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Preface

This training module on entomological laboratory techniques for
malaria control is in two separate parts. Part I (this part) is the Learner’s
Guide, and contains technical information and details of the practical
skills needed by those working with mosquitos in an entomology
laboratory. Part II is the Tutor’s Guide and provides outlines of the
main points to be learnt, guidance on the learning of the practical skills
and suggestions for those responsible for conducting training
programmes. The module replaces the Manual on Practical Entomology
in Malaria, Parts 1 and 2, produced by the World Health Organization,
Geneva, in 1975.

The module is one of several being produced by the World Health
Organization, each concerned with a different aspect of the control of
malaria. It contains a series of learning units intended as a training tool
for entomological laboratory technicians and assistants as well as a
supplement the undergraduate and graduate training of public health
workers. However this module does not cover the total training on
malaria entomology that is essential for the national core of malaria
specialists. It can stand alone as a module for the training of public
health workers engaged in entomological laboratory work for malaria
control, or it can be used with the other WHO modules as a part of a
longer and more comprehensive training programme on malaria.

The module was developed and written by Dr Joan Bryan with some
adjustments by Dr E. S. Thevasagayam and Dr K. Palmer former
members of the WHO Malaria Action Programme, Secretariat for
Coordination of Malaria Training in Asia and the Pacific and by staff
attached to that secretariat, notably Mr P. Blizard, Dr Han Il Ree and
Mr J. Storey. Comments were also provided by Mr J. L. Clarke. The
original illustrations were meticulously prepared by Mr Yap Loy Fong
of Kuala Lumpur, Malaysia. The text has been reviewed and revised
on the basis of observations and suggestions made by many people, in
particular by Dr A. B. Knudsen and Dr P. Carnevale. The text was
finally reorganized and modified by Dr P.F. Beales, Dr F. A. Rio and
Dr J. Jewsbury.
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Introduction

The planning and implementation of malaria control programmes must
be based upon good epidemiological analysis and an essential part of
this is reliable entomological information. The purpose of this Module
is to provide the background information and training in the practical
skills necessary for this. One of the main aims of this training exercise
is to explain why it is important that practical skills are learned and
practised to a high standard.

This guide is specifically designed for staff who have responsibility for
studies on malaria mosquitos in the laboratory. It will also be valuable
to entomologists working in the field as part of a malaria surveillance
or control programme and in a more general way to those planning and
executing malaria control activities.

Objectives of the Learner’s Guide

At the end of the training programme based on this Learner’s Guide
you should have the skills and competence to be able to:

*  list the practical techniques likely to be required as part of a
control programme;

* demonstrate an understanding of the life cycle and transmission
of malaria;

*  define the purpose of entomological surveys and the monitoring
of mosquito populations and explain the nature of these activities;

*  describe the life cycle of the mosquito and differentiate between
anopheline and culicine mosquitos;

*  maintain accurate records of all laboratory activities;

* use taxonomic keys to identify larval and adult anopheline
mosquitos and to label specimens correctly;

* handle and maintain larval and adult mosquitos and prepare,
dissect and examine adult females for evidence of malaria;
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*  recognise the ovarian stages and determine parity;
e  Kkill and preserve adults and larvae;

®* obtain viable eggs and prepare eggs, larvae and adults for
transportation

*  prepare blood meals for examination

e  obtain larval and pupal skins associated with an adult mosquito

Use of the \‘Learner’s‘ ‘Guide

This Learner’s Guide consists of instructional materials and practical
exercises de51gned to enable you to achieve the objectives stated earlier.
The Guide is divided into 19 chapters called Learning Units. Each
Learning Unit consists of a number of ob]ectlves for the Unit followed
~ by a some relevant information and a series of practical exercises.
Acqulrmg the practical skills necessary, and to a high standard, is the
main objective of the course but will only be achieved with practice and
you should ask your tutor frequently both to comment about your
practical skills and to help you if you have difficulty. You must acquire
the knowledge contained in one Unit and practice the skills until you
can carry them out to a high standard before progressing to the next
Unit otherwise you may have difficulty in achxevmg the objectives of
subsequent Learning Units.

Because the course is intensive and each session builds on those which
preceded it, it is particularly important that you thoroughly understand
the previous day’s work before the start of each session. If you are not
clear about anything covered in the session ask your colleagues or your
tutor for help. You will also find it helpful to read the relevant section
of the Learner’s Guide before each session.. -

The module includes a number of technical words and terms associated

‘with malaria and its control and with the procedures carried out in the
entomology laboratory. When these are used for the first time they are
written in italics (e.g. taxonomic studies) and they are also listed and
defined in the glossary. In addition Annex 1 contains definitions of
some terms frequently used in entomological keys and Annex 2 is
concerned with the use and maintenance of the stereoscopic or
dissecting microscope and the compound microscope.



