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INTRODUCTION |

~The defects of the standord 100-field examination of the thick blood film to
detect asymptomatic, low-grade malaria infections, particularly among immune or
‘semi-immuné people, has been stréssed by Dov:ling & Shute (1965), who also drew
attention to the significance of this deficiency in the late stages.of malaria
eradication campaigns; when the dstecticn of potential sources of infection is of
paramount importance. Miirhead-Thomson- (195%) showed that vector anopheline .-
mosquitos—were .;lfgle to become infective after feeding on individuals whose blood
was apparently nsgative for gametocytes by routine thick film exami@tion, and. .-
Dowling & Shute, in their evaluation of. their method,. stated that the changes were.
about even that a ccmpetent microscopist, examining-thick blocd films, would record
a zero gametocyte rate for the group under study, whera a z;z*:«o-;{'-*‘:c;a:':i':e.-«:nd prolonged
search would show this to be as high as 20%. The true gemetocyte rate of the group
could possibly be even h:’l,gher-,’ o ) '

WOI‘“Lh { 1 004\» dc-rrons ax,cd th 05} poss:Lbll:Lty of conc'=ntra.tin° malaria parasites .
by centrlmg...ng, a.t hw r‘h speed s'smples or blood collectm* routme]y in hepnoriniz ’ed
microcapillar ry uabe b t dnsp;.te the good results which he recorded with this
metnod, tne need for electrlcrty to oo a’ce ’c,he: ce’n..,rifuge » an_di tne difficulties

The !ssue of this document does not constitute Ce document ne constltue pas une publication.
formal publication. It should not bs reviswed, ' ne dolt falre Foblet d'aucun compte rendu ou
abstracted or quoted without lthe agreement of résumé nl d'aucune cltatlon sans "autorisation de
the World Health Organization. Authors alone 'Organisation Mondlele de la Santé. Les opinions
are responsible for views expressed in slgned exprimdes dans les articles slgnés n’engagent

articles. que leurs auteurs.
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encountered with the heparin anticoagulant, were considered by Dowling et al. (1966)
to be factors which might lessen its value for routine field use, The introduction
by Holmstedt (1965) of a portable, hand-operated, high-speed centrifuge dispensed with
the need for electricity, but the rather complicated loading technique and the small
number of specimens which this device could hold were thought to make it inconvenient

for general field use in malaria practice.

Modifications to this centrifuge, by Dowling et al. (1966), simplified the
loading and storage of the capillaries and greatly increased the number of specimens
which could be spun at a time, Field trials using this redesigned centrifuge (the
DRSM model), together with Sequestrene anticoagulant, which had been found to improve
both the staining and the identification of parasites, resulted in a marked increase
in the over—all positivity of the groups sampled; this increase being attiributed to

the greater numbers of Plasmodium falciparum trophozoites and P. malariae seen in the

concentrate films. It was noted however that no species differential layering of
parasites occurred in the centrifuged blood column and, also, that no increase in the

numbers of P. falciparum gametocytes was found, although the general concentration

factor achieved with other malaria parasites was between two and five times.

This paper describes a field technique by which gametocytes of P, falciparum

are concentrated in centrifuged microcapillary blood samples following sedimentation
in hypotonic saline. In addition a modified method of Giemsa staining 1s described
which reduces the number of parasites lost from the thick blood films during their

dehaemoglobinization in the aqueous stain.

METHOD

e

PN

saline solutions of varying strengths, prior to centrifugation, to determine:

(a) what degree of differential osmotic fragility, if any, exists between normal
erythrocytes and those parasitize& with different species and stages of human
plasmodia; (b) whether or not any such difference could be used to separate, and S0
concentrate, the parasitized cells; (c) whether or not the osmotic effect of the :

hypotonic saline could be used to alter the specific gravity of the parasitized red
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cells sufficiently for .them to be separated, more easily, from normal red cells
during centrifugation; - and (d) what effect such saline immersion and centrifugation

would have on the staining properties of the parasitized red cells,

Preliminary trials were carried out using suitable cases selected, by thick film
sereening, from five to hiné year ‘old schoolchildren, taking for each experiment:
two thin and two thick blood films from finger-prick blood which were the controls,
the duplicate thick and thin blood films being held in reserve in case of loss or
dariage to the originals, and one ml of blood by véne-puncture which was eipelled intd
a sterile "Bijou" bottle containing 0.3 ml of sodium citrate-dextrose anticoagulant
(see Annex).

