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Foreword

Malariaisamajor global publichealth problem and aleading cause of morbidity and mortalityin
many countries. Malaria caused an estimated 219 (range 154-289) million cases and 660 000
(range 490 000-836 000) deaths in 2010. Approximately 80% of the cases and 90% of the
deaths occur in Africa while the remaining cases and deaths occur mainly in the South-East
Asia and Eastern Mediterranean Regions.' For the most recent figures on burden of malaria,
search for the “World Malaria Report” available on WHO/GMP websites (http://www.who.
int/malaria/en/).

The World Health Assembly and Roll Back Malaria (RBM) targets for malaria control and
elimination are to achieve at least a 75% reduction in malaria incidence and deaths by 2015.

Elimination of malaria is defined as the reduction to zero of the incidence of locally acquired
infection by human malaria parasites in a defined geographical area as a result of deliberate
efforts. Elimination programmes require more technical malaria expertise than standard ma-
laria control programmes, and require by national expertise in malaria epidemiology and en-
tomology.

To achieve the objectives of malaria control and elimination programmes, appropriately
planned and targeted delivery of essential malaria interventions is critical, including: diagnostic
testing and prompt treatment of confirmed infections with effective artemisinin-based
combination therapy (ACT); chemoprevention of malaria in pregnant women (Intermittent
preventive treatment during pregnancy — IPTp), infants (Intermittent preventive treatment
during pregnancy — IPTi) and children (Seasonal malaria chemoprevention — SMC), where
appropriate; and application of appropriate vector control interventions, particularly the use of
insecticide- treated nets (ITNs/LLINSs) and indoor residual spraying (IRS).

This training module on the epidemiological approach for malaria control has been developed
to support the staft involved in the planning and management and in the monitoring and
evaluation of malaria control and elimination programmes.

' WHO (12). World Malaria Report. Geneva, World Health Organization. http://www.who.int/malaria/publications/world_
malaria_report_2012/en/index.html
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Development of the module

The content of the module is based on current WHO guidelines and other evidence-based
technical documents.

This training module is arranged in four parts. The main framework of each part was developed
at different times, and has been evaluated and reviewed in various separate education
programmes. The decision to combine these four parts into a training module was made
through technical expert meetings held in 2008 and 2009.

The training module was updated under the guidance of technical experts representing
malaria training and academic institutions, malaria researchers, country programme manag-
ers,and WHO regional offices, who guided the process of reviewing and updating the module.
The process included the following steps:

» Three consultations of technical experts (7-9 April 2008; 14-16 October 2008 and 15-17
April 2009) were held to review the existing WHO training materials on the epidemiologi-
cal approach for malaria control and elimination, and to identify areas for update in view
of the developments of new tools, technologies and strategies for malaria control and the
changing disease epidemiology.

» Technical experts were commissioned to incorporate the recommended updates in the
module.

» The revised module was then reviewed for content and completeness by the technical
experts, the WHO technical staft and additional external experts in malaria epidemiology.

» The updated module was field-tested in several national and international courses.

» Based on feedback from field tests, and in consultation with technical experts, the text was
finalized for publication.






Introduction

This Guide for Tutors is designed primarily to help those responsible for the training on
epidemiological approach for malaria control of health personnel responsible for the planning,
implementing and evaluation of malaria control activities. In this module, tutor or facilitators
will rely on intensive exchange of knowledge and experiences between the participants. After
completion of the training course the participants will each receive a copy of the Guide for Tutors
for future reference. For individual study, trainees can be provided with both the Guide for
Participants and the Guide for Tutors, the latter serving as an “answer book”. Ideally this module
should be learned through group learning, and not through individual study. This module uses
a problem-solving approach in which the tutor and facilitator provide minimal assistance to the
participants in carrying out the exercises.

Potential users of this training module

The module is designed for health professionals involved in planning, implementing, and mon-
itoring the malaria control and elimination programmes. The target group of the module in-
clude medical officers, medical assistants, public health officers, environmental health officers,
parasitologists and entomologists involved in malaria control and working either in a national
programme or non governmental or civil society organization supporting or complementing
the work of the national programme.

Design and content of the training module

The training module is intended to facilitate the teaching of malaria epidemiology for better
prevention and control, planning and management. The principal objectives of the training
are listed in the Introduction of the Guide for Participants, which the tutor needs to explain at
the beginning of the course. This module is designed to stimulate active learning by working
through the series of exercises which will be carried out on the basis of the Guide for Participants,
usually in small groups. The exercises focus on different aspects of malaria epidemiology
using problem-based learning approaches, and the solutions to these particular problems are
provided in this Guide for Tutors. The answers provided are often indicative and may not be the
unique solutions to the problems posed.

Learning objectives summarize the knowledge, skills and competences that each participant
should have acquired by the end of each Learning Unit. The tutor and facilitators should be
satisfied that each trainee has achieved the stated objectives before proceeding to the next

Learning Unit (methods of evaluating progress are described later).

Responsibility for running the course

The tutor is responsible for organizing and running the course. The Guide for Participants and
Guide for Tutors will assist, but the final results will largely depend upon the tutor’s efforts.
Whether the tutoris organizingand running such a course for the first time, orhas had extensive
teaching experience, the Guide for Participants and the Guide for Tutors should be used together
in conducting the course.
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The job will be simplified, and teaching more eftective, if the tutor is assisted by colleagues who
actas facilitators throughout the course. The facilitators should have knowledge and experience
in the subject. The class can be divided into small groups of 4-8 participants, with one
facilitator allocated to each group. This allows greater interaction between the participants and
the facilitators resulting in better learning and understanding. The facilitator’s role is to explain
the questions asked in the small group exercises, as required, and facilitate the discussions to
keep them on the focus.

As the overall manager of the training module, the tutor will be responsible for designing the
timetable, explaining the learning tasks to the participants, and discussing with the facilitators
what help will be required from them in explaining or demonstrating activities and watching
the performance of the participants. The facilitators should also be ready to admit to participants
when they are unable to answer a question and refer it to the tutor. (Reassure the facilitators
that no one person can be expected to know everything about every subject.)

Many problems can be avoided by giving the facilitators plenty of time to read the Guide for
Participants and Guide for Tutors, other relevant resources or handouts and to discuss any parts
that may need clarification. It may be helpful for the tutor and the facilitators to go through the
module together; the tutor may then assess their knowledge through questions and discussion.

Why a Guide for Participants is provided

Providing participants with a full set of notes ensures that:

» All participants have exactly the same basic materials and guidelines on how to proceed with
exercises;

» Tutor and facilitators can refer to any part of the Guide for Participants knowing that all
participants can find the right page quickly;

» Participants can spend more time reading the notes, and therefore have a greater opportunity
for thinking, discussion and formulation of ideas;

» There is no possibility of participants making errors in note-taking;

» After the course, each participant can keep a copy of the Guide for Participants and the Guide
for Tutors as a helpful reference in his or her daily work and perhaps also to use in teaching
others.

