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The Human Blood Index of Malaria Vectors
in Relation to Epidemiological Assessment

C. GARRETT-JONES '

The human blood index, or estimated proportion of the blood meals of a mosquito
population obtained from man, is provisionally assessed for certain anophelines from
blood-meal samples collected during the period 1959-62 and subjected to precipitin testing
at the Lister Institute. In malaria eradication programmes this index is relevant to epidemio-
logical assessment and to the modification of measures to interrupt transmission, since a
mosquito's vectorial capacity and the malaria reproduction rate both vary as the square of
the human blood index.

There are serious difficulties in achieving representative sampling for this index and in
interpreting the index obtained. These are discussed in some detail. In practice, the human
blood index is often best estimated by applying the unweighted mean of a part-sample
collectedfrom human dwellings and one from other types of resting-place.

Applying this calculation to the samples under review, it appears that DDT exerts a
moderate, and dieldrin a more pronounced, impact on the human blood index ofAnopheles
gambiae and A. funestus; such an effect, indeed, may be general in house-visiting
anophelines. Some 18 anopheline species are tentatively graded as having low, medium
or high natural human blood indices. Regular and careful sampling, combined with
recording of all relevant information, is recommended in view of the epidemiological and
operational importance of the human blood index in assessment of eradication pro-
grammes.

A service was set up in 1955 by the World Health
Organization, in collaboration with the Lister
Institute of Preventive Medicine (Elstree, England),
to analyse samples of the blood meals of anopheline
mosquitos by precipitin testing. The two bodies
presented jointly in 1960 the results gathered up to
mid-1959; in the present text that paper is referred
to as "the 1960 review ". The additional data
collected by the joint service up to September 1962
are summarized here. The mode of presentation is
somewhat different, however, the emphasis being on
differences in the results from unsprayed and sprayed
areas and on their epidemiological significance.

All the samples of 1959-62 were analysed by
Dr B. Weitz and his staff at the Lister Institute, using
the refined technique developed and described by
Weitz (1956). While the present paper was in prepa-
ration the author benefited by their technical

l Entomologist, Epidemiological Assessment, Division of
Malaria Eradication, World Health Organization, Geneva,
Switzerland.

advice; he also acknowledges the Institute's gene-
rosity in allowing so many of their precipitin-test
results to appear in this paper.

It is necessary to define certain terms as used in
this paper. The " human blood index " (earlier
synonyms: " anthropophilic index ", " human blood
ratio ") is the most important; it represents " the
proportion of freshly fed anopheles found to contain
human blood" (World Health Organization, 1963).
It is assumed here that the human blood index should
refer to a representative sample of a single species,
collected in a stated area and period. As will appear,
it was seldom possible to satisfy this last condition
with regard to the data now under review. The
problems of obtaining a representative sample are
discussed in the following section.
The totality of specimens of one species living in

and around a designated locality, such as a village,
at a given time constitutes a "-population " of that
species; a broader use of the term " anopheles
population" is avoided here, since entomological
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measurements usually lose most of their value if
recorded without distinction of species.
The "man-biting habit" of the mosquito,

expressed as the mean frequency with which the
individual female mosquito bites man, is com-
pounded of the frequency of feeding and the human
blood index. The man-biting habit is, in turn, a
component of the " man-biting rate ", or average
number of bites per person per day received from the
species. This rate is an expression also of the density
of the mosquito relative to that of man; indeed, it
provides the only measure of density that need be
made for most practical purposes in malaria eradica-
tion.' It is essential to distinguish between these
concepts, interrelated as they are and expressed by
rather similar terms. The manner in which the
man-biting habit and the man-biting rate may be
compounded in epidemiological assessment is ex-
plained in a later section of this paper. What should
be noted here is the fact that the human blood index
-the main subject of this study-forms a component
of both values.
The importance of the man-biting rate (and, by

implication, of the human blood index also) in
epidemiological assessment is suggested in the ninth
report of the WHO Expert Committee on Malaria
(1962; p. 25): " Entomology forms an integral part of
epidemiological intelligence in all phases. It is
erroneous to consider entomological evaluation as
separate from epidemiological assessment, since the
one is part of the other." In relation to sprayed areas
the Committee stated (p. 28):

" The entomological criteria appropriate for
assessing progress towards the interruption of
transmission are not the over-all reduction of the
vector's density but rather the elimination or re-
duction of its contact with man and the shortening
of the expectation of life of any vectors still found
biting man. The entomological contribution to
assessment should, therefore, comprise evidence of
the actual incidence of contact between man and the
vector mosquito."

PROBLEMS OF SAMPLING

FOR THE HUMAN BLOOD INDEX

No reliable measurement of the human blood
index can be made unless care is taken to obtain an
unbiased sample, together with information for

1 Following Macdonald (1957), the man-biting rate may
be denoted by ma, where m = density relative to man and
a = man-biting habit.

interpreting the index correctly once the blood meals
have been analysed. The difficulties of sampling,
especially in sprayed areas, have not been fully
appreciated. It is in these areas that the human blood
index of anophelines assumes particular importance
by reason of its bearing on the malaria reproduction
rate (see below: The Human Blood Index in Epi-
demiological Assessment).
The human blood index is a measure of one aspect

of the feeding pattern of a mosquito population-
namely, the relative frequency of its contact with
human hosts. Its direct observation would consist of
counts of mosquitos seen to bite the different avail-
able hosts in a given time, followed by correction of
the results according to the relative prevalence ofeach
host in the locality. No analysis of the blood meals
would be necessary. Unfortunately this approach is
precluded by the impossibility of observing all the
mosquitos coming to bite an animal, even where the
host is domesticated. Thus it is necessary to resort
to an indirect method, involving the collection of
samples of blood-fed females at rest and the analysis
of the source of the blood.

It is evident that the reliability of such a method
must depend on a study of the distribution, in diverse
resting-places, of the blood-fed females at the time
of collection. It is not enough to know their density
"per bedroom " or " per cattle-shed ": the pro-
portion of each available type of resting-place must
also be ascertained by means of some form of geo-
graphical reconnaissance. Both these data have
received only scant attention as yet in studies of the
human blood index.

Resting mosquitos may be collected by day or by
night, but sampling for the human blood index has
usually been done by day. Without discounting the
advantages of this method, attention is drawn to two
sources of bias that are often overlooked.

In the first place, blood-fed mosquitos have a
variable tendency to redistribute themselves in the
interval between feeding and daybreak. If they
habitually remained in the place of feeding, or if, on
the other hand, they moved from place to place so
freely as to produce a random day-time distribution,
unbiased sampling would be a relatively simple mat-
ter. But what in fact happens is something between
the two extremes: a partial (and often imponderable)
redistribution, as illustrated in Table 1. The examples
in the table refer to the period before the discovery
of residual insecticides. Among samples of anophe-
lines collected in human habitations, the proportion
found to contain human blood ranged from 15.8%
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PERCENTAGES OF PRE-1939
TABLE I

BLOOD-MEAL SAMPLES FROM VARIOUS RESTING-PLACES FOUND TO CONTAIN
HUMAN BLOOD a

Captured in houses Captured in otherresting-places b

Anopheles species Place Author Percentage Percentage
Number containing Number containing
tested human tested human

blood blood

algeriensis Greece Barber & Rice (1935) 703 15.8 2 164 0.2

crucians Georgia (USA) Darling (1925) 3 67 233 0.4

maculipennis (? messeae) Italy Piccininni (1933) 172 37 721 1.0

maculipennis (messeae +
" typicus ") Greece Barber & Rice (1935) 1 798 21.2 4 607 0.5

pharoensis Egypt Barber & Rice (1937) 636 97.5 37 11

puncUpennis N. Carolina
(USA) (1927) Boyd (1949) 5 80 218 8.3

quadrimaculatus Louisiana (USA) King & Bull (1923) 1 455 38.4 5 898 2.1

quadrimaculatus Georgia Darling (1925) 91 94 181 5

quadrimaculatus N. Carolina (1927) Boyd (1949) 25 36 296 17.9

sacharovi Cyprus Barber (1936) 133 89 17 35

sacharovi Greece Barber & Rice (1935) 3 980 61.3 2 855 7.5

sinensis Shanghai Toumanoff & Hu (1935) 172 95 721 1.0

superpictus Cyprus Barber (1936) 133 23 182 15

superpictus Greece Barber & Rice (1935) 111 30 1 611 1.6

___~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
a After Boyd (1949), pp. 662-665. For estimates of human blood index from these samples, see Annex.
b In A. crucians, A. punctipennis and A. quadrimaculatus these captures were in " various other shelters ".

species they were in " stables ", which presumably would include cattle-sheds.
In the remaining

to 97.5 %, whereas the range in samples of the same
populations found in animal sheds was 0.2 %-35 %.
The difference between the two samples from any
one population is significant at the 5% level in all
instances except that of A. superpictus in Cyprus.