Séline solutions, '~ Using a stock 2,5% saline solution and distilled water a

range of salire solutions was preparédtinvnumbéredAteét-tubes which were fitted with
plastic sealing caps. This range extended from 0.3% up to 0.85% in steps of 0.05%
and, in later experiments, was reduced to a series of 10 tubes (0,4~0.85%). Due

to contamlnatlon with blood from capillarles and to the gradual growth of algae,

fresh solutions ware prepared for each experlment

Sedimentation. In the laboratory the "BlJou“ bottle was gently agitated to mix
the blood and two thick and two thin films made direct from the bottle sample. These

acted as anticoagulaﬁt conffols, the duplicates again being held in reserve. Dry,
serially numbersd microcapillary tubes were then introduced into the bottle, one by
one, and blood taken Up to a predetermined point (see AnneX),:the‘bottle being gently
agitated before each sampling. 1In this way a fairly constant volume of blood was
ensured for the whole series. The outside of the capillary was wiped clean of
excess blood and the tip insérted into the appropriate tube of saline, care being
taken to see that the blood was kept at the end of the capillary at the moment of

contact with the saline to avoid air locks.

Saline was drawn up until the tube was almost filled, a space of 3-4 mm being
left to allow for the plasticine sealer. After sealing the bottom of the capillary

this was then stood at an énélé of’45° in a Eiasticine strip pressed to a glass sheet.
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This angling of -the capillaries served both to increase the rate of sedimentation
and to facilitate the vertical separation of the lighter from the heavier red cells
in the blood colurm. =~ After 15 minutes the glass plate was reversed and stood
upright on its edge, thus inverting the capillaries. Sedimentation was allowed to
oceur for a further 15 mlnutes after which, again, the capillaries were reinverted
and allowed to sediment for a further 30 minutes., By this time almost all cells
had settled into the lower half of the tube allowing it to be cut at the 50 mm mark
for lcading into the DRSM centrifuge.

During centrifugation maxirum traction was avoided for fear of rupturing the
osmotically-swollen parasitized cells and 100 pulls at moderate speed were used to
pack down the cellular contents (sce Annex). This gave a clear buffy coat. Tubes
were removed znd placed vertlcally the plasticine strip and cut approx1mately
2 mn below the creamy platelet layer. A small drop of blood was taken on to a
clean pol1whed sl de, the size of drop being controlled by tllting the slide to about
30—40 and llghtly touching the cut end of the capillary against it. If this til-
ting vas omitted the weight of the supernatant plasma/sallne caused too large a drop
of blood, often containing both blood and plasma, to be extruded, thereby reducing

considerably the parasite concentration achieved.

Overnlght desiceation of .sub - -buffy concentrate thick blood films was avoided
for it was found that this made them powdery and much material was lost from them
even beforéistaining. (Since most of the experimental work described was carried
out during the dry season in West Africa, this observation may not be valid for
similar trials cerricd out undar conditions of higher atmospheric humidity.) To
avoid this all sggh films were kept in a slide box which was placed overnight in an
empty desiccatorudish on the bench at room temperature. This allowed them to dry

naturally and prevented their destruction by ants.

Staining. Tne normal "conirol" films were stained by the standard Giemsa

method. . The Qoncentrate films, and anticoagulant control films made directly from the
treated vencus blood, were steincd with Giemsa solution made up in distilled water

buffered to pH 7.8 (see Annex). This successfully overcame the pink discolouration
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due possibly to the excess anticoagulant in the commercial microcaplllarles, as
reported by Dowllng et al, (1966), and restored. “normal“ colour values. It was
noted that the quality of Giemsa staining after saline immersion of films was

enhanced, particularly with older stages of parasites.
RESULTS Nt

Microscopic examination of all films was carried out using X 100 objective and
X 7 eyepieces, 1000 oil immersion fields being examined for all thin films and
100 such fields for all thick films. To assess accurately the effect of the experi-
mental method used, and particularly to obviate the effect of parasite loss during -
staining, only thin films were made from the concentrates and compared with the
"normal" thin;ﬁilm controls. In experiment "A" (see Fig. 1) it was established
that>when capiliagies were cut at the lower-middle leyel,“following the method used

by Dowling et al. (1966), maximum concentrations of P. faleiparum trophozoites and

P, malariae occurred at a saline strength of 0.55% (i.e. X 3.4 and 8.5 degrees of
concentration respectively) In this same experiment similar tubes, cut at the
upper—middle level, showed fewer P. malarlae (X 3.1) but gave an 1ncrease in