Running the training course

To facilitate learning by all participants, the teaching of this subject will encourage the
participants to learn from each other as well as from the tutors and facilitators, particularly
in the group discussions. Each participant will therefore be expected to take part actively
throughout the course. In working through the Learning Units, there will be opportunities to
put into practice, individually or collectively, what has been learnt.
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Presentations

Formal presentations (e.g. lectures) will usually be kept to a minimum and will be replaced by
limited introductory remarks by the tutor at the beginning of each subject and short examples
to overcome points of common difhiculty. Most of the information provided in such sessions
is already contained in this guide and the participants will not need to take extensive notes.
A lecture will usually be combined with a demonstration. The participants will be asked
frequently to present their work in plenary session. This will provide experience on how to
make a presentation, both by presenting and by learning from the observations and suggestions
made during discussion.

Small group work

Most of the work will be carried out in small groups, e.g. 2 or 3 groups of 4-8 participants.
Preferably each group should have its own room, with the following: computer with projector
or slide projector or overhead projector, whiteboard, blackboard, and flipcharts. For each
learning unit the group selects among its members a moderator and a rapporteur by rotation,
so that each participant should perform both functions at least once.

The sessions provide good opportunities for participants to express their opinions, develop
ideas and learn from one another. The participants will usually have different backgrounds,
in terms of training and experience, so that they should have much to learn from each other.
The exchange of experiences among participants contributes to most of the training material,
with the Guide for Participants providing alead for discussions and work. The moderator chosen
by the members of each group will lead discussions on the specific subjects proposed in the
Learning Units.

At the end of the group work the results and conclusions from each group will be presented in
a plenary session by the moderators and discussed by all participants, with comments by the
tutor. The group compositions can be changed occasionally or left the same throughout the
course, as preferred by the tutor.

Training facilities

A number of basic facilities and equipment must be organized before training can begin. In
some countries these are readily available but in others it may be necessary to improve or
modify existing resources. However, the training should not be delayed unnecessarily because
of lack of the best equipment.

Onelarge room should be available for plenary presentations and discussions. The small groups
may use separate rooms, or work in the main room, according to availability and preference
of the tutor. Whatever the conditions, the tutor should ensure that the participants are as
comfortable as possible in the circumstances, and much can be achieved even with relatively
limited facilities.

3
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Teaching equipment

For teaching sessions and group discussions, the following items should be available:
» overhead projector
» slide projector or computer with projection

» screen for projection (a white sheetis an adequate substitute but the white-board is unsuitable
because it will reflect projected light)

» flipcharts — one for each small group of participants. Supplies of "butcher's paper" or
"newsprint” are usually cheap and readily available.

» chalk board or white board
» chalks for blackboard or marker pens for white-board, in a selection of colours.
» acetate sheets for overhead projector

> coloured marker pens for acetate sheets (including some permanent markers for diagrams
that may be kept)

Participants’ supplies

The equipment listed below should be provided for each participant. Where supplies have to be
ordered, this should be done well in advance of the course; many items are difficult to obtain at
short notice.

» Copy of the Guide for Participants and Guide for Tutors (the latter to be given at the end of the
course)

» Notebook: this should be used only for occasional notes or instructions; in general note-
taking should not be necessary during training sessions

» Sheets of paper for the exercises during the working groups
» Ballpoint pen

» Set of pencils (medium-hard graphite, plus red, blue, brown and black) for during charts and
graphs during practical sessions

» Pencil sharpener
» FEraser
» Ruler

» A simple hand-held calculator

Syllabus and timetable

The table of contents represents the syllabus — the list of subjects to be covered — for the training
course. The tutor should go through each of the Learning Units and assess how much time will
be needed and what kind of training activity would be most suitable for the topic.

The course is designed to include the following learning activities:
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Group discussion

Once participants become accustomed to group discussions, the two-way exchange of
information between them and the facilitators makes this a very effective learning activity.
People share their knowledge and experiences with the rest of the group and stimulate each
other's thoughts on the subject in hand.

Practical exercises

Practical exercises may be done individually or in groups in the classroom. Their purpose is to
give participants the opportunity to practise the procedures involved. The more practice they
have, the more competence they will acquire

Demonstrations, examples

These are designed to reinforce the learning process. Clear examples help to clarify concepts
and establish principles. The tutor and facilitators should have many examples ready to use,
but in addition trainees should also be invited to give examples. This is a much stronger
reinforcement.

Once the amount of time that needs to be spent on each unit has been calculated, all the various
learning activities must be fitted into the framework of the training programme. The duration
of the programme may be something over which the tutor has little control; for instance, the
programme may have to be limited to fewer days because of shortage of funds, although the
planned duration may have been longer. In such cases, the tutor and the facilitators will need
to spend time reorganizing the timetable so that all the learning activities can be fitted into the
time available.

In planning the timetable, time should be allowed for evaluation both during and after the
course, and for the hidden activities, such as getting settled into group work, delays in transpor-
tation to the training facility etc.

The module is designed for 12 days of training (see proposed timetable in page 8). As the course
progresses, the tutor may consider that further discussion is necessary on some topics. These
activities can be fitted into the "free” periods and a discussion session on the afternoon of the
last day can also be used in a flexible manner.

Use of the Guide for Tutors

Participants will follow the group training activities using the Guide for Participants plus other
materials provided by the tutor. As noted above, a copy of the Guide for Tutors will be given to
each participant at the end of the training. The way in which the tutor and facilitators should
make the best use of the guides will become apparent in working through the training module.

When qualified facilitators are not available the tutor must, to the extent possible, replace the
facilitators. The guides may also be used in combination by individuals for study and reference.

5
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Evaluation

Judging whether or not the course was successful involves answering the following questions:
» How well did the participants learn?

» How did the participants view the training?

Evaluation of the participant

Whether this module is used for group training or individual learning, assessment of progress
made by the trainee in gaining skills and competence in the subject matter is essential. This can
be accomplished by means of a pre-test and a post-test using a multiple-choice questionnaire
(MCQ). The pre-test will be given before the trainee reads the Guide for Participants and the
post-test will be administered after all the Learning Units have been completed. Since the
answers to the questions and to the exercises are included in this Guide for Tutors, it is essential
that participants do not have access to it until after the training activity has been completed.
During the pre-and post-test evaluations, participants must be seated apart from one another
and work alone.

The results of the pre-test can be used in two ways. The tutor may use the test to ascertain the
general level of knowledge on the subject in the group, and have an indication of common weak
areas that need emphasis or re-emphasis. It could also be used to identify individuals who might
be used as facilitators for specific subject areas. The other major use for the pre-test is as an
individual base-line comparator for measuring the gain in knowledge, skills and competence at
the end of the training as revealed by the post-test.

If the test results are to be valid, the questions in the pre-tests and post-tests should be of the
same degree of difficulty and both tests should be given under the same conditions and the
same length of time. The only way to ensure that the questions in the post-test are of equal
difficulty to those in the pre-test s to give the same questions in a different order, and in the case
of MCQ_questions, with the answers also in a different order. It is therefore essential that the
pre-test papers be collected and retained (nothanded back to the participants). The participants
do not need to know the results of the pre-test until the end of the training when it is used to
assess progress.

The tutor is encouraged to develop a bank of questions that can be used for pre- and post-
testing for subsequent training sessions. The answers are scored equally because each question
is considered, in this instance, to be of equal value. The preferred answers have been provided
but in some cases alternative responses are acceptable, and these have been noted.