Secondly, if a large proportion of the females
feeding in a particular type of shelter die before
morning, they will be lost from the day-time sample
(unless some device is used for including them). In
these conditions, where some feeding females are
exposed to a much greater hazard than others, the
day-time resting population is no longer represen-
tative of the night-time feeding population. This is
precisely the situation in many areas where residual
insecticide is present, causing heavy mortality among
the mosquitos that feed indoors. The unrecognized
omission of the dead or dying females from samples
obtained in sprayed areas may explain apparent
changes observed in the human blood index-

changes to be discussed when the results of the
1959-62 sampling are considered.
Bias from the first of these factors may perhaps be

avoided if the relative number of the various types
of day-time resting-places favoured by the species is
assessed beforehand, if representative capture sta-
tions are chosen, and if the relative density of blood-
fed females in each type is studied and recorded.
The observed proportion of blood meals of human
origin in the sample will require correction accord-
ing to the females' day-time distribution.

Elimination of the second source of bias is more
difficult. When the buildings of an area are sprayed
it is usually recorded that all day-time resting
mosquitos have disappeared from them and speci-
mens can be found only outdoors. These would
represent the feeding population well enough if it
were known that the insecticide did not kill mosqui-
tos but merely drove them out after feeding, or else
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prevented them from feeding indoors at all. But
DDT1 and other insecticides are applied with the
primary object of killing mosquitos, and there is
every reason to think that, normally, females con-
tinue to enter buildings and feed there, many of them
acquiring a lethal dose during the visit. The females
that die must somehow be given due weight in the
sample taken for precipitin analysis, otherwise the
basis of day-time sampling will be destroyed. Pos-
sibly the difficulty might be met by including trapped
and knocked-down mosquitos, or even (for bed-
rooms) by counting and recording the number that
bite the occupants during the night. These devices
have not been tried, however, in connexion with the
human blood index; and the problem of differential
mortality under the influence of residual insecticide
is one that must be considered unsolved as yet.
A somewhat unusual method of day-time samp-

ling was applied in Romania by Ciuca et al. (1951).
In unsprayed, and again in DDT-sprayed, villages
they organized " complete" collections of resting
A. maculipennis females in a selected sector of each
village. The search covered the houses, cattle-sheds
and cellars (Ungureanu, personal communication).
The samples, considered to be representative of the
mosquito populations under study, served for an
estimate of the reduction of the human blood index
under the impact of DDT (see the results referred to
later in this paper). In most tropical areas it is
hardly feasible to attempt the collection of all the
blood-fed females resting in the bush, nor does
the method adopted in Romania take into account
the mortality of blood-fed females following contact
with the DDT.

In the light of the problems of day-time sampling,
more consideration might well be given in future to
the collection of samples by night, before the blood-
fed mosquitos have had time to quit their feeding-
places. Some of the conditions for sound sampling
by this method are the same as for day-time samp-
ling: a prior survey of the proportion of various types
of resting-place available (and of the possible hosts
in each), selection of representative capture stations,
and so on. In addition it would be necessary to
record the numbers of hosts actually present in each
station at collection and to make simultaneous col-
lections in the different types of resting-place over a
fixed period, at a time when the species is known to
be active, in order to gain information as to the rela-
tive number of females biting in each. And again,

' The recommended International Non-proprietary Name
for DDT is " chlorophenothane ".-ED.

in the presence of an irritant substance such as DDT,
it might be necessary to rely on trapping the fed
mosquitos or on observing them as they bite, rather
than trying to collect them during their brief sojourn
on the walls.
Though the method of night-time sampling is not

without its difficulties, it is notably free from the
problems of partial redistribution and of differential
mortality that beset the more familiar practice of
day-time sampling. For this reason it would seem
to merit at least an experimental trial.
A further difficulty encountered in many sprayed

areas is the general dearth of mosquitos, making the
collection of an adequate sample of blood meals a
problem in itself, even in the face of evidence of
continuing malaria transmission. The adoption of
night-time sampling might somewhat ease this dif-
ficulty also. Whichever method is used, it is sug-
gested here that the sample of a population may be
considered sufficient if, in the course of one month,
not less than 50 fresh blood meals are collected
from each of the two main types of resting-place:
(a) human dwellings and (b) outdoor shelters. In
some areas a third (cattle-sheds) must be added,
while in a few places some other special form of
shelter may be common enough to deserve separate
representation in the sample. It is not, of course,
desirable to limit every part-sample (i.e., a month's
collection from a given type of resting-place) to 50
specimens: thus, in a sprayed area where 25 man-
hours of search are needed to produce 50 blood-fed
mosquitos from the houses, a part-sample of several
hundred may perhaps be collected outdoors in the
same amount of working time.

DERIVATION OF THE HUMAN BLOOD INDEX FROM

ANALYSED SAMPLES

The alternative ways of deriving the human blood
index from a sample, after analysis of the blood
meals, may best be compared with the aid of a simple
model. Let it be supposed that the monthly sample
is made up of two part-samples representing different
types of resting-place (e.g., houses and outdoor
shelters) and that the record is as follows:

Site of collection
Type A Type B

No. of resting-places available in
village ..... . . . . . . . 75 25

Blood-meal smears collected (in
equal working time) ..... . 50 200

No. (and proportion) found to
contain human blood ..... 40 (0.8) 20 (0.1)
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From these data it is seen that the density of
blood-fed females in type B resting-places was four
times that in type A, but at the same time (assuming
equal efficiency of collection in the two types) the
ratio of the total numbers resting in them (A: B) was
75x50: 25x200, or 1: 1.33. It follows that the
true human blood index, taking account of all the
data, is to be derived as follows:

(1 x 0.8)+(1.33 x 0.1)
= 0.40

1+1.33

But in the records of samples hitherto collected,
two data-namely, the numbers of available resting-
places of each type and the working time spent on
each type-are almost always missing. In these
circumstances it has been common practice to treat
the crude mean proportion of the whole sample
found to contain human blood as the human blood
index of the mosquito. Applying this method to
the model we get:

40+20
0

50+200
which is an erroneous and misleading result. The
application of the latter method to a long series of
samples can be seen in Table 1 of the 1960 review.

In the method just illustrated the crude mean is
in fact a weighted mean, the weighting being in
favour of the type of resting-place from which the
largest part-sample was collected. However, as an
alternative it is possible, even without information
on the proportions of the various types of resting-
place and the working time spent in them, to apply
the unweighted arithmetic mean of the proportions
containing human blood in the respective part-
samples, viz.:

0.8+0.1 0.45
2

In this instance the result so obtained, though still an
approximation, is considerably closer to reality than
the crude mean value. To apply the unweighted
mean is to disregard differences in the sizes of the
part-samples and to assume that the blood-fed
females are rather evenly distributed in the different
types of resting-place of the locality. The assumption
may be wide of the mark in some cases, but it is a
reasonable one to make with regard to those
sprayed areas where the part-samples from the
sprayed resting-places are heavily reduced in size by
the number of mosquitos dying soon after feeding.

In order to compare the application of the two
methods to samples collected in the absence of

residual insecticide, the crude and the unweighted
means have been calculated for the samples cited in
Table 1; the results are given in the Annex. They
show, among fourteen pairs of values, two values
exceeding 0.8 and six of 0.1 or less when the crude
mean is applied; but applying the unweighted mean,
no value of more than 0.8 is obtained and only one
of less than 0.1. That is to say, the coefficient of
variation of the apparent human blood index as
between species is reduced when the index is derived
from the unweighted mean. Within species also,
where more than one population was sampled, it is
seen that the ratio of highest to lowest values
derived from the unweighted mean is in each case
less than their ratio when derived from the crude
mean. It seems likely that the unweighted mean
gives a truer approximation of the real index in
most of these populations.
The use of the crude mean has been abandoned in

the present study. Instead, the method of the
unweighted mean is applied to all those anophelines
whose sampling, in the period 1959-62, is considered
to provide an adequate basis for a provisional
estimate of the human blood index. It is empha-
sized, however, that the assessment of the degree of
contact between these mosquitos and man will be
placed on a firm footing only when larger samples
(and part-samples) of a given population are
collected and when the relative numbers of the
different types of resting-place and of the blood-fed
mosquitos within each are measured and recorded.
Only thus can the estimate be related to the dis-
tribution of the population sampled.

GROUPING AND PRESENTATION OF THE RESULTS
FOR 1959-62

The varying success of different field workers in
coping with the sampling problems involved is
reflected in the variable nature of the samples sent
for precipitin analysis. In reviewing the results it was
necessary to discriminate between samples which
could contribute to a realistic assessment of the
human blood index and those which could not. Any
grouping together of findings from samples too small
to stand alone is of necessity a compromise, with
drawbacks that lay it open to criticism. After some
thought the following procedure was adopted:

First, samples not drawn from day-time resting-
places of the mosquitos were excluded. Second, the
results for each species were grouped not by country
or year but according to the spray status of the areas
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of collection (see Tables 2 and 3). This throws into
relief the change that occurs in the pattern of
sampling after spraying-a change that must reflect
the effect produced by the insecticide on the diurnal
distribution of the surviving blood-fed females. At
the same time it means that a single group may
represent samples of many populations of the
mosquito, collected over a period of more than three
years. Because such an important departure from
the strict concept of the human blood index (as
defined above) was found to be unavoidable, the
values computed in this study are to be considered
no more than provisional estimates of the index.
Next it was necessary to group the results within

each sample in some simple way, according to the
types of resting-place where the collections were
made. The punch card in use at WHO Headquarters
(illustrated in the 1960 review) classifies resting-
places into six types: human dwellings, animal
shelters, mixed shelters, vacant shelters, outdoor
shelters, and " other". But for no species would it
be possible to assign weight to batches collected
from all six. Even in A. gambiae and A. funestus
(the species from which by far the largest samples
were taken) one or two of the types are unrepresented,
doubtless for such reasons as the absence of animal
shelters over wide areas of Africa.
The scope of the data suggested the division of each

sample into two part-samples, the first comprising
the blood-meals collected in human dwellings and
the second those found in all other types of resting-
place. In the former, man is presumed to be the host
solely or mainly available, whereas in some of the
latter the mosquito may have had a choice of human
or animal blood. The theoretical basis for this pro-
cedure is the probability that even a small part-
sample collected inside human habitations at rest by
day is likely to represent a substantial proportion of
the total biting population of the previous night.
The practical advantages of the procedure are that
(a) a figure for each part is usually obtained
wherever representative sampling has been seriously
attempted; (b) it supplies a basis for the ready com-
putation of the human blood index by the method
of the unweighted mean explained above; and (c)
it suggests to collectors an attainable minimum
standard of sampling to permit provisional estima-
tion of the human blood index where the true
distribution of the blood-fed population among the
resting-places typical of the area is not yet known.
Under this procedure a provisional index is derived

only when a sample composed of the two parts is

available. A part-sample should properly contain
not less than 50 specimens giving a positive reaction;
here, however, part-samples of as few as 10 specimens
have been accepted, bearing in mind that the distort-
ing effect of very unequal part-samples is counter-
acted by applying the unweighted mean.

It is disappointing to note that the data of a period
exceeding three years permit an estimation of human
blood indices in no more than 26 anopheline species
(Table 2), and further, that even one part-sample
which, whatever its size, does not enable us to
estimate the human blood index-is available for
only a further 29 species (Table 3). A number of
well-known major vectors of malaria have had to be
omitted from both tables for lack of recent sampling.
Some of these gaps in knowledge may be filled in,

so far as unsprayed areas are concerned, by reference
to the figures given in Table 1 and in the Annex.
Values relating to a large number of species were also
given in the 1960 review. However, those estimates,
unlike the ones now presented, were based on crude
means and related to all collection areas without
distinction as to spray status.

THE PATTERN OF THE HUMAN BLOOD INDEX IN THE
A. GAMBIAE AND A. FUNESTUS GROUPS

The impact of residual spraying is most clearly
seen in the figures in Table 2 relating to A. funestus
and A. gambiae, the species from which the largest
samples were collected in the years 1959-62. Leaving
aside the results from areas of unrecorded spray
status, it will be seen that in both A. gambiae and
A. funestus the estimated human blood index is
highest in the unsprayed areas. The presence of
DDT appears to reduce it somewhat, that of dieldrin
causes a more substantial reduction, and HCH,' in
the few African countries where it has been employed
extensively, has been followed by an almost complete
cessation of feeding on man by representatives of
the A. gambiae and A. funestus species-groups. (The
reduction of the human blood index in A. rufipes in
these areas is equally striking.)
The various hypotheses offered2 to explain the

dramatic change of feeding and resting habits in
A. gambiae following the use of HCH in the south

1 HCH is the common name approved by the Inter-
national Organization for Standardization (ISO) for mixed
isomers of 1, 2, 3, 4, 5, 6-hexachlorocyclohexane (also known
as BHC).-ED.

2 Mattingly, P. F. (1963) Some aspects of entomological
problems in malaria in Africa (unpublished working document
WHO/Mal/389).
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TABLE 2
HUMAN BLOOD INDICES ESTIMATED FROM SAMPLES OF BLOOD MEALS OF ANOPHELINES

COLLECTED BETWEEN OCTOBER 1959 AND SEPTEMBER 1962

Aohls Spray status

Asnpecies of area
species) of collection

(1) (2)

Countries

(3)

aconitus Not recorded Indonesia 7 (44)

Unsprayed E. Pakistan; Indonesia 0 (106)

Formerly diel-
drin-sprayed Indonesia 35 (155)

albimanus Under DDT Mexico; Costa Rica 7 (15)

Under dieldrin Ecuador 0 (20)

albitarsis nder dieldinParaguay
albitarsis Under dieldrin Paraguay

annularis Unsprayed E. Pakistan; Indonesia

81 (36)

4 (23)

IPercentage of positive smears Human blood
containing human blood a index (mean

of values in
From human From other cols. (4) and (5)
habitations resting-places -. 100)a

(4) (5) (6)

Remarks

0.7 (302) 0.038 (346)

0.6 (153) 0.003 (259)

11 (9) 0.23 (164)

0.5 (194)

3.2 (400)

i65 (101)
Il

0 (345)

0.038 (209)

0.016 (420)

0.73 (137)

0.02 (368)

barbirostris Under DDT E. Pakistan; Indonesia;
Sarawak 48 (62) 12 (42) 0.3 (104)

claviger Under DDT Turkey 84 (105) >0.84 (105) All collected out-
doors

culicifacies Unsprayed W. Pakistan; India ( (
(Gujarat); Ceylon 32 (226) 0 (25) 0.16 (251) Af

Under DDT W. Pakistan; India ( 0 See comments
(Gujarat) 0 (16) O (506) 0 (522) p. 253

Formerly I
HCH-sprayed W. Pakistan 26 (39) 2 (56) 0.14 (95)

farauti Unsprayed W. Irian; New Guinea;
Solomon Islands 68 (31) 60 (114) 0.64 (145)

fluviatilis Under dieldrin Saudi Arabia; Nepal 25 (8) 0 (174) 0.12 (182)

funestus Not recorded N. Cameroon; Ghana;
Guinea; Upper Volta;
Liberia; Uganda;
Zanzibar; N. Nigeria 98 (183) 86 (72) 0.92 (255)

Unsprayed Cameroon; S. Rhodesia;
Upper Volta; Ghana;
Liberia; Mozambique;
N. Nigeria; Swaziland;
Uganda 86.0 (2056) 45.3 (243) 0.656 (2299)

a Figures in parentheses are total numbers of positive smears.
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TABLE 2 (continued)

HUMAN BLOOD INDICES ESTIMATED FROM SAMPLES OF BLOOD MEALS OF ANOPHELINES
COLLECTED BETWEEN OCTOBER 1959 AND SEPTEMBER 1962

Percentage of positive smears Human blood
Anopheles Spray status containing human blood a index (mean

peies. of area Countries of values inspecies of collection From human From other cols. (4) and (5) Remarks
habitations resting-places .l00)a

(1) (2) (3) (4) (5) (6)

funestus Under DDT Cameroon; Upper Volta;
(continued) S. Rhodesia 83 (120) 36 (423) 0.60 (543)

Under dieldrin Cameroon; Zanzibar;
Madagascar 52 (344) 5 (193) 0.29 (537)

Under HCH S. Rhodesia 19 (16) 8 (25) 0.13 (41)

Formerly
DDT-sprayed Cameroon 74 (72) 38 (48) 0.56 (120)

Formerly
HCH-sprayed S. Rhodesia - 0 (161) - Included for com-

parison

gambiae Not recorded Upper Volta; Cameroon;
Madagascar; S. Africa 79 (327) 3 (124) 0.41 (451)

Unsprayed N. Cameroon; S. Rhode-
sia; Mozambique;
Somalia; Swaziland;
Uganda; Ghana;
Upper Volta; Saudi
Arabia; S. Africa 79.8 (2311) 55.5 (310) 0.676 (2621)

Under DDT S. Africa; Uganda;
Somalia; Mozambique;
Madagascar; S. Rho-
desia; N. Cameroon 77.9 (537) 28.2 (524) 0.530 (1061)

Under dieldrin Madagascar; Mozam-
bique; N. Cameroon;
Zanzibar 81.4 (696) 3.1 (964) 0.422 (1660)

Under HCH S. Rhodesia; S. Africa 1.44 (1114) 0.32 (940) 0.088 (2054)

Formerly
DDT-sprayed Cameroon; Madagascar 56 (36) 18 (38) 0.37 (74)

Formerly Swaziland; S. Africa;
HCH-sprayed S. Rhodesia 74.0 (265) 0.44 (226) 0.372 (491)

koliensis Unsprayed West Irian; Solomon
Islands 89 (9) 81 (175) 0.85 (184) Smallness of first

part of sample
statistically unim-
portant

mascarensis Under DDT Madagascar 5 (19) 0 (42) 0.02 (61)

multicolor Unsprayed Saudi Arabia 3 (31) 2 (137) 0.025 (168)

nili Unsprayed Ghana | 100 (18) 82 (28) 0.9 (46)

a Figures in parentheses are total numbers of positive smears.
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TABLE 2 (concluded)

HUMAN BLOOD INDICES ESTIMATED FROM SAMPLES OF BLOOD MEALS OF ANOPHELINES
COLLECTED BETWEEN OCTOBER 1959 AND SEPTEMBER 1962

Percentage of positive smears Human blood
Anopheles Spray status containing human blood a index (meanAnopheies of area Countries of values inspecies of collection From human From other cols. (4) and (5) Remarks

habitations resting-places . OO)a
(1) (2) (3) (4) (5) (6)

pharoensis Unsprayed Egypt; Sudan; Cameroon;
Ghana; Mozambique 86 (21) 4 (146) 0.45 (167)

puicherrimus Under DDT Afghanistan 5 (61) 11 (94) 0.08 (155)

punctimacula Under DDT Costa Rica 37 (30) 3 (308) 0.20 (338)

