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All pictures are taken using 100 x oil immersion objective in Geimsa stained
thick and thin blood films.
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Normal blood film. Red and white blood cells and a platelet. No malarial
parasites.
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Microscopic examination of blood films

It is important that blood films for microscopy are well made and properly
stained. Thin films must be spread evenly so that individual RBCs can easily
be seen and examined in the thinner end of the film. Methanol used for thin
film fixation must be pure and contain no water. The slides must be kept dry
and fixed as soon as possible. Any contact with water will destroy the thin
film.

Thick films can be unusable if the RBCs become fixed and are not washed
away during staining. This may happen if slides are stored for too long or put
in hot places. It can also happen if methanol, or the vapour from the methanol
container, comes in contact with the thick film when the thin film is being
fixed.



Thick films are used for diagnosis of malaria. It is only necessary to examine
the thin film in order to identify the species if the thick film was positive, or to
report the percentage of RBCs containing Pf parasites. This is sometimes done
during treatment to check the result of medication.

Thick films should first be examined using the 10x and 40x microscope
objectives. We do this to select best stained parts of the slide for examination.
The best part of the thick film has about 10 White blood cells per High Power
Field (HPF). It is sometimes possible to identify other things at this stage,
including Microfilaria. We may also see dark brown Malaria pigment in
WBGCs, this is an important finding even if no parasites are found because it is
a clue that malaria parasites have been in the cells.

Raise the objectives above the slide and put a small drop of immersion oil on
the selected area before examining with the 100x objective.

Examine the film using a pattern as below, moving from one field to the next
systematically, continue for 100 good fields. Report result as positive or
neagative for malaria. If positive record species, stages and numbers of
parasites.
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This diagram shows the correct way to view the thick and thin sections of a
blood film.

If the thick film is unusable (fixed, washed off, etc,) but the thin film is good,
examine 500 fields in the thin film. If this result is negative a fresh slide
should be requested and the thick film reported from the new slide.

Most microscopes are supplied with 10x eyepieces. If possible, it is better to
use 7x or 8x eyepieces as they give a clearer image with the 100x oil
immersion objective. Never use eyepieces over 10x.



Reporting parasite numbers can be done in different ways. For routine
reporting in thick films, with an average of 10 WBCs per HPF, use the
following:

Number of Parasites Report as

Less than one parasite per HPF Scanty or Rare
1—2 parasite(s) per HPF + 1+
3 25 parasites per HPF ++ (2+)
26—60 parasites per HPF +++  (3+)
Over 60 parasites per HPF ++++  (4+)

When thick film parasite numbers are 3+ or 4+, an accurate count is required
to determine treatment of hyperparasitaemia. To do this, the thin film must be
examined to express parasite density using the percentage of RBCs infected.
This is done by finding a part of the thin film where RBCs are evenly
distributed, and counting the number infected RBCs in fields of view
containing a standard number of RBCs. For example count the number of
infected RBCs in 10 fields with an average of 200 RBCs in each. This will be
the number per 2,000 RBCs, divide this number by 20 to report as a
percentage.

Sometimes parasite counts are made by comparing with the number of WBCs
in thick films.
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Thick film showing no malarial parasites. At least 100 fields must be examined
before reporting as negative.
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Always use new or properly cleaned slides for making blood smears. Unclean
slides, poor quality Geimsa stain, or water which is too acid or alkaline can
result in unsatisfactory staining.
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If the water used for diluting the Giemsa stain is slightly alkaline, the image
will be too blue. If the water is slightly acid, the image will be too red. The pH
of the water can be corrected using a pH 7.2 buffer made by adding buffer
concentrate or buffer tablets to water used for stain dilution.
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Developing P.vivax trophozoite. Because the water used to dilute the Giemsa
stain was alkaline, the slide is very blue and Schiffner’s dots are not visible..

0006088006 8E:0056 (P.vivax) 33305 ( Trophozoite ) s2s08 Rigc:
(Giem -sa stain) o3eqsCaqpepogt ( Alkaline ) gp:eadd Gagseslgp:oopd



[eepyps Claopdi odesosgdape (Schiiffners dots) gpiaelgEeadli

e

P.vivax trophozoite. This is a well stained film. Note Scuffier’s dots, the red
cells and Pv trophozoite are pinker in this slide.
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P.ovale trophozoite. Because it is well stained the James’ dots are clearly
visible.
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P.ovale trophozoite. The water used to dilute the Giemsa stain was slightly
acid, making the film appear very red. As a result the James’ dots are only just
visible.
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Even using the same stain and staining method there will be variations in the
colour and quality of staining in the slides you examine. You will notice these
differences in stain quality and parasite appearance in the photos in these
notes. It is important to learn to recognise parasites in differently stained
slides.

