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Splenomegaly in Malaria

H.AH MASHAAL!

INTRODUCTION

Splenic enfargement is one of the three main
signs characieristic of malaria infection (fever,
anaemia, splenomegaly). It is of great diagnostic
aid to every physician. To both the epide-
miologist and the malariologist it is of immense
value in evaluating and assessing the malaria
situation within an area.

In spite of the fact that spleen examination can
yield vatuable information, contradictory resulis
have becn published. This is largely attributed to
the widespread employment of non-medical per-
sonnel who are utifized extensively in the exe-
cution of several surveys, These non-medical
personnel frequently miss the slightly enlarged
spleen, particularly if it is soft in consistency. The
determiation of spleen consistency is difficult
for theinexperienced physician; foranon-medicat
person, il is almost impossible to detect. In 1965~
1966, the author evaluased the results of a non-
medical team which had conducted spleen sur-
veys in Southeast Asia for decades and the results
were published and analysed. A school in one
village in Pakistan was surveyed by the non-
Accepted for publication: 15 January 1986
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medical staff. When the author checked the same
school, it was noticed that all the slightly en-
larged spleens were missed as well as the very soft
ones which yielded blood positive results. This
drew the attention of the author to the fact (hat
many publications on splecen surveys are to be
critically evaluated and contradictory statements
on the value of spleen examination may be
largely attributed to the extensive utilization of
non-medical staff as wcil as inexperienced physi-
cians for spleen examination.

In India in 1847, Dempster (RusscH ez al, 1963)
had been the first 1o show that the correlation
between an enlarged spleen and malarnial fever is
of practical value as a measure of malaria
endemicity. Early in this century, spleen indices
were commanly utilized {or diagnosis, eva-
juation and assessment of malaria, Boyd, 1949,
elaborated on the subject.

However, since the development of the Malaria
Fradication Policy in 1955, some desk mala-
riologists - have unfortunately come to regard
spleen examination merely as a rough index for
malaria diagnosis and assessment. The author
found the spleen examination of young children
an outstanding tool in malaria evaluation, even
in countries with schistosomiasis as the spleens
here show enlargement afier a lapse of long
periods i.c., about a year or more,
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The spleen examination was not only utilized {by
the author), in the malaria control programmes,
bui it was applied equally efficiently in advanced
malaria eradication programmes in different
countries. It was possible to gel several malaria
cases confirmed microscopically at a later dale.
In one instance (Fast Nepal). the author was able
ta detect several falciparum cases in a few days
hy spleen examination in selective areas pro-
jected for maintenance phase. Amaong the count-
ries examined by the author which vielded excel-
lent results for spleen examination in malaria
assessment are: Garza territory, Saudi Arabia,
Syria, Pakistan, Bangladesh, Philippines, Tai-
wan, Sudan, Burma, Thailand, Nepal and the
Solomon Islands.

Immunodiagnostic techniques are developing
very fast nowadays. This is because the parasite
rates do not reflect a true picture of the malaria
sitnation among immune communities. The
examination of the spleen has the advantage of
giving aclearer picture of the malaria situation, if
s size as well as its consisfency are determined.

The lollowing views are staied by renowned
malariologists on the importance of spleen exam-
inatton and its superiority 1o blood examination.

{i} According to Russell, Ross, Darling and
Boyd (Russell, 1952} a spleen index above 5% is
nol found in non-malarious cities in 1he absence
oof schistosomiasis and kala-azar,

(ii) After the first infection is over, the en-
larged spleen may decrease in size so rapidly that
1t will not be palpable two months later. But in
chronic malaria or in patients who have had
repeated infections the decrease in size is much
less rapid (Russell, 1952).

i) In a nonimmune patient, the spleen is
targe and soft. With the development of im-
munity the spleen becomes harder. At the highest
‘evel of immunity it tends to become smaller
again (Russell er af., 1363},

(iv) Thespleen rate is easier to obtain than the
parasite rate. It includes recent/past. as well as
nresent malacia and it is frequently more reliable
in praclice than the cxamination of blood lilms
(Russell ¢1 af, [963).

{v} Once the individual has ceased to suffer
acutely from malaria infection, enlargement of
the spleen tends to subside but not (o disappear
while the infection persists (Russell er al, 1963).

The author presents several examples of the
outstanding value of spleen examination in eva-
Jnation and deteclion of asymptomalic cases in
consolidation areas or even in areus recom-
mended for maintenance.

STRUCTURE OF THE SPLEEN

The spieen is the largest ductless gland of the
body. 1t is iocated in the posterior portion of the
upper left abdominal quadrant beneath the 9th,
10th and 11th ribs. It is an oval, spongy,
flattened, fist-sized organ. It is roughly 12 cen-
timetres by 8 by 4. It has normally a duil purple
colour which is due 1o i1s content of blood. It is
soft and more friable than most organs. One
surface lics against the kidney. one against the
diaphragm, another against the siomach and
another in contact with the intestine but it is
separated from all of them by the peritoneum.

In healthy adults, the anterior margin usually
cannot he felt under the costal border. However
in small infanis the anterior margin of a normal
spleen is often palpable.

The splecen has an average weight, expressed as
3.9 gm per kilogram of body weight. An average
man of 60 kg body weight has a spleen of 234 gm.
Bruce-Chwatt reported a mean adult spleen
weight of 265 gms for both sexes in his African
series (Russell er af., 1963).

By the naked eye, two kinds of pulp may be
naticed. The white pulp is distributed as tiny firm
gray islands, each less than I mm in diameter.
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The soft red pulp fills the remaining space,
MICROSCOPIC STRUCTURE OF THE SPLEEN

The spleen is largely made up of branched
connective tissue cells called reticular cells and
associated reticular fibres. The parenchyma or
the pulp of the spleen consists of the following:

(&) White pulp: It is immunologically com-
petent; it sequesters lymphocytes, macrophages
and antigen and permits them to interact (Fig 1).

The central artery enfers the white pulp. As it
runs through the pulp it is surrounded by a
reticutar sheath tightly packed with lymphocytes
(the peri~artenial lymphatic sheath). The lym-
phocytes of the peri-arterial sheath migrate to
the spleen from the thymus. These T-
lymphocytes (or T-cells) are a heferogeneous
population of cells which have undergone a
period of maturation in the thymus and which
bear the thymus surface marker.

Lymphatic nodules (Malpighian corpuscles) lic
within ¢he peri-arteria) sheath. They are compact
spherical collections of lymphocytes. These are
rich in B-lymphocytes. In a few hours after
entering the spleen, the B-lymphocytes reach and
enter the lymphatic nodules and are concen-
trated in its periphery (corona or mantle zone).
in the centre of the Jymphatic nodules, germinal
centres appear. They are sites of high level
antibody production. Surrounding a lymphatic
nodule there are vast numbers of red blood cells
in its meshes, The meshes are designed to act as a
filter.

As the central artery runs through the red pulp, it
gives rise to several branches. Qut of these (i) few
end within the white pulp (ii) some supply the
germinal centres and mantle zones of the lym-
phatic nodules (iii) the majority terminate at the
periphery of the white pulp and are emptied at
the marginal zone (iv) some leave the white pulp
passing into the marginal zone and end in the

cllipsoid and (v) some emerge from the white
pulp, passing through the marginal zone and
terminate in the cord of the red puip. From the
cord, cells can reach rhe sinusoids (see Fig. 1).
The sinusoids of the red pulps drain and finally
reach pulp veins which in turn drain into trabe-
cular veins.

Some arterioles in the white pulp pass the peri-
arterial lymphatic sheath and before they ter-
minate they may be c¢nsheathed by a tight
ellipsoidal nodule whose dominant cell type is
the macrophage. Plasma cells develop in both the
white pulp and the red pulp. They do not enter
the circulation but remain in the spleen.

(b)Y Red puip: Tt is composed of splenic si-
nusoids, separated by splenic cords. The frame-
work of the red pulp consists of a mesh of
reticular cells and reticular fibres (Fig. 1).

The thin wal] of each sinusoid is made of long,
narrow reticulo-endothelial celis lying side by
side and bulges into the fumen. The basement
membrane of each sinusoid is perforate rather
than a full sheath surrounding the outside of the
endothelium.

In the cytoplasm of the reticulo-endothelial cells
{both of the wall and the free macrophages) one
may see the haemoglobin of phagocytosed eryth-
rocytes which are braken down to an iron-
containing pigment cajled haemosiderin and an
iron-free pigment haematoidin, bilirubin or bile
pigment. Haematoidin is readily soluble and
diifuses out of celis as quickiy as it is made.

The lumen of the sinusoid is a storage space for
erythrocytes, granulocytes, platelets etc. It isalso
a place for testing cells. phagocytosis and cell
maturation, After straining and scrutinization,
the normal cells enter the circuiation again, It is
probable that most of the monacytes of the
circujating blood are formed in the sinusoids and
cords of the red pulp.
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Only during embryonic life, both erythrocytes
and granular leukocytes are formed in the red
pulp. Haematopoiesis occurs in the spleen only
in embryonic life, with the exception of some rare
pathological situations.

In the red pulp, between the sinusoids, exist thin
splenic cords. Each cord is a reticular meshwork
with intercellular spaces. It is a cavernous system
rich in macrophages. The terminal arterial ve-
ssels leaving the white pulp ‘terminate in the
cords. The blood moves across the cords and
enters the sinusoids by passing between en-
dothelial cells (Fig. 1). If the erythrocytes are not
healthy or normal or contain rigid structures
such as Heinz bodies or malarial parasites. they
may crass to sinusoid wall with difficulty and
take much longer time in the cord and are mostly
phagocytosed by cordal macrophages. One im-
portant mechanism of spienomegaly is the bloc-
kage of the inter-endothelial slits to'erythrocyies
containing malarial parasites or other rigid par-
ticles and this Ieads to congestion .of the cords.

SPLEEN FUNCTIONS

For practical purposes, the spleen can he con-
sidered as being composed of two organs (a} an
immune one i.e., the white pulp, consisting of
peri-arterial lymphatic sheaths and germinai cen-
tres (lymphatic nodules) and (b) a reticulo-
endothelial one t.c.. the red pulp which is com-
posed of phagocytic macrophages and granu-
Jocytes lining vascular spaces (cords and si-
nusoids).

(1) T-lymphocytes and B-lymphocytes

In the white pulp of the spleen, both T and B-
lymphocytes exist. The peri-arterial lymph
sheath around the central artery and its arterioles
are packed with T-lymphocytes {thymus origin).

The B-lymphocytes are manufactured mainly in
the bone marrow but within the white pulp of the

spleen exist lymphaltic nodules (Malpighian cor-
puscles). They are germinal centres. heavily
surrounded by B-lymphocytes. The germinal
centres are sites of high level antibody pro-
duction.

The function of T-lymphocytes and B-
lymphocytes differ. The T-cell can recognize
foreign markers (antigens) which arc usually
collected by macrophage celis and get attached to
them. Once the T-lymphocytes recognize the
antigens on the macrophages, they arc activated
and send signals to the B-lymphocytes to produce
antibodies. These antibodies coat the parasites or
bacteria making them more susceptible to at-
tacks and desiruction by the leukocytes (Sch-
wabe & Co., 1979).

Normally, in the spleen, the lymphocytes Ieave
the blood vessels, enter the white pulp (surround-
ing the arferioles) and then later emerge through
the veins. That traffic increases when a foreign
body appefrs to challenge the immune system.

T-lymphoeytes and B-lymphocytes can be sepa-
rated from the blood in a few seconds i modern
laboratories nowadays by a fluorescent activated
cell sarter.

(2) The principal functions of white puip

(a) Production and maturation of the T and
B-lymphocytes and plasma cells as in
other lymphoid organs. The splecn con-
tains about 25% of the tolal hody lym-
phoid tissue and produces specific anti-
bodies.

Formation of humoral antibodies accord-
ing to the circulating antigens. Amibody
response appears lo he normal afier sub-
cufanecus or intra-muscular injection of
an antigen. On exceptional basis auto-
antihodics to circulating blood elements
are made. example (i} immune thrombocy-
topenic purpura (ITP), (ii) Commspo-

(b)



6 INDIAN J MALARIOL., YOL. 23, JUNE 1986

sitive, (i) immune haemolytic anaesmia
(Schwabe & Co., 1979).

{c} The spleen produces “Opsonins™ that coat
the hacienia and enhance their rate of
phagocytosis. Deficient opsonic activity
has been demonsirated in the scra of
patients with sickle cell anaemia.

(d} Produces a tetrapeptide called “Tuftsin™
which is a leukocyle modulating hormone.
Tuftsin coats ncutrophils and enhances
their ability to engulf bacteria. This non-
specifically increases neuirophil phago-
cytasis and chemotaxis. In its absence in
splenectomized cases or in congenital as-
plenic persons, this may impair their nor-
mal phagocytic function. Conseguently
these individuals are susceptible 1o in-
fection.

{3) The principal functions of red pulp

{a) Removal of bacteria or unwanted blood
elements. Phagocytosis  of  antibody-
coated cells by red pulp macrophages and
their destruction; phagocytosis of bacteria
occurs even in the absence of specific
antibodies. The red pulps act as filters for
removal of debris and parasitic invaders.

Sciection and removal from the circu-
lation of inclusion bhodies such as Heinz
hodies. Howell-Jolly bodies and nucleated
erythrocytes. Afler splenectomy an in-
crease of circulating nucleated eryth-
rocytes is noticed along with an excess of
Howell-Jolly bodies, reflecting the Joss of
this function of the spleen.

(b

{c} A storage depot of red cells, the spleenis a
reservoir for blood leukocytes and plate-
lets. These can be released into the circu-
lation by cpinephrine. The volume of the
spleen diminishes temporarily during and
after excercise, when it assumes a size from

ane-third to one-halfl or less of its resting
size. The shrinking of the spleen during
excercise would account for 20% of the
normal blood volume. in addition to the
oxygen-carrying capacity which is of great
importance during stress. The splenic
blood has a greater concentration of ery-
throcytes than the system blood. The
spleen enlarges a little under increased
bload pressure and for a few hours after
" meals.
(d) Aged blood cells, distorted in shape, are
destroyed by the macrophages. Their iron
content is remoaved and made available
again in the blood stream in the form of a
protein called ferritin, This goes back to
the bone marrow to be incorporated into
new red blood cells.

(e} Under abnormal conditions the spleen can
initiate haematopoietic functions. Nor-
mally, haematopoiesis takes place in the
spleen during loetal inira-uterine life. Just
before birth the bone marrow takes over
thalt function. However, in exceptional
situations. for cxample in hone marrow
damage or in myclofibrosis, the haemat-
opoietic stem cells in the spleen and fiver
get activated.

PATHOLOGICAL CHANGES OFf THE SPLEEN IN
MALARIA

During each febrile paroxysm of malaria. the
spleen is swolien, tender and becomes hyper-
aemic. After the commencement of the acute
attack the spleen is palpable within three or four
days. During treatment it subsides in a few days.

According to Ross. splenomegaly occursin 85 to
100 per cent of all malaria cases. Repeated
malaria infections yield greater degree of sple-
nomegaly. Therefore, as malaria endemicity in-
creases, the average enlargement of the spleen is
greater {Russell er af., 1963),
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(1) Mucroscopical appegrance

By the naked eye, the malaria spleen is dark. In
acute malaria. the capsule is not thickéned and
can be easily torn. The pulp is diffluent. In
chronic malaria it is firm or hard. In acute
attacks. aflter death, the spleen may weigh as
much as 700 gm. In chronic malaria especially
vivax nfection, it may weigh 5000 gm or more
(Russcl eral, 1963).

(2} Microscopical appearance

There is an abundance of haemozoin in the form
of granules. rods, blocks or masses. They are seen
in the tvmph and pulp spaces, blood vessels and
capillaries. They are also commonly situated in
the phagocytes and endothelial cells of blood
vessels, sinusoids and cords (Boyd, 1949),

The dark yeltow haemosiderin is seen in the
spleen pulps but not in the Malpighian cor-
puscies.