P. falciparum troph0201tes (x 4. 5) and showed a significant rise in the P. ovale
count (X 8.0).

N

Unfortunately the sub-buffy levels were not explored at this stage, but it is

dietinctly possible, intviewﬁgf the subsequent findings with P, falciparum gameto-
cytes, ‘that this level/may yield even highef cpncentrat;ons,of P, ovale parasites,
especlally at slightlywhigher saline strengths. The epp;;cetipn,of this'method to
specimens of blood pafés;tized with P. vivax may permit highegiconcentratignsnto be
obtained than those reported by Dowling et al.;(1966).wigh‘P,Mcynomolgi.,‘

In a later experiment with gametocytes of P, falviparum a thin film was made

from the sub-buffy level of the spun column after sedimentation through 0.65% saline,
and spread very rapidly (see Annex). This served to concentrate the white cells in
a narrow strip along. the film.  Examination of this area showed 23 falciparum
trophozoites and 191 gametocytes compared with six trophozoites and six gametocytes
in the" corresponding thin "eontrol" film, i.e. concentration factors of X 3.8 and

X 32 respectively. To confirm this finding a case with a lower P, falciparum’
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gametocytaemia was selected (three gametocytes per 100 thick film fields) and a
series of 10 sal:ne dilutlons used _ The normal thin film failed to show any
gametocytes in lOOO fields, and on later re—examlnatlon, none in 5000 fields
(exhaustive examination of the dupllcate control thin fllm showed three gametocytes
in 9000 fields). |

The results of the concentrate series of thin films are shown in Fig. 2
(Experiment "B"). From this it can be seen that, at the optimum saline strength of

0.7%, 25 gametocytes in 1000 fieldé.were recorded giving a minimum concentration
factor of X 25.

A differential layering test using 0.65% saline (which had given the best
results_in.e previous test) and the same blood sample revealed no gametocytes in the
lower-middle, middle or.qppper-middle levels of the spun column, indicating that,

under certain optimum conditions, gametocytes of P. faleiparum can be differentially

layered together with the white cells during centrifugation following saline sedi-
mentation. Finally a number. of plain 50 mm microcapillaries were filled with blood
from the bottle sample and spun without sedimentation. Pilms were then made from
the sub-ouffy, middle and lower_levels. The sub-buffy concentrate showed three
gametoeﬁge; in 1000 fields, the middle layer film showed none and the lower layer‘iwn
film showed one in 1000 fields.

To test the ablllty to repeat this result with dry Sequestrenised microcapillary
tubee,,from fingep—prlck blood, the follow1qgwe§per1mentAwas carried out with a
known faiciparum.éeﬁetooyte case. One thick»blood film_was taken as a control and
one Sequestrene tube filled to the 40 mm mark, w1ped and filled with O 77 saline. .
Following sedimentatlon and centrlfugatlon, as descrlbed a thin film was made from
the sub-buffy layer. The next morning both fllms were stained the thlck film with
*% Giemsa (pH 7.2) for 30 minutes and the concentrate thin film, after methanol
fixation, by 10% Giemsa (pH 7.8) for 30 mlnutes. Examination of both films was con-
fined to that part showing the highest density of white cells and revealed 23 '
gametocytes in 100 fields of the control thick film compared to 49 in 100 flelds of
the thin £ilm; thus conflrmlng that a concentration of between X 30 and X 40 was
being ehhieved by this method with P. falclparum gametocytes. S
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Thick film problems. Thick films made from the upper levels of concentrated

blood gave disappointiﬁgly poor results and showed obvious signs of "floating off" in
the stain. To try to reduce this loss partial fization of the thick films was
attempted and, for the field trial, the following method of staining was adoptéd:-'
duplicate thick films (marked "A") were also stained by this method, to act as stain

controls.,

Giemsa staln at 15% was made up in 10% methyl alcohol in distilled water and
buffered to pH 7.8. Pilms were stained face down on a curved formica board, the
stain being run gently underneath. After 30 minutes the films were very gently
rinsed in a stream of distilled water and stood to drain and dry face down in the
rack. - In this way "floating off" of parts of the film was considerably reduced
although the concentration of gametocytes attained (betwsen X 6 and X 8) indicated
that’many'of these parasites were still being lost; either as a result of floatlng
off from the film or possibly by being ruptured during the staining process. ’fThe
quality of staining of the concentrate thick films was considered excellent, with
parasites standing out clearly against a clean white background and gametocytes and
schizonts could be distinguished even when the white cells complétely filled the
field. It was found however that, when the capillary tubes were cut a little too
high,lfhé béckground was partially obscured with blood platelets and, because of )
this,“the smaller ring-form parasites were difficult to &isfinguish. Té'réduce thg.
numbers of both plaﬁelets and ﬁhite célls in the final film the fact that gameto- ‘
cytes are not differentially layered during centrifugatioﬁ, unless this is preceded

by saline sedimentation, was utilized in the following mamner.