It is important for you to be able to recognise things which can be mistaken for
a malaria parasite. These things include stain crystals, platelets and debris
from dirty slides.
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There are four species of malaria primarily infecting humans. The parasites
are transmitted by mosquitoes. Two of these, Plasmodium falciparum (Pf) and
Plasmodium vivax (Pv) are the most common in Southeast Asia and together
cause over 95% of cases of Malaria. Overall occurrence of each is about 50%,
with Pf more frequent in tropical areas and Pv in more temperate places.

Pf is the most important and causes many deaths, especially in children. It also
causes serious problems for pregnant women and their unborn and newborn
babies. We need to identify this quickly by microscopy or RDT because
special medicine must be given as soon as possible.

Pv is also an important cause of illness and loss of income.

We can diagnose malaria and also see which species is causing it by malaria
microscopy. The parasites are found inside red blood cells and differences in
appearance of these for each species enable us to differentiate them.

The other two species, Plasmodium ovale Po, and Plasmodium malariae Pm,
have both been found in Thailand and Burma, but are not common. Like Pv
they are less serious than Pf and respond well to treatment.

Plasmodium knowlesi (Pk) is a malarial parasite of monkeys which more and
more commonly causing severe malarial illness in man. It is mainly found in
Malaysia where large areas of forest have been cleared causing much higher




risk of mosquitoes transferring the disease to humans.

We will be using the scientific names given to the forms of malarial parasites
at different stages of their growth and maturation inside red blood cells as seen
on page 15.
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Tiny single cell merozoites
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> 0‘0% (pictured) on left from

Q%.‘ blood or liver schizonts
.Q? enter red blood cells and

become early ring form
trophozoites. Shown in the picture on the right with red nuclear dot and blue
cytoplasm.
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This diagram shows a comparison of all the Plasmodium species within their
developmental stage. The thin film is shown on the top line and the thick film
on the bottom line. The size and shape of parasites and infected red blood

cells varies between species.
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P.falciparum
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This diagram shows the developmental stages of P. falciparum. We do not
usually see the stages of P. falciparum parasites from young trophozoites to
mature schizonts (shown in boxes) when we examine blood films. These stages
occur in capillary blood vessels of deep inner organs and in the placenta of
the pregnant woman.

Diagnosis of P. falciparum malaria is based on finding the ring form
trophozoites and gametocytes characteristic of this species in thick and thin
blood films. The typical shaped gametocytes enable us to make a certain
diagnosis of falciparum malaria.
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This diagram shows the appearance of the Pf parasite in the thin films on the
left hand side, and thick films on the right. In this species the size of the red
cells is not increased and they may have crenated (ragged) edges. Dots
developing as trophozoites mature are sometimes seen in the thin films. These

Thin film

€ Thick film

Thin film 2,

are called Maurer’s clefis.
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Identifying features of P.falciparum

Usually only ring trophozoites and gametocytes are seen.

The red cell size is not enlarged.

The red cells are often crenated (jagged edges).

Large numbers of small ring trophozoites are often present.
Sometimes more than one parasite is seen in the red cells. Often two
nuclei are seen. They may be on the edge of the red cells.

No regular dots like the Schiiffner’s dots of Pv are present in early
rings, but irregular dots called Maurer’s clefts may be seen in
maturing trophozoites.

The gametocytes have a typical banana shape. This is diagnostic of Pf.
Malaria pigment granules may be present, mainly around nucleus.
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Thick films of P.falciparum

Thick film showing Pf ring trophozoites and a gametocyte.
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Thick film showing Pf growing trophozoites.
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Thick film showing Pf ring trophozoites.
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Thick film showing Pf ring trophozoites. Notice the difference in staining
qualities of this image and the previous one.
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Thick film showing mixed infection of Pf gametocytes and Pv trophozoites.
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Thick film showing many Pf rings, four distinct gametocytes, and three distinct
schizonts. Schizonts are small and rarely seen in the circulating blood, except
in very severe malaria. They contain two to four, and occasionally up to eight
merozoites.
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Thick film showing malaria pigment in two white blood cells.
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Thick film showing a few Pf rings and many platelets.
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Thin films of P.falciparum
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Thin film showing malaria pigment in a WBC. This is an important finding
and must always be reported.
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Platelet Artifact Platelet Artifact Plasmodium falciparum
Gametocyte

Thin film showing platelet artefacts and a normal Pf gametocyte. It is
important to be able to tell the difference between these..
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Thin films showing a female gametocyte of Pf on the left and male gametocyte
of Pf on the right.