Evaluation of the training by the participants

The entire training activity, including the organization and content of the course, the suitability
of the learning methods, and the quality of the teaching and training materials, competence
of the tutors and facilitators will be assessed by the participants through a questionnaire, and
at a plenary feedback and discussion session after the questionnaires have been completed.
This evaluation will take place at the end of the training period in order to provide as much
feedback from the participants as possible. All participants are encouraged to make suggestions
for improvement on the part of the tutor and facilitators as well as in the content of the course
and the training facilities.
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Feedback provided through this exercise allows the tutor to assess how well the training
has been received and to make any modifications that seem necessary for improving future
programmes.

Certificate

The attendance and performance of each participant should be noted during the course and
the record retained for future reference. Participants should receive a certificate of successful
completion of the training course.

Note: it is important to stress to the participants that they must take time to read each Learning Unit
carefully before attending the class in which it will be considered. The time allotted for the course is
based on the assumption that the corresponding unit in the Guide for Participants has been studied in
advance.

7
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SUGGESTED TIMETABLE
TIME DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6
08:30- Introduction LU 4 LU 6 Field work: LU 7 LU 10
10:00 to the training &%”S*UCP”E the
PRE- LU1 i
TEST
10:00-10:30 BREAK
10:30- LU 2 LU 5 LU 6 (cont’ed) Field work: LU 7 (cont’ed) LU 10
12:00 conducting (cont’ed)
the KAP study
(cont'ed)
12:00-13:30 BREAK
13:30- LU2 Practical: Field work: Field work: LU 8 LU 11
15:30 (cont'ed) computer and  design of a analysis of
group work for  KAP study* the KAP
LUs 3-5 studies and
conclusions
15:30-16:00 BREAK
16:00- LU3 Practical: Field work: Field work: LU 9 LU 11
18:00 computer and  development of presentation of (cont’ed)
group work for a questionnaire findings of the
LUs 3-5 for KAP survey KAP survey.
Application of
LUs 1-6
TIME DAY 7 DAY 8 DAY 9 DAY 10 DAY 11 DAY 12
08:30- LU 12 LU 13 LU 15 LU 17 LU 19 LU 21
10:00 (cont’ed) (cont’ed) (cont’ed) (cont’ed)
10:00-10:30 BREAK
10:30- LU 12 LU 14 LU 16 LU 18 LU 20 LU 22
12:00 (cont’ed)
12:00-13:30 BREAK
13:30- LU 13 LU 15 LU 16 LU 18 LU 20 LU 23
15:30 (cont’ed) (cont’ed) (cont’ed)
15:30-16:00 BREAK
16:00- LU 13 LU 15 LU 16 LU 19 LU 21 Post-test
18:00 (cont’ed) (cont’ed) (cont’ed) and evaluation

of the course

* KAP: knowledge, attitude, perception
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LEARNING UNIT 1

Introduction to
epidemiology

PART 1

Learning Objectives:

by the end, participants should be able to...

"1 Provide a definition of epidemiology

@ Define descriptive studies and describe their purpose

™ Describe the major types of descriptive studies and their
primary uses

Describe the major types of analytic studies

Provide a definition of random error, bias, confounding and
validity
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After allowing approximately 20 minutes for participants to read through the Introduction to

epidemiology.

For this Learning unit, the tutor should provide a definition of epidemiology and briefly de-

scribe the purpose of various descriptive and analytic studies. The tutor should check that par-

ticipants have understood the role of these studies for the control of tropical diseases. Stimulate

discussion; be particularly careful to explain any items that might be misunderstood, so that

misconceptions can be eliminated from the outset.

Answers

Exercise 1.1

1. Descriptive study Describes patterns of disease occurrence by time, place, and person

2. Analytic study Test hypotheses concerning the relationship between suspected risk
factor and an outcome

3. Case series Describes characteristics of persons with a similar diagnosis

4. Ecological study Compares disease frequencies in a population at different points in time
as a function of a particular exposure

5. Cross-sectional study Examines the relationship between a disease and other variables of
interest in a population at a particular point in time

6. Case-control study Start with cases of disease and unaffected controls and determine rates of
exposure to risk factors in each group

7. Cohort study Start with exposed and unexposed groups and determine if rates of
occurrence of outcome in the two groups differ

8. Interventional study Subjects are randomized into exposed and unexposed groups and
followed over time to compare rates of disease development

Exercise 1.2

1. Random error Large divergence of a study result from the true value due to a small study
sample size

2. Selection bias Assessing outcomes of uncomplicated malaria among patients admitted
to a hospital

3. Information bias Collecting information regarding malaria treatment through a household
survey conducted months after the treatment was received

4. Confounding Studying the relationship between bednet use and occurrence of malaria

if age is associated with both use of bed nets and susceptibility for
symptomatic malaria infection

Exercise 1.3

a) High validity and low reliability




LEARNING UNIT 2

Ratios, proportions and rates

GUIDE FOR TUTORS

Learning Objectives:
by the end, participants should be able to...
1 Define the terms ratio, proportion and rate

©! Differentiate between incidence rate and prevalence rate, and
give examples of their use

" Calculate ratios, proportions and rates using appropriate
numerators, denominators and constants

™ Apply the concepts of relative risk and risk differences
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Asanintroduction to the unit, the tutor should describe briefly the terms mentioned above, the
purposes for which these measurements are used and their primary users.

The presentation should be illustrated with simple examples.

Exercises

For conducting the exercise session it is preferable to have the participants work individually.
However, for any who are unfamiliar with the calculations, it may be useful to have them work
in pairs with those who have greater facility. The tutor and facilitators may wish to circulate
among the participants as they work to help anyone who is having difhiculties.

For some of the calculations, the participants may write their results in a slightly different way
than expressed here. For example, 9/100 can also be expressed as 90/1000. In general, one
should either follow convention (e.g. infant mortality is always expressed per 1000 live births)
or use the number that leaves one digit to the left of the decimal point for the smallest rate in a
series.

Answers

Exercise 2.1

a. The number of cases has increased steadily, and in 2005 there were more than twice as many cases
asin 2001.

b. The incidence rate per 100 is calculated by taking the number of cases divided by the population and
multiplying by 100.

Year Rate per 100
2001 6.3
2002 6.2
2003 6.2
2004 6.3
2005 6.5

The rate has been relatively stable over the S-year period, although it appears to be increasing
slightly in 2005.

c. While the number of cases has increased very rapidly, so has the population. The rate, therefore, has
remained relatively stable.

d. Therate s the most appropriate measure to monitor trend, because it takes into account the changes
in population size, provides a more realistic idea of the amount of disease in the population.

Exercise 2.2
a. The incidence rate in Province Z is 9.0/100, much higher than the rate of 6.5/100 seen in Province
X

b. Although the disease rate is much higher in Province Z, this province has a much smaller population.
A decision on allocation of funds will depend on a variety of factors. If the goal of the malaria
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programme is to prevent as many cases of malaria as possible, funds may be better spent in Province
X, where the rate is somewhat lower but the population and total number of malaria cases is much
larger. One should also find out if the rate in Province Z is stable or is changing rapidly.

Exercise 2.3
a. The parasite rate in Region A is 47%.

b. It is a prevalence rate since it measures all cases of parasitaemia at the time of the survey, some of
which may have just occurred and some of which are likely to have been going on for some period of
time.

