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Plate 1. Plasmodium falciparum stages in Giemsa-stained thin and thick film
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Plate 2. Plasmodium vivax stages in Giemsa-stained thin and thick blood films
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Plate 3. Plasmodium malariae stages in Giemsa-stained thin and thick films
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Plate 4. Plasmodium ovale stages in Giemsa-stained thin and thick films
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Plate 5. Species identification of malaria parasites in Giemsa-stained thick blood films

Species

Trophozoite

Schizont

Gametocyte

Plasmodium falciparum
Young, growing trophozoites and/or
mature gametocytes usually seen
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Size: small to medium; number: often
numerous; shape: ring and comma
forms common; chromatin: often two
dots; cytoplasm: regular, fine to fleshy;
mature forms: sometimes present in
severe malaria, compact with pigment
as few coarse grains or a mass
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Usually associated with many young
ring forms. Size: small, compact,;
number: few, uncommon, usually in
severe malaria; mature forms: 12-30
or more merozoites in compact cluster;
pigment: single dark mass
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Immature pointed-end forms uncom-
mon. mature forms: banana-shaped
or rounded: chromatin: single, well
defined; pigment: scattered, coarse,
rice-grain-like; pink extrusion body
sometimes present. Eroded forms with
only chromatin and pigment often seen.

Plasmodium vivax
All stages seen; Schiiffner stippling in ‘ghost’
of host red cells, especially at film edge
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Size: small to large; number: few to
moderate; shape: broken ring to irregu-
lar forms common; chromatin: single,
occasionally two; cytoplasm: irregular or
fragmented; mature forms: compact,
dense; pigment: scattered, fine

Size: large; number: few to moderate,
mature forms: 12-24 merozoites, usu-
ally 16, in irregular cluster; pigment:
loose mass
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Immature forms difficult to distinguish
from mature trophozoites. mature
forms: round, large; chromatin:
single, well defined; pigment: scat-
tered, fine. Eroded forms with scanty
or no cytoplasm and only chromatin
and pigment present.

Plasmodium ovale
All stages seen; prominent Schiiffner stippling in
‘ghost’ of host red cells, especially at film edge
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Size: may be smaller than P. vivax; num-
ber: usually few; shape: ring to rounded,
compact forms; chromatin: single,
prominent; cytoplasm: fairly regular,
fleshy; pigment: scattered, coarse.
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Immature forms difficult to distinguish
from mature trophozoites. mature
forms: round, may be smaller than P.
vivax; chromatin: single, well defined;
pigment: scattered, coarse. Eroded
forms with only chromatin and pigment
present.

Size: rather like P. malariae; number:
few; mature forms: 4-12 merozoites,
usually 8, in loose cluster; pigment:
concentrated mass.

Plasmodium malariae
All stages seen
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Size: small: usually few; shape: ring to
rounded, compact forms; chromatin:
single, large; cytoplasm: regular, dense;
pigment: scattered, abundant, with
yellow tinge in older forms.
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Size: small, compact; number: usually
few; mature forms: 6-12 merozoites,
usually 8, in loose cluster, some ap-
parently without cytoplasm; pigment:
concentrated.
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Immature and certain mature forms
difficult to distinguish from mature
trophozoites. mature forms: round,
compact; chromatin: single, well de-
fined; pigment: scattered, coarse, may
be peripherally distributed. Eroded forms
with only chromatin and pigment present.
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Learning unit 9
Routine examination of bhlood films
for malaria parasites

Learning objectives

By following the steps and standards in this Learning unit, you will be able when
examining thick or thin blood films to:

_______________________________________________________________________________________________|

m demonstrate consistency in Giemsa malaria microscopy;

m demonstrate competence and consistent accuracy in identifying
malaria parasites;

m demonstrate competence and consistent accuracy in
differentiating between P. falciparum and P. vivax infections;

m explain why thick films are routinely used for malaria diagnosis
and any exceptions to this rule;

m explain why parasite counts are made and their use; and

m demonstrate consistency in counting malaria parasites in thick

blood films and expressing them as parasites per microlitre of
blood.

In this unit, you will use the routine slide examination methods for malaria para-
sites that you will use when you return to your home laboratory. This means fol-
lowing every step of the routine, including use of record forms and recording the
results, as you have been taught.