Microcapillary samples of blood were spun at maximum traction with the DRSM
centrifuge and then cﬁt at the sub-buffy level, thus removing most of the white cells
and platelets. By placing a dry, clean caplllary against the end and tlltlng both
tubes together the blood sample was transfefred to the clean tube." Saline was then
taken up and sedimentation and centrifugation applied. In this way the gametocytes

" sub-buffy" layer now comparatively free from white cells. This

were brought to tne
technique, involving tube-transfer and double spinning, was considered too time-

consuming for routine field use and was not pursued further, although it succeeded in
reducing the number of white cells per field without seriocusly affecting the parasite

count.
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The morphology and staining of the parasites in films made from other le?els of

the spun blood column were also found to be enhanced, although the compacting of the

P, faleiparum ring-forms might at first cause some confusion, as mentioned by
Dowling et al. (1956). Pigment when present was always clear and unmistakable,

It was noted also that no "rounded-up" forms of P, falciparum gametocytes occurred in

concentrate films, their absence from both thick and thin concentrate blood films

removing a possible source cf confusion to the inexperienced microscopist.

FIELD TRIAL

For the First part of this trial 32 schoolchildren, between the ages of 14-17
years, were sampled. From each child two thick films were taken by finger prick,
the duplicate series being numbered 1A-32A and used as controls for the modified
staining technique. Care was taken to ensure that both blood drops and films were
approximately the same size, and free from serum dilution by undue squeezing. The
finger was then wiped with dry cotton-wool and a fresh drop of blood squeezed up.
This was taken into a Sequestrenised capillary to the 45 mm mark, the tube wiped,

filled with 0,7% saline and sealed at the bottom with plasticine,

On return to the laboratory inversion sedimentation was applied followed by
centrifugation. Capillaries were cut 2 mm below the buffy coat and a small thick
film spread with the drop taken on to the slide. Next the capillary was cut at the
lower-middle level and a second thick film made on the same slide, All films were
stained\hext morning, ha&ing been kept overnight at room temperature, and 100 oil
immersion fields were examined from that part of each film showing the higﬁest

density of white cells.
tudy of the results shown in Table 1 shows that:

(a) ths over-all positivity for P. falciparum gametocytes of the children

scmpled, in the "sub-buffy" films, was increased by 37.4%, i.e. from 9.4%
(rormal thick films) to 46.8% (concentrate thick films);

(v) * an increase in the positivity of this group (sub-buffy films) for micro-

filariae (Dipetalonema perstans) of 27.2%, i.e. from 6.2% to 34.4%;
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(¢) the over-all positivity of the group for malaria parasites was increased - -
by 6.2%, i.e. from 78.2% to 84.4%.,

In cases where the normil thick film showed slightly older rings of

P. faleiparum the’ concentrate thick £ilm showed an improvement in the numbers of
these forms. But, despite this and apart from the obvious improvement with
gametocytes and microfilariae, the "sub-buffy" films seemed to show no adéan%age

over the normal thick films. In nine cases they failed to detect P. malariae
parasites found 1n the controls, but on two occasions, they revealed infectlons with

this spe01es whlch were undetected 1n the normal control thlck films.