Exercise 2.4
a. Ratio =49 140:23 250 = 2.1:1 (division of each number by 23 250)

b. %males  =[49140/ (49 140 + 23 250)] = 0.679 = 67.9%
% females = [23250/ (49 140 + 23 250)] = 0.321 = 32.1% or: 1 — 0.679 = 0.321 = 32.1%

Exercise 2.5
a. The age group 1S years and over.

b. The 1-4 year age group.

c. The age-group >1S years accounts for half of the cases, but also for over half of the population. The
group at greatest risk of developing disease is not the > 1S year-old group, it is the 1-4-year olds.

For planning hospital beds or ordering antimalarial drugs, the percentage value may be more
useful.

For deciding who is at risk for purposes of an intervention programme, the age-specific
incidence rate will be more useful.

Exercise 2.6
a. The relative risk is the ratio of the 2 rates:

(10 /1000) / (2 /1000) =5
b. Gem miners are S times more likely to contract malaria than farmers living in the same villages.
c. Therisk difference is obtained by subtracting the 2 rates:

(10 / 1000) — (2 / 1000) = 8 / 1000

d. 8 of the 10 cases likely to occur among 1000 gem miners can presumably be attributed to going into
the forest; if they stopped going into the forest, their disease rate would drop from 10 cases per 1000
to 2 cases per 1000.

U2
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LEARNING UNIT 3

Data presentation:
tables, graphs and charts

Learning Objectives:
by the end, participants should be able to...
" List the features of good tables, graphs, and charts

1 Plot and label a series of tables, graphs and charts correctly
from raw data

™ List the uses for semi-logarithmic presentation
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In introducing the session, the tutor should explain the importance of good data
presentation. Each of the methods should be described in detail using examples to
illustrate them clearly. Time should be allowed for questions.

Exercises on data presentation

The first 3 exercises should be done one at a time with the whole class. The tutor should allow
~2 minutes for participants to think about the answers, and then request the answers from
the class. Not more than 5-10 minutes should be allowed for these exercises, as the graphing
exercise will take a lot of time. Instructions for organizing the groups for practical graphing
are given at the beginning of Exercises 4 and S in this Unit.

Answers
Exercise 3.1

Advantages of using surveillance data:

» Readily available

» Usually collected from many different types of health facilities (health stations, clinics,
hospitals, etc.) and therefore may be more representative than data abstracted from individual
clinics or hospitals.

Disadvantages of using surveillance data:

» Changes over time may reflect changing reporting practices, changes in diagnosic testing,
changes in case definition, etc. rather than actual disease trends.

» The information available is often not sufficiently detailed.

» Useful for looking at trends, but may not give an accurate picture of the relative frequency
of the individual diseases, since this may be influenced by the accuracy of diagnosis, or the
likelihood that someone with this disease will seek medical care, etc.

Other sources of surveillance data:

» Hospital discharge data. This provides more information on who has the disease, but
hospitalized cases may represent only a small fraction of the total cases and may not be
representative of all cases of a disease.

» Datafromhealthsurveysinthe population (household survey). These are more representative
than either of the above sources and can provide more information on who has the disease,
but do not allow the assessment of trends, unless more than one survey has been performed
over time.

Exercise 3.2

The DMO also needs the number of children in the district each year so that the disease rates
can be calculated. This is particularly important in areas with rapid population growth or
significant in- or out-migration.



DATA PRESENTATION: TABLES, GRAPHS AND CHARTS

Exercise 3.3

Knowing the population of children < 5 years-of-age in 2000 and the rate of natural increase in
the population allows the DMO to estimate the population for each year.

The 2000 population in this age-group was 56 650, with an annual rate of increase at 3.3% per
year. The 2001 population can be estimated at 56 650 x 1.033 = 58 520

2002: 58520x1.033=60450 2003: 60450 x1.033 =62450
2004: 62450x 1033 =64510 200S: 64510x1.033=66630

(results rounded to the nearest 10)

Note for Exercises 3.4 and 3.5

Exercises 3.4 and 3.5 are best done with 3 groups of 2 participants each. If there are more in a
group, the two pairs should perform the same task independently (i.e. if there are 8 participants,
2 pairs will independently prepare the graph for question 4a; one pair should do 4b, and the
other pair should do 4c).

Assuming there are 3 groups of 6, each with 3 pairs, the tasks should be distributed as follows:
4a, Sa for Disease A
4b, Sb for Disease A

Group 1, pair 1

Group 1, pair 2

Group 1, pair 3 = 4c¢, Scfor Disease A
Group 2, pair 1 = 4a, Sa for Disease B
Group 2, pair 2 = 4b, Sb for Disease B
Group 2, pair 3 = 4¢, Scfor Disease B
Group 3, pair 1 = 4a, Safor Disease C
Group 3, pair2 = 4b, Sb for Disease C
Group 3, pair 3 = 4¢, Sc for Disease C

Thus, each group will have a full set of graphs showing the incidence, mortality, and case fatality
rate for “their” disease.

Ask the participants to work in pencil. They should be provided with arithmetic and if possible
with semi-log paper, which can be photocopied. The participants should work individually and
decide how they want to do the graphs. For those working on semi-log paper, the tutor and
facilitators may need to help them decide how to set up the cycles and how to use the paper.
Some will choose arithmetic and others semi-log paper for the same graph; it will be interesting
to compare the patterns observed with each.

As the participants complete their work, the tutor and facilitators should check that all graphs
have adequate titles and that axes and curves are clearly labelled.

17
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Exercise 3.4
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Figure 3.1a Incidence, mortality and case fatality for disease A, District W, 2001-2005
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Figure 3.1b Incidence, mortality and case fatality for disease A, District W, 2001-2005
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Figure 3.2a Incidence, mortality and case fatality rates for disease B, District W, 2001-2005
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Figure 3.2b Incidence, mortality and case fatality rates for disease B, District W, 2001-2005
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Figure 3.3a Incidence, mortality and case fatality for disease C, District W, 2001-2005
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Figure 3.3b Incidence, mortality and case fatality for disease C, District W, 2001-2005
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Figure 3.4a Incidence of diseases A, B and C, District W, 2001-2005
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Figure 3.4b Incidence of diseases A, B and C, District W, 2001-2005 (Logarithmic scale)
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Figure 3.5 Incidence of death for diseases A, B and C, District W, 2001-2005
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Figure 3.6a Case-fatality rate (%) for diseases A, B, C, District W, 2001-2005
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Figure 3.6b Case-fatality rate (%) for diseases A, B, C, District W, 2001-2005 (logarithmic scale)
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Figure 3.7 Age distribution for disease A, District W, January—December 2001
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Figure 3.8 Age distribution for disease B, District W, January—December 2001
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Figure 3.9 Age distribution for disease C, District W, January—December 2001

Figure 3.10 Average monthly distribution for Diseases A, B and C, District W, 2001
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Exercise 3.6

In commenting on the graphs drawn by the participants at the end of their presentations
(Table 3.1 in the Guide for participants, the tutor may wish to review the advantages and
disadvantages of arithmetic versus semi-log paper). Below is the possible descriptions of the
trends for incidence, mortality and case fatality as well as age distribution and seasonality of the
three diseases.