As in the other learning units, reaching these objectives may seem difficult. You
will find, however, that only the last two objectives are new. The others are no more
than upgrades of previous objectives, which you will have already achieved to reach
this point. Given practice and your present experience, these objectives will be rea-
sonably easy to master.

Examining thick films

In Giemsa malaria microscopy, thick blood films are examined routinely. Provided
the blood films are well made and correctly stained, the examination should be
trouble-free. With continued practice, you will easily reach the levels of accuracy
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required to demonstrate your competence in identifying malaria parasite stages
and species. Giemsa microscopy is extremely sensitive, and an experienced exam-
iner can detect malaria parasites at densities of 5-10 per microlitre of blood.

At this stage of the training, even though you may be able to differentiate easily
between the stages of the four species, you will be expected to distinguish con-
sistently only between P. falciparum and P. vivax, as these two species generally
account for more than 95% of the total number of cases of malaria identified in
most countries. Reaching the required level of competence requires concentrated
practice and experience.

The commonest problem in identifying stage and species in thick films is differen-
tiating between the early ring forms of the four species, particularly P. vivax and
P. falciparum.

m Each species, on its own, is fairly easy to identify.

® With P. vivax, a range of trophozoite and schizont stages is usually present. The
presence of Schiiffner stippling combined with enlargement of the red blood
cells confirms the diagnosis of P. vivax.

P. falciparum usually has only young trophozoites, often in large numbers, and
possibly the distinctive, mostly sausage-shaped gametocytes.

® Only in the most severe cases of falciparum malaria are mature trophozoites
and schizont stages present in the thick film. Usually, they are hidden away in
the deep organs of the body—called ‘sequestration’ (see Plate 1).

m If P. vivax stages are present with small rings and with no obvious Schiiffner
stippling or cellular enlargement, the slide must be identified as representing a
mixed P. vivax and P. falciparum infection. The thin film should be examined
to confirm this diagnosis.

B Be aware of the possibility that a second species (usually at a lower density) may
be present in any positive film.

B P falciparum rings remain small, with no obvious effect on the host red cell,
apart from the presence of Maurer clefts in well-stained thin films.

In thick films, it is sometimes difficult to differentiate between:

m late or mature trophozoites and the gametocytes of P. vivax;
B P. malariae trophozoites and rounded P. falciparum gametocytes; and
m late trophozoites and the gametocytes of P. malariae.

In normal routine activity, recording whether gametocytes are present is confined
to P. falciparum, which is usually an easy diagnosis.



Sequestration of malaria parasites.

Learning Unit 9. Routine examination of blood films for
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Sequestration: In P falefparu, the parasite stages within the blue box are usually not seen in the periphersl blood except i heavy infections. With
the other three species, all stages are seen in the peripheral blood. Parasites in thick films, Giemsa stained,

Technique for thick film microscopic examination

You will need:
B a microscope fitted with paired x10, x40 and x100 objectives and a mechanical
stage (an objective marker may be fitted if available);

a mains-, battery- or solar-powered microscope lamp;

slides;

immersion oil;

at least two tally counters, one for parasites and one for white blood cells;
an electronic calculator;

a laboratory timer;

record forms; and

a pen.

The method:
1. Place the slide to be examined on the stage, and position the thick film in line
with the objective lens.

2. Place a drop of immersion oil on the thick film, and allow it to spread.

3. Using paired x10 oculars and a x40 objective, scan the film for microfilariae,
other large blood parasites and obvious debris. Select the part of the film that is
well stained, free of debris and has evenly distributed white blood cells.

4. Raise the revolving nosepiece away from the stage, and swivel the x100 oil im-
mersion objective over the selected portion of the thick film.

n
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5. Raise the mechanical stage until the objective lens gently touches the immersion
oil.

6. Using the fine adjustment, focus on the cell elements and confirm that the por-
tion of the film is acceptable for routine examination: 15-20 white blood cells
per thick film field will give a satisfactory film thickness. Films with fewer white
blood cells per field will require more extensive examination.

7. Starting at the X mark shown in the diagram below, examine the film carefully,
field by field, moving to each contiguous field as in the pattern. For efficient ex-
amination, continuously focus and refocus using the fine adjustment through-
out examination of each field.