1f, howevery the .resudis of the first 50 fields examined, of the sub-buffy film,
and the first 50.fields of the lower-middle layer film-(on the same slide) are added
together and compared .with 100 fields of the normal thick film, the following facts

emerge: oo

(2) There was ‘an over-all increase in the ‘positivity of the group, for

P. falciparum gametocytes, of 34.3% - i: e. from 9. 4% to 43.7%.

(v) There was an 1norease 1n the p031t1v1ty of the group for P. malarlae

of 6.3% - i e. from 40, 6% to 46 9%
- (c) The p031t1v1ty of the group for mlcrofllariae rose by 15, 6% to 21. 9%

One interesting outcome of the trial was shown up by the;results_of the»ﬂupli—
cate series of thick films, where the effect of the modified staining method“alone o
produced an 1ncrease 1n faleciparum gametocytes, over the normal control thlck films
of 12.5%, raising the positivity of the group for thls para51te from 9 4% to 21 9%
From Table 1 it can be seen. that, although the average count per fl_m of

P. falclparum is only sllghtly 1ncreased (by 20%), that of P, malarlae 1s inereas=d

by almost 50%. Three children showu as negatlve in the controls were found to be
positive in the duplicate series. In one case, however, the control revealed a

positive which was not recorded in the correspondlng dupllcate.

The lower-middle level concentrate films gave a poor result with falciparum-

gametocytes, as was expected, but both the P. falciparum ring-form and the .

P, malariae counts were noticeably raised; the average count per film of the latter
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being increased by 300#4. Two cases with P, malariae infections and one with a

P, faleiparum ring-form infection, all missed by the normal control thick films, were

detected by concentrates from this layer. VWhen the results of 50 filelds of sub-
buffy and lower-middle concentrate films are added together the average count per

film with P, falciparum trophozoites is increased by just over 40%, while that of
P. malariae is increased by 80%.

DISCUSSION i .7 . -

Among adults living in areas of tropical Africa, where malaria is endemic and

where P. falciparum predominates, naturally acquired immunity tends to supress the

parasitaemia, often to a level which is submicroscopic.to present methods of detec--
tion. In many such cases gametocytes continue to remain in the peripheral blood,
often at a level too low for detection either by the standard thick film or by
present field concentration methods. The ability to find these forms of the para-
site, by which alone, in the presence of suitable vector anophelines, transmission
is maintained, may have significance in the context of malaria eradication programmes
and the technique described may also be of particular value in circumstances where a

specific search is made for gametocytes of P. falciparum.

The filarial larvae detected were all of the same species (Dipetalonema perstans)

and it is not known what effect, if any, this method might have in concentrating
Mansonella ozzardi microfilariae or the larger, sheathed microfilariae of Wuchereria

bancrofti, Brugia malayi and lLoa loa.

Recent advances in field methods of concentrating malaria parasites have
succeeded in increasing considerably the sensitivity of the thick blood film to
detect low-grade malaria infections generally, but have been unable to demqnstrate

any improvement with P. falciparum gametocytes. By the method described such forms

of the parasite are concentrated by 30-40 times in thin blood films, and between
6-8 times in thick films; this increase being attributed to the reduction in the

specific gravity of P. falciparum gametocytes which occurs during their immersion in

hypotonic saline and which causes them to rise in the blood colum during centrifuga-
tion. In vitro haemagglutination of the parasitized red cells during their sedi-
mentation through the electrolyte was not thought to be significantly enhanced, for
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this would have been observed in the isotonic saline sample, and any differential
osmotic fragility would be negligible at the saline strength (0.7%) giving maximal

concentration of parasites.

Despite the improved retention of para51tes in- coneéntrate fllms, as a result of
the modified Giemsa stalnlng method used many are still belng lost durlng staining
Better methods of staining, which would allow a greater proportlon of paras1tes to
be retained in the thick film, would utlllze more fully the concentratlon factor
achieved by saline sedimentation and centrifugation., This would greatly improve
the sensitivity of  the thick blood film and would lower, still further, the  threshold

of detectable P. falciparum gametocytaemia.

The work described represents an attempt to study some of the factors involved
in malaria parasite concentration only and the method adopted is not offered, or con-

sidered, as a substitute for existing techniques.
SUMMARY

A technique is described whereby Plasmodium falciparum gametocytes are concen-

trated for blood films in centrifuged microcapillary blood specimens following sedi-
mentation through hypotonic saline., The application of this method, either in the
field or laboratory, is simple and takes little longer than present concentration

methods. The resulis given by a limited field trial show a marked increase in the

positivity for P, falciparum gametocytaemia. The possible advantages of this method

are discussed.
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RESUME

L'auteur décrit une technique permettant d'obtenir une concentration des

gamétocytes de Plasmodium falciparum dans des échantillons sanguins centrifugés

en tubes capillaires aprés sédimentation dans du soluté hypotonique. les éta-—
lements sont préparés i partir du concentré obtenu. Appliquée sur le terrain ou
au laboratoire, cette technique est simple et ne demande guére plus de temps

que les méthodes de concentration actuellement en usage.