Disease A is diarrhoea (high incidence, low mortality, low case fatality; seasonal distribution
also common with diarrhoea, as is age distribution with peak after weaning age). Recent
declines in mortality may be due to improved treatment. Incidence is largely unchanged; it
might be reduced by improvements in water sanitation, hand washing, etc.

Disease B could be either malaria or measles, although measles is much more likely given the
cyclical trends over the years. This disease is characterized by fairly high incidence, low but
non-negligible mortality, and a higher case-fatality rate than for disease A. The age distribution
is also fairly characteristic for measles, as it is a seasonal pattern. The decline appears to be due
to immunization, without much improvement in treatment, as indicated by the stable case-
fatality rate.

Disease C is neonatal tetanus based on its relatively low incidence, very high case fatality,
unusual age distribution, and lack of seasonality. The changes over time may be due to better
maternal immunization coverage and/or better delivery practices. The increase in case fatality
may be real and due to the cases being more severe or to poorer case management. On the other
hand, the numbers for this disease are relatively small, and the year-to-year changes may simply
reflect random variation.

23

U3






GUIDE FOR TUTORS

L
O
<
o
o
(el
o
<<
—d
<
O
T,
o
—
=
=
Ll
=
o
Ll

LEARNING UNIT 4

Measures of central tendency

Learning Objectives:
by the end, participants should be able to...
! Define the terms mean, median, and mode

"1 Describe the advantages and disadvantages of using the
mean versus the median

™ Calculate means, medians and modes from individual and
from grouped data
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In introducing the session, the tutor should define the terms mean, median and mode and
describe the advantages and disadvantages of using the mean versus median. The participants

should then work individually on the exercises provided in the Guide for Participants.

Exercises on measures of central tendency

Ifthe group includes participants who are not familiar with the calculations, it maybe preferable
to have them work in pairs with someone who is more experienced. The tutor and facilitators
may wish to circulate among the participants to answer any questions or work with any who
may be having difficulties.

Answers

Exercise 4.1

a. Themode is 3 years, which is represented S times in the data set.

b. The median is the (20 +1) / 2 or 10.5" value when the ages are put in rank order:

Age 1111222 |3 |3 |3 |3 |3 |4 |4 |5]|6/|7]|12|22|26 |64
Value | I | 2| 3|4 |5 |6 |7 |8 |9 |10|11|12|13|14|15|16|17|18|19 |20

In this case, both value number 10 and value number 11 are 3. The 10.5" value is the average
of these 2 values: (3 +3) / 2 =3 years.

c. The meanis:

(4+3+3+1+2+426+64+3+2+5+7+4+22+3+1+1+12+2+3+6)/20=8.7 years.

d. The mean and median are different in this case because the distribution of ages is skewed to the right
by the 3 cases that are considerably older than the rest.

e. Because of these “outliers’, the median probably gives a better idea of the age distribution of the
population.

Exercise 4.2

a. There are 2 modes: 4 days and S days.

b. The median s the (11 + 1) / 2 or 6" value. In this case, it is S days.
c. Themeanis64 /11 or 5.8 days.

d. The mean and median are closer because the distribution has fewer outliers (it is more bell-shaped
or normal).

e. Inthis case, either would be acceptable.

Exercise 4.3

Begin by determining the midpoint of each of the categories by adding the lowest value in
the category to the highest and dividing the result by 2. For example, the midpoint of the first
category would be (2999 + 1000) / 2 or 1999.5 parasites/1000 WBC (see the box below).
Multiply the number of observations in that category by the midpoint value. In the first category,
this is 20 x 1999.5 or 39 990. Then sum the values for all categories and divide this sum by the
total number of observations.



MEASURES OF CENTRAL TENDENCY

a. The mean parasite density is $249.5 (1049900/200) parasites/1000 WBC

CATEGORY MIDPOINT (MP) FREQUENCY (F) MP x F
1000-2999 1999.5 20 39990.0
3000-4999 3999.5 70 279 965.0
5000-6999 5999.5 80 479 960.0
7000-8999 7999.5 25 199 987.5
9000-10999 9999.5 5 49 997.5
200 1 049 900.0

To calculate the median, determine the midpoint of the data, which in this case is the:
(200 + 1) / 2 or 100.5" observation.

Calculate the cumulative total of the frequency distribution for the categories and decide which

interval contains the midpoint:

CATEGORY FREQUENCY (F) CUMULATIVE FREQUENCY
1000-2999 20 20

3000-4999 70 90
5000-6999 80 170
7000-8999 25 195
9000-10999 5 200

The 100.5™ observation falls in the 5000 — 6999 category, which contains observations 91-170.

Apply the formula, median=L + JW /f,

where: L is the true lower limit of the class interval containing the midpoint

Jis the number of cases in this interval below the midpoint (calculated as: number of
cases below the midpoint minus cumulative number of cases up to but not including

this interval

W is the true width of the class interval

fis the total number of cases in this interval.

Here:

« the true lower limit of the interval L is S000

the width of the interval Wis 2000

the number of cases in the interval fis 80

the cumulative number of cases below the interval Cis 90

Jis then calculated as the midpoint minus C or 100.5 minus 90 = 10.5
J/ fis10.5/80=0.13

J /fx Wis therefore 0.13 x 2000 = 260

b. The median parasite density is:

(L+WJ/f)or5000+260=5260
c. Themodal parasite density is the interval 5000 — 6999.

27
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Exercise 4.4

The following data set is typically skewed distribution of malaria of malaria parasite densities. It
is then important to consider differences between mean values and median.

Patient number Parasite density (per pl) Patient number Parasite density (per pl)
1 1069 13 22827
2 3941 14 23585
3 4514 15 29648
4 8048 16 32265
5 8793 17 32739
6 11654 18 38000
7 12736 19 40684
8 13680 20 66211
9 17614 21 67231
10 18630 22 159091
11 21186 23 196500
12 22099

The mean and the median of the above data setare 37075 and 22099, respectively. The meanand
median are different because the distribution of parasite densities is skewed. If the two highest
parasite densities are excluded, the mean and median will be 23674 and 21186, respectively.
The mean value decreased considerably when the two highest values are excluded while the
median just shifted slightly. This shows that the mean value is dependent on all values, and is
very much influenced by extreme values. The median is not at all affected by the extreme values

Instead of using the median when the series of values include one or more values exceptionally
high, another approach is to use the geometric mean. The geometric mean is the antilog of the

average of logarithmic values of the series.

If you convert the above series in their logarithmic values, you will obtain the following table.

Patient number Log parasite density (per pl) Patient number Log parasite density (per pl)
1 3.03 13 4.36
2 3.60 14 4.37
3 3.65 15 4.47
4 391 16 451
5 3.94 17 4.52
6 4.07 18 4.58
7 411 19 461
8 414 20 4.82
9 4.25 21 4.83
10 4.27 22 5.20
11 4.33 23 5.29
12 4.34

» The mean of the logarithm is 4.3123; antilog of this is 20525, namely the geometric mean.

The geometric mean is closer to the median since using the log-transformation yields a mean
which is less sensitive to extreme values. When the mean and the median are almost the same,
the data is considered symmetric.



LEARNING UNIT 5

Measures of variability
and normal distribution

GUIDE FOR TUTORS

Learning Objectives:
by the end, participants should be able to...