Al the stages of development of malaria para-
siles are seen in the reticular and red blood cells.
£ falcipurum schizonts are also commonly seen.
There is an excess of phagocytic cells, including
aiant macrophages, endothelial cells. Erythro-
phagocytosis is extensive by both free mac-
rophages and reticulo-endothelial cells (Boyd.
1949). '

Thrombosis of the capillaries is seen in-some
cases. Foci of toxic necrosis in splenic pulps may
occur. Haemorrhages and infarctions are not
uncommon {Russell, 1952).

Splenic sinusoids and cords are congested and
distended with blood. During acute malaria
attacks. there is no increase in the connective
tissue but in chronic malaria this is greatly
increased {Russell er al, 1963).

Torsion of the splenic pedicles with venous
thrombosis has been reported. Spontaneous rup-

ture of the spleen was repurted in some cases
(Russel] e gl 1963).

Within the walls of the venous sinusoids, the
reticular-like cells show some degree of hyper-
plasia, Leukocytes and erythrocytes may adhere
to the surface of these masses of reticular-like
cells as the circulation tends to be slower. This
results in occlusion, obhstruction and subsequent
infarction.

DISEASES ASSOOCIATED WITH SPLENIC ENLARGE-
MENT

1. Infections

~Viral: e.g..infectious hepautis. infectious mo-
nonucleosis. chicken pox. measles. mumps.

—Rickettsial: e.g.. Rocky mountain spotted fe-
ver, 1yphus.

—Bacterial: ¢.g., subacute bacterial endocar-
ditis. typhoid, scarlet fever, brucellosis, tuber-
culosis, peritonitis, tularaemia.

—Spirochaetal: e.g., relapsing {ever. congenital
syphilis.

—Protozoal; e.g., malaria, kala-azar. toxoplas-
mosis.

—Metazoal: e.g.. schistosomiasis.

—Mpycotic: e.g., histoplasmosis, blastomyco-
sis, coccidioidomycosis.

2. Congestive splenomegaly

—Congestive heart failure.

-—Portal hyperiension: cirrhosis of the liver,
Banti's syndrome.

—Thrombosis of portal or splenic veins or
partial occlusion.

—External pressure on splenic or portal veins by
glands, tumours eic.

3. Acquired haemolytic anaemias

—Acquired haemolytic anaemia of the newly
born.

-—Anaemia due to bone marrow replacement,
£.2., pernicious anaemia.
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4. Congenital hacmolytic anaerias

—Red cell shape abnormalities: e.g,, hereditary
spherocytasis and elliptocytosis.

—Acute haemolytic anaemia (L.ederer anaemia).

—Haemoglobinopathies: e.g., (i) Thalassae-
mias, (ii) Sickle Hb variants (e.g., Hb $-C
disease), (iil) Congenital Heinz body haemo-
lyticanaemia.

—Red cell enzymopathies e.p., Pyruvic kinase
deficiency.

5. Lympho- and myelo-proliferative diseases

—Lymphomas: including Hodgkins.

—Leukemias: specially chronic  lymphocytic
and chronic myelocytic.

—Polycythemia vera.

—Myeloftbrosis with myeloid metaplasia.

6. Reticulo-endotheliosis

—Lipoid: e.g., Gaucher’s, - Niemann-Pick,
Schuller-Christian disease.
—Non lipoid: e.g.. Letterer-Siwe disease.

7. Collagen and conmective tissite diseases
—Systemic lupus erythematosus.

—Poly-arteritis nodosa,
—Fety's Syndrome.

8. Tumopurs

—Primary tumours: (i) Haemangioma (i) Lym-
phangioma (iii) Lymphangio-sarcoma.
—Metastatic tumours: extremely rare.

9. Splenic cysts

—Echinococcus. : _
—Due to resolution of previous inira-splenic
haematoma.

10. Miscellaneous

—Barcoidosis
—Amyloidosis
—Haemochromatosis.

In temperate climates the causes of spleno-
megaly commonly encountered are lympho-
proliferative, myelo-proliferative and connective
tissue diseases, while in the tropics, the pre-
dominant causes are infectious diseases parti-
cularly malaria and kala-azar.

Serious problems in differential diagnosis from
malaria, are common only with epidemic relaps-
ing fever (acute infection) and in chronic in-
fections of schistosomiasis and kala-azar. But
fortunately schistosomiasis and kala-azar have a
relatively restricted known endemic distribution
and occur in older age-groups unlike malaria
infections.

DIFFERENTIAL DIAGNOSIS OF SPLENOMEGALY

Splenomegaly may occur under a great variety of
diseases and circumstances. The spieen is basi-
cally composed of lymphoid and reticulo-
endothelial tissue. Any pathological condition
that causes hyperplasia of the lymphoid or
reticulo-endothelial tissues may cause spleno-
megaly. This may take place in infections,
malignancy, metabolic, immunologic or idio-
pathic diseases. Extra-medullary haematopoiesis
may take place and this causes enlargement.
Interference with its venous drainage as in in-
creased portal pressure, portal vein thrombosis
or splenic vein thrombosis, leads to splenic
engorgement and distension of sinusoids and
splenomepaly (Blaustein, 1963).

In several cases of splenomegaly, hypersplenism
may occur as manifested by anaemia, neutro-

penia and thrombocytopenia.

Primary splenic enlargement is quite rare. Most
splenomegalic cases are manifestations of a
widespread process and of course the determi-



MASHAAL: SPLENOMEGALY JN MALARIA 9

nation of the cause depends on the diagnosis of
the underlying condition.

A careful history, a .detailed nhys:cal &xam-
ingtion and routine Jaboratory studies will serve
to establish the diagriosis in many cases of
splenomegaly. In a few complicated cases, cer-’
tain diagnostic procedures may be required.

These are blood culture, serologic procedures, -

sternal marrow examination, tests of liver func-
tion, X-ray studies of bone or other organs,
study of serum proteins by electrophoresis, lym-
phoid biopsy and liver biopsy etc.

Any associated findings are of extreme impaor-
tance. The coexistence of Jymphadenopathy,
hepatomegaly, jaundice, ascitis etc., will serve to
narrow down the possibilities.

The diagnosis of several diseases associated with
splenomegaly such as leukemia, pernicious ange-
mia, congenital haemolytic icterus and others

can be made by studies of the perapheral bload. =

Palpation of the splenic notch “is helpful in . .
identification of the spleen from other organs. By -
auscultation one can detect a bruit or friction
rub. Several other masses detected in the left side -

of the abdomen may be difficult 1o differentiate
from the spleen. Occasionally a large kidney may
descend with respiration as the spleen, but it is
situated more deeply and does not have a sharp
edge. Sometimes the Jeft renal displacement is
produced by splenomegaly. These cases are
mostly vertical and sometimes of medial dis-
placement. Dowse (1962), reported a case of
displacement of the left kidney across the midline
due to splenomegaly. In doubtful cases pyelog-
rams are diagnostic. Other conditions in the
same area are pancreatic cyst, ovarian cyst.
omental mass with tuberculons peritonitis, mes-

~-gnteric £yst, reiropemoneal tumour and adrenal
turhour. :

The diagnosis of splenic cyst and the exclusion of
other possibilities of splenomegaly is a difficult
clinical problem. Selective angiography affords a

direct, accurate and safe approach to the differ-
ential diagnosis of masses in the left upper

_quac_lrant {King er al , 1968).

':'-'S'p-léni'c abscess should be regarded as a rare

complication of bacteraemia, trauma and nco-

“plasms of the colon or stomach (McSherry and

Dineen, 1962). In non-parasitic cyst of the sp-
leen, laboratory investigation is of little value,
With the aid of modern technigues in roentgeno-
logy, the diagnosis of symptomatic cysts shouid

present no problem in the majority of cases
(Qureshi er ol , 1964).

Once the mass has been identified as the spleen,

‘then its size is an important aid in diagnosis as

outlined in the folowing:

(1) Marked splenomegaly: This is most com-
-, mon in chronic malaria, kala-azar, schisto-
" - somiasis, chronic granuloeytic levkaemia,
" polycythemia vera, tumours and cysts, mye-
~ Joid metaplasia. In younger age groups it
may be massively enlarged in cases of
.+ congestive splenomegaly with portal hyper-
tension. Rarely, haemorrhage beneath the
tapsule produces a massive tumour. This
may take place in infectious mononucleosis
or after trauma, and also in some cases of
. lipoidosis such as Gaucher’s disease.

(n) Moderately enlarged spleen: The problem

- of diagnosis is more difficult, this is because

" at some stage in all of the diseases men-

tioned above, the organ is not very large in

©. theearlystages. Moderately enlarged spleen

© is also common in subacute infections,

Boeck’s sarcoid, portal hypertension, ch-

ronic haemolytic anacmia, chronic lympho-
cytic leukaemia and lymphoma.

(m) Slight spleen enlargement: This is common
_ . in both the above categories in the very early
., Stages, also in acute, subacute infections,

. pernicious anaemia, acute haemolytic anae- .
" mia and acute leukaemia,
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CLINICAL FINDINGS ASSOCIATED WITH SPLENO-
MEGALY

The findings associated with splenomegaly arc
guite important in differential diagnosis. The
following are some examples.

1. When splentomegaly is accompanied by fever

Infection must be considered, as malaria, ty-
phoid, bruceliosis, subacute bacterial endocar-
ditis, infectious mononucleosis and many others.
This combination may also be noticed in patients
with leukaemia, lymphoma or systemic lupus
erytlirematosus.

2. When pallor and icterus are associated with
splenomegaly

One may think of falciparum malaria, haemo-
Iytic anaemias of different types, hepatic
diseases. When pallor is present but without
icterus, one may suspect malaria, hypersplenic
anaemia, leukacmia or lymphomas.

3. In case of hepato-splenomegaly

One may consider malaria, schistosomiasis,
kala-azar, liver cirrhosis, haemolytic anaemias,
extra-medullary  hacmatopoiesis,  syphilis,
chronic leukaemias, granulocytic leukaemias,
polycythemia vera and Gaucher’s disease.

4. Splenomegaly with generalized lymphadeno-
pathy

The following are considered; infectious mono-
nucleosis, lymphocytic leukaemia, lymphomas
as Hodgkins, tymphosarcoma, sareoidosis.

5. Spienomegaly associated with bone disease

This is in osteosclerosis, Gaucher's disease,
Hand-Schiiller Christ disease, lymphoma (oc-
casional) and multiple myeloma (rare).

6. When the patient has a plethoric appearance
{excess erythrocytes)

One may consider polycythemia vera. The sp-
lenic enlargement occurs only in the primary type
and not in the secondary type.

7. Splenomegaly with slight hepatomegaly and
levkopaenia

This may occur in typhoid, viral diseases,
levkopaenia with massive splenomegaly oceurs
in hypersplenism. '

8. Splenomegaly with leukocytosis

The commonest is infection, also occurs in one of
the types of leukaemia. myelo-protiferative dis-
order or one of the haemolytic anaemias.

THE ROLE OF SPLEEN EXAMINATION IN MA-
LARTA ACTION PROGRAMMES

Under normal health conditions, the spleen is
not palpable except in infants below the age of 12
months. The spleen is only palpable after its
enlargement two or three times its size. This is
because the early enlargement takes place in a
superior and posterior direction before it be-
comes palpable subcostally. Once the spleen is
palpabie the direction of its further enlargement
is directed downwards towards the right iliac
fossa.

In minor degrees of enlargement, the spleen is felt
as a swelling with a smooth rounded border; later
when the spleen further increases in size, it is
usually {ocated as a firm swelling beneath the left
subcostal margin in the left upper guadrant of
the abdomen. On inspiration the spleen moves
downwards. [n the lower medial border of the
spleen a notch can often be felt. On percussion
the spleen is dull. The enlarged spleen may reach
the level of the pelvic inlet and therefore its
examination should begin in the left iliac fossa to
avoid missing the edge of the enlarged spleen.

Several malariologists have stated that the object
of spleen examination is 1o determine the per-
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centage of individuals with demonstrable en-
largement of spleen as well as its degree of
enfargement. The results are preserited as spleen
rates as well as average enlarged spleen in

different age groups and sexes. The classification .

of endemicity of malaria on the basis of spleen
rates has been’adopted by WHO in 1955.

Thomas er al (1981) conducted a seroepi-
demiological study on Aborigine children in
Orang Aski Malaysia. The examination of 143
children revealed that the falciparum antibody
prevalence rate was 84.6%, compared to 81.8%
spleen and 43.3%, parasite rates. Both P. falci-
parum and P. vivax were present in children. One
can notice that the positive correlation between
seroepidemiological study and spleen results are
significant particularly in the age group upto 9
years old.

With a few precautions the utilization of the
spleen examination as a tool of malaria eva-
luation is considered by the author as one of the
most valuable practical, simple and economical
methods existing which yield immediate and
practical results in several antimalaria pro-
grammes,

1. Spleen. blood surveys and advanced research
methodology

Several longitudinal studies in endemic ma-
larious areas revealed that in many persons, the
blood parasitaemia can only be demonstrated
intermitiently. Discrepancies between the spleen
index and blood parasite index are commonly
noted (Marsden et al, 1967). Hackett, 1944,
recorded a poor correlation between sple-
nomcgaly and parasitacmia (Boyd, 1949).

Malaria surveys based on the microscopic exam-
ination of blood do not always detect chronic
low grade infections due to the development of
immunity. Since immunity suppresses the den-
sity of parasites to low numbers, a few blood

drops from a malaria case could yield a negative _

result by standard procedures. The number of

false negatives is further augmented by loss of
parasites during preparation of a slide or failure
to find them by incompetent microscopists. An
alternative approach for estimating the true
prevalence of infection is based on repeated tests
for the presence of parasites (Aron, 1982).

- Many failures in different malaria eradication

and control programmes were due to adoption of
advanced technigues which could not be applied
except by experienced technicians and thus dissi-
pated the anti-malaria cfforts. Advanced tech-
niques, e.g., scroepidemiological methods and
the determination of vectorial capacity are of
high practical importance but due to their com-
plexity in interpretation of results or in sampling
techniques and to lack of staff, their use in small
malaria control projects is limited. On the other
hand they are of tremendous value in research
projects, and in certain circumstances (c.g., se-
rodiagnosis in areas freed from malaria).

2. Spleen examination and classification of its
enlargemeni

During malaria surveys, spleen palpation is
usually conducied in schools. homes or in the
open in villages. Belore starting spleen palpation
the examiner (preferably a physician) ought to
approach the community tactfully and to gain

- their confidence. This is the key to a successful

spleen examination. The examinee should lie on
his back and flex the legs to relax the abdominal
muscles. The spleen examination of subjects ina
standing position is not advisable because in this
way the smallest enlargements are commonly not
felt. If the spleen is not palpable during normal
respiration, the examinee is asked to breathe
more deeply or to blow his belly up. As the
subject inspires, the examiner applies slight
pressure inwards and upwards.

Classification of enlarged spleen
The most practical classification of enlarged

spleen utilised nowadays is after Hackett -
(Fig. 2).
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0 = The spleen is not palpable on deep in-
spiration (normal).

I = The spleen is only felt on deep inspiration
below the costal margin.

Fig. 2; Classes of spleen sizes
{afier Hackert)

2 = The spleen is palpable on normal breath-
ing but not projecting below a horizon-
tal line halfway between the costal margin
and a horizonial line drawn from the
umbilicus and measured along a vertical
line dropped from the left nipple.

3 =The spleen is felt with its lower palpable
point projecting more than haifway to the
umbilicus but nol beyond it.

4 =: The spleen is detected below the umbilicat
level but not projected more than halfway
lowards a horizontal line through the

symphysis pubis.

5 = The spleen extends beyond the lower limit
of class 4.

3. The average enlarged spleen (AES)

This is determined by multiplying the number of
individuals of each class by the spleen class
number. The total is added and divided by the
number of individuals having enlarged spleens.