I

8. The number of fields examined routinely before the slide can be recorded as
negative will vary by programme. Your facilitator will describe the system and
national standard used in your country. Routine examination of a thick film is
based on examination of 100 good fields; i.e. a slide can be pronounced negative
only when a minimum of 100 fields have been carefully examined for the pres-
ence of parasites. If parasites are found but the diagnosis of species is uncertain,
it is recommended that a further 100 fields be examined to identify a potential
mixed infection.

Note: Examination of 100 oil immersion microscopic fields takes approximately 10 min.

9. If the slide is positive and the species has been identified, count the parasite
density (see below), if it is part of your advised routine.

10.Finish the examination by recording your findings on the appropriate form(s).

11.Remove the immersion oil from the slide by the method used in your pro-
gramme, and store the slide in a covered slide box for later reference.

Recording what you see

Different programmes and different individuals record the results of thick film
examination in different ways. Unfortunately, there is no standardized way, which
can lead to misunderstanding and confusion. When computer-coded records are
used, brevity is essential, and the abbreviations may be unusual. Some common
abbreviations for microscope observations are given below; your programme may
have its own abbreviations.

Positive for malaria parasites: ~ MP positive, MP

Negative for malaria parasites: MP negative, MP neg



EE Learning Unit 9. Routine examination of blood films for

Positive for P. falciparum: Pf, PE, Pfal, F
Positive for P. falciparum

gametocytes: Pfg, PFG,FG
Positive for P. vivax: Pv, PV, V
Positive for P. malariae: Pm, PM, M
Positive for P. ovale: Po, PO, O

Whatever abbreviations you are advised to use, please ensure that you use them
consistently.

Examining the thin film

Thin films are not routinely examined to diagnose malaria in a patient, but there
are exceptions to this rule. Examining a thin film is recommended when the thick
film is too small, was lost during staining or became autofixed or unexaminable
for some other reason. Thin films may also be prepared when confirmation of the
species is difficult or uncertain in the thick film and when the parasite density is
very high.

Thin films are examined with a standard microscope.

The method:

1. Place theslide on the stage, siting the x100 oil immersion objective over the edge
of the middle of the thin film, shown by the X mark on the diagram below.

. Place a drop of immersion oil on the edge of the middle of the film.

W N

. Rack the mechanical stage up until the objective lens touches the immersion oil,
as above.

4. Examine the blood film following the pattern of movement shown in the dia-
gram, moving along the edge of the film, then moving the slide inwards by one
field, returning in a lateral movement and so on.

5. Continue examining until the presence and species of malaria parasites have
been identified, or up to at least 800 fields before declaring the slide negative.

Note: To obtain the same sensitivity of examination as that for thick film at high power fields (with
x100 oil immersion objective) for 10 min, you must examine a thin film for at least 30 min.
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Parasite count

The parasite density of a positive blood film must be known because:

m The clinician needs to know the severity of the infection.
m The clinician needs to know how the infection is responding to treatment.

m Parasite counts are important in P. falciparum infections, which are always
considered potentially dangerous.

m District health officers should be aware of the severity of the cases being observed
in health facilities in their area.

B Determination of the density of infections may be required in cross-sectional
and epidemiological investigations or in special studies, such as monitoring
the therapeutic efficacy of antimalarial medicines.

The following method of establishing parasite density, which is reasonably and ac-
ceptably accurate, is recommended for its ease and simplicity. These steps are fol-
lowed only after examination of the film is complete and the parasite stages and
species established. The number of parasites is counted in relation to a standard
number of leukocytes in the thick film. Although the most accurate count is ob-
tained when the patient’s true white cell count is known, this is usually not pos-
sible to ascertain in rural or remote areas. The number of leukocytes used (8000)
is arbitrary, with wide variations among individuals, but the figure is accepted as
reasonably accurate.

In addition to the materials already being used, you will need:

m two tally counters (one to count parasites and the other to count leukocytes)
and

m asimple electronic calculator.
The method:

1. Count the number of parasites seen on one tally counter and the number of
white blood cells on the other, oil immersion field by field.