Under dieldrin Peru; Ecuador 62 (32) 3 (187) 0.32 (219)
________I_____I I____

rufipes Unsprayed N. Cameroon; Upper
Volta; S. Africa 67 (24) 7.1 (42) 0.37 (66) See comments,

p. 253
Under DDT N. Cameroon 4 (23) 4 (56) 0.040 (79)

Under HCH S. Rhodesia; S. Africa 4 (28) 0.4 (240) 0.022 (268)

sacharovi Unsprayed (or Greece 9.5 (201) 6.2 (661) 0.079 (862) Figures for " other
formerly resting-places ":
DDT- animal shelters
sprayed) 1.09% (368); out-

door shelters
12.6 % (293) (see
comments,
p. 253)

sergenti Unsprayed Morocco; Israel; Saudi
Arabia 27.5 (229) 2.3 (263) 0.149 (492)

sinensis Under HCH Korea 33 (100) 0 (53) 0.17 (153) See comments,

l__ l__ l__ j__ .

strodei Under dieldrin Paraguay 100 (11) 100 (18) 1 (29) Second part of
sample was taken
in mixed shelters;
sample included
to show mislead-
ing effect of in-
adequate samp-
ling

subpictus
malayensis Unsprayed Indonesia 0 (47) 0 (24) 0 (71)

sundaicus Unsprayed Indonesia 97 (351) 0 (159) 0.49 (510)

superpictus Unsprayed Syria; Saudi Arabia;
| {Afghanistan 14 (106) 2.4 (247) 0.082 (353)

a Figures In parentheses are total numbers of positive smears.
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TABLE 3

ANALYSIS OF SAMPLES FROM SPECIES EXCLUDED FROM TABLE 2 BECAUSE OF
INADEQUATE OR UNSUITABLE SAMPLING

_ Percentage of
Anopheles Spray status positive smearssnopheies of area of Country Type of resting-place containing Remarksspecies 4collection human blood a

albotaeniatus
balabacensis
brohieri
coustani

coustani ziemann

demeilloni

dthali
dthali
flavicosta
fuscicolor

hancocki

hargreaves
hispaniola
hyrcanus

hyrcanus

hyrcanus
pseudopictus

listeri

maculatus
maculipennis
maculipennis

mac. messeae

pretoriensis
pretoriensis

pseudopunctipennis
pseudopunctipennis
pseudopunctipennis
punctulatus

ramsayi

smithi rageaui

stephensi
subpictus subpictus

tessellatus
vagus

varuna

wellcomei

Unsprayed E. Pakistan

Not recorded Gabon

Mixed shelters

Mixed shelters
Outdoor shelters
Mixed shelters (10), outdoor
shelters (4)

Outdoor shelters
Outdoor shelters

Human dwellings
Human dwellings
Outdoor shelters
Human dwellings (7), vacant
shelters (9)

Human dwellings

Human dwellings
Mixed shelters
Mixed shelters (11), animal
shelters (7), outdoor
shelters (8)

Human dwellings (4), animal
shelters (14)

Animal shelters

Human dwellings

Animal shelters
Human dwellings (33),
animal shelters (7)

Animal shelters (80), outdoor
shelters (39)

Outdoor shelters
Outdoor shelters

Outdoor shelters
Outdoor shelters
Outdoor shelters
Human dwellings (7), mixed
shelters (5), outdoor
shelters (16)

Human dwellings (6), animal
shelters (19)

Caves inhabited by bats

Animal shelters
Human dwellings (13), animal
shelters (7)

Mixed shelters
Human dwellings (14), animal
shelters (13), outdoor
shelters (3), mixed shelters
(12)

Human dwellings (9), animal
shelters (18)

Human dwellings

0

76
0

14

0

0

23
0

3
0

42

(19)
(63)
(16)
(14)

(45)
(14)

(146)
(14)
(73)
(16)

(12)

97 (116)
0 (138)
0 (26)

0

0

0

(18)

(47)

(64)

0 (69)
5 (40)

0 (119)

0 (16)
0 (74)

2 (308)
2 (128)
0 (23)

79 (28)

0

3

0

0

0

0

(25)

(72)

(39)
(20)

(16)
(42)

0 (27)

91 (23)

Bovid 100%
Bovid 100 %
Bovid 100%

Bovid 100%
Bovid, horse and sheep

Horse 35 %, sheep 24 %
Sheep 50 %, camel 29 %
Bovid 70 %
Bovid 100 %

Bovid 21 %, horse 15 %
Bovid 100 %

Bovid 95 %

Bovid 96 %

Bovid 95 %

Bovid 62 %
Bovid 50%, horse 12 %

Bovid 42%, pig 33 %

Bovid 75 %, horse 25 %
Bovid 78%

Bovid 39 %, equid 22 %
Bovid 60%, equid 12 %
Bovid 78 %

Bovid 88 %

Unidentified mammal
94 % - possibly bat

Bovid 97.5 %
Bovid 85 %

Bovid 100 %
Bovid 95 %

Bovid 89 %

a Figures in parentheses are total numbers of positive smears.

Unsprayed
Unsprayed
Under DDT
Unsprayed

Unsprayed
Under DDT +
HCH

Unsprayed
Under DDT
Under DDT
Not recorded

Formerly
sprayed
(dieldrin)

Unsprayed
Unsprayed
Not recorded

Unsprayed

Under DDT

Formerly
sprayed
(DDT)

Unsprayed
Unsprayed

Under DDT

Unsprayed
Under HCH

Under DDT
Under DDT
Under DDT
Unsprayed

Under HCH

Unsprayed

Under dieldrin
Under dieldrin

Unsprayed
Unsprayed

N. Borneo
N. Borneo
Upper Volta
Cameroon

Ghana
S. Africa

Morocco
Somalia
Upper Volta
Madagascar

Liberia

Ghana
Morocco
Indonesia

E. Pakistan

Romania

S. Africa

Nepal
Turkey

Romania

N. Cameroon
S. Rhodesia;

S. Africa
Mexico
El Salvador
Costa Rica
W. Irian;
Solomon
Islands

E. Pakistan

Ghana

Saudi Arabia
Indonesia

N. Borneo
E. Pakistan;
Indonesia
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savannah areas of Southern Rhodesia, Swaziland
and South Africa will not be discussed here. The
proportion found to contain human blood is, in this
instance, sharply reduced not only in batches
collected outdoors but also in those collected in
houses. This finding, which is exceptional, would
seem to indicate the presence of a strongly zoophilic
member of the A. gambiae group, left in sole
possession after the elimination of the anthropo-
philic mosquitos of the same group by the insecticide.
The proportion positive for human blood in

batches of A. gambiae collected in human dwellings
in unsprayed areas (79.8%) is fully maintained in
the areas sprayed with DDT and in those sprayed
with dieldrin. This means that no impact of the
spraying on the human blood index would be
indicated in these areas-whatever might be the
reduction in density of the indoor-resting mos-
quitos-if samples were collected indoors only. A
reduction in the human blood index is indicated
only when part-samples from houses are combined
with those from other collection sites-that is to
say, chiefly outdoor shelters of one kind or another.
In these the proportion containing human blood was
55.5 % in unsprayed areas but fell to 28.2% in DDT-
sprayed and to a mere 3.1 % in dieldrin-sprayed
areas. In the DDT-sprayed areas 489 out of 524
specimens were collected in outdoor shelters; in
the dieldrin-sprayed areas 802 out of 964 specimens
were so collected. In each case the reduction of the
estimated human blood index under the impact of
insecticide is wholly accounted for by the change in
this outdoor-resting part of the sample.'

In the A. funestus group a similar effect is apparent.
In house collections the proportion with human
blood was not significantly affected by the presence
of DDT; it was reduced from 86% to 52% in the
presence of dieldrin. In other types of shelter, how-
ever, the proportion was reduced from 45.3% in
unsprayed areas to 36% in areas under DDT and
to 52% in areas under dieldrin. Again, in this part
of the sample 366 out of 423 specimens in the areas
under DDT were from outdoor shelters, as were 191
out of 193 specimens in the areas with dieldrin.

'The true interpretation of the figures from dieldrin-
sprayed areas is open to some doubt, as collections from
outdoor resting-places in those areas were heavily weighted
by the samples from Zanzibar and Pemba. Pemba has been
shown to support a high population of salt-water-breeding
A. gambiae, biologically distinct from the freshwater form
and probably exophilic and zoophilic by nature (Iyengar,
1962). The findings in the dieldrin-sprayed area of Taveta-
Pare, Tanganyika, are discussed in a later paragraph.

This effect of spraying was masked hitherto by the
lumping together of samples from sprayed and un-
sprayed areas and by application of the crude mean
to samples drawn from houses and other resting-
places.
To explain the effect there is no need to postulate

the presence of distinct races or genotypes upon
which the insecticide acts selectively. It may be
accounted for simply by the mortality of blood-fed
mosquitos in the sprayed shelters, which prevents
some of them from reaching other resting-places and
surviving to the time of sampling.