Example. The examination of 200 children age
2-9 years yielded the following:
Spieen 0 (negative =82, palpable spleen =118)

Class | =93
Class 2 =11
Class 3= 7
Class 4= 5
Class 5= 2

118
Spleen Rate = —— = 59°
pleen Rate 200><IOO 59%
AES=(93 > 1) +(11 % 2) +(7x 3)
+(5x4) (2% 5)
=166 divided by 118:=1.4,

Significance of AES

In a malarious area, during each malaria in-
fection, the spleen size increases. When im-
munity develops (adult) the spleen size subsides
again. Therefore. AES reveals considerable dif-
ference in hyper- or holo-endemic malarious
areas compared 10 areas of malaria epidemics. In
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both. the spleen rates are high, But in the holo- or
hyper-endemic areas the AES in age group 2-9
years is high and in the epidemic areas AES is low
in the same age group. Also in holo- or hyper-
endemic areas the AES among adults gradually
decreases with age due to rising immunity, while
in epidemic situations AES is also high among
the old-age group.

After interruption of malaria transmission in
highly endemic arcas spleen rates may remain the
same for months or diminish instgnificantly. On
the other hand the AES remarkably decreases,
and therefore is a more sensitive tool in eva-
Juation than the spleen rate alone.

The spleen rate taken among the 2-9 years ape
group and the determination of the average
enlarged spleen are casier to obtain than the
parasite rate. It includes recently past as well as
prescnt malaria and i is frequently more reliable
in practice than the examination of blood films
(MacDonald, 1957). But competence in the
examinalion of the spleen requires at least one
week’s apprenticeship under the guidance of an
expericnced malariologist.

The list of causes of splenomegaly is an imposing
one. However in malarious areas, when spleen
examinations are made in schools and public
places rather than in hospitals and dispensaries,
confusion may arise only from measles, chicken-
pox. and in some areas in higher age groups from
schistosomiasis and kala-azar, Therefore in ma-
farious areas. the spleen can be of considerable
cpidemiological value.

4, Spleen Consistency Index (suggested by the
arithor)

The spleen surveys determine the spleen rate and
AES in different age groups and sexes. In
addition, the determination of “‘Spleen Con-
sistency™ is of great epidemiological value. Dur-
ing the examination of the spleen one has to
determine whether the spleen is (i) soft, or (i)
medium or (i#i) hard in consistency. The epide-

miological value of the spleen consistency is
outlined as follows:

(1) Soft Spleen: This indicates very recent
transmission {from few days to few weeks).
Very carly epidemics can easily be de-
termined by this (soft spleen in different age
groups). Foci of recent transmission and
detection of vectors with sporozoites are
also encountered in areas with very soft
spleen.

(i} Medium Spleen: This reveals the existence
of malaria for some time and persistence of
transmission. In case a younger group has
soft spleen and ar older group medium
spleen, there is evidence of recent trans-
mission as well as old transmission.
(iii) Hard Spleen: Sometimes in a younger
group (5-9 years) the spleen is hard and in
older groups the spleen rate is iow but the
consistencyis stony hard. This is interpreted
as old cases of malaria (at least 3 or more
years without exposure to the disease) or the
acquisition of very high immunity in holo-
endemic areas.

In acute primary malaria infection, the enfarged
spleen is very soft in consistency and is com-
monly missed during examination. In chronic
malaria, the consistency of the spleen is hard.

Although spleen enlargement starts as early as
the first primary atlack. yet majority of the
cxaminers cannot detect it due to its soft con-
sistency, However, after the onset of symptoms,
by a week or 1@ days. the examiner can detect the
enlargement of the spleen when the size increases
and the comsistency is not very soft.

In malaria epidemics, the largest proportion of
persons examined by inexperienced physicians
yield bload positives but the enlargement of the
spleen is detected in only a few cases. This is due
ta the missing of the shghtly enlarged spleens,
which are very soft in consistency. Tt is im-
possible for inexperienced medical or non-
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medical cxaminers ta detect these cases.

In acute untreated malaria infections, the degree
of splenic enlargement is directly proportional 1o
the duration of the clinical attack. In case the
period of commencing clinical activity is not
followed by recrudescences or relapses, the en-
larged spleen diminishes and is not palpable
within a few weeks.

in case splenomegaly continues without dimi-
nution in size, it is probably due to recrudescence
or relapse. Between long intervals of inoculation,
the spleen-may return to normal or become too
small to bedetected clinically. O the other hand,
when transmission is repeated with different
species or even strains, it scems that each in-
fection acts independently and produces splenic
reaction which results in chronic enlargement
(Boyd, 1949).

The author has used the spleen method with
success in several regions of the world. Gaza strip
was declared malaria free by UNRWA in 1955,
Investigations in 1956 using spleen examination
and consistency revealed residual foci of P vivax
and remedial action was taken.

In Saudi Arabia (Bisha area) in 1956 conflicting
results were obtained from spleen examination
and entomological surveys in one village. Com-
plete absence of the main vecior A. gambiae was
observed. Blood examination supported the sp-
leen results that indicated a recent epidemic and
further studies revealed the presence of A. gam-
hiae larvae in valleys adjacent to the village.
Similarly in 1957 in Rabigh town (160 km north
of Jeddah) spieen cxamination led to the in-
ference of a threatening malaria epidemic (low
spleen rate and AES, consistency very soft in all
age groups). Though very few 4. gambige larvae
were detected. there had heen unusual rain and
hence new breeding places may have been creat-
ed. The autharities however, did not agree with
the author’s forecast which was proved correct
when one of the worst epidemics 100k place in
that area within a few weeks.

The K attan area south of Damascus in Syria was
under advanced consolidation. Case detection
has yielded negative resuits for several years.
Spleen survey of several villages was conducted
and a few splenomegalic cases were traced (o
Hemrit village. In Hemrit village, the spleen rate
was very high, AES in children reached 2 and the
spleen consistency was hard, indicating long
exposure to malaria. Blood examination re-
vealed four indigenous P falciparum cases. En-
tomological surveys carried out by one senior
malariclogist and one entomologist of the WHO
revealed the absence of any vector. Further
spleen surveys in the vicinity revealed malaria
transmission and high vector density in a neigh-
bouring village Makrousa.

Spleen examination also helped to solve a baffl-
ing case of induced malariain a 11 year old child
in Damascus. The child coniracted malaria from
a professional blood donor who was an asympto-
matic carrier from Kamishlie (Northeast Syria)
a highly endemic malarious area,

In 1962, a confﬁsing P. vivax case of a two year-
old child in Taiwan was elucidated by the spleen
method.

Out of dozens of interesting field investigations
in Pakistan three cases are cited as examples.

An area near Lahore was sclected by a leading
American University for the evaluation of
DDVP in comparison {0 DDT. Almost a tolal
blood survey of the 4000 population revealed a
parasite rate more than 80%. On the basis of
spleen survey, which revealed high spleen rate,
low AES and soft consistency, the author opined
that the area was not suitable for long-term
research due to the instability of malaria in that
region. The project operated for one year and
then had to close down after heavy financial
losses.

The geographical reconnaissance (GR) in Shei-
khupura zone of one million population was
excellent and all normal malaria eradication
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indices, Ihrough good sampling were carried out.
Few malaria cases were detected and their classi-
fication was indefinite. The author examined
some of the cases and followed thoroughly the
cases with soft spleen. The investigations guided
us to scattered huts that were never sprayed, and
were no! existing in the geographical recon-
naissance maps. In spite of the outstanding GR,
several P. faleiparum cases were detected in the
area that was under control. '

Though an excellent plan was drafted for Ma-
laria Eradication in West Pakistan in 1960,
Karachi was excluded from the programme
based on the views of late Col. Afridi. The
programme was very successful in Sialkot zone,
but when the area shifted into consolidation a
few indigenous cases were reported. Some of the
soft spleen cases defected by the author were
traced to Karachi.

In Karachi, furiher studies showed that trans-
mission was taking place. An engineering error
which prevented the tide {rom entering a large
section of beach had created undisturbed breed-
ing places for A stephensi. The Karachi malaria
problem was discovered by spleen examination
and here spleen consistency was the determining
factor. nol enlargement.

In Thailand (1968-73) the author was instru-
mental in spotting unsprayed foci of malaria in
the forests of Chiangmai and Pitzanaluck.

SPLENECTOMY

Removal of the spleen is associated with high
mortality. This is mainly from overwhelming
pneumococcal septicaemia. The studies of Ro-
binette and Fraumeni of the veterans of the
1939-45 war who underwent splenectomy re-
vealed a significant late mortality from ischaemic
heart discases associated with high blood vis-
cosity (Robertson o1 al., 1981).

Robertson er al. (1981) studied the blood vis-
cosity following splenectomy in 20 cases com-

pared with control. It was noticed that after
splenectomy, whole blood viscosity is increased.
It i3 associated with decreased red cell defor-
mability. The red cell deformability is deter-
mined by properties of the (i) cell membrane (ii)
the viscosity of the intracellular contents and
(ili) the maintenance of the biconcave shape.
Splenectomy leads to abnormality of all these
factors, These abnormalities increase the vis-
cosity of the intraceltular milieu and hence of
whole blood. The high platelet counts are not an
important factor influencing whole-blood vis-
cosity since there is no correlation between
platelet count and viscosity. Although the in-
crease in viscosity after splenectomy is small, yet
over several years this may Jead to increased
maortality from occlusive vascular diseascs. The
increased erythrocyte rigidity has a direct effect
on the microcirculation causing diminished per-
fusion which may be a factor permitting over-
whelming infection to take place after splencc-
tomy (Robertson er af.. 1981).

In splenectomized cases, it seems that T-
lymphocytes are not adequately produced. This
suggests that an appreciable number of T-
lymphocytes that migrate into the blood. come
from the spleen, and they are essential in defence.

Splenectomy does not affcct the life expectancy
directly, but it does make the splenectomized
person prone to infections which may include
meningitis; septicaemia and pneumonia. Splen-
ectomy also makes malaria worse L.e., non-lethal
infections may become lethal and latent in-
fections may relapse. P. faiciparim infection
becomes a Jife-threatcning discase following
splenectomy (Wyler er al.. 1977). In humans the
mechanism of host defence against malaria is not
fully known, but therc arc reported cases of
recrudescence of malaria infection in patients
who have undergone splencctomy many years
after leaving malarious areas.

Infatal cases of blackwater fever. aimosl.a.li cases
were assaciated with inadequate prophylaxis or
none at all (Ellis, 1981). Maharaj et o/ (1982).
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reporied a case who had taken regular and
adequate prophylaxis but after splenectomy, he
developed blackwater fever. He concluded that
the patient was rendered more susceptible to
infection by splcnectomy.

Studies by De Virgilis in 1981 showed a higher
incidence of malariac induced malaria in splenec-
tomized rather than in non-splenectomized pa-
tients with thalassemia major. This finding sug-
gests ihat splenectomized subjects are more
prone to develop overt P. malariae transfusion
malaria rather than non-splenectomized patients
receiving the same life-long transfusion treat-
ment {rom the same pool of blood donors.

The splenectomized patients are recommended
to be immunized against pneumococcal infec-
tions. Some recommend antibiotic prophylaxis
e.g., benxathine penicillin (1.2 million unit/adult)
given intramuscularly once monthly.

RUPTURE OF THE SPLEEN

Splenic rupture may occur spontaneously in the
course of splenomegaly due to (i) disease or (ii)
secondary to trauma. Traumatic rupture is usu-
ally due o non-penetrating injuries to the ab-
domen or lower lefi side of the thorax. It may be
immediate or defayed.

Spontaneous rupture occurs as a complication of
acute febrile diseases associated with sple-
nomegaly. Malaria is the most common single
cause of spontancous rupture of the spleen
(Biausiein, 1963). In infectious monenucleosis. it
is also not uncommon. Less common causes of
spontaneous rupture of the spleen are due to
congestive splenomegaly, leukaemia or torsion.
Rupture has also been reported in amyloidosis,
typhoid. tularaemia and myelo-proliferative di-
seases. '

The mechanism of rupture is basically a weaken-
ing of the spleen capsule and trabeculae causing
infarction or haemorrhage. Subcapsular hac-

matomas give way under increased intra-
abdominal tension e.g.. during straining at stool
or frequent manual palpation of the spleen by the
physician (De Saram and Townsend, 1943).

When rupture of the spieen lakes place, it is
accompanied by prompt evidence of peritoneal
irritation and blood loss. During the early hours
of rupture, the symptoms and signs may consist
of little pain in the left upper quadrant or
inability to stand up straight. However, when the
blood loss continues, rigidity of the abdomen is
evident and abdominal 1enderness becomes more
diffuse. Signs of haemorrhage occur, namely: the
pulse is elevated, the hlood pressure is lowered,
the haemoglobin falls, the erythrocyte count
drops and leukocytosis takes place, The case
should be managed urgently by prompt blood
replacement followed by splencctomy (De Sa-
ram and Townsend, 1943).

In some cases the rupture is deiayed. This is
caused by the sudden giving way of a contained
subcapsular rupture. This usually takes place 48
hours or more after splenic injury. A period of
apparent well-being is noticed. This is followed
by sudden onset of pain. peritoneat irritation and
shock. Diagnosis can be confirmed by X-ray
which reveals the loss or enlargement of splenic
outline and by indentation or displacement of
gastric outline with downward displacement of
the splenic flexure of the colon. Also the presence
of elevation and fixation ol the left hemidiaph-
ragm and displacement of the left kidney down-
ward. lass of the outline of the kidney and psoas
muscle and widening of the left paravericbral
shadow. Once the diagnosis s made or even
suspected. splenectomy should be done before
intraperitoncal rupture and shock occur.

In some accident victims, the spleen may be
preserved by suturing the rupture pieces togeth-
er. In modern surgery 1t seems the spleen can
be repaired more frequently than was previously
thought.
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Spontancous suptuse of the spleen in falciparum
malaria may occur with lack of localising signs
which are usually present in subcapsular hae-
morrhage. Also the Iate and sudden onset of the
signs of major abdominal haemorrhage may be
lacking beside the [ocal ahsence of any history of
trauma {Dowse, 1962).

SPLEEN AND LIVER ENLARGEMENT IN MALARIA

In Sombhwesl Pacific. it was shown {Aron, 1982;
Black, 1954} that the liver increased in size with
increasing degrees of malaria endemicity. In
differeni age groups {excluding 0-1 year), it was
found that there was a significant positive cor-
relation hetween the size of the spleen and the
size of the liver.

Black concluded that in the malarious areas of
the Southwest Pacific the liver enlarges as well as
the spleen. Also in an area of high malarial
endemicity, the liver enlargement is propor-
tionate 1o that of the spleen {Black, 1954; Black,
[955).

The investigations conducted by Black, revealed
that in the areas studied there were no signs of
high malnutrition among the population in-
vestigaled. Other cndemic diseases that com-
monly cause hepatomegaly were also absent.
However, the pathogenesis of hepatomepgaly is
not clear.

CONGENITAL MALARIA SPLENOMEGALY

Several congenital malaria cases were reported in
USA since the last 3 decades and majority of
these cases had splenomegaly.

Among the rare congenitally acguired malaria
infections. hepatomegaly is common and also
jaundice and haemolytic anaemia. The clinical
symptoms in the mother are masked or asympto-
matic. The clinical manifestations in the newly
born infant seldom appear before 3 weeks of age.

The occurrence of hepato-splenomegaly, jaun-
dice and haemoiytic anaemia in an infant whose
mother originates from endemic malarious areas
or has had a history of previous residence in a
malarious country, should direct the aitention to
the possibility of congenital malaria. The diag-
nosis is confirmed only by detection of the
malarial parasite in the peripheral blood of the
infants (Thompson er al ., 1976).

CONCLUSIONS

If one uses splcen rates, average enlarged spleen
(AER) and spleen consistency in the field and
covers different age groups and sexes, it would be
easy for the investigator o have a good idea of
the malaria history of the arca. the present
epidemiological situation and more or less a
forecast on future malaria happenings. The
method can be applied in malaria control pro-
gramme, in advanced eradication or even in the
maintenance phase. It is simple and resuits are
immediate on the same day, which makes this
method a most practical one in the evaluation of
anti-malaria programmes.

Unfortunately, spleen examination in modern
malariology is out of fashion. Sophisticated
entomological indices, (e.g., vectorial capacity),
and serological techniques are nowadays the
latest trend in spite of the difficulty in their
routine application in running centrol pro-
grammes in developing countries. They ought to
be limited to research projects.