603805200ka3E Pf 6l 300 383805 500da00503EGEx Pf 6l 3208: 383805
p000503E6E: cS[goondloogdi

Thin film showing growing Pf trophozoites with Maurer’s clefts and crenated
red cells.
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Thin film showing Pf rings with three on the wall of one red cell. This is called
the accolé form.

603808300kaRE Pf coodgbmptideizndeepEadcbondoanl s§odonmdadogs
e65[goonsgigddloopdi G&:03 accole’ duresl Gloopd



See next page

Thin film shows heavy Pf infection with multiple rings in RBCs, double dots
and crenated RBCs.
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P.vivax
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This diagram shows the developmental stages of P. vivax. All stages of
trophozoites, schizonts, and gametocytes can be found in thick and thin blood
films.
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Identifying features of P.vivax

o Red cell size increases greatly as parasites grow and mature. The RBC
is often irregular in shape due to the amoeboid nature of the parasite.

e Spreading cytoplasm becomes irregular and fragmented during growth
and many Schuffner’s dots are seen in well stained films.

e Few to moderate numbers of parasites are present unlike the very
large numbers often seen in Pf infections.

e Occasionally more than one ring form and double nuclei are seen in



red cells, but this is not seen as commonly as it is in falciparum
infections.
The gametocytes are usually large, round or irregular, and when
mature they almost completely fill the red cell. Small forms may also
be present.
Schizonts also large round or irregular, filling the RBCs when mature.
They are often ruptured in thick films and reveal 16 to 24 or more
merozoites.
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Thick films of P.vivax

Thick film showing Pv rings and growing trophozoites with Schiffner’s dots.
eagseseaan|gpiop Pv coadgdapdypsé Schuffner’s dots $& trophozoites
qpeoBsogrzangtiod eudlgaonieanndlgddloopd



Thick film showing artefacts including platelet clump. No parasites are
present.
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Previous page - Thick film showing Pv gametocyte and small trophozoite.

693:083200(gn:03¢ Pv 38038055¢ cooscodeom trophozoites qpso? cudlg
002:60000[gdlo0pd

o "‘. ";ﬁ

’ ’ . CP’ R

Thick film showing Pv trophozoites and schizonts. Mature schizonts may
contain 24 or more merozoites. Note the pigment granule in the schizont
above centre.
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Thin films of P.vivax

Thin film showing young Pv trophozoites. You can see two rings and two
growing rings. The RBC is increasing in size and amoeboid shape. Note also
the Schiffner’s dots
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Thin film showing larger Pv trophozoite and schizont showing clear
Schiffner’s dots.
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See next page



Thin film showing two Pv rings in one enlarged RBC and two amoeboid
growing trophozoites with Schiiffner’s dots.
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Thin film showing Pv mature schizont.
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(2)Thin film showing Pv (2)Thin film showing pv

microgametocyte.(male)  macrogametocyte.(female)

(1) eogee$graadkog Pv microgametocyte (male 32082)ei003
eedlgoongE: [gbdloopb

(2) cogse8grsaadkoge Pv macrogametocyte (female 320)ei003
eedlgoondgE: [gbloopSi
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This diagram shows the developmental stages of Po.This species is rarely
found in Southeast Asia. All stages of trophozoites, schizonts, and gametocytes
can be found in blood films. Usually no more than 2% of RBCs are infected.
Occasionally more than one parasite found in RBCs.
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Identifying features of P.ovale

e Aswith Pv, red cell size increases as parasites grow and matures.
However, the parasites are smaller than those of Pv and do not occupy
the whole host RBC. Up to about 30% of infected RBCs become oval



shaped or have fimbriated (jagged) ends. As trophozoites grow,
James’ dots appear. They are similar to the Schiiffner’s dots of Pv, but
more obvious. They are found in both thick and thin films.

The gametocytes are small and usually round, with James’ dots.

The schizonts are small with up to 10 merozoites and James’ dots. The
RBCs are often oval with jagged ends. Only small amounts of malaria
pigment may be seen, mainly in the schizonts.
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Thick and thin films of P.ovale

@
»
-

Thick film showing Po schizont with 8 separated merozoites and a growing
trophozoite above. The trophozoite shows a large red blood cell outline. An
immature schizont is also seen with two chromatin masses. The parasites are
smaller than those seen in Pv
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Thin film showing two RBCs with growing Po trophozoites and James’ dots.
One RBC has two parasites.