Un essai limité sur le terrain a permis de constater gue la recherche des

gamétocytes de P. falciparum dans les étalements épais donne avec cette méthode

des résultats positifs cing fois plus fréquents, 1l'augmentation étant moindre

pour les autres formes de parasites du paludisme.

L'auteur expose en dernier lieu les avantages possibles de la nouvelle

méthode.
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ANNEX

TECHNICAL NOTES

1. Anticoagulant. The following formula was uéed:

Sodium citrate « v ¢ ¢ e e o . . . 28
DEXtIOSE o o o o « o o « o s o o o & >3g

Distilled water . . . . . . . .. 120 ml

After filtering this was dispensed in 0.3 ml amounts into clean, dry "Bijbu" bottles
which were then "flash" sterilized in a pressuré‘dbokér“by raising the p}éssure to
20 1b. (9 i kg) and immediately allowing to cool slowly. This prevented carmeliza-
tion of’ the dextrose and bacterial overgrowth was negllgible, even after overnlght
incubation at 37 C. - )

In later experlments 10 em x O 1 cm (1nternal dlameter) "Exogen Sequestrene .

microcaplillary tubes were used.

Vene-puncture technique was employed only during experimentation with known
parasitized blood when comparatively large volumes (1-2 ml) were needed for the full

saline dilution range. The field method utilized normal finger-prick blood samples.

2. Numbering of capillary tubes. This was done using an ink marker with a felt

wick and was found to be quick and effective. Numbering was carried out against a
template so that the first mark was at the same point on the tube, i.e. 45 mm from
one end. Blood was taken up to this point during the tests, thus standardizing

blood volumes used in any series.

3. Centrifuge. As mentioned in the text only moderate force was used with the
DRSM centrifuge during these experiments. No clotting was experienced in any of
the tubes and only one specimen, due to a faulty capillary, was lost during spinning.
The addition of a thin circular polyvinyl sheet, following the recommendation of
Dowling et al. (1966), obviated the need for taping the tubes in place and allowed
far speedier removal to the vertical position after spinning. Although noticeably
quieter the performance of the disc with this sheet attachment could not be assessed.

The polyvinyl sheet was held in place by two strips of selotape, one on each side.
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Annex

4. Buffering of staining solutions. The following formula was used for all con-
centrate and anticoagulated blood films:

Potassium dihydrogen phosphate . . . . . . . . . 1.0 g
Disodium hydrogen phosphate . . « « = o+ & « » » 8.0 g

Distilled water . .« ¢ ¢ v« ¢ ¢ ¢ ¢« o o o o« « » « 1 litre

5. Spreading of thin films from centrifuged blood. Difficulty was found initially

in making good films from concentrated blood. With drops taken from the middle or
lower levels of the spun column spreading very slowly produced good even films,

The reverse was found to be necessary with samples taken from the upper-middle and
sub-buffy levels of the centrifuged blood; good films being possible only when
spread as rapidly as possible, immediately the spreader made contact with the blood
drop. S '
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PARASITE COUNT PER 4,000 FIELDS (THIN FIEM
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FIG, t: SHOWING PARASITE COUNTS PER 4,000 FIELIS
OF THIN BLOOD FIIMS MATE FROM LOWERWMIIDLE

LEVEL OF CONCENTRATES IN EXPERIMENT “A®.



GAMETOCYTES PER 1000 FIELDS (THIN FILM).
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FIG. 2: SHOWING RESULTS OF GAMETOCYTE COUNTS PER

1000 FIELDS OF THIN BLOOD FILMS MADE FROM

SUB=-BUFFY LEVEL OF CONCENTRATES IN
EXPERIMENT "B®

(Control)



The purpose of the WHO/Mal series of documents is threefold:

(a) to acquaint WHO staff, national institutes and individual research or
public health workers with the changing trends of malaria research and the
progress of malaria eradication by means of summaries of some relevant

problenms;

T
(b) to distribute to the groups mentioned above those field reports and other
communications which are of particular interest but which would not normally

be printed in any WHO publications;

(e) to make available to interested readers some papers which will eventually
appear in print but which, on account of their immediate interest or importance,

deserve to be known without undue delay.

It should be noted that the summaries of unpublished work often represent pre-
liminary reports of investigations and therefore such findings are subject to
possible revision at a later date.

The mention of manufacturing companies or of theilr proprietary products does

not imply that they are recommended or endorsed by the World Health Organization.