In the 1960 review attention was drawn to the
findings of Hamon et al. (1958) at Bobo Dioulasso,
Upper Volta, where the application of DDT was
followed by a moderate reduction in the " human
blood ratio " of A. gambiae and a very sharp reduc-
tion in that of A. funestus. The review interpreted
the figures with caution because of the different types
of capture station used for sampling in sprayed and
in unsprayed areas. The present evidence (Table 1)
suggests that if collections had been made from out-
door resting-places in both areas it might have been
found that DDT had reduced the proportion of
outdoor-resting A. gambiae containing human blood
by about one-quarter, and that of A. funestus by
about one-half.
Of relevance to the present discussion are the

figures given in Table 13 of the 1960 review, relating
to the blood-meal samples of A. gambiae in the
Taveta-Pare experiment in Tanganyika (East African
Institute of Malaria, 1960). In this experiment the
insecticide used was dieldrin. In the table the house
collections are broken down into six categories,
according to areas differing in topography. In each
of these the application of dieldrin produced no
significant change in the proportion positive for
human blood. In collections from house eaves in
the swampland area, spraying was followed by an
actual increase, from 4% to 20 %, and in box traps
in Pare by an increase from 15% to 20%, in the
proportion containing human blood. The reason for
the substantial drop recorded in the proportion with
bovid blood in these samples is not clear. The
figures as a whole suggested that there was no
substantial change in the human blood index of
A. gambiae as a result of spraying with dieldrin, and
this result seemed to be in keeping with the relative
absence of irritant action by dieldrin as compared
with DDT.

It now appears that where dieldrin produces no
change in the proportion positive for human blood
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TABLE 4
HUMAN BLOOD INDICES IN A. GAMBIAE BEFORE, DURING AND AFTER USE OF VARIOUS INSECTICIDES

Percentage containing human blood a
Human blood index

In human dwellings In outdoor shelters
Insecticide Country Morethan Morethan Morethan

Before During 12 months Before During 12months Before During 12 months
spraying attack after spraying attack after spraying attack after :.

spraying spraying spraying

DDT Mozambique 95 (320) 96 (87) - 31 (111) 20 (96) - 0.63 0.58 -

Somalia 51 (445) 53 (62) - 33 (9) - - 0.42 - -

Uganda 93 (293) 92 (262) - - 26 (376) - - 0.59 -

N. Cameroon 79 (145) 82 (54) 62 (21) 50 (8) 65 (17) 100 (7) 0.65 0.74 -

Dieldrin Mozambique 95 (320) 93 (55) - 31 (111) 17 (6) - 0.63 0.55 -

Zanzibar (& Pemba) - 83.4 (561) - - 1.6 (791) 0 (4) - 0.42 -

HCH S. Rhodesia 90 (127) 8.3 (168) - 76 (124) 0.5 (400) 0 (194) 0.83 0.042 -

S. Africa - 0.2(946) 0 (13) 0 (2) 0 (15) - - 0.001 -

Swaziland 96 (26) - 78 (252) - - 6 (16) - - 0.42

a Figures in parentheses are total numbers of positive smears.

among the indoor-resting mosquitos, the human
blood index may none the less be reduced, owing to a
sharp reduction in the proportion containing human
blood in outdoor resting-places. The results from
the house collections at Taveta-Pare are in line with
the new evidence, and it is only from the house eaves
and the box traps in Pare that abnormal results were
obtained.
Table 4 presents a further breakdown, by coun-

tries, of the data for A. gambiae. This may be com-
pared with Table 7 of the 1960 review, where,
however, no distinction as to spray status or type
of shelter is made except in the footnotes. Estimates
from these data of the human blood index of
A. gambiae in unsprayed areas are: Southern Rhode-
sia, 0.83; North Cameroon, 0.65; Mozambique,
0.63; and Somalia, 0.42.1
Only in Southern Rhodesia, where the human

blood index of the group fell from 0.83 to 0.042, is
the comparison of statistical significance when the
data for A. gambiae are broken down in this manner.
While no results have been reported from house
collections in Southern Rhodesia since the suspen-
sion of spraying, the continued scarcity of indoor-

1 Studies in areas of East Africa devoid of cattle on
account of trypanosomiasis have shown that populations of
A. gambiae and A. funestus may be almost entirely dependent
on human blood (Gillies, 1956).

resting A. gambiae indicates that the zero content of
human blood in outdoor shelters reflects a zero or
a very low human blood index in the group. This is
supported by the absence of human blood in the
small house collections from South Africa.
The indices from North Cameroon and Mozam-

bique may be more typical of A. gambiae through
most of the remainder of its range. The application
of DDT in Mozambique, where the samples tested
are of fair size, had little effect on the index. In the
DDT-sprayed areas of North Cameroon and in the
dieldrin-sprayed areas of Mozambique, the samples
are too small to warrant conclusions as to the impact
of the spraying. The index for Zanzibar and Pemba
(0.42) may be typical for A. gambiae in dieldrin-
sprayed areas, but judgement must be reserved
because of the existence of the biologically distinct
salt-water form of A. gambiae on Pemba (Iyengar,
1962).
The human blood index in Somalia is abnormally

low for A. gambiae, only about half the blood-fed
mosquitos found resting in human habitations
(whether sprayed or unsprayed) having fed on man.
A similar finding was made in a small sample col-
lected in the Somaliland Protectorate in 1958 in
" indoor resting-places, mostly mixed habitations ":
only 9 out of 24 smears were of human origin (the
1960 review, Table 7).
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PAT'lERNS OF THE HUMAN BLOOD INDEX IN
SOME OTHER ANOPHELINES

In malaria eradication the attention of the epidemi-
ologist is focused on the amount of transmission
remaining rather than on the degree of reduction
achieved. This perspective applies with equal force
to the entomological measurements, viewed as a
contribution to assessment. A finding that will
throw light on the current trend of transmission is
preferable to one that has value only when compared
with data collected at an earlier stage-data that may
or may not be adequate and comparable.
However, where comparisons are possible they

may be useful in another way: by determining the
nature and extent of the impact exerted on a vector
by residual insecticide, it may be possible to learn
how to increase that impact; hence the importance
of establishing a reduction of the human blood
index after spraying. If the index is unchanged it is
unlikely to respond to any modification of dosage,
timing, frequency of spraying, etc. But where it is
confirmed that the index is responsive to spraying,
a modification in the use of the insecticide may be
calculated to intensify the response and to improve
its epidemiological effectiveness.

It would therefore be helpful to know whether the
lowering of the human blood index by spraying
indicated in A. gambiae and A. funestus applies to
other malaria vectors and to house-resting and shed-
resting anophelines in general. But since even the
large samples from these two species were barely
sufficient as a basis for firm conclusions, too much
must not be expected from the smaller samples
available from other species. In only two of them
(Table 2) do we have substantial samples from both
unsprayed and sprayed areas, and from human
dwellings and other resting-places in each.
The A. culicifacies sampling gives an index of 0.16

from unsprayed areas and a similarly low index,
0.14, from areas formerly sprayed with HCH. In
areas under DDT a zero index is recorded, but the
sample obtained from houses consisted of only 16
smears. Larger samples are required to confirm or
correct this; they should be easy to obtain in Gujarat,
India, where A. culicifacies now shows increased
tolerance to DDT (Luen & Shalaby, 1962) and
where attempts to attract bites on man suggest that
the species now feeds almost exclusively on cattle.
In this species it would be worth while to follow up
the trend of the human blood index for two or three
years after the suspension of spraying.

The other species is A. rufipes, in which, however,
all the batches from human dwellings are regrettably
small. Larger samples from houses in the areas
under DDT would perhaps show higher proportions
positive for human blood; even so, the reduction in
the estimated human blood index of A. rufipes from
0.37 in unsprayed areas to 0.040 in DDT-sprayed
and to 0.022 in HCH-sprayed areas is statistically
significant, and we must suppose each of these
insecticides to have an important impact on the
index.
A note may be added about A. sacharovi in Greece.

Its human blood index in the pre-DDT era may be
estimated at 0.344 from the figures of Barber & Rice
(1935), while in 1958 Belios & Hadjinicolaou (cited
in the 1960 review, Table 15) collected samples in
DDT-sprayed areas from which an index of 0.0735
may be estimated. In both cases the sampling appears
to have been confined to houses and cattle-sheds.
The 1958 result is close to the one given in Table 2
of the present paper, where the human blood index
is estimated at 0.079. In this instance the spray
status of the areas of collection is not altogether
clear from WHO records: they are classified as
" unsprayed " but may include localities formerly
sprayed with DDT and other insecticides. The
analysis of this sample brings out two points of
interest indicated in the table: first, the low pro-
portion (under 10%) of house-resting A. sacharovi
that are now positive for human blood, in some parts
of Greece at any rate (in Barber & Rice's work the
corresponding figure was 61.3 %1); and second, the
fact that the proportion positive for human blood
in outdoor shelters is much higher than that in
animal sheds and is even slightly higher than that in
houses. It may be that the inclusion, in the earlier
sampling, of mosquitos from other types of shelter
would have given higher and more correct values for
the human blood index. At any rate there is a strong
indication, taking all the results together, that the
presence of DDT substantially reduced the human
blood index of this species.