2. 'The number of parasites and white blood cells counted depends on how nu-
merous the parasites are and the time you have available to make the count.
The lower the number of parasites counted, the higher the number of white
blood cells that should be counted. If, after 200 white blood cells have been
counted, 100 or more parasites are found, the results should be recorded on
the form in terms of number of parasites per 200 white blood cells. If, after 200
white blood cells have been counted, the number of parasites is 99 or fewer,
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counting should be continued up to 500 white blood cells. Some parasitaemias
are so heavy that hundreds of parasites are counted per oil immersion field. In
this situation, counting up to 100 white blood cells or the total number in about
five oil-immersion fields (assuming about 15 white blood cells per thick-film
field) would be appropriate.

3. When counting is completed, the number of parasites relative to the number
of leukocytes is calculated and expressed as ‘parasites per microlitre of blood’
from the simple mathematical formula:

Number of parasites counted x 8000

= parasites per microlitre
Number of leukocytes

In mixed infections (two species or more), it is usual to count all asexual para-
sites together and to express the result as, for example: P. falciparum + P. vivax =
23 720 pl (593 parasites counted against 200 white blood cells x 8000). Some pro-
grammes require a count of P. falciparum gametocytes when present, and this may
be important in studies of the response of the gametocytes to primaquine. You may
be instructed to do so, using an additional tally counter, within your programme.

The ‘plus system’ is an old method, which is simple but far less accurate for es-
tablishing parasite density in thick blood films. Because of its unreliability, it has
been replaced by the method described above and is no longer recommended. Its
use persists in places where the quantitative method cannot be used. Studies have
shown that many workers forget the finer details of the system and mix up the code
(the number of plus signs) and the count (the number of parasites per field or per
100 fields), resulting in unreliable information on parasite density. In this system,

+ = 1-10 parasites per 100 oil-immersion thick film fields
++ = 11-100 parasites per 100 oil-immersion thick film fields
+++ = 1-10 parasites per single oil-immersion thick film field

++++ = more than 10 parasites per single oil-immersion thick film field

Read Learning unit 10 in the run-up
to your graduation.
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Learning unit 10
Supervisory aspects of malaria
microscopy

Lesson objectives
By the end of this Learning unit, you will be able to:

_______________________________________________________________________________________________|
m explain the importance of supervision to your work;
m explain the ways in which your work will be supervised; and

m describe what you must provide for your supervisor to effectively
supervise your work.

Graduating from this training in Giemsa microscopy means you have reached the
required levels of efficiency and competence. You can expect to work with patients
who rely on your skills and knowledge to establish whether they have malaria. You
have learnt that there is little room for error when dealing with patients, which is
why your levels of achieved technical competence and accuracy were targeted at
80% or over. After graduation, it is important to ensure you continue to maintain
the standards reached during training. To do this, your supervisor will regularly
monitor your work, as well as continuing to help improve your skills and com-
petence. This is called quality control and is part of the overall quality assurance
activities that are operated throughout malaria microscopy services.

Remember, regular supervision of your work is necessary to:

m confirm that you continue to do your job as you were trained;

B ensure the continuity of the high levels of service and reliability that your
laboratory provides to the public;

m help you adjust your work and work routine as your supervisor advises;

m identify when advanced training would be of benefit to you or when you might
profit from a short re-training course;

m provide opportunities to discuss and solve local problems;
m provide evidence of personal performance achievements; and
m help identify staff suitable for career advancement.
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Types of supervision

There are two types of supervision, direct and indirect.

Direct supervision

In direct supervision, your supervisor is in touch with you, either when visiting
or during a longer period if you both work in the same place. In this way, the su-
pervisor can observe what you do in your work, how you do it, whether you need
to modify some activities and whether you have a shortage of supplies or materi-
als. This provides a useful opportunity to discuss important matters that might
be difficult to communicate by letter, telephone or e-mail. Unless the two people
are working in the same place or fairly close by, this kind of supervision is difficult
to carry out regularly and may be expensive in manpower, time and money. The
approach is, however, important for assessing multiple factors that are beyond the
competence of the microscopist but which influence his or her performance, such
as the status of equipment, workload and working environment.

.|
Visitors’ book:
Health establishments keep a record of visiting supervisory
and specialist staff in a visitors’ book, in which are recorded the date,
work or inspection carried out and other comments considered appropriate.
It is a valuable aid to your work. You will receive a sample to take home,
if your laboratory does not already have one.