There is also a need for the training of medical
officers and junior malariologists assigned in
different programmes, in order to be able to
detect small and soft splenomegalic cases which
are seldom detected by inexperienced mala-
riolagists. The enlargemcent of the spleen due to
schistosomiasis or kala-azar can be differen-
tiated.

Spleen examination in running malaria control
programmes can explain on the spot the epide-
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miological situation. the degree of immunity. the
Jahoratory efficiency, previous history and fu-
ture prospects of the diseasc.
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Studies on the Detection of Malaria at Primary Health
Centres. Part II. Age and Sex Composition of Patients
subjected to Blood Examination in Passive Case Detection

AL BELJAEV! GK. SHARMA'..' LA, BROHULT! atid M.A. HAQUE?

This study analyscs age and sex composition of patients from the Passive Case Detection (PCD) carried out
in 39 PHCs in Orissa. Age-sex representation was compared to the census data and correlations were
computed between groups by Spearman's Rank Correlation method.

Women (20-49 years) and young children (0-9 years) were seen to be severely under-represented in the PCD.
This was related to the over-representation of adult males, whose proportion showed negative correlation
with representation of almost a)l fernale age groups.

Factors which operate agninst representation of young children, are not sex-sefective in Orissa, because baby
girls were only slightly less represented than baby boys (this may nat be true in the demographic situation of
Northern India). There was sirong correlation between the praportion of young children and of women of
25-19 years.

The influence of women’s under-represeniation on measured malaria incidence is discussed. Equal
representation of the.sexes (without change in the age structure of PCD} would have increased the blood

examination rate by 23%,.

INTRODUCTION

Every year in India, about 20 million slides are
collected through the Passivé Case Detection
(PCD). In 1984, this souree of collection contri-

Accepred for publication: 31 March 1986.
I'National Malaria Eradicalion Programme
22-Sham Nath Marg
Delki-110054, India.
2Plasmodium faleiparum Containment Programme
{Zone 2}
333-Shaheed Nagar
Bhubaneshwar, Indiz.

buted to 325, of total blood slides examined and
generated 52%, of positive cases,

The epidemiological information which is being
generated by the PCD has important biases, i.e.,
inequal representation of different groups of
population due to geographical and behaviouris-
tic factors. However, a realistic picture may still
be obtained from data having inherent biases, if
the directions and magnitude of those biases are
known. This study focuses on some aspects of
this problem, notably the influence of age and sex
on the probability of a person being screened by
the PCD system. The information utilized was
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Fig. 1: Age distribuition of males and females in the population of Sambalpur,
Mayurbhanj and Phulbani districts (1971 census) and in the sample examined.

Legend

1. Males, census; 2. Females, census; 3. Males. PCD) sample; 4. Females, PCD sample.
The total number of individuals of both sexes in the total poputation and in the PCD
sample, respectively, is taken for 100%. '
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Fig. 2: Agedistribution inihe PCD sample and representation of malus in cach group.
X-axis —prapartion of the age groups in the total sample.
Y-axis —proportion of males in cach age group.
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collected during a study on the accuracy of
malaria diagnosis by decentralized laboratories
(Beljacv er al., 1985).

MATERIAL AND METHODS

The study was conducted in 39 PHCs in Sambal-
pur. Mayurbhanj and Phulbani districts of Ori-
ssa. In short, he design was 1o collect 100 to 200
stides in duplicate from outpatients of each PHC
and to process them independently in the PHC
and al the Project laboratory (Beljaev er al.,
19835).

A total of 4115 slides were collected in the course
of this study. For 4029 specimens the infor-
mation on age and scx was available. This study
covers them all. inciuding those for whom the
resulls of the parasitological diagnosis by the
Project laboratory was nol available (they com-
prise about 157, of the sample).

Population was subdivided into ten age groups:
six groups al 5 year intervals from 0 to 29, three
groups at 1} year intervals from 30 (o 59 and a
group of 60 and above. Calculations were done
initially lor each of these groups. On the basis of
results of the initial analysis, the groups were
amalgamated for future analysis.

To analyse the composition of the groups of
patients, the agefsex distribution of PCD cases
was compared with the census data of 197}
(detailed data of 1981 census was not yet avail-
able). For processing the results, mosily non-
parametfric statistical methods were used. as
described by Sprent (J981). The data was pro-
cessed using a pocket computer Sharp PC 1251.

RESULTS

The age and sex distribution of the patients was
compared with the age/sex distribution of the
rural population of Sambalpur, Mayurbhan)
and Phulbani districts as per 1971 census
(Fig. ). In 1his graph, the total population of

both sexes was taken for 100%,. The census dala
was plotted at the cenires ol 5-year intervals,
except for the group of 60 -+ years for which the
average age (about 65 years) was taken. In PHC
data there was a strong tendency to record the
age rounded to decade, therefore, double i.e., 10
year intervals were taken. To make the data of
those double gronps comparable la the S-year
groups, the corresponding strengths of the dou-
ble proups were divided by two.

The age distribution nf males and females in the
general population is similar, but strikingly dif-
ferent in the PCD sample. Compared with the
proportion of the particular age group in the
total populations, the males were slightly under-
represented at the age of 0-9 and over 50 years,
but grossly over-represented at the age of 13-39
years. As to lemales, they were under-
represented in all age groups. except 15-19 years.

The agefsex composition of (he total sample s
shown in Fig. 2. On the x-axis, the percentage of
each age group in the total population is shown,
and the proportion of males in each of the groups
is given on the y-axis,

To measure correlations in the representation of
various age/sex groups, the total number of
patients of both sexes in each PHC sample was
taken for 100%, and the percentage of each of the
20 agefsex groups was calculated. Some of the
groups were amalgamated so as {o obtain [2-
groups of the ages 0-4. 5-9,10-14, 15-19,20-24
and 25 and ahove years. of each sex. All 39 PHCs
were ranked according to the relative strengih of
each group, and 12 rankings were compared with
each other by calculating the Spearman’s rank
correlation coefficient (RCC). As a threshold
value of RCC, 0.312 was taken which, for this
number of observations, corresponds to more
than 95% significance level in two-tailed test. Qut
of atotal of 12 x 11/2 =66 comparisons, only 10
showed strong or moderate correlation, as given
in Table 1.
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Table . Represcntation of various agefsex groups

81 Groups Compared RCC

Carrejation

a) Within the same sex

1. Males 0—4 vs. males 25 + years —0.41
2. Females 04 vs. lemales 5-9 years 0.34
b} Berween two sexes .
3. Males 0-4 vs. females 0-4 years 0.58
4. Males 04 vs, females 15-19 years —0.45
5. Males 5-9 vs, females 15-19 years —0.42
6. Males 5-9 vs. females 25 + years —0.33
7. Males 25+ vs. females 0-4 years _ —0.49
B. Males 25+ vs. females 5-9 years —0.38
9. Males 25 + vs_ females 20-24 years —0.18
10, Males 25+ vs. females 25 + years ' ~0.39

strong negative
moderale positive

strong positive
strang negalive
strong negative
moderale negative
strong negarive
moderate negative
moderate negative
moderale negative

Table 2, Inflvence of female representation on that of young children

St Groups Compared RCC

Coarrelation

a)  Between children G-4 years and females
). Children vs. females 25-39 years 0.37
2. Children vs. females 50 + years : : 0.33

by  Berween the groups of females
3 25-39 vs 40-49 years : 0:31
4. 25-39 vs. 50+ years 0.34

maderate pasitive
moderate positive

moderate positive
muoderate positive

Tahle 3. Three groaps of sittrations in respect of the representation of young children and women of 25-39 years

No. of Children 0-4 years/

Group Number of PHCs No. of Women 25-39 years/
number of both sexes of 25-39 years total population
{pereentage) {perceniage)
0 12 55/277 {19.9) 102/1069 {9.5)
R 16 154/451 (34.1) 220017196 (12.2)
3 11 138/275 (30.2) 174/1164 (14.9)
Tatal 34771003 (34.8) 496/4029 (i2.3)

To test the hypothesis that the répresentation of
the youngest children may be influenced by the
representation of females, essentially the same
method was used. For each of the PHCs, the
following six indices were calculated, (i) pro-
portion of children of both sexes aged 04 years
in the tota) samples; (i) proportion of females in

the following age groups: 15-19, 20-24, 25-39,
4049 and 50 and above. All the PHCs were
ranked in respect of cach of these six indices.
Each of the six rankings obtained in this way was
compared with each other (15 comparisons).
Significant correlations (RCC >0.312) are
shown in Table 2. )
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It was observed that the situations with good
representation of children of 0-4 age group or
women of 25-39 age group are essentially the
same. The reverse is also true. Essential charac-
teristics of these groups are given in Table 3.

DISCUSSION

The term PCD is used here in its initial meaning,
i.e., comprising only of slides collected in medical
institutions. This remark is needed because in
some states, blood slides collected through vol-
unteers are also included into PCD category,
which makes the picture less clear (Ray and
Beljaev, 1984).

This study has its limitations. First, the peop-
raphicai aspect was not covered, It is well-known
that in developing countries, distance is a critical
determinant of medical care. The average num-
ber of oufpatient attendances per person de-
creases very fast as distance increases. Examples
from a few developing countries including India
given by Joily and King (1966) indicate that it
halves tself about every 1/2 to 2 miks (0.8—
3.2km). As a result, PCD covers mostly the
population of the immediate neighbourhood of
the PHC. '

Another factor which was not studied here is the
time factor. At each point, the collection of slides
usually continued for few weeks only and, there-
fore, it is not known whether the observed
differences between the PHCs were of a per-
manent or of a temporary nature, Therefore, we
refer to classification of situations rather than to
ctassification of PHCs.

The observed distribution of patients is a result
of selection on two levels. First, there is sell-
selection by patients (or their custodians, in case
of children), second -—selection by PHC wor-
kers.

Various factors are involved in self-selection.
The degree of disability caused by the disease is

prabably the most important: a mild disease may
not induce a person to undertake a long trip to an
institution, at the cost of a working day. On the
other hand, if the symptoms are very severe, the
limited mobility of the patient may make his
travel to the institution difficuit.

Awareness that the curative facilities are existing
and readiness to use them are two different
things. At the present time, even illiterate people
are aware of the medical facilities in their areas,
but they do not always believe in the effectiveness
of modern treatment and often prefer traditional
systems of medicine.

These factors are particularly relevant where
women are concerned. As Murthy (1982) put i
“Women in India, because of their household
responsibilities, and out of ignorance, tend to
neglect their iliness until they become too sick to
move around... . Often, too, they are dependent
on others in the family 1o get them needed
medical attention... . Thus, women do not seek
medical help when they ought to; and by the time
they are sick encugh (o know they should consult
a doctor, it is much more difficult for them to do
so0”. Not only adult women are in disadvantage.
Less attention which is traditionally paid in some
communities to the welfare of girls compared
with boys may contribute to inequal repre-
sentation by sex from a very young age (Lopez,
1984).

As to malaria itsell, we could not find any
evidence that its prevaience affects the agefsex
distribution in the PCD, No sex difference in
malaria incidence could be demonstrated (Bel-
jaev et al.. 198.). The proportion of the youn-
gest children is not elevated n samples with a
high SPR, as one could expect, rather an op-
posite trend is observed, though not statistically
significant.

The second group of factors is that which
influences the selection of patients for blood
examination by the PHC workers. Some medical
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officers do not send patients for blood exam-

ination because they rely heavily upon their own
clinical judgement and reject diagnosis of ma-
laria straightaway. if they think thai they have
feund some other cause of the fever. In case of
shortage of antimalarials, which occurs some-
times al the periphery because of the faully
distribution, the blond examination may decline
hecause of inability to provide presumptive
treatment to every patient examined for malaria.
Sometimes the blood cxamination in outpatients
drops when the laboratory is overloaded or the
technician is absen( or the doctor fecls that the
results produeed by the laboratory are un-
satisfactory and do nol taliy with his clinica)
observations.

In the Indian subcontinent males outnumber
females. In Ind:a. this phenomenon is less pro-

nounced in rural ureas compared with cities, but

even in rural populations the ratio of females to
males is 351 to 1000 (1981 census). This is often
explained by an environmenta$ disadvantage of
women (Bhatia, 1983; Lopez, 1984).

fn the Orissa population the proportion of
females is relatively high. In this respect Orissa is
nearer 1o the Southern than Northern states.
Amonng 15 states of India with a population of
more than 10 million each (which together
constituie 96.2%; of the population of India)
Onissa ranks second after Kerala, with 999 and
1034 (emales per 1000 males, respectively (1981
census), being foliowed by Maharashira (987).
Tamiinadu (987), Andhra Pradesh (984) and
Karnataka [(978).

Female/male ratio for the population of Sambal-
pur, Mayurbhanj and Phulbani districts is 978
per 1000, ie., well within the limits observed
normally in the South of India. As follows from
Fig. 1.in these districts there is no gross deficit of
females which is ohserved in Northern India. In
the age below 10, the numbers of females and
males are almaost the same. Later, maies start to
outnumber females which is probably explained

by environmental disadvantage of fernales. Slight

edge that females have in the groups of 20-35
years is probably due lo emigration of young
adult men: the population of Orissa being a main
supplier of unskilled and semi-skifled labour for
many of the other and often remote states,

This study revealed that women. particularly at
the age group of 20-49 years are severely under-
represented in the PCD. So also are young
children (0-9 years). This under-representation
is connected with over-representation of adult
males, the proportion of whont shows a negative
correlation with the representation of almost all
age groups of females.

There is only a slight under-representation of
baby girls compared with baby hoys in the
sample sfudied. It seems that the factors which
operale against the representation of young
children in general are not sex-selective, the
correlation between the representation of boys
and girls in 0-4 age group being strong (il
proportion of young hoys in the sample is high,
50 is the proportien of young girls, and vice
versa). In Northern India, parents are usually
less concerned with the health of daughters
compared with sons, which explamns higher mor-
tality in pirls (Bhatia. 1983). Probably, this
discrimination is Jess pronounced in Orissa. This
is iy agreement with the high proportion of
fe:nales in the population studied, compared to
Northern India.

The proportion of young children shows a strong
correlation with the represcntation of women of
25-3% years. The fact that young children are
brought by their mothers is not significant, it is
more relevant that those who bring their children
praobably use this opportunity to get themselves
examined. It Jooks as if their own disease, by
itself, is not a sufficiently strong motivation to go
to the hospital. The proportion of young chil-
dren also correlates, to a Jesser extent, with the
proportion of females in the 30+ age group
{possibly, grandmothers are involved in the same
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way a5 mothers), but with none of the remaining
groups of the women. Women of 40-4% are not
mvolved possibly because their own children are
already grown up. but only few have grandchil-
dren.

11 follows from this observation that the samples
with good representation of {emales are also
better balanced in respect of the age structure.
This may help i analysing the surveillance data,
when only a breakdown by sex. and noi by age 1s
available.

The females are under-represented among the
outpatients. This 15 nol because they are less
affected by malaria. Studics {Beljacv eraf, 198.),
indicate that the prevalence of malaria among
the outpatients of both sexes is about the same. A
question arises about the number of cases missed
due to this facior.

Suppose that the number of females in the PCD

becomes equal to the number of males. In this

case. the pereentage of increase in total collec-

ton may  he measwsed by a  formula
P =100 - FY(100 - F) « 100, where:

F is the observed ratio of females per 100 males.

In this particular study, F =62 per 100, therc-
fore, an equalisation of the representation of the

sexes {without any change in the age structure of
PCDYwould increase the hlood examination rale
by 23%.
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Impact of DDT and HCH Spraying on Malaria Transm1331on
in Villages with DDT and HCH Resistant

Anopheles culicifacies

V.P. SHARMA!, R.K. CHANDRAHAS?, M.A. ANSART!, PK. SRIVASTAVA‘ 'R?C “RAZDAN?
C.P. BATRAY K. RAGHUVENDM’ BN. NAGPAL', SC BHALLA® and G K. SHA]!MA’ :

The impact of spraying DDT and HCH on A. culicifacies resistant to DDT aﬂﬁ HCH wis dissessed in Loni
PHC, Ghaziabad, U.P. Monitoring of entomological and parasnologtcal indices rovealed that correct
insecticidal dosage gpplication and increasinig the insecticidal coverage broﬁght abort mgmﬁcam reduction
in vector densitics and the incidence of malaria. The study also showed fhial heré wasno advantage of
enhancing HCH dosage from 200 to 500 mg/m? and that DDT pcrfonnbd ‘bel‘ter in tli:s Hrea.

