s.
and Anopheles merus in Africa; Anopheles aconitus, Anopheles balabacensis, Anopheles
dirus, Anopheles maculatus, Anopheles minimus, Anopheles sinensis and Anopheles
sundaicus in the Asia–Pacific; and Anopheles albimanus in the Americas were
maintained. In addition, 31% (n = 11) of NMCPs had semi-field facilities.

• Now a days Malaria control programmes collaborate with external partners or
organizations such as universities, multilateral agencies or U.S. government agencies to
varying degrees.



Shortfalls in staffing capacities of national malaria control 
programmes



Conclusions

• Strategic planning and a lack of well-trained 
entomologists heavily hamper vector 
surveillance. 

• Countries on the path to elimination 
generally had more operational/field staff 
compared to countries at the stage of 
control, and also were more likely to have an 
established system for staff training and 
capacity building. 

• It is unlikely that controlling countries will 
make significant progress unless huge 
investments also go towards increasing the 
number and capacity of programmatic staff.



Malaria Elimination….in Asia Pacific

• Malaria elimination in the Asia Pacific will be an 
unprecedented and major achievement in the history of 
public health, by removing this disease as a primary cause 
of mortality and morbidity  affecting many millions of 
people over multiple millennia.

• An ambitious goal of eliminating malaria by 2030 has been 
adopted by the Asia-Pacific region, but many roadblocks 
remain for countries to  not only eliminate the disease but 
to sustain that status in the face of re-infestation threats. 

• One of the challenges along this path to Elimination relates 
to the Anopheles vectors which carry the  disease.



Serious Shortfalls-Target parasite/case 
surveillance

• A serious shortfall exists in the ability of many National Malaria 
Control Program vector control entomologists to identify 
Anopheles species, even to species complex/group level, and in 
their understanding of the bionomics of malaria vector species.

• National Programs appropriately target parasite/case 
surveillance, there is poor capacity in many countries to conduct 
effective vector surveillance which provides critical information 
to guide appropriate measures for vector reduction as well as 
shape and form malaria elimination strategies.



Elements of  
Vector 
Control

• Vector control is the single most effective 
intervention for achieving a reduction in malaria  
transmission. 

• Such vector control must be underpinned by a 
thorough understanding of which  vector 
species are present in a particular area, relative 
abundance of the various species, breeding  site 
preference, feeding and resting behavior, 
insecticide susceptibility, data management, 
data interpretation, all of this then integrated 
into an effective vector control plan. 

• Each of these elements   requires knowledge 
and skills for effective data sourcing, processing 
and application, without which  vector control 
programs would be wasteful and misdirected, or 
even completely ineffective



Entomologist skill  
(Interpretation – IRS)

• If first round of IRS not given in time as scheduled or coverage is poor, further the case
detection / drug distribution not done for at least 2 to 3 months – the epidemic will be
predominantly of P. vivax

• If both the rounds of IRS either not given or coverage is extremely poor and case
detection and drug distribution not done at least 4 to 5 months – the epidemic will be
predominantly of P. falciparum



Entomological aspect of LN

It is important to have 

• Periodical entomological assessment in LLIN areas – monitoring of vector density, vector 
behaviour and insecticide resistance status of vectors

• LLIN efficacy study in the field condition 

• Verification of the physical integrity of LLINs and net attrition rate 

• Impact of indoor targeted interventions like LLIN & IRS and their combination on local vector 
bionomics 

42



Categorization of districts (678)

Category Definition Number (%)

Category 0:
Prevention of re-
establishment
phase

Districts historically considered to be without local transmission
and reporting no case for last 3 years. Vigilance to be
maintained.

75 (11.0)

Category 1:
Elimination phase

Districts having API < 1 per 1000 population 448 (66.1)

Category 2: Pre-
elimination phase

Districts having API 1-2 per 1000 population. 48 (7.1)

Category 3:
Intensified control
phase

Districts having API >2 per 1000 population. 107 (15.8)

Cat 3 districts: Odisha (22); Chhattisgarh (17); Jharkhand (17); MP (10); Arunachal (10); Mizoram (7); 

Meghalaya (6); Tripura (6); Assam (5)



Vector Control strategy   

Malaria 

Elimination 

Malaria Elimination

Category I Category II Category III

Vector Control

• Anti -Adult 

•Anti-Larval

•Biological 

•Environmental

•Legislative 

- Strengthening 

entomological surveillance

- case / foci based vector 

control with space / focal 

spray.

- Integrated Vector    

Management  (IVM) 

through VHSNCs. 

- Biological control :

Larvivorous fish 

- Two rounds of IRS 

in areas of API > 2

- Anti-larval 

measures in Urban 

areas

- IVM Strategy

- Monitoring 

Insecticide 

Resistance

- Universal Coverage 

with LLINs in areas 

> 2API 

- IRS if not covered 

with LLINs.

- IVM Strategy



Foci investigation  

• Foci” defined as persistent transmission of Pf / PV 

• Components of an entomological investigation-

• Check validity of the data, talk to people about where transmission might 
be occurring and go there for vector surveillance 

• Assess coverage of interventions (case management, LLINs, IRS) –

• Assess whether larval control at a small scale might

be appropriate



Who can add 
gaps in 
Achievement 
for Vector 
Control?

Who can add value to such 
capacity gaps which often occur 
in NMCPs……

To achieve “Optimized levels  of 
Vector Control –Surveillance” 
which is the  foundation for 
vector control interventions.



Need of 
Entomologist

Without entomologists, malaria, or for that matter any 
vector-borne disease would never have been controlled 
anywhere else in the world, including Asian countries   

Unfortunately, their important role in public health is 
being downgraded and even ignored these days. 

Ross, Soper, Hacket, Russel and several others were 
medical men, but who took great interest in mosquitoes 
and had contributed a lot to malaria control. 

An engineer Ronal Senior White wrote many papers on 
mosquitoes, and two eminent medical men Barraud and 
Christophers, wrote books on mosquitoes for the fauna 
of British India.



• Entomologist Skills & Competencies

• To be successful in this role, you'll generally 
need the following skills and qualities: 

• Comfort with insects

• Observation skills

• Communication skills

• Critical thinking skills



Entomologist Skills & 
Competencies:

• 1.Comfort with insects: Entomologists shouldn't be squeamish 
around insects and must be willing to handle them and their by 
products.

• 2.Observation skills: The field often requires observing and 
noting details about insects' behavior, appearance, and 
environment.

• 3.Communication skills: They must be able to explain their 
findings in writing and verbally to academics, students, 
policymakers, and other stakeholders, depending on the exact 
job.

• 4.Critical thinking skills: Entomologists must be able to draw 
conclusions from data collected from research, observation, and 
experiments.



ENTOMOLOGICAL SKILLS
ECOP –IRS 





Best practice for malaria in  
India . National capital  Delhi 

Coronation Pillar

Commemorative erected at the exact

place where King George V and Queen

Mary sat in Durbar of 1911, and declared

the shifting of the capital of the British

Raj from Calcutta to Delhi

Construction of New Delhi -1912 Well drained site,

Selection of healthy site

https://en.wikipedia.org/wiki/George_V_of_the_United_Kingdom
https://en.wikipedia.org/wiki/Mary_of_Teck
https://en.wikipedia.org/wiki/Durbar_(court)
https://en.wikipedia.org/wiki/British_Raj
https://en.wikipedia.org/wiki/Calcutta
https://en.wikipedia.org/wiki/Delhi


THANKS

Further link

Entomological surveillance Planning Tool(ESPT)

UCSF Institute for Global Health Sciences