In the A. maculipennis group the recent sampling
(see Table 3) provides no basis for a calculation,
but interesting earlier data exist. The results cited in

1 The pre-war figure for Greece agrees well with one
derived from a recent sample of A. sacharovi from human
dwellings in Syria, in which, of 89 smears giving positive
reactions, 52 (or 58.5 %) contained human blood. The area
of collection was unsprayed. This result has not been com-
bined with the figures from Greece in Table 2, since that
would have clouded the interpretation of the Greek results
based on good-sized samples.
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Table 1 indicate pre-1939 indices of 0.190 for A.
maculipennis messeae in Italy and 0.108 for A. m.
messeae + " typicus " in Greece (see Annex). Using
their sampling method of "complete " collection
(from houses, cattle-sheds and cellars), Ciuca et al.
(1951) found 3.4% of mosquitos positive for human
blood in pre-spray surveys and 1.5% positive in the
presence of DDT. The spraying decisively changed
the distribution of the surviving mosquitos among
the different types of diurnal resting-place. The
mosquitos collected proved to be 69% A. m.
" typicus ", 26% A. m. messeae and 5% A. m.
atroparvus. The last-named member of the group
had a distinctly higher human blood index than the
others.
The only other species for which we have some

sort of comparison between unsprayed and sprayed
areas is A. sinensis. The figures in Table 1, originating
from Toumanoff & Hu (1935), show an index of the
order of 0.480 in this species at Shanghai. In
western and south-western China, Chow (1948)
recorded the following figures (the total numbers of
positive reactions are shown in parentheses):

Percentage containing human
Year Locality blood

From all other
From human types of resting-
dwellings place

1942 Yunnan 55.0 (42) 45.0 (344)
1943 Chungking 17.0 (47) 3.0 (770)

Thus it is clear that the human blood index of
A. sinensis may vary from 0.10 to 0.50 even in the
absence of insecticide, and it is not at present
possible to attribute to HCH the rather low index
of 0.17 found in Korea (Table 2). Further sampling
would be needed to show the impact of insecticides
on the human blood index of this species.
The data for the remaining species are insufficient

for an assessment of the effects of spraying on the
human blood index of each one, but there is a general
downward trend among them when considered col-
lectively. In eleven species not discussed above,
represented in Table 2 by samples from unsprayed
areas, the average human blood index is 0.329; in
six other species sampled from DDT-sprayed areas
it is 0.280; and in four species sampled from areas
under dieldrin it is 0.296. All these averages, based
on unweighted means between part-samples from
indoors and outdoors, provide an indication that
residual insecticides may reduce the index in most
species that frequent buildings. Nevertheless better
sampling is required before it can be concluded that
such an effect is general.

GRADING OF ANOPHELINES ACCORDING TO THEIR
HUMAN BLOOD INDEX

Caution is advised in ascribing to mosquitos a
"preference " for one or another type of host. Even
where associated species are found to possess sharply
divergent human blood indices, it may be erroneous
to ascribe this to their differing host " preferences ":
other factors, such as temperature, may differentially
attract them to particular places-e.g., bedrooms,
cow-sheds or bushes. Once there, mosquitos may
take the opportunity to feed on whatever host is
readily available within. Nevertheless, it is true that
certain species tend to show a consistently high
human blood index and others a low one, and other
species again are intermediate or variable in status.
The 1960 review graded 51 species. A smaller
number are graded in Table 5 of the present paper,
which presents a comparison of evidence from the
pre-DDT era, recent substantial evidence from un-
sprayed areas, recent but merely indicative evidence
from unsprayed areas, and the status of the species
as graded, without distinction of area, in Table 10
of the 1960 review.

It will be noted that those species now assigned a
high or a low human blood index fell, in nearly
every case, into the corresponding category in the
1960 grading. Where the interpretation differs is
chiefly in the greater proportion of species now
falling into the class with a human blood index
between 0.1 and 0.5. The evidence from Tables 1
and 2 must be considered more reliable, since it
relates to unsprayed areas (the only ones where we
may be sure the index is not modified by residual
insecticide) and all the samples comprise parts col-
lected in human dwellings and in other resting-places.
The absence of these conditions renders suspect the
gradings from Table 3 and from the 1960 review (last
two columns of Table 5), which may be misleading
with regard to some of the species.

On the strength of the most reliable evidence to
hand, it is possible provisionally to ascribe a natural
human blood index of less than 0.1 to the sampled
populations of Anopheles algeriensis, A. aconitus,
A. annularis, A. mascarensis, A. multicolor and
A. subpictus malayensis. Of these species only
A. aconitus is generally considered a malaria vector
of some importance. An estimated index of be-
tween 0.1 and 0.5 is found for A. maculipennis
messeae, A. quadrimaculatus, A. sinensis, A. culici-
facies, A. rufipes, A. sergenti and A. sundaicus, a list

254
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TABLE 5
GRADING OF CERTAIN ANOPHELINES ACCORDING TO THE HUMAN BLOOD INDEX

Anopheles species graded on samples from unsprayed areas Species graded in
Status Tale3Table 10 of

Table I a Table 2 Table 3 | the 1960 review ba Table 2 ~~~~~~~(indicative evidence)

Human blood index algeriensis aconitus mac. maculipennis aconitus
less than 0.1 annularis vagus annularis

mascarensis varuna mac. maculipennis
multicolor multicolor
subpictus malayensis ruflpes
superpictus sacharovi

sinensis
subpkctus malayensis
superpictus
vagus

Human blood index maculipennis messeae culicifacies dthali
between 0.1 and 0.5 quadrimaculatus pharoensis

sacharovi (Greece) rufipes
sinensis sergenti
superpictus sundakcus

Human blood index pharoensis farauti balabacensis balabacensis
higher than 0.5 sacharovi (Cyprus) funestus punctulatus funestus

gambiae gambiae
koliensis nili
niii pharoensis

sundaicus

a See also Annex.
b This classification is by " human blood ratios" calculated by the older method (i.e., the crude mean) described earlier in the

present paper. It was made without regard to the spray status of the collection areas. Only species mentioned in other columns
of the table are included here.

that includes several major vectors.' And an index
higher than 0.5 is indicated for A. farauti, A. funestus,
A. gambiae, A. koliensis and A. nili.
The grades of many species would doubtless be

found to vary under the influence of natural circum-
stances if their human blood indices were more
widely assessed. On the present evidence the status
of three vectors is variable: A. superpictus may ex-
hibit a low or a moderate human blood index, while
in A. pharoensis and A. sacharovi the index may be
medium or high. Table 4 shows that even A. gambiae
has, in Somalia, only medium status.

THE HUMAN BLOOD INDEX IN

EPIDEMIOLOGICAL ASSESSMENT

The objective of a malaria eradication attack by
means of an insecticide is so to reduce the malaria
reproduction rate that transmission will cease within
a defined period. This is attempted through an
attack on the vectorial capacity of the mosquito,
" vectorial capacity " being an expression of the
number of infections the population of a given
vector would distribute per case per day at a given
place and time, assuming conditions of non-im-

munity.2 As will be explained, the concept of vec-
torial capacity is closely related to that of the basic
reproduction rate of malaria.

Such a strategy imposes two principal tasks on
those concerned with the epidemiological assessment
of the attack. In the first place they must seek to
assess the reproduction rate early in the attack phase,
when the interruption of transmission is either not
yet achieved or is not confirmable; this assessment
should serve as a guide in forecasting how soon

1 In 1942 Chow (1948) found in Yunnan, China, that
57 % of A. minimus minimus from human dwellings and 14%
of those from other resting-places contained human blood.
The samples were large ones, and he points out (personal
communication) that the findings indicate a human blood
index of 0.355 in that ursprayed area. It is a more probable
figure than the very low index ascribed in the 1960 review,
on the basis of small samples collected in Taiwan from out-
door and unspecified shelters, to this well-known malaria
vector.

2 " Vectorial capacity " differs from " vector efficiency
which is defined (WHO, 1963) as: " Ability of a mosquito
species, in comparison with another species in a similar
climatic environment, to transmit malaria in nature. A
rough estimate of relative efficiency may be made by com-
parison of sporozoite rates taken in comparable condi-
tions." It is clear that vector efficiency, unlike vectorial
capacity, does not depend on relative density or vary directly
with the size of the mosquito population.
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transmission may be expected to cease. And
secondly, confirmation of the actual interruption of
transmission is required as promptly as possible.
Here it is suggested that neither task can be satis-
factorily performed without the assessment of the
mosquito's vectorial capacity in the attack phase,
an assessment in which the human blood index
forms an essential factor.