INTRODUCTION

Anopheles culicifacies is a primary vector of rural
malaria in India. The first report of high toler-
ance to DT in A, cuficifacies came from Panch
Mabhals district Gujarat in 1959 (Rahaman ef af.,
1959) and to dicldrin resistance from Thane
district in Maharashtra in 1953 and 1957 (Patel
et al., 1958). Since then DT resistance in A.
culicifacies has become fairly widespread (Rag-
havan eral, 1967). In areas of high DDT
resistance, a changeover to HCH spraying was
initiglty effective but over the years A. culicifacies
also developed resistance to HCH. In arcas of
resistance to both classes of organochlorine
Accepted for publication: 21 April 1986,
YMalaria Research Ceotre (JICMR}
22-Sham Nath Marg, Dethi-110054.
Directorate of Health, UP. Gowvt.
Jawahar Bhawan, Lucknow, U.P.

INational Malaria Eradication Programme
22-Sham Nath Marg, Delhi-i 10054.

insecticides, .malathion sprayin"'g was initially
effective in malaria control, but its continued use
for several years has resulted in resistance to it

- also, mainly in Gujarat and 'Maharashtra (Sha-
‘rma, 1984). In such arcas changeover to another

insecticide such as fenitrothion or propoxur was
considered, but the replacement insecticides are
very expensive and more toxic to humans. It
seems likely that mosquitoes would develop
resistance to these compounds also in due course
of time. In view of thesc problems the continued
use of cheaper insecticides such as DDT and/or
§ desirable as long as the spraying of
sécticides was effective in reducing ma-

[ @rﬁ'ﬁsmission.

It 3§ however well-known that-the spraying of

__-DDT or HCH or malathion is producing only a
-At@rginal impact on malaria transmission in

many areas, Reasons for this poor response are
not only the development of resistance in the

~ vector species but also the faulty spraying, and at
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Fig'1: ‘Mapof Loni Primaty Health Centre showing the four zones.
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times the misuse {e.g., diverting supplies to ag-
riculture) of insecticides. This was shown by the
fact that considerable impact on malaria trans-
mission was -obtained by improving the DDT
spraying operation on a DDT resistant A. culici-
facies population in Faridabad villages (Sharma
et al., 1982). With this background field experi-
ments were carried out to see whether spraying of
DDT or HCH at normal and enhanced dosages
would control malaria in areas where spraying of
HCH at 200 mg/m? was proving ineffective, and
DDT spraying at 1 gm/m?2had been discontinued
in favour of HCH due to the detection of DDT
resistance in A. culicifacies. It may be noted thai
Rawlings er al. {(1981) had shown that spraying
of an enhanced dosage of HCH i.e, 530-
880 mg/m? in experimental huts killed the hete-
rozygotes and most of the resistant homozygotes
for upto 13 weeks after spraying. The Jowest
dosage (270 mg/m?) killed all the susceptibles but
not all the heterozygotes and few of the resistant
homozygotes. Thus there was direct evidence of
the effectiveness of an enhanced dosage of HCH
in the control of HCH resistant A.- culicifacies.
Field experiments were therefore carried out by
spraying villages with HCH at 200 or 500 mg/m?
and this was compared with DDT coverage at
1 gm/m 2. Results of thisstudyare reported in this

paper.

MATERIAL AND METHODS

Loni Primary Health Centre (PHC) villages of
Ghaziabad district (U.P) were selected for the
field experiments. Studies carried out by the
Malaria Research Centre (MRC) in Ghaziabad
(U.P.) villages during the Jast few years showed
that the incidence of malaria was extremely high
(MRC Annual Report, 1983-84, pp. 99-103)
and the routine spraying of HCH had little or no
impact on malaria transmission. A culicifacies
was incriminated as the vector of malaria
(Choudhury. 1984) and it showed varying
levels of resistance to DDT and HCH. Loni,
Razapur and Muradnagar PHC villages were the
worst affected by malaria within Ghaziabad
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district. Loni PHC is situated in the trans-
Jamuna area on the Delhi-U.P. border. Exclud-
ing the municipal limits of Ghaziabad town,
there are 70 villages with a population of 1.40.000
covered by the PHC. The entire PHC arca was
divided into four zones (Fig, 1). each containing
a population of 30,000 to 35,000. Villages of zone
T were sprayed with HCH at 200mg/m 2, those of
zone H with HCH at 500 mg/m? and those of
zone IIT with DDT at | gm/m?, and zone I'V was
initiaily held as a comparison area. Unfor-
tunately, it was not possible to keep any area as
an entirely unsprayed conirol because of the high
level of malaria transmission, and the com-
parison area was sprayed by the routine pro-
cedure of the NMEP using HCH at 200mg/m?.
This was the same target dose as in zone [ but
zone [ as well as zones IT and 11 were sprayed
under the supervision of the scientific staff of the
Malaria Research Centre (MRC). It should be
pointed out that the District Malaria Officer of

“Ghaziabad had agreed that spraying in the

comparison area would be done according to the
standards prevailing in other parts of the district
and in the Loni PHC areas in previous years.
However, later spraying was intensified in an
attempt 10 achieve the maximum coverage.

“Therefore, the comparison area was neither an

unsprayed control nor even an area with the
usual standards of spraying under the NMEP.
Insccticides, stireup pumps and spraying squads

‘were provided by the NMEP.

Parasilological and cninmalogical indices were

“collected by the MRC s1aff from ail four zones.

Parasitologica! surveillance was carried out on
weekly basis and data pooled for the month, In
each zone, onc village in the centre and four
villagesi.e., one cach 10 the north, south. east and
west were selected for the collection of these
indices. In the first three months (June-Aug),
the same five villages in each zone were held for
monitoring but in later months {from Sept-Dec),
the four outlying villages in each zone were
changed randomly at each collection while the
central village remained fixed. Efforts were made
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to colleel as many blood smears as possible. For
this active surveillance from febrile cases was
carried out in each village. Adult mosguito
collections were made using torches and suction
tubes. In each village indoor collections were
made from sprayed rooms for two hours (15
mins. each in four room and 15 mins. each in four
cattlesheds) at 15-day intervals and the number
of mosquitoes coflected per man hour were
calculated for cach zone, Insecticide suscepti-
bifity tests were carricd out using the ficld
collected 4. culicifacies pravid females., Mos-
quitoes were exposed on 4% DDT impregnated
papers for | hour or 4% dieldrin impregnated
papers for 2 hours, and mortality of aduits
recorded after a 24 hour exposure period. It may
be pointed out that the 4% dieldrin exposure is
survived only by homozygotes for the pene
conferring resistance 1o both dieldrin and HCH.

RESULYTS AND MSCUSSION

Table | gives details of the percentage coverage
achicved in zones 1-HI of the Loni PHC area. In
the first round, coverage in all the zones varied
from 60-90%, It was higher in cattlesheds and
temporary structures (80-96%,) as compared (o
human dwellings (75-89%;) and rooms (61-
70%). In the second round, coverage remained
more or fess the same but in the third round, it
was reduced in houses and rooms. It may be
noted that every effort was made to maximize
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spraying and the coverage reported in Table 1
was the maximum possible which could be
achieved in this area. To achicve this we followed
the procedure of convincing village people at all
levels, of the advantage of spraying. This was
done by the staff of the centre.and the spray
supervisors, Statistically. no significant difference
was found in coverage achieved in the three
experimenial zones. The coverage in the control
zone was poor and rough estimates showed that
it was around 50-60% in the first round and
gradually declined to 30405 in the later rounds,
Table 2 provides information on the suscepti-
bility status of 4. ewlicifacies to DDT and HCH.
Exposure of aduits to 4% DDT papers for 1 hour
produced 10-40% mortality, but exposure of
adults on 4% dieldrin paper for 2 hours produced
0-10%; monality. The vector 4. culicifacies show-
ed resistance in both tesis but the frequency of
the gene for dieldrin/HCH was higher than that
for DDT. One likely reason for the relatively
higher susceptibility 10 DDT was the fact that
Loni PHC was under HCH spray for the past 6 to
7 years. Withdrawai of DDT since 1977 may
have allowed selection for the DDT suscepti-
bility allele to have produced partial reversion to
DDT susceptibility in the population.

The entomological and parasiiological assess-
ment data has been presented in the form of (i}
pooled data of five villages and (i} central
village, This became necessary because till
August the four selected villages besides the

Table 2. Susceptibility of A. culicifacies to DDT and Dieldrin

DDT 4%, | hr exposure

Dicldrin 4% 2 hr exposure

Villages o L —
Number Carrected MNumber Corrected
exposed mortality (8) exposed mortality {40

Pre-spray status

{April, 1984)

1. Sirora 30 10.0 30 0.0

2. Bhoop Kheri i5 1.3 30 10.0

1. Pachaira 15 400 15 6.7

4. G, Karaya 15 13.3 10 0.0
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Table 3. A. culicifacies densitiesin each Zome*

Per man hour density in each zone

Fortnightly -
1984 collection HCH HCH pDT Control4s
200 mg/m? 500mg/m? 1gm/m?
JUNE 1 1.65 6.40 0.75 995
b} 445 13.10 5.56 24.45
JULY 1 . 460 11.35 9.60 6.7
n .. 1570 4.75 9.90 20.75
AUG 1 8.10 645 535 36.05
1 . R4S 10.25 2.80 25.40
SEPT ' I 8.05 220 490 10.75
n 10:15 8.75 1.60 18.85
OCT 1 3.05 175 0.70 14.55
i : 0.70 7.50 085 15.50
NOV 1. _ 170 2.95 0.70 14.00
s 0.25 0.25 19.15
DEC B . 0.50° 10.95 0.35 335
n- 110 0.5 0.40 595

* Average of Svillages.
*%Villages sprayed with HCH 200 mg/m > by the NMEP,

central village were fixed villages, one each in
north, east, wast and south, and in later months
they were changed and selected randomly. Table
3 shows man hour density for five pooled villages
and Table 4 for the central villages.

The application of t-test for intercomparison of
per man hour density of all the three spraying
zones paired with control zones showed signi-
ficant differences. However, the difference in
zones with HCH 200mg/m? and HCH 500mpg/
mZ was not significant even at 20% level (Fig. 2)
which clearly means that the enhanced dose of
500mg/m? HCH was in no way better than
200mg/m?. The difference in zones of HCH
200mg/m 2 and HCH 500 mg/m? with DDT was
found statistically significant at 20% and 5%
level respectively,

Though central villages did not exhibit signi-
ficant difference in control of vector density in
areas with HCH 200mg/m? and HCH
500 mg/m? paired with control area, DDT area
showed better control of A. culicifacies (Fig. 3).
The trend of t-values for intercomparison of
central villages of each zone was however found
to be the same as in inter-zone comparison.

Tables 5 and 6 give slide positivity rate {SPR)and
slide falciparum rate (SfR) of the five pooled
villages and central villages in each zone re-

spectively.

In the inter-zonal and inter-village (central)
comparisons of SPR and SfR, all values were
found significant at 19 level (Figs. 4 and 5). The
trend of Z-values for different pair for com-
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Table 4. A, culicifacies densities in central villages

Per man hour density in cach zone

Forinighily
1984 callection HCH HCH DDT Control*
200 mg/m? 500 mg/m? 1 gm/m?

JUNE 1 0.70 4.75 1.00 1.75
n 0.75 13.75 0.50 975
LY I 400 6.25 328 .50
It 575 .50 5.25 125
AUG 1 5.25 9.25 1.75 5.00
11 © 950 6.75 75 .25
SEPT } . B.25 200 1.50 6.75
If _ 6.75 75 1.75 16.00
0CT I 1.50 2.25 0.75 8.25
B b 175 00 0.25 4.50
NOV ) _ 175 2.75 1.50 2.75
i1 ' 225 075 1.25 1.25
DEC 1.50 1.50 [.50 1.00
1" . o00 0.75 0.00 0.50

parison again show that HCH 500mg/m?
(Z =0.60 paired with control) was in no way
better than HCH 200mg/m? (Z =4.55 paired
with control). The SfR Z-values for zone I, 11 and
11 paired with zone IV were found higher than
SPR Z-values which lead to the conclusion that
per cent faiciparum cases were reduced more
than the per cent total cases as a result of

spraying.

Thus the comparatively large t and Z-values of
DDT with control for differant malariological
parameters showed a refatively high degree of
resistance to HCH in the field population of 4.
culicifucies and proved that DDT was definitely a
better choice. :

1t is notewarthy to mention that control zone in
the Loni PHC was sprayed with HCH
200 mg/m2. This spraying reduced the vector

densities and interrupted malaria transmission at
least to some extent. If the control zone was held
unsprayed (which was not possible due to ethical
reasons). the impact of DIDT or HCH spraying
would have been most remarkable, This could be
seen by the malaria sitvation prevailing in the
adjacent areas. Active surveillance during 1983
84 in Razapur PHC adjacent to the experimental
zones which is a contiguous similar geographic
terrain revealed very high SPR (Fig. 6) which is
the normal situation of malaria in Razapur or
Loni PHC. It is therefore, obvious that spraying
of DDT and HCH in areas with double re-
sistance {DDT +HCH} in A. culicifacies was
effective in reducing vector densities and the
incidence of mataria. The study further brought
out the importance of correct dosage spraying
and maximizing coverape to achieve better im-
pact of residual spraying. DDT spraying com-
pared to HCH 200 or 500mg/m? produced
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Fig. 4 Z-test vidues for inter-comparison of the SPR and SR of the 4 zones (pooied
data of 5 villages).
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Fig. 5: Z-est values for inter-comparison of SPR and SfR of the 4 zones (data of
central villages).
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Fig. 6: Blide posirivily rate in Razapur PHC,

statisticaily significant impact, both on the vee-
tor densitics and malaria transmission. The
stmitarity of results with HCH 200mg or 500mg
disagrees with the expectation from the results of
" Rawlings e7 al, (1981). This might be because the
Loni PHC population contains a ‘“‘strong”
dieldrin/HCH resistance gene of the kind found
in some populations which is recognized by the
fact that heterozygoles can survive 4%/ dieldrin
exposure for 2 hours.

Qur earlier studies in Faridabad villages (1982)
and the present study in Loni PHC have pro-
vided sufficient proof nf the nsefulness of DDT in
areas where A culicifacies is resistant to DDT
andfor HCH. What is nceded is good coverage
and the application of correct dosages of in-
secticides, It may also be noted that the cost of
insecticidal spraying per million population in
1985 was Rs. 3.4 million with DDT, Rs. 3.7
million with HCH and Rs. 19.9 million with

malathion. Becauvse of the cost considerations
alone, change of insecticide should be resorted 1o
as a last measure when good spraying fails to
produce the desired level of epidemiological
impact on malaria {ransmission.
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Mosquitoes of Goa

S M. KULKARNI: I DHANPAL! and V.M. NAIK!

Phuring 2 mosquilo servey conducted in Goa in August 1983, 2086 adult mosquitocs helonging 10 29 species
werecollected . Cidexariraeniorhynchuswas themost abundant speciesforming 36 percent althe totaleotlection,
Aedeyaegypriand de. qubernatoriswerecollected asimmaluresiages; theformer beingrecorded for tiefirst time

1L Croa.

The wverall patity rate of the four potensial Japanese encephalitis (IR} vector species vz Culex
triteeniorhynchus, €. pseudovishani, C. bitaeniorhynefus and € gelidus was 39 per cent. Thisteen per cens of
the parous mosguitoes showed 2.-3 dilatations in their follicular relics.

‘The role of the suspected vectors of malaria and JE is highlighted. With the preseni study. the number of
mosguito species recorded so far in Goa has risen 10 51 comprising Anopheics-25. Armigeres-1, Aedes-6,

Culex-14. Heizmannio-1 and Mansonia-4 species.