602:08320k098  6og:804sd932038: Po trophozoites [Biogndgles jame's
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Thin films showing a Po microgametocyte (male) on the left, and a Po
macrogametocyte (female) on the right.
a3308353k03€ Po microdametocyte (3208¢) 20p5 90059005 Po macrogame
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Thin films showing Po early trophozoite on the left, and Po growing
trophozoite on the right.

693:0832009€ 0ooeB:gn trophozoite 2005 90050055 PosijoBiognianeam
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Thin film showing Po schizont.
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film showing Po mature trophozoite. This can be confused with the Po
gametocyte
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The previous diagram shows the developmental stages of P. malariae. This
parasite is only sometimes found in Southeast Asia.

06205 Pm eijoBiogniqonsamng 3380880803 [gaonieomndlgddloopdi E:md
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Identifying features of P. malariae

o All stages of trophozoites, schizonts, and gametocytes are found in the
blood films. Rarely more than 1% of RBCs are infected.

e RBCs are not enlarged and do not contain dots. Ring forms, band
forms and basket forms of trophozoites may be present. Malaria
pigment may be present in growing trophozoites. Mature trophozoites
appear similar to gametocytes.

e The gametocytes are small, round or oval, with yellow brown malaria
pigment. The nucleus usually lies to one side.

e The schizonts are small with up to 12 merozoites and malaria
pigment.

Mature schizonts often have merozoites neatly arranged around
malaria pigment to give a daisy like appearance.
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Thick films of P. malariae
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Thick film showing a Pm schizont and early trophozoite.
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Thick film showing Pm late trophozoites and developing schizont.
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previous page: Thick film showing ruptured Pm schizont with merozoites and
malaria pigment

60g:083200(g:0g€  Pm schizont edloda309058: merozoite gpisC codgps
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Thick film showing Pm gametocyte and trophozoite.
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Thin films of P. malariae

Thin film showing Pm early ring
trophozoite and schizont
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agodedlaoneam 00dgdaptsd
trophozoite $& schizont 03 61603
ee[goons(gEgbolaop

Thin film showing Pm band form
early trophozoites.
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Thin film showing Pm late
trophozoite band form.
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Thin film showing Pm basket form
trophozoite.
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Thin film showing Pm developing
schizont.
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schizont qpelidod  eedlgoondgc:
[560ta0p5n

Thin film showing Pm mature
schizont.
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Thin film showing Pm late
trophozoite.
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P. knowlesi

Thin film showing Pm gametocyte.
Do not confuse with Pm tropho-
zoite, left.
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This is a Malarial parasite of monkeys that can also infect humans. It is mainly
in Malaysia and causes a serious and life threatening disease. In some areas it
accounts for half the human malaria. Sometimes it is found as a mixed
infection with Pf. This species of Plasmodium has been found in Thailand and
could become a problem in Burma as forests are cleared and humans have
closer contact with monkeys. Due to similarity in appearance it can be
wrongly diagnosed as Pm In this infection many RBCs are infected and all
stages may be present in smears at the same time. The blood cycle is 24hours

with fever recurring daily.




P.knowlesi
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Identifying features of P. knowlesi

e RBCs are not enlarged. They may have fimbriated ends and may
contain small dots called Sinton stippling.

e The trophozoites may look like Pf rings if only early forms are
present. There may be more than one parasite and some with double
dots in RBCs. The cytoplasm is compact and band and basket forms
like those of Pm may be found.

e The schizonts resemble those of Pm with malaria pigment. They
contain up to 16 merozoites.

e The gametocytes are also round with scattered malaria pigment. They
tend to fill most of the Red blood cell. The overall appearance is
similar to that of the Pm gametocytes.
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Thick films of P. knowlesi
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Previoius page: Thick film showing a heavy infection of Pk with trophozoites,
gametocytes and schizont.
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Thick film showing of Pk trophozoites and gametocytes.
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Thin films of P. knowlesi

Thin film showing Pk trophozoites, some with dots and a basket form
603:05300k0RC P.k trophozoites qpzeion 32§),0005 ss005gpisC[at:
6o E:d0amEgPaolaopd



Thin film with Pk Gametocytes and band trophozoites
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Thin film showing Pk schizonts and a trophozoite
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