There are difficulties, especially while malaria
prevalence remains substantial, in using a parasite
rate to determine how many new infections occur
per existing case. At best, the infant parasite rate in
succeeding years may indicate whether incidence has
decreased or increased and whether the actual re-
production rate (which has no constancy where the
human population is losing immunity) was greater
or less than 1.0 in a given year. But this is an assess-
ment of the past which cannot be projected into the
future. Correct entomological sampling, on the other
hand, will reveal the mechanism underlying the
basic reproduction rate at any time, even in default
of earlier assessment. In the light of this it should
be possible to forecast the trend of transmission in a
sprayed area for some time ahead.
The vectorial capacity of a mosquito population

susceptible to infection is determined by certain
attributes of the population in its environment:
notably, the density of females relative to man, their
longevity, frequency of feeding and propensity to
bite man. The parasite's extrinsic cycle is a further
determining factor. These attributes are reflected,
directly or indirectly, by assessable indices: thus the
gonotrophic cycle is often taken to show the fre-
quency of feeding, the human blood index to rep-
resent the propensity to bite man, and so on. The
assessment of these indices and their suitable com-
bination will give an assessment of the mosquito's
vectorial capacity at a particular time and place.
The process may be analysed as follows: a malarial

subject is bitten by a number of vector females per
day, the number represented by the man-biting rate.
A proportion of these females will survive until
infective and for a certain aggregate number of days
beyond that; the number of days of infective life per
mosquito, which we will call the longevity factor,
may be determined indirectly by age-grading mos-
quitos and studying (or sometimes inferring) the
extrinsic cycle. During their days of infective life
there will be a mean number of bites on man per
mosquito (i.e., new infections distributed), as given
by the index representing the man-biting habit; this
index, as indicated earlier, is compounded of two

assessable factors, the feeding frequency and the
human blood index (Macdonald, 1957). 1

It follows that the product of the man-biting rate,
the longevity factor and the index of the man-biting
habit will give the number of new infections pro-
duced by the vector per case per day, or the mosquito
population's vectorial capacity.' Two points worth
noting are, first, that the sporozoite rate is not
required for this assessment, and second, that density
as such need not be assessed, since it is taken care
of in assessing the man-biting rate.
Measurements of the mosquito's susceptibility and

irritability to insecticides do not figure in epidemio-
logical assessment. This is not because these
physiological factors are without importance but
because their operational consequences, and not the
factors themselves, are the direct concern of epide-
miology. Having ascertained how the vectorial
capacity of a population responds to the attack, it
may then be necessary to analyse the physiological
and other factors underlying this operational
response. If, on the other hand, priority is given to
these factors, we may never learn the degree of their
operational significance, in which event a gulf will
remain between epidemiology and entomology.

It might seem from the foregoing analysis that
vectorial capacity varies in direct proportion to the
human blood index, but that is not so. The mos-
quito's man-biting rate reflects simultaneously
several attributes of the female population, including
the relative density, the longevity, and the man-
biting habit. The attributes composing the man-
biting habit occur twice over in the expression for
vectorial capacity (as a2; see footnote), because a
mosquito must bite man twice to receive and

1 In the mathematical terminology of Macdonald (1957),
m = density relative to man and a = man-biting habit (fre-
quency of feeding x human blood index), hence ma = man-

pnlbiting rate; = longevity factor, wherep = probability
- logeP

of survival through one day, - logep = expectation of life

and n = length (days) of extrinsic cycle of the parasite.
From Macdonald's tables the longevity factor can be readily
calculated when the values p and n are assessed. The vectoria
capacity, being the product of these terms, is given by the

ma2pn
expression -ogeP which is a simplification of expression
No. 21 in Macdonald's mathematical Appendix, representing

ma2bpn
the basic reproduction rate of malaria: r(_log)' in which

b = the proportion of gland-positive mosquitos that is
actually infective and r = recovery rate ofman from infection
with the parasite. The difference between the two expres-
sions is explained later in this section.
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transmitfinfection. In other words, vectorial capacity
and the malaria reproduction rate both vary as the
square of the frequency of feeding, and likewise as
the square of the human blood index.

This fact is of operational importance. It means
that a small change, however effected, in the human
blood index of the vector in an area already under
attack may quite well decide whether malaria trans-
mission will persist at a low level or will cease.
The assessment of vectorial capacity would be of

doubtful value if that capacity were subject to
progressive change throughout the attack phase.
That appears unlikely, however. The first applica-
tion of residual insecticide, constituting a sudden
unfavourable alteration of the mosquito's environ-
ment, is expected to produce an immediate impact
on one or more of the attributes of the population
and, in consequence, a drastic and rapid reduction
of its vectorial capacity. But unless the mosquito is
eradicated, the population will soon tend to adjust
itself to its modified environment and the attributes
will become stabilized at new mean levels (levels
subject only to seasonal and other cyclic variations);
that is, equilibrium will be established between the
mosquito population and the environment, which
now includes the sprayed buildings. Vectorial
capacity " settles " at a new level, which can be
assessed as indicated and which is likely to persist
through the attack phase (unless the attack is
modified or the mosquito achieves adaptation to it
by a process of selection).
The relationship between the mosquito's vectorial

capacity and the basic reproduction rate of malaria
is a close one. The differences between the two are
explained as follows, with reference to the mathe-
matical expressions given in the footnote above.

First, the basic reproduction rate means the total
number of infections potentially distributed by a
single case, whereas the vectorial capacity is the
number that a specific mosquito population can
distribute per case per day. In the expression for the
basic reproduction rate the supposed period of
infectivity per case is represented by including the
recovery rate (r) in the denominator. It is doubtful
whether this quantity can be validly assessed for each
species of human malaria, even when most infections
remain untreated. Its omission has the effect of
converting the expression into one for the " daily
reproduction rate "-an index of greater epidemio-
logical value in those stages of an eradication pro-
gramme when most remaining cases are quickly
detected and treated.

Second, the formula for the basic reproduction
rate seeks to exclude mosquitos with non-infective
sporozoites in their salivary glands, the symbol b
standing for the proportion of gland-positive
mosquitos actually infective. This refinement is
impracticable and unnecessary; it is more prudent to
assume that all bites on man by mosquitos with
positive glands will produce infections in conditions
of non-immunity.

Finally, neither expression refers explicitly to
happenings in which two or more vector species are
associated. It is clear that any malaria reproduction
rate must take account of associations of vectors,
whereas each assessment of vectorial capacity can
relate only to one species of mosquito. The daily
reproduction rate of a Plasmodium species is the
sum of the vectorial capacities of the associated
vector populations; that of a second parasite would
have to be separately assessed, substituting the
appropriate value of n, unless the two parasites
happened to have the same extrinsic cycle.
The discussion so far has concerned assessment of

the reproduction rate as the best indicator of the
prospects of achieving interruption of transmission
by continuing an existing attack. In the second task
of epidemiological assessment, that of determining
whether transmission has actually ceased, ento-
mology can play a useful part only in certain
circumstances, depending on the response of the
vector population to spraying and on the state of
the reservoir of infection in man.

It is known that the spraying of certain malarious
areas has led to the eradication of the vector. In
these cases, adequate entomological observations
would have confirmed the absence of further
transmission with more speed and certainty than is
possible by means of parasitological sampling.
Again, in other areas the vector may live on but its
contact with man be broken, so that the man-biting
rate and the human blood index are both equal to
zero. The regular observation of these indices
would provide the surest proof of the success of the
attack, especially when zero values are demonstrated
for them while malaria is yet prevalent.
On the other hand, the finding of continuing

contact between the vector and man means, under
any circumstances, that a possibility of transmission
exists. In all these cases, confirmation of the
absence of actual transmission must be sought by
inference from such indices as the infant parasite
rate and the incidence of detected autochthonous
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infections, preferably supported by evidence of a low
vectorial capacity in the mosquito.

It is concluded that assessment of the human blood
index has an important role in the epidemiological
assessment of malaria eradication programmes,
particularly in connexion with the forecasting of
prospects during the attack phase.

FUTURE HELD-WORK ON THE HUMAN BLOOD INDEX

Sampling on a larger scale (though with more
discrimination) than hitherto is needed in order to
determine the human blood index of most ano-
phelines, in both unsprayed and sprayed areas. In
only four species (Table 2) is it possible, from the
data collected from late 1959 to 1962, to compare
values in sprayed and unsprayed areas so as to
estimate the impact of residual insecticide on this
index. Only 21 species can be graded (Table 5)
according to their human blood indices in certain
unsprayed areas. The 26 species for which the
index can be estimated in areas of one spray status
or another do not include such well-known malaria
vectors as Anopheles albimanus, A. aquasalis,
A. atroparvus, A. darlingi, A. labranchiae, A. minimus,
A. pseudopunctipennis and A. stephensi.

This dearth of information is unfortunate in view
of the potential value of the human blood index in
epidemiological assessment. Perhaps it is due, in
part, to doubt about how to avoid sampling errors
and how to interpret the results. At the same time
it may not have been appreciated that the vector's
human blood index merits consideration whenever
a modification of anti-mosquito measures is under
consideration: to divert the vector from man can
be as effective epidemiologically as to kill it and may
sometimes prove to be an objective easier to achieve
and maintain.
At the level of field research there would seem to

be need of an investigation to measure more pre-
cisely the impact of standard residual insecticides on
the human blood index of endophagic anophelines.
From the experience so gained it might be possible
to suggest a more uniform procedure for sampling
mosquito populations, especially in sprayed areas,
so as to avoid the pitfalls that tend to bias the
results. Among the methods of sampling that might
be tested experimentally is that of Ciuca et al. (1951),
already mentioned.
The theoretical correlation between the malaria

reproduction rate and the square of the vector's
human blood index, discussed in the previous sec-

tion, means that the intensity of transmission should
be highly sensitive to differences in this index. This
hypothesis calls for confirmation by special invest-
igation in the field. It might be carried out during a
pre-eradication survey in an area, as yet unsprayed,
where there is reason to think that the human blood
index varies from place to place on account of
differences in the man: animal ratio. Other things
being equal, transmission should prove to be much
less intense in localities where the ratio is low than
in those where it is high. The writer does not know
of any such investigation so far, but a recent paper
by Giglioli (1963) has a bearing on this question.