Introduction

Presentations

You will be expected to have read the section on the Learning Unit to
be covered before the session starts and formal presentations of
information will be limited to introductory remarks by the tutor at the
beginning of each subject. The information that you will require is
contained in this Guide so there will be very little need for you to take
notes.

Evaluation of the learner

The evaluation of individual progress and achievement will be carried
out by the tutor, the facilitators and you yourself. It will include:

Spot tests

At regular intervals, a series of "spots” will be set out for you to
comment on. They are designed to help you and the tutor assess
how well you have mastered the skills and developed the
competence to carry out your work.

Correct answers will be supplied after the spot tests and a
discussion will take place. This is intended to imporve the process
of learning and help you to identify those activities in which you
need further practice.

Multiple-choice quizzes

In multiple-choice quizzes, each question is provided with a list of
possible answers from which you must select the one you think is
correct. At the end of these sessions you will not necessarily be
given the correct answer to each question, but the tutor will
analyse the results to identify topics that were not clearly
understood. The tutor may also tell you where you made
mistakes and point out areas where you need to improve.

This part of the evaluation is designed to help you and the tutor
to assess how well you understand the non-practical aspects of the
course. Multiple-choice tests will take place regularly, often
during the same session as spot tests.
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Evaluation of the training by the learner

10

By means of a questionnaire, the tutor will ask you, the learner, how
you think the training has helped you and how it might be improved.
This evaluation will take place at the end of the training period in order

- to provide as much feedback from the learners as possible. You may

sign the questionnaire or not, as you wish, but you should feel
completely free to make suggestions for improvements on the part of
the tutor and facilitators as well as in the content of the course and the
training facilities.



The functions of an entomological
laboratory

By the end of this Unit you should be able to:

list the practical entomology laboratory techniques that will be
useful for malaria control work

list the major elements of a training course for work in an
entomological laboratory

Learning objectives

In order to perform entomological laboratory work, it is important to
know and understand the broad range of techniques that can be of
practical value. In this Unit of the module, the essential tasks of the
entomology laboratory will be discussed so that you know what might
be expected of individuals responsible for this type of work.

The role of entomological laboratory techniques

11

Entomological laboratory work is usually carried out by a team of
laboratory staff who work closely with field workers and other health
workers (e.g. doctors, medical assistants, community health workers,
etc.) involved in the prevention and control of malaria. Although the
techniques described in this module are usually carried out in a facility
specifically designed for the purpose, they may have to be carried out
in temporary accommodation such as a tent, vehicle, or village hut.
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The contents of this Learner’s Guide, and all examinations/assessments,
are based on the tasks to be performed in the laboratory. The activities
can be divided into a number of different functions:

*  handling mosquitos and other specimens carefully, and where
necessary, keeping them alive and in good condition in the
laboratory;

*  identifying, examining and dissecting commonly occurring adult
anopheline mosquitos and preparing complete and accurate
reports of the fmdmgs,

. examlnlng‘ commonly occﬁrring anopheline eggs, larvae and
pupae and preparing- complete and accurate reports of the
findingS'

. preparmg blood meals for examination and conducting 1nsect1c1de
susceptibility tests;

* mounting and storing specimens and examining them using a
microscope;

*  mounting and preserving mosquitos, eggs, larvae and pupae and
preparing them for transportation so that they remain undamaged;

*  preparing reports of investigations so that they can be used to
make assessments of the. effectiveness .of entomologlcal control
operations and activities; and :

*  maintaining all equipment in good working order and promptly
reporting any damage so that it can be quickly repaired to prevent
mterference with the complet1on of the work of the laboratory.

You should read carefully the next section of this Gulde before the session to which
it relates. :



Malaria and its control

Learning objectives
By the end of this Unit you should be able to:
. recognize the importance of malaria as a disease

. recognize the role and importance of the entomological laboratory in
malaria control

. know that malaria is caused by the presence of parasites in a
patient’s blood

. know that only a female anopheline mosquito can transmit malaria

. realize that an insufficient understanding of the responsibilities
involved in antimalaria work, especially team work, can have
adverse consequences for the welfare, and sometimes for the lives,
of people who live in areas where malaria is present.