INTRODCTION

The information on the mosquito fauna of the
union teeritory of Goa is seanty. Until 1963, 24
species of anophelines were recorded in con-
nection with malaria and us control (Borcar
er al.. 1967y, An outhreak of Japanese enceph-
alitis {J19y occurred 1in 1982 for the first time in
Goa (Choudhary es af . 1983: Mohan Raao er af.
1983} During the epidemic investigation, the
former authors encountered five species of ano-
phetines which includes an additional record of
An. leucosphyrus ‘group’ and 10 species of cu-
licines. Since no data is available on the vector
mosquitoes of JE in Goa. a preliminary survey
was undcriaken to assess the species composition

Accepiod for pullicasion: 7 May 1986,
"National Institute of Virology
Pune-41 1001, Tndia.

and relative abundance of mosquitoes between
14 and 27 August, 1983 This communication
presents the data collected during this survey and
an updated Jist of mosquito fauna of Goa.

MATERIAL AND METHONS

Topographical and climatological features of
Goa district have been described earlier {Choy-
dharyetal . 1983). The mosguitaes werecollected
from 29 localities within a radius of 50sqkm
from Panaji township using standard methods
(Kaul eral. 1982). The mosquitoes were iden-
tified following Christophers (1933), Barraud
{1934). Knight and Stone (1977 and other recent
publications. Samples of incriminated and po-
tential veclor species of JE were dissected and
examined for their parity rates and age com-
position employing the methods described by
Detinova (1962).
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Tzble 1. Species composition of adult rlmsqlllloes collected from Goa with additional earlier records

Sl Spccies No cn!lwled Pcrcemagc of total
No.
1. Anopheles (Cellin) annularis* Van der Wulp 2 N
2. An {Cel) fluvigrilis* lames 1 N
3. An. (Cel } jamesii* Theobald 247 11.8
4. Anm (Cel ) jeyporiensis* James 2 N
5. An {Cel ) karwari* (James) : 144 6.9
6. An (Cel } subpictus*® Grassi 219 133
7. An {Cel } vagus* Dneniiz ' 255 2.1
8. An. { Anopheles) prdimenfaﬂis‘ (Leicester) 1 N
9. Armigeres { Armigeres) subalbarus (Cogwllett) - 44 2.1
10.  Aedes ( Stegomyin ) aegypti** (Linnacus) ) — —
11, Ae (Sre.) athopictus {(Skuse) Hi 0.5
12, Ae (Ste.) vittatus (Bigot) C 1 N
13, Ae. {Finlaya} qubernatoris** (Gilesy - ' — —

14, Ac. 1A des) psendomediofasciarus (Theobald} 1 N
15, Ae. { Aediomorpins) vexans (Meigen) 3 0.3
16.  Culex (Culex} ambiguus Theobald _ 8 0.4
17, C (C.} bitaeriorhynchus® Giles . ) 19 0.9
18. € [C. ) cormutus Edwards : ’ . 9 04
19 C (¢ ) fuscacephala Theobald .y o 4 06
20. C (C ) gelidus* Theobald - _ 49 23
. C (C } infula Theobaid o 12 ) 0.6
22, C (C. ) pseudovishnui* Colless . 165 79
23 € (C ) quinquefasciatus® Say : 45 2.1
24, C (C.) tritaeniorhynchus* Giles ' 752 358
25, C (€ ) vishnui ‘group’ 7 0.3
26 £ (C ) whitmorer™ (Giles) 13 0.6
21 & {Culiciomyia) pallidothorax Theobald 7 1.3
28, C (Eumelanamyia) ph:vfa."is Rarraud 1 N
29, Heizmannia sp. i N
30. Mansonia { Coquillertidia) crassipes (Van der Walp) | N
31, Man {Mansonioides) uniformis* (Theobald) 3 N

Total 2.096 —
N =<0l

~ * = Recorded earlier also
** = Recognised from larval collection and rearing.

‘Additional Earlier Records of Mosquito Species

32. Anopheles (Cellia] acoritis Doenitz: 33. An. (Cel ) culicifacies Giles; 34. An. (Cel.) kachi Doenitz; 35, An (Cel)
leucosphyrus ‘group’; 36. An {Cel ) macularus Theobald; 37. dn. {Cel } majidi Young and Majid; 38. An. (Cel ) minitus
Theobald: 39. An. (Cel ) pattidus Theobald: 40. An (Cel ) philippinensis Ludlow; 41, An (Cel ) pricherrimus Theabald; 42,
An (Cel } .!'r('phmy Lision; 43, An. (Cel ) 1esseflatus Theobald: 44. An. (Cel } theobaldi Barraud; 45. An. (Cel ) varuna
Iyengar; 46. Anopheles { Anopheles ) aitkenii James; 41, Ar. (An. ) barhirostris Van der Wulp; 48. An. { An. ) cuficiformis Cogill;
49, Culex {Culex) vishnui Theobald; S0, Mansonia { Mansoninides) anmulifera (Theobald) and 51. Man (Man.) indiana
Edwards. i
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RESULTS AND THSCUSSION

The data on mosquitoes collected during the
present survey and those recorded by earlier
workers are presented in Table {. During the
present study, 2,096 adult mosquitoes belonging
1o 29 species were collected. In addition, a few
samples of larvae were collected from coal tar
drums and reared to adults, which yielded Aedes
aegypii and Ae. gubernatoris. Thirteen specics
viz.. Anopheles jamesii, An. karwari, An sub-
pictus, An. vagus, Armigeres subalbatus, Culex
bitacwiorhynchus, C. fuscocephala, C. gelidus, C.
infula, C. pseudovishmui, C. quinquefasciatus, C.
tritaenioritynchus and C. whitmorei together for-
med 96 per cent of the total collection. Remain-
ing 16 species {4%) were found in very small
nutnbers.

Of the 25 species of dnopheles recorded earlier,
eight species were recorded during the presemt
survey including An. fluvigtilis which is con-
sidered to be a vector of malaria in Goa (Borcar
et al. 1967, Choudhary er gl., 1983). However,
Rao (1984) has reported a distribution record of
only I8 species according to different altitudes.
An. subpictus has recently been incriminated as a
vector in coastal villages of Southeast India
(Panicker e1 af., 1981) and An. annularis and An.
Jeyporiensis are known vectors of local impor-
tance elsewhere in India (Ran, 1984).

Out of 26 culicine spectes, 23 were recorded
during the present survey. C. tritaeniorhynchus
was the most predominant species and formed
35.8 per cent of the total coliection (Table 1).
Earlier, this species was also reported to be the
most predominant species in the area (Chou-
dharyeral.. 1983). It was mainly collected at dusk
while biting catile and resting on vegetation
around cattlesheds. Out of 752 adults of this
species, 671 adults were collected ar dusk with a
density of 11.4 per man hour. dedes aegypti, the
vector of dengue virus was recorded for the first
time in Goa.

The data on the parity rate and age composition
of four incriminated and potential vector species
of JE are presented in Table 2. It was found that
the parity rates of C tritaeniorhynchus and C
pseudovishnui were nearly 39 per cent, About 13
per cent of these mosquitoes had 2--3 dilatations
in their follicular relics. In earlier studies in
Mandya district of Karnataka, the parity rates
for C vishnui and C. tritaeniorhynchus were
found to vary from 50 to 85 per cent during April
to June 1983 and that the epidemic had coincided
with the time when these vectors had high parity
rates (Mishra er af . 1984).
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Tahle 2. Parity rates of fonr potential vector specles of JE in Goa

Speties No. Nuiliparous Parous with no. of dilatations Total dissected % Parous
1 2 3
Cuiex iritaeniorhynchus 67 5 16 | 109 385
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C. gelidus 0 3 ¢ ] 3+ —_
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" 60.8 263 1.7 12 39.2

*Number dissected was 100 small to be of significance.
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Progressive Changes in ‘the Liver Function of Monkeys
following Plasmodium knowlesi Infection

" RAKA KHANNA! HARIS M. KHAN! and SOHAIL AHMAD!

This investigation was aimed at studying the extent of liver damage by experimentally induced infection of
acute malaria. Rhesus monkeys were intravenously inoculated with simian malaria parasite. Plasmadium
knawlesi. The liver damage caused by the invading parasites was demonstrated by performing several fiver
function enzyme lests like SGOT, SGPT. and 1otal serum bilirubin. The enzyme levels were estimated at
various parasitacmic levels in the infected animals. These values were compared with those obtained from
post-chloroquine treated. infected/uninfected animals. The sera from normai saline inoculated healihy
monkeys served as contrals. Attempts were alsn made to study the pathophysioiogical changes in the
infected liver by correlating the functional impairment with any detectable anatomical abnormality. Data
obiained from a fow follow-up cases has &lso been included.

INTRODUCTION

In spite of the enormous amount of literature on
malaria. comparatively little information is
avatlable on parasite induced changes in the host
liver. H is well documented that ‘malarial in-
fection impairs liver function (Riley and Mae-
graith, 1961). A few substances capable of im-
pairing the liver function in vitro, have already
been identified in the sera of P knowlesi infected
animals (Riley and Macgraith, 1961; Maepraith
et al, 1963). The ubtrastructural and biochemical
changes in the infected liver cells are, in fact.
mtiated during the erythrocytic phase through
mediators released i the serum (Maegraith,

Accepied for publication: 20 May 1986.
Parasitology Laboratory
Department of Microbiclegy
Jawaharial Nehm Medical College
Aligarh Muslim University
Aliparh-20200%, India.

1966}, The liver damage caused by the invading
parasifes during acute malaria can be more
convenicntly demonstraled by means of several
routine liver function tests. The enzymes ge-
nerally used as indicators of liver function are:
serum glutamic oxaloacetic transaminasc
(8GOT). serum glutamic pyruvic transaminadse
(SGPT) and alkaline phosphatase. In a few early
studies, estimation of total serum bilirubin con-
centration was also used as yet another para-
meter for assessing ihe liver function (Kingsbury.
1926; Ross, 1927). In this study estimation of
SGOT and SGPT enzyme levels were carried out
for assessing the extent of liver damage as a result
of experimental infection of monkeys with P.
knowiesi The sera obtained from infected ani-
mals were also used for estimating bilirubin
concentration. In the follow-up studies assess-
yent of the liver damage was also investigated in
the sera of chloroguine treatedfuntreated mon-
keys over a 10-40 days period. The sera of
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‘Fable 1, Serom enzyme levels in experimental monkeys
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Animal groups

Saline control

Parasite mlvcted

I <2005 is significant.

Apnimal groups

Saline conirnl

Uninlected.
chlorequine treated

Parasie miected,
chloroquine treated

Days afler Per cent SGOT SGPT Total
inoculation parasitaemia enitsfml £ 8D snits/mi 8D serum bilirubin
+Sh megfdl =50
0 0 W+26 24 +2.1 2.55 40,63
4 0 24124 24120 2.65 +0.63
8 G 28126 26 £2.10 265 10.61
15 G W26 24210 2651065
g 571136 J0+i8 52 +43 5.55 1 0.89
Pt 8 P 001 P <0.05
il 10.8 T 1.4] 61+i8 52 743 6.0%8 089
P <005 P <0.01 P <005
12 276139 36423 522138 1561 1.7
P 0.0 P00 P <001
13 80T 67 56+3.5 72 +47 2301231
P <0.05 P -0.01 P <2001

Table 2. Serom enzyme levels in chloroquine freated monkeys

Days after Days after 5GOT SGPT

Total serum
inoculation treatment units/mi units’mi bilirubin

18D 150D mgidl T 8D

0 — 28 2.6 29 + 21 2.55 £0.63
4 — 24124 244 2.0 2.65 7 0.68
3 —_ B+26 26121 2.65 1 0.63
15 —_ W26 24 121 2,65 1 0.63
_ . 0 B ¥ 2% +19 7.76 1 0.69
. P <! P 0.1 P <0.05
— 4 628 52429 9.02 £0.83
P <0.05 P <081 P<0.M

_ 8 24425 28 £2.7 6.18 1.21
P =>=0.1 P =01 P <005

— 15 28+25 2427 6.02 3121
P >0 P =i P <005

15 . 3 w20 52123 13.6 +£1.78
' ' P <0.05 P <0.05 P <001

20 g 28 £2.0 21 1.9 6.08 = 0.98
: P =01 P00 P <005

0 . 18 24+19 4122 6.32 +G.86
P>l P >0 P <05
40 : 28 41298 2 +27 608 +0.71"
’ P >0l P >t P <065

Chioraquine was administered on 12th day of infection.

Por cent parasitagmia was zero throughout the siudies.
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Fig. : Photomicrogtaphofa liver séetion -from an infected monkeyshowing parasites
() and accumulation of malaria pigment &= ¥{ = 1008).

tionfrom uninfected. chloroguineireatedmonkey

Fig. 2 Photomicrographofaliversec
showingreficularcells in sinusoids{ x 1000).
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aiso showed a slight increase in these values on
day 3 following chloroquine administration, The
SGOT enzyme levels increased from 28 units/ml
to 36 units/mi, while SGPT levels were raised
from 28 units/m! to 52 units/ml (Table 2).
Similarly, the total bilirubin concentration in the
serum of treated, but uninfected, animals was
raised 10 9.02 mg/di on day 4. The above values
returned to normal levels on day 8 in the
uninfected, chloroguine treated animals (Table
2). Animals inoculated with normal saline served
as experimenial controls.

Histological examination revealed diffuse in-
filtration of the liver sinusoids by macrophages.
The macrophages with engulfed haemazoin pip-
ment appeared rounded and globular. There was
necrosis of hepatocytes around the central vein.
The portal triad areas showed infiltration by the
neutrophils with a few lymphoeytes (Fig. 1). The
liver section of the uninfected and chleroguine
treated monkeys (Pesowitz et al . 1967) showed
normal appearance with liltle conniective tissuc
seen in the portal tracts. The sinusoids were Jined
by inconspicuous reticular cells (Fig. 2).

DISCUSSION

Stgnificant changes in the level of serum frans-
aminases were observed in P. knowlesi infected
monkeys. It is reported that due to the exo-
erythrocytic cycle there is a continuous de-
struction of liver celis resulting in increased
enzyme levels in the blood of an infected subject.
These changes are probably more related 10 the
erythrocytic destruction, anexia and liver dam-
age occurring in acute malaria (Sudan er al,
1965},

An increase in bilirubin values observed in our
experiments is indicative of a liver function
impairment in the infected animals. Kingsbury
(1926) and Ross (1927) have found elevated
levels of serum bilirubin in P. vivax, P. malariae
and P jalciparum infections. Due to an m-
filtration of reticulocytes in the liver, ihe hepa-

tocyte micro-vitli are likely to get blocked. Such a
situation could then be a possible cause of
hyperbilirubinaemic state in malaria. Some
workers are of the opinion that hyperbiliru-
binaemia in malaria occurs due (0 an abnormally
high blood destruction (Fairley and Bromfield,
1934). Bhamarapravati er al (1973} in sub-
sequent investigations attributed jaundice in
malaria infected animals due 1o an impairment of
bilirubin transport. Liver function enzyme val-
ues were also slightly altered following chlo-
roquine {reatment in untreated animals. The
observed alterations in the cnzyme jevels may
quite well be due to a cumulative cffect of
chloraquine on the liver tissue. Whether such
alterations are duc to chloroquine {reatment., or
malaria. or both cannot be definitely ascertained
only on the basis of this one study, Further
investigations along these lines using chlo-
roquine and other commonly used antimalarials
will undoubtedly be helpful in determining the
role of these drugs in altering such serum enzyme
levels,

In prolonged infections, it is reported that the
liver becomes hlack following accumulation of
malarial pigment in the reticuloendothelial cells
{(Desowitz et al.. 1967). In an active infection, the
perilobular kupffer celis have been shown to
phagocytose malarial pigment and the infected
erythrocytes {Aikawa ¢f al, 1968). In an earlier
study, P. knowlesi infected liver sections showed
an excessively large number of parasitized RBCs
attached tv the endathelial cells (Jervis er al..
1972; Gutierrez eral.. 1976). Skirrow et al (1964)
found that monkeys with terminal P. knowlesi
malaria show marked constriction of the portal
vein and its branches. Liver sections from our
infected animals showed cellular infiltration of
lymphocytes and granulocytes in the portal
triad. The data obtained on serum cnzyme
values, shows that even chloroquine treated
animals have elevated levels of SGOT and SGPT
and bilirubin. This effect was only found further
enhanced in infected and suhsequently treated
animals.
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Such findings may have some value in the carly
diagnosis of infection, as also for assessment of
antimalarials vis-a-vis liver function impairmem
{Sudan er al, 1963).
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Biochemical Method for the Detection of Chloroquine

Resistance in P. falciparum

L.N.GRINBERG!. DA NOOSHTAEV! F. F.SOPRUNOV!. D.S.CHOUDHURY? USHA DEVI?

and V.P.SHARMA?