In the operational sampling of mosquito popula-
tions for their human blood index in sprayed areas,
it should be regarded as essential to record the
following information:

(1) the insecticide, dosage and date of most
recent spraying;

(2) month of collection; normal hour of capture;
(3) nature and spray status of the types of resting-

place sampled;
(4) numbers of capture stations and of collections

for each type;
(5) estimated relative prevalence of the various

types;
(6) estimated mean density of blood-fed females

per capture station, by type of resting-place: (a) at
rest and (b) dead or knocked down before collection;

(7) estimated mean numbers of persons and
specified animals present by night per capture
station, by type of resting-place;

(8) estimated over-all local ratio of man to cattle.

CONCLUSIONS

1. Knowledge of the human blood index (HBI)
of a vector can be of service in epidemiological
assessment during a malaria eradication programme:

(a) as a comparative measure of the effect of
residual insecticide upon the degree of contact
between vector and man, and
(b) in helping to assess the probable incidence
of new infections from each case that may be
present in an area during the attack or the
consolidation phase.
2. Difficulties stand in the way of collecting

representative samples of blood-meal smears, since
the day-time resting-places of mosquitos vary accord-
ing to species, area, season and other factors, and
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some types of resting-place are easier to search than
others. The difficulties are accentuated where it is
desired to obtain comparable indices from a species
in the absence and in the presence of residual
insecticide, which may modify the mosquito's feeding
habits in one way and its resting habits in another.
A field-research project might, by overcoming some
of the difficulties, lead to better standards of sampling
and more reliable estimates of the HBI.

3. Applications of DDT, dieldrin or HCH appear
to have reduced the HBI of the A. gambiae and the
A. funestus groups in various parts of Africa. The
recent evidence for other vectors is inadequate, but
there are indications of an analogous effect (by one
or another residual insecticide) upon A. culicifacies,
A. rufipes and A. sacharovi. The data suggest that
such an effect may operate, to a greater or lesser
extent, upon the generality of those anophelines for
which the sprayed structures form a natural day-time
or night-time resting-place.

4. In this light, the sampling of blood meals and
the interpretation of the HBI should take into

account the spray status of the study area, the
dosage and age of any insecticide deposit being
entered on the record of precipitin test results. The
earlier spraying of a sampled area should likewise be
recorded.

5. A tentative grading of species according to
their HBI in unsprayed areas places 6 species in the
low group (HBI less than 0.1), 7 in the medium
group (HBI 0.1 to 0.5) and 5 in the high group (HIBI
more than 0.5); 3 species are shown to have variable
status.

6. On the criteria of sampling and interpretation
described, it is found that for a majority of major
malaria vectors there are still insufficient data on
which to base an estimate of the HBI, whether it be
a base-line index, an index in sprayed areas to show
the relative effect of the insecticide, or an index for
use in assessing the probability of transmission.
Steps to fill this gap in knowledge seem to be called
for in view of the usefulness of this index in assess-
ment during eradication programmes and projects.

RtSUMtI

L'indice d'anthropophilie (ou indice d'engorgement par
le sang humain), defini comme la proportion, par especes
d'anopheles, des femelles fraichement gorgees qui
donnent une reaction de precipitine pour le sang humain,
mesure le degr6 de contact moustique-homme. II est l'un
des parametres de la capacite vectrice, du fait que le
nombre d'inoculations de sporozoites effectu6es par une
population donnee de vecteurs du paludisme a partir de
chaque cas, varie en raison du carre de l'indice d'anthro-
pophilie. Celui-ci peut donc etre utile pour l'evaluation
des mesures d'eradication du paludisme, dans les pro-
grammes oiu l'attaque porte sur la capacite vectrice du
moustique.

L'auteur presente brievement et discute les r6sultats de
l'echantillonnage des repas de sang des anopheles dans
toutes les regions entre 1959 et 1962, en insistant sur l'etat
des pulverisations d'insecticides dans les zones d'echan-
tillonnage. Les resultats montrent que la pulverisation
de DDT dans les habitations peut exercer une influence
mod6r6e (cette influence est plus marquee lorsqu'il s'agit
de dieldrine ou d'HCH) sur l'indice d'anthropophilie
d'Anopheles gambiae, d'A. funestus et de certaines autres
especes. Peut-etre cet effet s'exerce-t-il sur l'ensemble des
Anopheles frequentant les maisons. Par consequent,
l'efficacit6 epid6miologique de cette m6thode d'attaque
peut, dans une certaine mesure, etre due au fait que le
moustique vecteur est detourn6 de l'homme vers les

animaux, aussi bien qu'a la reduction de la longevite ou a
la densite de I'action insecticide.
La mesure de l'index d'anthropophilie se heurte sur le

terrain 'a de serieuses difficultes d'echantillonnage et
d'interpretation, difficultes dont l'ampleur est souvent
meconnue. Pendant le temps compris entre le repas
nocturne et le moment de l'ehantillonnage, qui se fait
de jour, la plupart des especes se disseminant a la
recherche de lieux de repos convenables effectuent une
redistribution partielle. La distribution reelle des femelles
dans ces lieux de repos est rarement bien etudi6e et
rapport6e, si bien qu'il n'est habituellement pas possible
d'etre suir que l'echantillon est representatif de la partie
de la population qui est gorgee de sang. Dans les regions
soumises aux pulverisations, cette difficulte est encore
plus grande; l'insecticide entraine, entre le moment du
repas et celui de l'echantillonnage, une mortalite tres
differente selon qu'il s'agit dey'femelles se trouvant a
l'interieur ou a l'exterieur des habitations. La population
diume cesse alors d'etre representative de la population
qui se nourrit, et il serait n6cessaire, en vue d'un echan-
tillonnage impartial, de chercher et d'inclure les femelles
tuees par l'insecticide.

L'indice d'anthropophilie est obtenu apres analyse des
6chantillons, en divisant chaque 6chantillon en echan-
tillons partiels provenant respectivement des habitations
humaines et des autres lieux de repos. La moyenne
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arithmetique non ponderee des proportions contenant du
sang humain dans les &hantillons bipartites est consider6e
comme la meilleure indication de l'indice d'anthropo-
philie de la population echantillonnee. Ceci differe de
l'ancienne methode qui consistait a calculer la proportion
moyenne brute dans chaque echantillon pris dans son
ensemble, sans tenir compte des lieux de capture. Ce
calcul tendait a exagerer l'importance de l'indice avant la
pulverisation (la majorite des moustiques etant ordinaire-
ment captures a 1'interieur des maisons) et de sous-
estimer l'indice apres pulverisation (la plupart des mous-
tiques survivants etant trouves dans les lieux de repos
non soumis a la pulv6risation). La moyenne non ponderee
tend au contraire a reduire toute influence de la pulv6ri-

sation sur l'indice d'anthropophilie. Si apres pulverisation
l'on observe neanmoins une diminution, c'est qu'il s'est
probablement produit un changement reel du degre de
contact homme-moustique.

L'on s'est efforce de classer certaines especes d'Ano-
pheles selon que leur indice naturel d'anthropophilie est
eleve, moyen, faible ou variable, d'apres les observations
recueillies. Cependant l'on manque encore d'echantillons
d'un grand nombre des principaux vecteurs du palu-
disme. L'auteur pense qu'a l'avenir l'echantillonnage
devrait etre plus systematique, plus soigneux et mieux
etaye par des donnees relatives aux circonstances de la
capture. Des recherches en ce domaine sont necessaires.
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Annex

COMPARISON OF HUMAN BLOOD INDICES DERIVED BY APPLYING THE CRUDE
AND THE UNWEIGHTED ARITHMETIC MEANS

Table 6 shows the comparative application of the samples collected prior to 1939 and therefore free
two methods to the results in Table 1, comprising 14 from any influence of residual insecticides.

TABLE 6
HUMAN BLOOD INDICES DERIVED FROM CRUDE AND FROM UNWEIGHTED MEANS

Estimated human blood index a
Anopheles species Place Applying the

Applying the crude mean unweighted mean

algeriensis Greece 0.054 0.080

crucians Georgia ( USA) (0.01) (0.34)
maculipennis ? messeae Italy 0.220 0.190

mac. messeae + "typicus" Greece 0.063 0.108

pharoensis Egypt 0.927 0.541

punctipennis N. Carolina (USA) (0.10) (0.44)
quadrimaculatus Louisiana (USA) 0.093 0.202

quadrimaculatus Georgia 0.294 0.492

quadrimaculatus N. Carolina 0.193 0.270

sacharovl Cyprus (0.83) (0.62)
sacharovi Greece 0.380 0.344

sinensis Shanghai 0.190 0.480

superpkctus Cyprus 0.187 0.193

superpictus Greece 0.034 0.156

a Values are placed within parentheses when either of the part-samples comprised fewer than 25 blood-meal smears.

The apparent variations of the human blood index
within species indicated by applying each method
are shown (Table 7) by the ratios of highest to lowest

values in the three species for which more than one
sample is listed.

TABLE 7
RATIO OF HIGHEST TO LOWEST HBI VALUES DERIVED

FROM CRUDE AND FROM UNWEIGHTED MEANS

Ratio of highest to lowest values
Anopheles species

Crude means j Unweighted means

quadrimaculatus

sacharovi

superpktus

3.16 :1

2.18 :1

5.50 :1

2.44 :1

1.80 :1

1.24 :1
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