©1 Define the terms range, standard deviation and normal
distribution

"1 Describe the advantages and disadvantages of using range,
standard deviation and normal distribution

" Calculate a range and a standard deviation

" Calculate and interpret a chi-squared value
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The tutor should introduce the session by defining the terms range and standard deviation and
describing the advantages and disadvantages of using the range and the standard deviation.
The chi-square test should be explained and discussed. The participants should then work
individually or in pairs on the exercises provided in the Guide for Participants.

The tutor should make sure the concepts of square and square roots are known by everyone
in the class, and give an explanation if necessary. It may be preferable for any participants who
are not familiar with the calculations to work in pairs with someone who is more experienced.
Tutor and facilitators may wish to circulate among the participants to answer questions or work
with those who may be having difficulties.

Answers
Exercise 5.1

a. The range is 418 days (it can also be expressed as 14 days)
b. Themeanis (6+7+10+ ... + 6+ 11) /24 =10.5 days

c. The standard deviation is calculated as follows:

SD:‘\/ZXZ(Zx)z/n
n—1

where: Xx?=2981
(Zx)* = 64 009
(Zx)? /n=2667.04

2981 -2 .
SD:\/982—366704 =«/13.6=3.69days

d. The standard deviation is the better indicator here, because mathematically it takes into account
the distance of each value from the mean value of the group and thus describes the dispersion (or
variation) within data for each range

Exercise 5.2

a. Therange is S8 — 83 beats per minute
b. The mean is 83 + 72 +77...+ 58 + 65 + 77/10 or 68.5 beats per minute

c. The standard deviation is calculated as follows:

V szf(Zx)z/n
n—1




where: Xx*>=47 629
(Zx)* =469 225

(Ex)/n =46 922.5

SD =

Exercise 5.3

\/47629 —46922.5

MEASURES OF VARIABILITY AND NORMAL DISTRIBUTION

=/78.5 = 8.9 beats per minute

Values given
Insecticide-treated nets
In regular use Other Total
Positive 34 94
Blood slide -
Negative 80 106
Total 200
a. Tabulation of the information
» Observed values (O) for all cells
Observed values (0) Insecticide-treated nets
In regular use Other Total
Positive 34 60 94
Blood slide -
Negative 80 26 106
Total 114 86 200
Expected value for “regular users/positive slide”
E=94x114/200=10716 / 200 = 53.58
» Expected values (E) for all cells
Expected values (E) Insecticide-treated nets
In regular use Other Total
Positive 53.58 94 -53.58 =40.42 94
Blood slide ,
Negative 114 - 53.58 = 60.42 86 -40.42 = 45.58 106
Total 114 86 200

> (O-E) for all cells (absolute value). In a 2 by 2 grid, this is a constant, but this is not the case

in other grids
0-E Insecticide-treated nets
In regular use Other Total
Positive 34 -53.58 =19.58 60 -40.42 = 19.58 94
Blood slide -
Negative 80-60.42 = 19.58 26 - 45.58 = 19.58 106
Total 114 86 200
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» (O-E)*forall cells

(0 - E)? Insecticide-treated nets
In regular use Other Total
Blood Positive (19.58)? =384 (19.58)? =384 94
slide Negative (19.58)> = 384 (19.58)2 = 384 106
Total 114 86 200
» (O-E)*/ E forall cells
(0-E)?/E Insecticide-treated bednets
In regular use Other Total
Positive 384/53.58 =7.2 384/40.42 =9.5 94
Blood slide :
Negative 384/60.42 = 6.4 384/45.58 = 8.4 106
Total 114 86 200

Calculation of chi-squared as the sumof : 72 + 6.4 + 9.5 + 8.4 =314

For 1 degree of freedom, the threshold value of chi-squared is
3.84forp=0.05and

6.64 for p=0.01

b. 377 is greater than 6.64 and the chi-square value is therefore significant
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LEARNING UNIT 6

Assessing the accuracy of a test

Learning Objectives:
by the end, participants should be able to...

=1 Define the terms sensitivity, specificity, positive predictive
value, negative predictive value, and describe their
importance to health practitioners and patients

Describe the trade-offs between sensitivity and specificity

Describe the effect of prevalence and incidence on positive
predictive value

™ Calculate and interpret sensitivity, specificity, and positive
predictive value from sample data
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The tutor should open the session by defining the concepts sensitivity, specificity, positive
predictive value, negative predictive value and describing their application in diagnostic tests.
This should be followed by discussion with the participants about the diagnostic tests ability
to detect a person with disease or exclude a person without disease. Enough time should be
allowed for questions and clarification of any aspects not fully understood.

Exercises on sensitivity and specificity

The participants should work individually or in pairs. Ask them to think about the questions for
a few minutes, then they should answer as a class.

For Exercise 6.2, the tutor may prefer to allow the participants to work individually for a few
minutes and then work with them together as a class to carry out this exercise (see detailed
instructions below on how to set up the table). The same applies to Exercise 6.3.

The participants can then work individually on Exercise 6.4, with tutor and facilitators
circulating to help any who are having difficulties.

Answers

Exercise 6.1

a. In this case, “test” corresponds to * fever and rigors”, and “disease” to “positive thick smear”. Of
100 people with positive thick smears (“presence of disease”), 98 will have fever and rigors (“test
positive”). The other 2 will have no fever and rigors (“test negative”) but positive thick smears
(“presence of disease”) and will be considered false negatives.

TP/ (TP +FN) =98/ 100 = 98%. The sensitivity is 98%.

b. Of 100 people who have negative thick smears ("absence of disease”), 99 will not have fever
and rigors ("test negative”) and are thus considered true negatives. The remaining 1 will have
a negative smear (“absence of disease”) but will have fever and rigors and will represent a false
positive.

TN/ (TN +FP) =99/ 100 = 99%. The specificity is 99%.

Exercise 6.2

Steps

« Begin by constructing the 2 x 2 cell table. Make sure that everyone realizes that in this case
the “test” is “presence or absence of fever + rigors”, while the diagnosis of “disease” is based on
the presence or absence of malaria parasites in the thick smear.

« Place the number 100 000 in the lower right hand corner.

Disease status

Test Positive smear Negative smear Total

Fever and rigors

No fever and rigors

TOTAL 100 000




ASSESSING THE ACCURACY OF A TEST

« Ask the participants how they can fill in the other cells based on the numbers they already
know. The first step is to multiply 100 000 by the prevalence, which gives the total number
of individuals with positive thick smears (100 000 x 0.02 = 2000). This number goes in the
total of the “positive smear” column. The total number with negative smears can then be
derived by subtracting 2000 from 100 000 = 98 000.

Disease status
Test Positive smear Negative smear Total
Fever and rigors
No fever and rigors
TOTAL 2000 98 000 100 000

The number of people who have fever with rigors and a positive thick smear can be calculated by
multiplying the number with a positive smear by the sensitivity. The number without fever plus
rigors and with a positive thick smear can then be derived by subtracting 1960 from 2000 = 40.