WHO in vive and i vitra tests are available for detection of chloroquine resistance in 2 falciparum.
Sooshiacy ef gl (1982} showed that chloroguine resistance in P herghed coulid be assessed by Lhe
measuremnent of the change in pH of the media duc to the production of Jactic acid by the intracrythrocytic

parasites as a result of glycolysis,

In the present study it was possible to demonnstrate the applicability of this biochemical test for the detection
af chloroguine resistance in P. faleiparum. Hence this test can be used in parallel with WHO jn vitre test for

determination of chioroquine resistance,

INTRODIUCTION

Chloroquine resistance in P, falciparum is one
among the many technical problems which are
responsible for the widespread resurgence of
malaria in many of the Southeast Asian
countries.

In India chloroguine resistance in P. falciparum
was first detected in 1973 in Assam (Sehgal er al
1673). Since then it has spread to other parts of
India and presently it has been detected in ten
states of the country {Sharma, 1983). In order 1o
effectively control this problem it is essential to
monitor the status of chloroguine resisiance i

Accepred for publicarion: 11 June 1986,
'"Martsinovsky Institute of Tropical
Medicine and Parasiiology
Mascow, USSR
*Malaria Rescarch Cemre (ICMR)
22-Sham Nath Marg, Delhi-110054, India.

different parts of India so that proper corrective
measures can be taken up on time and effectively.

WHO in vjvo as well as in vitro micro and macro
tests are available at present for detecting chio-
roquine resistance in P. falciparum (Rieckmann
et al. 1978). However. i vitro tests need proper
equipment, sterile conditions and at least 24
hours period of observalion. It is difficult to
carry out these (ests under field conditions.
Failure of maturation of the parasites in the
control is another drawback in these tests,

Nooshiaev et al (1982) showed that chloroquine
resistance in P. berghei could be assessed by the
measurement of the change in pH of the media.
This change is due to the production of lactic acid
by the intraerythrocytic parasites as a result of
glycolysis. In the presence of chloroquine, the
normal glycolysis of the parasite is inhibited in
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the susceptible strain to a higher degree as
compared with the resistant strain. Therefore, by
monitoring the change in pH of the media during
the incubation of the parasite in vifro, it is
possible to diflerentiate the chloroquine resisiant
strain from the susceptible one.

In order to determine whether this method is
applicable for the detection of chloroguine re-
sistance in P. falciparum, studies were carried out
at Malaria Research Centre, Dethi with the in
vitro culture parasites of P. falciparum. The data
obtained in these experimental studies is pre-
sented in this paper.

MATERIAL AND METHODS

In vitro cultures of P. falciparum. both suscep-
tible and resistant to chloroquine which are being
maintained in continuous culture in the Centre
were utilized for the test. The batches of normal
erythrocytes of group A reccived from the local
blood bank were used during the test. For
determining the pH a portable sensitive pH
meter and 4 microelecirode were used (Radelkis,
Hungary).

Before the test, in vitro cultures of P. falciparum
were selected keeping in mind the level of the
parasitaemia and the stages of the parasites, The
erythrocytes, both normal and infected were
washed in the weak-buffered salt soiution: (in
m mol/l) NaCl-139. KCI-2.7, CaCl ;-1.8, MgCl -
1.1, Na,HPO 1.3, glucose-5.0, Tris-HCI-2.5,

pH-7.30. The same solution was used for the '

incubation of the cells in plastic tubes with
stoppered caps. The final haematocrit of the
suspension was 10%, and the final volume was
0.3mi in each tube. Chloroquine diphosphate
was added to the tubes before the incubation

giving the final concentration of chioroguine

varying from 12.5 to 106 micromol/l. The tubes
were incubated at 37°C for 3 hours with stirring
every half an hour. The difference in the pH
before and after incubation {ApH) was used for
the calculation af the degree of glycolysis in-

hibition by chloroquine according to the for-
mula:

_{ApHu = Apl‘{a} int

! T (ApH,) inf — (ApH») Horm. 1007 (m
Where I =coefficient of inhibition ().

ApH. =decrease in pH during the incu-
bation in samples without chlo-
roquine.

ApH: =the same in the presence of chio-
roquine.

inf =suspension comtajning infected
RBCs. '
norm = suspension containing only normal
RBCs.
RESULTS AND DISCUSSTON

The experimental data is presented in Table I
From this it can be secn that there was in-
significant variation in the rate of glycolysis in
normal erythrocytes (the ApH mean value for 22
samples was 0.135 1 0.008). It did not depend on
the duration of keeping the cells in the
culture {1-3 days). Thus under the above con-
ditions, the contribution of the uninfected eryth-
rocytes in glycolysis of the mixed population of
cells was rather stable.

T is also scen from the data thal the plycolytic
rate in the suspensions containing parasitized
erythrocytes was two to three times higher than
in suspensions containing normal erythrocytes.
Extrapolating these to 100% parasitized cells,
one can estimate the glycolytic rate in the
infected erythrocytes (mainty trophozoites) to be
30 1o -50 times more than in the normal eryih-
rocytes. These results are in good agreement with
the data obtained in experiments on synchro-
nized culture of P. falciparum (Plaller et al..
1982; Yayon er al. 1983; Zolg er al, 1984)
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Table 3. Change of pH =fter incubation of infected and normal (non-infected) erythrocytes in presence of chloroquine

5. Typeof
No. erythrocyles

ApH

Conc. of chioraquine { x 16-*M)

Parasitacmia

Number of parasites per 1900 RBCs

100 Rings Early trophs. Lale trophs.  Schizonts Total

1] 125 2.5 5.0
1. Normal 0.155 _— —_ — 0150 — - — —
Infected (S) 0220 - — 0160 0155 5 21 — 6 42
2. Normal 0135 — — — 9130 — — — — —
Infected (R) 0280 — G285 0.260 0.250 5 8 -— 8 3
3. Normal 0125 — —  — 0125 - -— — — —
Infected {S) 0360 — 0.230 0.155 0130 2 13 7 0 61
4. Normal 0125 — — — — — — — — —
Infected (3) 0260 — 0170 — — 6 36 15 3 60
[afecied (R) 0320 — 0330 6.320 0.260 4 3 13 4 52
5. Normail o — — — — - — — _ _
Infected (S) 0.580 0.50% 0.510 0415 0.325 2 13 68 1 84
6. Narmal 0120 -— —_ — — — —_— —_ — —
Infected (S) 0250 — 90235 0220 0225 0 5 12 2 18
Infecied (R) 0190 — 0.185 0.19¢ 0.180 4 i3 3 20
7. Normal 0130 — - — - — — — — —
Infected ($) 0285 — 0260 0.230 0215 0 20 14 3 37

Notes: [. ApH per 3 hours incubation are given in the table (average of two samples).
2. Mo expt, No. 1 and 2 the total number of trophozoites {(early and late) are shown together.
3. '8 stands for susceptible and ‘R’ stands [or resistant strains of P. falciparum.

and asynchronized population of P. berghei
(Grinberg, 1982). '

The above data supports the idea that the
measurcment of pH can be used for the de-
termination of glycolytic rate in intraerythro-
cytic malaria parasites. It has been sllown that
lactic acid is the principal source of H * excreted
inte the medium by the infected erythrocyles
under given in vifre conditions (Grinberg, 1982).
Tt was also shown that the change in pH in the
range 7.4 to 6.9 is proportional to the quantity of
lactic acid produced by those cells. Therefore, the
ApH per unit time can be used as the criterion for
measuring the glycolytic rate in the parasite. The
additional justification of this approach comes

from the fact that the activities of phosphofruc-
tokinases of P. berghei and P. knowlesi do not
depend upon the pH in this range (Sander et al,,
19824, b). Hence the glycolysis in the parasites is
maintained at a constant level under the con-
ditions of low pH in a certain range.

The data in Table | shows that lactic acid
production is inhibited in the presence of chlo-
roquine in culture containing parasttes while this
is not so with the normal erythrocytes,

Tnequation 1, the denominator shows the contri-
bution of parasitized erythrocytes into the total
amount of lactic acid produced by the culture
cells, i.e., the rate of glycolysis in the parasites.



52 INDIAN | MALARIOL., VOL. 23, JUNE 1986

<]
o
el

<3}
o
1

INHIBITION

o
o)
i
<

- 1 2 1 -
ok B T ///f
O !
0 i
o4 .
L L J | - L
0 25 &0 75 10.0

CHLOROQUINE CONCENTRATION ( xiG° M)

Fig. !; Iohibiion of P. gafeiparon ghycolysis m the presence of chlorogquing:

I chloroguine susceptibie strasn:
2. chloroguine resistant sirain,

The numerator in equation 1 shows the decrease
m the rate of parasite glycolysis due to chlo-
roguine. The inlubition coefficients (1} were
calculated according 10 equation 1 for each
voncentration of chisroguine.

Fig. 1 shows the dependence of the inhibitory
offect on the concentration of chloroquine. The
puoints represent the mean values of the replicates
shown in Table 1. Under given concentration of
the drup. the degrec of the inhibition of the
alycolysis was significamtly lower in the case of
chioroguine resistantstrain of P, falciparim. The
graphs shown in Fig. 1 are similar (o that in case
of P. berghei (Nooshtaev er al. 1982).

As van be seen lrom Table 1. there were vari-
ations in the ratio of the different stages of the
parasites in the replicates. This might be re-
sponsible for the variations in first values in
replicates because sensitivity of the malaria para-

sites Lo chloroguine depends on the age of the
parasites {(Polet and Barr, 1968; Yayon et af,
1983). To elucidate whether that was so in
present experiments, regression analysis of the
experimental data was carried out with the help
of a computer. :

Regression analysis using the data shown in
Table 1 {right) and Fig. | (curve 1) showed that
the value of inhibition coefficient T and per-
centage of rings were linearly correlatied. The
relationship is significant {correlation coef. 0.99;
regression coef. 1,76). No correlation could be
found between I and percentages of the other age
forms of the parasites.

These resuits indicate that the younger stages of
P. falciparum are more sensitive to chloroquine
than other stages under given conditions. This
agrees with the data obtained in the Martsin-
ovsky Institute with P. berghei. However, Yayon



GRINBERG e of - DETECTION OF RESISTANCLE

ef ol (1983) found that glycolysis of P falei-
parum was inhibited in the presence of chlo-
roquine in cultures containing mostly the mature
trophozoites. For arriving ai the final conclusion
11 is necessary to obtain reproducible resutts with
strictly synchronous population of the parasites.

It has been seen from the results of the present
experiments that il is possible to carry out this
glycolysis inhibition test even with blood con-
taining 2 fo 3%, parasites. But one must keep in
mind that patients suffering from P. falciparum
malaria mostly show only the rings and early
trophozoites in 1he peripheral circulation. Work
is mow in progress o find out whether this
method can detect the glycolysis of the rings
which is but stightly higher than that of unin-
tected RBCs. Based an the presented data it is
quite reasonable 10 carry out this test in parailel
with WHO in vitre test for determination of
chloroquine resistance in P. falciparum. This will
show the relative diagnostic value of this test in
the determination of chloroquine resistance in
patients. '
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Incrimination of Anopheles culicifacies as Vector of Malaria

in Orissa

BN_NAGPAL' and V.P. SHARMA?

Orissa stale is located on the east coast of India,
kounded in the north by Bihar, in the west by
Madhya Pradesh, in the northeast by West
Bengal and in the south by Andhra Pradesh.
Topographically Orissa is divided into threc
main regions viz.. (1) hill districts (Koraput,
Kalahandi, Phulbani and Balangir); (2) plains
districts {Sambalpur, Sundergarh, Keonjhar,
Dhenkanal and Mayurbhanj); and {3) coastal
districts (Ganjam, Puri, Cuttack and Balasore).

The state is endemic for malaria with high .

incidence of P. falciparum. During 1984 there
were 283927 malaria cases of which 226279
{79.69%) were P. falciparum. Although P. mu-
larige is also Tound, but its distribution is local-
ized in certain tribal arcas and the proportion of
P. malarive is low (about 2 1o 5%). It is noic-
worthy (o mention that about 359 of all new
falciparum malaria cases come from Orissa alone
i.e..in 1984 there were 655453 P, fulciparum cases
in India and of these Orissa contributed 226279
cases {(G.K_. Sharma, NMEP., Personal com-
munication). Qur preliminary studies showed
that the mosquito fauna of Orissa is rich and the
role of different anopheline veciors of malaria
gince resurgence is not known. Therefore, during
our surveys from 1982—1985 to study mosquitoes

Accepred for publication: 2 May 1986,
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of Orissa, we also dissected mosquitoes for the
gut and gland infection. Resulis of this study are
reported in this paper.

Early account by DPerry {1914) on vector in-
crimination showed that in Koraput district
(Jeypore hills) A. listoni (A. fluviatilis) was an
important vector and A. maculatus played a
secondary role in malaria transmission. Watts
(1924) recorded one gland positive specimen of
A. annularis from Singhbhum hills. Senior White
(1937a, 1938) conducied studics in Jeypore hills
and concluded that the members of- lluviatilis
group (A. fheviarilis, A. aninimus, A. varung and A.
aconitus) were the only vectors of maldria.
However, they also found five specimens of 4.
culicifacies and lour of A. jepporiensis with
oocyst in their guts. Senior White and Das (1938)
again incriminated fluviatilis group as a vector of
malaria in Singhbhum hills and stated that 4.
culicifacies and A jeyporiensis played no part in
malaria transmission. There is no earlier record
of vector incrimination from the five districts in
plains, but recently Dash ez al, {1982) incrimi-
nated A. gnnularis from Keonjhar and considered
thistobe the main veclorof'malariafromthisarea.

Incoastal districts, Sarathy (1932) was the first to
incriminate 4. ammdaris as the vector of malaria.
Sentor White (19371 discovered 4. sundaicus in
Puri district and laler Senior White and Adhikar
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(1939} incriminated A sundaicus and considered
it to be the primary vector of malaria. This
finding was further supported by Covell and
Singh (1942) and Panigrahi (1942). In 1943
Senior White and co-workers concluded that 4.
sundaicys was the primary vector and A. an-
nularis was playing secondary role in malaria
transmission in coastal region of Orissa. They
also found gut positive specimens of 4. culici-
Jfacies, A. pallidus and A. ramsayi 1t is note-
worthy to mention that in the recent surveys
reported by Nagpal and Sharma (1983) no speci-
men of A. sundaicus was found from coastal
Orissa suggesting that it has been vproeled as
vector of malaria from this region. Summarizing
the earlier findings of the malaria vectors of
Orissa, the Manual of the Malaria Eradication
Operation (1960) states that “although 12 species
of Anopheles are commonly found in this area,
onty A fluviatilis, A. varuna and A. minimus play
a part in transmission in the order mentioned. 4,
culicifacies which transmits malaria in the farger
part of India does not seem to have any role in
transmission in this area though the species is not
absent.”

We had undertaken an extensive mosquito fanna
survey in the entire state of Orissa from De-
cember 1984 to March 1985, which was in
addition 1o the coastal district villages surveyed

in June-August, 1982. During this survey a (otal
of 3148 anophelinc mosquitoes belonging to four
species viz., A. annularis, A. culicifacies. A.
Sfluviatilis and A. jeyporiensis were callected from
hill, plain and coastal villages and dissected for
natural gut and gland infection. In hill districis a
total of 956 anophcelines were dissected i.e., 432
A. culicifacies, 26 A. annularis, 371 A. jeyporiensis
and 77 A. fluviatilis. In the plains districts a total
of 1156 anophelines belonging to three specics
viz., 785 A. culicifacies, 368 A. annularis and 3 A.
Sfluviatilis were dissected. From the coastal dis-
tricts 619 specimens of A. culicifacies and 417 A.
annularis were dissected.