Indirect supervision

Indirect supervision involves assessment of a person’s work from regularly submit-
ted data and other information. Of greatest interest to a supervisor is the condition
of submitted blood films. Are they up to the established standard? How accurate is
the diagnosis when compared with the supervisor’s re-examination (cross-check-
ing)? Such quality assurance is important to the microscopist and the programme.
This activity is based on a standard, internationally accepted approach: supervisors
follow a series of fixed steps, with established standards to measure your perfor-
mance and the performance of every other microscopist in the service, including
that of the supervisor.

In this arrangement, supervisors can assess and monitor from a distance the stan-
dard and quality of your blood films (thin and thick), the staining, the results of
thick blood film examinations, stage and species diagnosis and, where required,
parasite density counts.

The method of cross-checking the results of malaria slide examinations may vary
slightly between countries, but the general outcome is about the same: 10% of all
positive and negative slides are re-examined by other skilled microscopists who are
unaware of (‘blinded to’) your results. WHO recommends that 10 slides be cross-
checked each month and that they be randomly selected as five negative slides and
five positive with low parasite density (20-200 parasites per microlitre).
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Selecting slides randomly for cross-checking is not difficult, but the choice does
not rest with the original examiner. The commonest method is that, at the end of
the month, you are told the last digit of the serially numbered slides that you are to
select and send for re-examination. For example, all slides ending with the number
5 are to be selected. If a slide ending in 5 is missing, you select either one down, 4,
or one up, 6. You should then wrap the slides carefully in clean paper, pack them
and forward them to the supervisor.

The slides are re-examined ‘blind’, and the two results for that slide are compared.
Then, any differences or discrepancies are identified, the records corrected and the
feedback forwarded to the original examiner.

As the original examiner, you should not re-examine the selected slides yourself
before sending them to the supervisor—just to make sure that your original di-
agnosis was correct! Such a practice is unprofessional and would soon be discov-
ered from unusual corrections in laboratory records or delays in submitting your
work.

This system works well when you are confident enough to submit your examined
slides to others, knowing that you have kept to the established methods and that
your standards remain high. With that attitude, this kind of supervision can only
be supportive and welcomed by you.

The system is of little value, however, unless the original microscopist receives reg-
ular feedback on the re-examined slides. When the re-examined material is sent
back, you can see where you have gone wrong. This has an even better impact when
the supervisor can show you what the discrepancies are and explain and discuss
the corrected diagnosis.

Supervision, quality assurance and quality control, because of their importance,
are under constant review, and your programme may be introducing a revised sys-
tem. Your tutor and facilitator will discuss with you the current system in use in
your country and how it applies to you.

. __________________________________________________________________________________________________|
You are about to return home.

You are now a qualified malaria microscopist, with the certificate
or certified logbhook to prove it. You have mastered a difficult subject
but are a little nervous of working alone. You will not be alone, as this

Learner’s guide and the other materials you received are for your

reference and will continue to help you in your daily work.

Remember, your job is important for patients’ well-being,
which relies on your high standards of competence. Your supervisor
may be far away, but always inform him or her of any problems as
soon as possible. Supervisors are there to help resolve difficulties that
arise, but they will be unable to help if they do not know of them.
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Microscopists are vital to malaria programmes, and their diagnostic

and technical skills are relied on in both curative services and disease
surveillance. Thus, training in malaria microscopy must be sound and must
reach today’s high standards. This training package has been adjusted

to meet the changes in the way malaria is diagnosed and treated. The
training manual is divided in two parts: a learner’s guide (Part I) and a
tutor’s guide (Part Il). The package includes a CD-ROM, prepared by the
United States Centers for Disease Control and Prevention, which contains
microphotographs of the different malaria parasite species and technical
information in PowerPoint format, which can be shown during training
sessions and referred to by the participants. Emphasis is placed on teaching
and learning, including monitoring and evaluating individuals and the group
during training.

The Learner’s guide (Basic Malaria Microscopy, Part 1) will assist participants
during training in the microscopic diagnosis of human malaria. Designed

as the foundation for formal training of 4-5 weeks duration, the guide is
destined for participants with only elementary knowledge of science.
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