Disease status
Test Positive smear Negative smear Total
Fever and rigors 1960 2940
No fever and rigors 40 97 060
TOTAL 2000 98 000 100 000

The number of people who have negative thick smears and do not have fever and rigors can
be obtained by multiplying the number with negative smears by the specificity, or: 98 000 x
0.99 = 97020. Note that this number goes in the lower right hand box. The number of people
with a negative smear who have fever and rigors can be obtained by subtracting 97 020 from
98 000 =980

The final table should read as follows:

Disease status
Test Positive smear Negative smear Total
Fever and rigors 1960 980 2940
No fever and rigors 40 97 020 97 060
TOTAL 2000 98 000 100 000

Thus:

a. The number of persons receiving treatment is the total with fever + rigors = 2940.

b. The number unnecessarily treated would be 980, which represents the number who have fever +
rigors but a negative thick smear.

c. The positive predictive value is 1960 (true positives) divided by 2940 (true positives plus false
positives) = 0.67

d. The negative predictive value is 97 020 (true negatives) divided by 97 060 (true negatives plus false
negatives) =098

35
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Exercise 6.3

A positive predictive value of 0.67 means that 67% of those who have fever and rigors and are

treated will actually have malaria, and that 33% of those treated will not have been malaria.

A negative predictive value of 0.98 means that among patients without fever and rigors, 98% do

not have malaria. In other words, if the patient does not have fever and chills, it is highly unlikely

that he/she has malaria.

Exercise 6.4

From their experience with Exercise 6.2, participants must be able to answer this question

individually.
Disease status
Test Positive smear Negative smear Total
Fever and rigors 196 998 1194
No fever and rigors 4 98 802 98 806
TOTAL 200 99 800 100 000

Therefore:

a. The number treated each week would be: 1194

b. The number who would actually have malaria would be: 196
c. The positive predictive value would be: 196 / 1194 = 0.16
d. The negative predictive value would be: 98 802 / 98 806 = 0.998



LEARNING UNIT 7

Understanding malaria
at regional and global levels

GUIDE FOR TUTORS

PART 2

Learning Objectives:
by the end, participants should be able to...

“1 Describe the geographical distribution of malaria in the world
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I Countries or areas where malaria transmission occurs O %
an 1 Countries or areas with limited risk of malaria transmission 2

This map is intended as a visual aid only and not as a definitive source of information about malaria endemicity. Source: © WHO 2010.All rights reserved.

Figure 7.1 Countries or areas at risk of transmission, 2010

Answers

Exercise 7.1

Figure 7.1 shows countries or areas at risk of malaria transmission in 2010 (Fig. 7.1).

a. In 2011, an estimated 3.3 billion people (about half of the world population) lived in areas
where malaria is a health risk for the population. Malaria caused an estimated 219 million
cases and up to 660 000 deaths in 2010." Approximately 80% of the cases and 90% of the
deaths occur in Africa while the remaining cases and deaths occur mainly in the South-
East Asia and Eastern Mediterranean Regions. Malaria transmission differs in intensity
and regularity depending on local factors such as rainfall patterns, proximity of mosquito
breeding sites and mosquito species.

b. Some areas have a fairly constant number of malaria cases throughout the year — these are
malaria endemic with perennial or seasonal transmission and the latter usually coinciding
with the rainy season. Other areas experience epidemic malaria which refers to unexpected
increase of cases in a given population at a specific time of the year. Large and devastating
epidemics can occur in areas where people have had little contact with the malaria parasite,
and therefore have little or no immunity. These epidemics can be triggered by climatic
change, e.g. increased temperature or abnormal rainfall, and further aggravated by complex
emergencies or natural disasters.

The burden of malaria disease varies greatly from one region of the world to another, de-
pending on the species of malarial parasite (e.g. P. falciparum, P. vivax and other species) and
the epidemiology of malaria (e.g. high or low transmission, stable, or unstable epidemic).

' 'WHO (2012). World malaria report. Geneva, World Health Organization. http://www.who.int/malaria/publications/
world_malaria_report_2012/en/index.html
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In high malaria transmission settings, there is a high level of mortality, severe disease
concentrated in children, predominance of P. falciparum species. In low-transmission
settings, there are few deaths due to malaria, burden of the disease is spread to all age groups
(or more in adults), often a substantial fraction of disease is due to P. vivax, and malaria is

typically focal.

c. Notefor tutor: If there are participants from different regions, they could be asked to explain
the situation of malaria in their regions. One option is to consider various regions of the
world according to the WHO classification (noting that WHO Regions do not coincide
exactly with geographic or geo-political regions). The WHO Regions are:

» African Region

v

Region of the Americas

v

Eastern Mediterranean Region
» European Region
» South-East Asia Region

» Western Pacific Region

African Region

The African region is generally characterised by a high intensity of malaria transmission except
the countries in southern Africa with low malaria transmission, and Cape Verde which is in
pre-elimination phase. Africa remains the Region that has the greatest of malaria cases (80%)
and deaths (90%) in the world. Malaria was responsible for an estimated 174 (range 110-242)
million cases and 596 000 (429 000-772 000) deaths in 2010, mostly occurring in children
under S years of age in Africa south of the Sahara.' In most of the countries, cases of malaria
are predominantly due to P. falciparum, with the exception of Eritrea and Ethiopia where the
proportions of cases due to P. vivax are 50% and 37%, respectively.

Region of the Americas

About 30% of the population of the 21 countries with ongoing transmission is at some degree
of risk and about 8% of the population is at high risk. In 2010, malaria cases and deaths were
estimated to 1.1 (range 0.9-1.3) million and 1 100 (range 700-1 800), respectively.' Fifteen
countries are in the control phase and the remaining (Argentina, Costa Rica, Ecuador, El
Salvador, Mexico and Paraguay) are in the pre-elimination phase. Less than 60% of cases
in most countries in the Region are caused by P. falciparum, and the remainder by P. vivax,
except the Dominican Republic and Haiti where malaria cases are almost exclusively due to
P. falciparum.

Eastern Mediterranean Region

Aproximately 55% of the population, reside in areas of varying risk of malaria transmission.
The Region contains seven countries with areas of high malaria transmission (Afghanistan,
Dijibouti, Pakistan, Somalia, Sudan, South Sudan and Yemen), and two countries with low,

' WHO (2012). World malaria report. Geneva, World Health Organization. http://www.who.int/malaria/publications/world_
malaria_report_2012/en/
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geographically limited malaria transmission (Islamic Republic of Iran and Saudi Arabia)
whereas Iraq has not reported locally acquired cases since 2009. The remaining countries have
either eliminated malaria or preventing re-establishment of malaria transmission.

In 2010, an estimated 10.4 (range 6.4-16.6) million malaria cases and 15 300 (range 7 200
23 500) deaths were reported from the Region.! P. falciparum is the dominant species of parasite
in Djibouti, Saudi Arabia, Somalia, Sudan, South Sudan and Yemen, but the majority of cases
in Afghanistan and Pakistan and almost all cases in the Islamic Republic of Iran are due to
P.vivax.