Malaria - the disease

13

Malaria is an important health problem in many tropical countries. It
is caused by a parasite called Plasmodium which spends a part of its life
cycle in the blood of people. These people may suffer from attacks of
fever, chills and sweating; some, particularly children, become seriously
ill and may die.

The malaria parasite is transmitted from one person to another by
female mosquitos belonging to the genus Anopheles. There are many
species of Anopheles in different parts of the world but only a relatively
small proportion of them are important as vectors. No other genus of
mosquito is a natural carrier of the human malaria parasite.

Only female mosquitos bite and take up blood. If the person who is
bitten has malaria parasites in the blood, some of the parasites will be
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taken up with the blood meal. If the right stages of the parasite (the
gametocytes) are ingested these will develop in the mosquito, eventually
resulting in the production of a very large number of sporozoites which
accumulate in the salivary glands of the mosquito. These sporozoites
are the infective stages and are injected with saliva when the mosquito
next feeds. The parasites enter the person’s blood and reach the liver
cells where they multiply. Several days later the parasites leave the
liver and invade the red blood cell where they multiply again. The

infected red cells are destroyed, the parasites invade fresh red blood

cells and the cycle is repeated. The consequences of the regular invasion
and destruction of the red cells gives rise to all the clinical effects of
malaria and if severe enough to serious illness and even death. -

A female mosquito needs to take a blood meal so that her eggs can
mature, and since she lays several batches of eggs during her lifetime,
she will have several opportunities to take up and to transmit malaria
parasites. Because a person who is infected with malaria can be bitten
by many vectors in a night and after the parasites have developed each
vector may transmit the disease to a number of other people, many
people can become infected. S

If an infected person is not treated properly and for the right number
of days, then the parasites in the blood can survive and multiply and
the person will become ill again. A person who has been cured can be
bitten again by an infected mosquito and can become ill with malaria
once more. : '

A person who has survived a number of malaria infections will become
'more or less immune to the clinical effects of infection. The number of

parasites in the blood becomes smaller and smaller and the person may
have no attacks of fever even when parasites are present in the blood,
and may no longer be at risk of dying from the disease. This is why in
areas with intense malaria, deaths occur mostly among non-immunes
and these are usually young children aged 6 months to 5 years who

“have not had enough time to be exposed to a large number of malaria
_infections. However, a person who is able to resist an acute malaria

attack can still be bitten by mosquitos and they can then transmit the
malaria parasite to other people.

Drugs can also be taken to protect a person from becoming ill with
malaria (prophylaxis).  This is particularly important for field
entomology technicians working at night as mosquito collectors because
they may often be bitten by malaria vectors.
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The parasite

The parasite that causes malaria is called Plasmodium and the four
species are: Plasmodium falciparum, Plasmodium vivax, Plasmodium malariae
and Plasmodium ovale. Of these, Plasmodium falciparum is by far the most
important in most parts of the tropics, being responsible for most severe
illnesses and deaths. The degree of illness depends partly on the
species of malaria, partly on the intensity of infection, partly on the
extent of the patient’s immunity to malaria, together with other factors.
There are other species of malaria parasites but these infect animals and
are not normally passed on to humans.

Malaria parasites can only be seen under a microscope, usually by
examining a stained blood smear. With experience it is possible to
identify the species of parasite in the blood smear. A person can be
severely ill even when there are few parasites visible in the blood;
alternatively a person who is relatively immune may not be particularly
ill even though the number of parasites is relatively high.

The mosquito
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Mosquitos are found in all parts of the world. There are many different
species of mosquitos but only female anopheline mosquitos are natural
carriers of the human malaria parasite. Only the female mosquito bites
to obtain a blood meal and therefore only the female can transmit
malaria. Male mosquitos feed on plant juices and never suck blood.

There are about 380 species of Anopheles mosquitos but only about 15
of the 40 or so species which transmit malaria are of major importance
as vectors. Furthermore, some prefer to bite animals and thus either do
not normally transmit malaria parasites to humans or do so very rarely;
in other anophelines the parasite does not seem to be able to develop
and within any one species some do not live long enough for the
parasite to develop in the mosquito. Changes in the environment (such
as an unusual increase in rainfall or an agricultural development) can
affect both the species and the number of mosquitos present in an area,
and changes in feeding or resting habits can be induced by extensive
insecticide use. All of these can have a considerable effect on the
importance of a group of mosquitos present in an area.

Mosquitos have four different stages in their life cycle: these are the
egg, larva, pupa and adult or imago. The time taken for the various
stages to develop depends on the water temperature and other factors
and is shorter at higher water temperatures.