Results of the number of 4. culicifacies dissected
in each habitat and the numbers found positive
for gt or gland infection are given in Table 1.
Dissection results revealed that only A, culici-
facics, and no other mosquito was found positive
for the gut or gland infection. The incrimination
of A. culicifucics in villages in the hills, plains and
coastal areas, and in an urban area establishes
the role of A. eulicifacies in the transmission of
malaria in Orissa.

The problem of A. culicifacies control is being
complicated inrer alia due to widespread DXDT
resistance. The appearance of chloroquine re-
sistant P. falciparum strains (Guhaer af , 1979118

Table 1. Resuits of vector incrirnination studies in Orissa

Tatal

Districts Habiia Date of A culicifacies Gut Gland
dissection disseeted -y e
Ganjam Gopalpur urban 67.7-82 35 ! ] 1
Golenthra viltage n3-7-82 65 1 0 1
Cuttack Phulnoknara villapge 25-7-82 71 1 0 1
Phutbani Godipada village 08-1-85 69 ] ] !
Balangir Sagarpalli village 15-1-85 12 ] 1 |
Sambalpur Maneswar village 29.1-85 127 0 | 1
Curttack Ayodhyapur village 01-3-85 64 0 1 )
Biribati village 02-3-8% 99 o 1 1
Pingapada village 03-3-85 73 1 qa |
Total 677 4 5 g
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adding a new dimension 1o the already vom-
plicated situation of malaria in this state. It
would be interesting to study the bionomics of
the 4. ewlicificies sibling species complex in
representative areas of the state and integrate
this knowledge with improved and intensified
mialaria control measures.

Earlier studies have shown that 4. fluviatiiis, A.
minimus, A varuna and A, aeonitys were trans-
mitting malarta in the hill districts, 4. annularis
i the plains and 4. sunduicus was the sole vector
on the coast. although A amnularis was also
playing a secondary role in the arca around Purt.
But recent swudies have shown that A, culici-
fucies. which was not considered a vector of
malaria in Orissa before the launching of malaria
eradication was found 1o transmit malaria in all
ihe three terrains gnd also in urban areas, The
rode of other vectors of malaria such as 4
anamdpris and A, fluviarifis could not be estab-
lished as onty a small number of mosqunoes were
dissected. 1t is however likely that these vectors
may be adding to the transmission along with 4.
crlicifacies. Further studics are needed to cluei-
date the role of other veclors along with A
cuficifucivs in the transmission of malaria in
different geographical regions of Orissa,
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Comparative Effectiveness of Different Anabolic and Sex
Steroids on the Development of Arnopheles stephensi

V. SITAY, 55. THAKUR?®, B. KISHEN RAO! and D. RAGHUNATHA RAO'

Demands created by environmental awareness
and complete insecticidal resistance in some
mosquito species, encouraged the use of insect
growth regulators (IGRs), as important means
of pest control. Even though varying groups of
compounds have been tested as IGRs with
different degree of success (Lewallen, 1964; Spiel-
man and Williams, 1966; Diekman, 1972; Marx,
1973, Anonymous, 1974; Patterson, 1974;
Busvine er al, 1976), one of the group of
compounds which has been least exploited is that
of vertebrate steroids. The present study deals
with the screening of certain steroids both ana-
bolic and vertebrate scx steroids., for the growth
regulating activity on Anopheles stephensi

A. stephensi was reared under controlled con-
ditions of temperature 27 1 1°C and relative hu-
midity 70 - 5% and photoperiod 12:12 hr. The
larvae were raised in large white enamel troughs
containing water. Fish food was provided every
slternate day. The developing pupae were trans-
ferred into beakers placed in mosquito-net
cloth cages (50 x 50 » 100cm) in which adult
emergence occurred. The adults were fed on 107,
glucose for the first two days after emergence,

Accepred for publicarion: 20 May 1986.
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thereafter guinea pig was provided for the blood
meal required by the adult females. The life cycle
completed in 12-15 days. The steroids used were
Nandralone phenyl propionate (Durabolin-
organon); hydroxy progesterone; pregnenoone
and pregnenolone acctate (CSIR Centre for
Biochemicals). The biological activity was as-
sayed on the freshly moulted last instar larvae.
Varying doses of the compound dissolved in
acetone were mixed in 50mi of water to make
different concentrations. Various concentrations
tested were 500,250, 125,62.5,31.25 and 16 ppm.
Twenty larvae were released in each beaker of
250ml. Same quantity of the solvent was mixed
in water for paralle] controls.

Qbservations were recorded concerning the mor-
tality, ecdysis and different morphogenetic cha-
nges. The mating behaviour and oviposition
were also observed in the resulting forms. Scor-
ing for the IGR activity was related to the
morphogenetic deformities at the next moult,

and is as follows:

(a) Normal pupae 0
(b) Pharate pupae with different degrees

of adull development 1
{c)} Pupae with larval exuvium 2

(d) Larvae with different degrees of mel-
anisation and total arrest of develop-
ment 3
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The percentage IGR activity for each compound
was calculated according to Bransby-Williams
(1971).

P{a.]) +(h.2) +{.3)
NX *
Where P perceriage of activity
a.b.c = number of insects in each cat-
cgory
1,2,3 =scoring alfotted
N =total number of insects treated
X == maximurm score given

100

The IGR acuwvity data thus obtained was then
subjected to probit analysis to calculate the 1D 50
values.

Avtivity of the steraids: The descending order of
activity for various steroids depending on their
1350 values with their fiducial limits calcuiated
siatistically is piven in Table 1.

Nandralone phenyl propionate is highly active in
almost all concentrations tested. Higher con-
centrations induced 989 activity while lower
concentrations induced 62% activity. Pregnen-
olone acetate is the least effective steroid when
compared to other steroids tested. Higher con-
ventrations induced 25% activity while lower
concentrations induced 129 activity,

Amongst the treated larvae most of them did not
undergo any moulting but showed prolongation
of larval life for a period of 10-14 days at higher

concentrations. Total arrest of development wus
observed in all such forms. In a few others,
varying degrees of larval melanisation was no-
ticed depending on the nature and concentration
of the steroids used. However, blackening of the
larva! body was neticed with smali amounts of
jow concentrations within a few minutes after the
treatment. which resulied in total mortality. A
smaller percentage of the larvae turred into
larval pupal intermediates with heads bearing
larval mouthparts and the abdomen with pad-
dles at the abdominal extremity as in pupac. In
certain cases, the larval exuvium could not be
shed off completely and the pupae were seen with
attached exuviae. Total mortality was observed
during cclosion in all such forms. The pupae
which appeared to be normal but had no adult
emergence were the pharate pupae. However,
some adults showed partial emergence. The
exuviae remained attached to such adulis and
most of them died in the process. The success-
fully emerging aduits which were very few, were
either normal looking or with bloated abdomens.
The latter were inactive, conld not take to flight
and were found dead on the surface of the water.

In our present investigations, we have abserved
the formation of intermediate forms, arrest of
development and inhibition of eclosion which
are considered 10 be typical 1GR effects. The
above resulls are in conformity with the results
obtained in different species of mosquitoes by
using different juvenile hormone mimics {Spiel-
man and SkafT, 1964; Patterson, 1974; Busvinc et
al, 1976). The fact that an ecdysone analog

Table 1. Steroid activity

Fiducial limits

8. Compound D30

No.

1. Nandralonc phenyl propionate 0.00196 ug 0.60151-0.0019% g
2. Hydroxy progesterone 06104 ug 0.0071-0.0179 sz
1 Pregnenclane 00106 ug 00162 08113 ug
4. Pregnenolons acetale 0.10636 ug D.10635--0.10662 pg
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would inhihit larval development is not surpris-
ing in view of what is known about the hormonal
control of metamorphosis. Mulder and Gijswijt
(1973) showed that ecdysterone like compounds
inlerfere with cuticle formation in insect larvace
during the process of ccdysis. Nevertheless the
extreme range in the sensitivity displayed by 4.
stephensi 1o vanous sternids used 1s quite sirtk-
ing.
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Impact of Malathion Thermal Fogging on Mosquito Populations in
Delhi and its place in Malaria Control

V.. SHARMA?Y, G K, SHARMAZ M.A, ANSARD, P.K. MITTAL!, R.K. RAZDAN"

and C.P. BATRA? .

In india malathion thermal fogging was in-
troduced in late 19705 as an emerpency measure
to contrel Japancse encephalitis (JE) epidemics
that broke oul in several paris of the country.
Thermal fogping machines of various makes
were imported by the National Malaria Erad-
wation Programme (NMEP) and supplied to the
state governments to control JE epidemics. Since
JE epidemics are unpredictable and infrequent in
oceurrence. the fogging machines were idle most
of the time. These machines graduvally found
applicatron in the urban malaria scheme (UMS)
of the NMEP (Pattanayak eraf , 1981). although
UMS strategy never envisaged the use of mal-
athion [ogging as a routine measure, Instead, the
recommended procedure of malaria control in
urban arcas is mainty by anti-larval methods and
chemotherapy. Pyrethrum space spraying inside
# positive house. and in about 50 houses in the
vicinity of a positive case is recommended to
prevent further spread of the foci of infection.

Since the introduction of malathion fogping in
some urban arcas as a routine operation, it is
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thought to be an important method of mosquito
control and also a means to eliminate malaria, by
some scctions of the society, At present 200
fogging machines (41 TIFA, 23 TIGA, 22
LECO, 100 VAN FOG and 14 UNI FOG) are in
operation in differcnt states of the country. The
demand for more fogging machines from local
bodies {(municipalities/corporations and even the
industrial townships etc.) is increasing as the
visual impact of fogging is quite impressive. The
UMS under the NMEP is funclioning at present
in 122 towns of the country. In additton to this
there are a large number of urban arecas with
moderate to kigh mosquito nuisance requiring
some measure of control. which prefer to adopt
fogging because of the visual impact. In view of
this sitvation, it was considered important to
evaluate the usefulness of malathion fogging as a
means ta control maosquito populations and
reduce malaria transmission. Results of this
study are reporled in this paper.

Mosquito larvae were collected from their breed-
ing sites in Delhi colonies and also from villages
of Ghaziabad district (UP). The immatures were
brought to the laboratory and held at room
temperature until adult emergence. Adult mos-
quitoes of both sexes were given 1% glucose
solution an cotton pads for 24-36 hours. A
cylindrical cage (12em long and 8cm in dia-
meter) made of 20 mesh galvanized wire screen
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Table i. Tmpact of fopging on mosquito populations in Delhi colonies

Date Locality Mosquito species Nos. Na. of Corrected

tesred capes martality (%}

28.85 Ram Magar Exi., Culex quinguefasciarus M0 20 57.5
Anarkali Rd, Rashid Mkr. A subpicius 100 513

71885 R.K. Poram, Crlex guinguefasciutug 180 25 212
Sec. tand 4 A, subpictus 195 15.2

8885 NCERT, Culex quinguefasciatus 255 20 4.3
Kaiwaria, Saket A subpittus 45 4.8

3.8.85 R.K. Puram, Culex quinguefasciatus 150 20 2.6
Sec. 5.6, 8,9 and 13 A subpictus 90 14.3

A. stephensi 30 0.0

A culicifacies 30 233

{0885 Vasani Vihar Culex quinguefasciatus 60} 20 0.0
A. srephensi 240 20.4

13.8.85 Malviya Nagar Culex quinquefasciatus 0 1 0.0
A. stephensi 105 6.0

14885 Gueta Colony Culex quinguefascitius 60 2 150
A. cubicifacies 30 ¢.0

A. stephensi 240 53
26.8.85 Tughlakabad A stephensi 150 14 0.66
A aulicifacies 60 6.6

28.8.85 Mcehrauli A. stephensi 135 5 4.4
A culicifacies 135 10.3

298 85 Mehrauh A, stephens 15¢ 17 4313
A. culicifacies 105 323

30.8.85 Lado Sarai, A. stephensi 20 12 44
DDA Flats and Sakel A culicifacics 90 ) N

3885 Pushp Vihar A. stephensi 150 2% i3
A. eulicifacies 150 33

Table 2. Impact of fogging on different mosquito specles in Delki

Nos. 1ested Percentage
correcied mortality
after 24 hours

Mosquite Speciss

stephensi 1290 i0.33

1. 4

2. A culirifucies &00 9.66
3 4 subpictus 430 22.98
4.

Cx. quinguefascinins 955 8.61

was used for holding the mosquitoes for bio-  transferred to the cages using 2 suction fube.
assays. Adult mosquiloes were identified and  Each cage carried a maximum of 25 adult
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mosquitoes of both sexes. Moesquitoes were
transferred to the field in cylindrical cages. well
protected and covered with a wet towel. They
were taken out at 1630 hours and. placed at
different sites by 1800 hours. A control batch was
held ai teast 50-60 metres away from the fogging
area, Capes were placed at a distance of 3 to 20
metres and also at different heighisi.e., at ground
level and second and third foors of the houses.
Ali cages were coliccted | hour after fogping and
transported to the laboratory and maintained a1
28 1 1°C and 70% RH. Mosquitoes were held in
the same cage and given 1%/ glucose solution on
cotton pads. Mortality of the mosquitoes was
recorded after a lapse of 24 hours.

Results of bicassay tests are given in Table 1.
Mortality of the mosquitoes exposed to the fog
was very low and varied from 0 to 58%. The
mortality in controls was 0 to 5%, and rarely t
was 10%. In areas (hat were highly congested and
a good fogping was done as on 2nd and 29th
August 1985, fogging killed 507 of the caged
maosquitoes. In other localities where the mos-
quitoes were held at distances beyond 5 metres or
on second or third floors. the mortality was very
poor and al times negligible. Results of species-
wise mortality are given in Table 2. The mortality
of malaria vectors i.e.. Anopheles culicifacies and
A stephensi was lowest (about 109} and Cwlex
quinguefasciatus and Anapheles subpictus about
20%. Tt was therefore concluded that fogging as
practised by the New Dethi Municipal Corpo-
ration was nol producing desirable mortality of
malaria vectors and other mosquito species.

Results of a parallel study carried out by the
Municipal Corporation of Bombay revealed that

% malathion thermal fog killed less than 107,
mosquitoes on the ground floor and there was no
mortality atl the upper floors in Cx. ‘quinquefas-
ciatus mosquitoes held in cages (P.B. Deo-
bhankar, personal communication). The recom-
mended procedure is that fogging machines
should be operated at an output of 45 litres per
nour to produce a dry fog with the vehicle
moving at a speed of 8 kms or Smiles per hour.

The air temperature should be 18°C (65°F).
Malathion 96% insecticide is used in diesef oil
and a 5% malathion (w/v) fog is generated by
constantly stirring the storage tank containing
malathion and diesel oil mixture. The machine
should be so adjusted as to give a maximum of 12
micron particle size. In order o achieve desirable
resubls. thermal fogging should he carried out on
weekly basis. The fogging should be done either
in early morning or in the evening when wind
velocity is low i.e.. about 6kms or 4 miles per
hour, If fogging is carried out as per the above
methods. it would kill adult mosquitoes in areas
where the fog was suspended for at feast 10-35
minutes, But in practice the preseribed pro-
cedures are rarely followed and fogging is carried
out at 4 to 6 weeks or at even longer infervals,
more as a goodwill rather than mosquito control
measure,

The fog also does not penetrate the structures as
people have the tendency to close doors, win-
dows. etc., instead of lecaving them open. As a
result thermal fogging has very hittle value, il any.
in the control of mosquitoes and malaria. It may
be noted that thermal fogging costs are high i.e.,
about Rs. 1000 per hour covering about
5kms x 100 meires arca. Weekly fogging as a
means to control mosquitoes would be a very
expensive proposition and fogging at prolonged
intervals would serve no uscful purpose. Under
the circumstances it is advisable to stop thermal
fogging under the UMS. Instead, the concerned
local bodies should depend on the recommended
methods of anti-larval operations. There is need
of adequate supervision under which all mos-
quito breeding places are identified. recorded
and treated every week with suitable Jarvicides,
The case detection and chemotherapeutic mea-
sures should also be strengthened.
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