European Region

The Region reported 226 malaria cases in Azerbajan, Greece, Kyrgyztan, Tajikistan,
Uzbekistan and Turkey in 2011." Only 69 of the 226 malaria cases were indigenous; these were
reported from Tajikistan and Azerbaijan. No locally-acquired P. falciparum cases have been
reported since 2008. All other P. falciparum malaria cases found in the Region in 2011 were
imported. Kyrgyzstan suffered a large outbreak in 2002 but had zero locally-acquired cases in
2011. Between 2001 and 20085, Turkey reported around half of all cases in the Region, but it
had zero cases in 2011. Uzbekistan reported zero indigenous cases in 2009, 3 P. vivax cases in
2010, and again zero indigenous cases in 2011. Georgia reported zero indigenous cases for the
first time in 2010 and continued to have zero cases in 2011. Turkmenistan and Armenia were
certified malaria-free by the Director-General of WHO, in October 2010 and September 2011
respectively. However, despite the achievements made to date, the Region faces challenges due
to reintroduction of malaria from neighbouring countries or through population migration
from more distant countries. For instance Greece which remained malaria-free since 1974
reported three locally acquired P. vivax in 2010 and has experienced an outbreak in 2011.

South-East Asia Region

In South-East Asia Region approximately 70% of the population of 1.8 billion people is at some
risk for malaria, with 26% at high risk. In 2010, malaria cases and deaths were estimated to
32 (range 25.9-41.9) million and 43 000 (range 31 100-60 300),' respectively. The majority
of malaria cases in the Region are due to P. falciparum, although the proportion varies greatly
among countries. Malaria is predominantly due to P. falciparum in Bangladesh, Myanmar
and Timor-Leste, mostly to P. vivax in Nepal and Sri Lanka, and exclusively due to P. vivax in
the Democratic People’s Republic of Korea. Bhutan is pre-elimination phase and Sri Lanka is
elimination phase.

Western Pacific Region

The epidemiology of malaria in the Region is highly heterogeneous. Malaria transmission is
intense through most of Papua New Guinea, Solomon Islands and Vanuatu. Transmission is
highly focal in the countries and areas of the Greater Mekong subregion, including Cambodia,
Yunnan province (China), Lao People’s Democratic Republic and Viet Nam. In these countries
malaria is most intense in remote forested areas and where the disease disproportionately
affects ethnic minorities and migrants. Malaria is also restricted in distribution in Malaysia,

' WHO (2012). World malaria report. Geneva, World Health Organization. http://www.who.int/malaria/publications/world_
malaria_report_2012/en/
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the Philippines and the Republic of Korea. Malaysia and Republic of Korea are in pre-
elimination and elimination phases, respectively. In 2010, around 1.7 (range 1.3-2.1) million
cases and 4 000 (range 2 400-6 100) deaths due to malaria were reported from the Region.'
Most countries have transmission cycles of both P. falciparum and P. vivax, but transmission is
entirely due to P. vivax in the Republic of Korea and in central areas of China.

Exercise 7.2

The different factors for malaria in Africa, South-East Asia and America are listed in Figure 7.1.

Table 7.1 Distribution of malaria characteristics!

Americas South-East Asia Africa
Parasitological species P. falciparum 35% P. falciparum 41%, P. falciparum 98%,
of malaria cases (%) P. vivax/mixed 65% P. vivax 38% P. vivax or malariae or
Mixed 21% P. ovale or mixed 2%
Principal malaria vectors A. albimanus A. culicifacies, A. gambiae s.1.
(Central America), A. minimus, A. funestus s.1.
A. darlingi A. annularis
(Amazon Basin) A. dirus,
A. fluviatilis,
A. maculipennis
A. sacharovi,
A. superpictus,
A. farauti
Estimated proportion o o o
of population at malaria risk el% 74% 85%
Estimated contribution
to the global burden 1.1 million(0.5%) 32 million (15%) 174.3 million (80%)
of malaria cases (%)

Exercise 7.3

Yes, differences in distribution do affect the programme objectives.

Malariais currently endemicin all continents of the world except Antarctica and Australia, with
intensities of transmission that vary from very low to extremely high. The objectives of malaria
programmesrange fromreducing the disease burdenand maintainingitatareasonablylowlevel
(countries in control), to eliminating the disease from a defined geographical area (countries in
elimination) and, ultimately to eradicating the disease globally (countries eradicated malaria).
These phases of malaria programme will be addressed in Learning Unit 13.

' WHO (12). World Malaria Report. Geneva, World Health Organization. http://www.who.int/malaria/publications/world_
malaria_report_2012/en/index.html
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LEARNING UNIT 8

Determinants of
malaria distribution

Learning Objectives:
by the end, participants should be able to...

0 Categorize the determinants of malaria distribution

0 Describe each of these determinants
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The tutor should introduce the unit by brainstorming session on the determinants that
influence malaria distribution and guiding the participants to the correct answers. The tutor
should ensure that the participants have understood the characteristics of these determinants
and their effect on malaria transmission. Enough time should be allowed for questions and
clarification of any aspect not fully understood.

Answers

8.1 Determinants of malaria distribution

Exercise 8.1

Three determinants influence the distribution of malaria:

1. The Anopheles mosquito must be present and be in contact with humans, so that the parasite
can pass its developmental phase in the invertebrate host.

2. Humans must be present and be in contact with the mosquito, to allow the parasite to pass
part of its life-cycle in the vertebrate host.

3. The malaria parasite must be present.

Interaction among these three factors leads to malaria infection. In general terms, the factors
affecting malaria incidence can be classified into the following three groups:

1. Mosquito, parasite, human
2. Environmental factors

3. Global factors

Parasite
Environmental factors | ——» Mosquito -— Global factors
Human

8.2 Parasite

Exercise 8.2

The characteristics of the malaria parasite' can affect the distribution of malaria:

» In regions where P. falciparum is the predominant malaria species, because it has a higher
transmission potential, the incidence of malaria tends to be higher than in regions where
other species of malaria are prevalent.

» Whereas P. falciparum is absent from temperate areas of the world, P. vivax and P. ovale can
survive in these areas. This is because P. vivax and P. ovale can complete the sporogonic cycle
at lower temperature compared to P. falciparum.

» Virulence (severity of acute disease in non-immune subjects) differs greatly between species.
P. falciparum is the most virulent of the four human plasmodium species and more likely to
cause a fatal malaria disease.

' P. Knowlesi: is a primate malaria parasites commonly found in Malaysia, Thailand and other South-East Asian countries. It

infects humans and is mainly transmitted in forests and forest fringes.
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» P. falciparum readily develops resistance to antimalarial medicines which leads to treat-
ment failures. This increases malaria morbidity, mortality and, by expanding parasite reser-
voir, increases malaria transmission.

8.3 Mosquito

Exercise 8.3

» Thetypesof Anopheles presentin anareaata given time willinfluence the intensity of malaria
transmission. Not all Anopheles are equally good vectors for transmitting malaria from one
person to another. Some species are biologically unable to carry human malaria parasites,
while others are readily infected and because readily infective to humans with sporozoites
in the salivery glands.

» In some Anopheles species females take preferably blood meals from humans (anthropo-
philic) while others prefer biting animals (zoophilic). Some species prefer to bite indoors
(endophagic), and others prefer outdoor biting (exophagic). The anthropophilic species will
have more frequent contacts with humans and thus will be more efhicient malaria vectors.
The anthropophilic Anopheles gambiae s an extremely potent vector and its widespread pres-
ence in Africa explains why malaria is so prevalent in Africa.

» The Anopheles mosquito can develop resistance to the insecticides used for impregnating
nets and residual spraying, defeating vector control operations.

8.4 Humans

Exercise 8.4

a. Human characteristics that influence malaria distribution in the world.

1. Genetic factors
The genetic factors t