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Abstract
A simple model for the influence of host availability on vector bloodmeal choice is applied to estimate
the relative availabilities of humans, cattle and other host populations to malaria vectors in African
communities, using published human blood indices and ratios of cattle to humans. Cattle were bitten
<0.01, 0.021 ± 0.11, 1.61 ± 0.16 and 1.61 ± 0.46 times as often as humans by Anopheles funestus,
An. gambiae sensu stricto and An. arabiensis in Segera, Tanzania, and An. gambiae sensu lato in
The Gambia, respectively. No significant feeding upon host species other than cattle or humans was
detected. Even though An. gambiae s.l. in The Gambia were mostly An. gambiae s.s., they were 77
times more likely to choose cattle over humans than An. gambiae s.s. in Tanzania. The model
accurately predicted cattle blood indices for the An. arabiensis population in Tanzania (predicted =
0.99 ± 0.21 × observed + 0.00 ± 0.10; r2 = 0.66). The potential effect of increased cattle abundance
upon malaria transmission intensity was simulated using fitted relative availability parameters and
assuming vector emergence rate, feeding cycle length and survivorship were unaffected. The model
predicted that increased cattle populations would not affect malaria transmission in Tanzania but
could drastically reduce transmission in The Gambia or where An. arabiensis is the dominant vector.
We define the availability of a host as the rate at which a typical individual host-seeking vector
encounters and feeds upon that host in a single feeding cycle. Mathematical models based on this
definition also represent promising tools for quantifying the dependence of vector longevity, feeding
cycle length and dispersal upon host availability.
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Introduction
Vector species abundance, longevity, feeding cycle length and bloodmeal host choice are key
predictors for the transmission intensity of insect-borne diseases such as malaria (Onori &
Grab, 1980; Killeen et al., 2000b), dengue (Focks et al., 1995) and sleeping sickness (Rogers
& Randolph, 1991). These parameters undoubtedly depend on the effort expended by the vector
in the pursuit of bloodmeals and the relative availability of different species for bloodmeal
acquisition. Here we focus on malaria because it is the world’s most important vector-borne
disease and currently the target of a renewed global control campaign (Nabarro & Tayler,
1998). In particular, we focus on sub-Saharan Africa because this is where the bulk of the
worldwide malaria burden occurs (Gallup & Sachs, 1999; Snow et al., 1999) and because
factors which influence host choice by vectors in this region are poorly understood (Mutero
et al., 1999).

The emergence rate, feeding cycle length, survival and bloodmeal host choice of malaria
vectors are all influenced by the availability of exposed bloodmeal hosts to the vector (Garrett-
Jones, 1964; Charlwood, 1986; Charlwood et al., 1986; Burkot et al., 1989; Service, 1991;
Minakawa et al., 1999). Because the entomological inoculation rate (EIR) of malaria is
proportional to the square of the proportion of bloodmeals taken from humans (Qh), it is very
sensitive to changes in vector host choice (Koella, 1991; Killeen et al., 2000b). The practice
of using domestic animals, which cannot act as reservoirs, as decoy hosts for pathogen-
transmitting vector populations is referred to as zooprophylaxis (Service, 1991). Despite its
long-standing anecdotal description and endorsement by the WHO, zooprophylaxis remains a
poorly understood process, particularly for African malaria vector species (Mutero et al.,
1999). Although relationships between human blood index and livestock abundance have been
reported for Anopheles funestus and important vector species in the An. gambiae complex
(White et al., 1972; Highton et al., 1979; Lindsay et al., 1993; Mbogo et al., 1993), these studies
have been largely descriptive. Here we describe an availability-based model for mosquito host-
seeking behaviour and apply it to the quantitative analysis of host choice by malaria vector
populations in African communities.

Methods
Assumptions and definitions

The term host, as used in this paper, refers to that of the vector rather than the parasite and
includes any animal from which a vector can take a bloodmeal. As previously, we assume that
each malaria transmission focus is a discrete entity within which the vector, human and parasite
populations interact with each other and we ignore exchanges with other nearby foci (Killeen
et al., 2000b). For ease of reference and clarity, all symbols and definitions are listed in Table
1.

We define the availability of a given host to the vector population as the mean rate at which a
typical single host-seeking vector encounters and feeds upon that host in a single feeding cycle.
Thus the availability (a) of a given host (j) of a particular species (s) can be envisaged as the
product of rate at which individual vectors encounter that host while host seeking (εs,j) and the
likelihood that, once encountered, the vector will acquire a bloodmeal from that host (φs,j).

[1]

By this definition, the availability of a host is independent of the emergence rate and reflects
both the access of individual hungry vectors to a host and their propensity to feed upon it. This
definition encompasses the mean of all the variations in availability which occur over time-
frames relevant to the transmission of vector-borne pathogens, typically years, months or days.
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We also define the host species availability (As) as the sum of the availabilities of all hosts (j
= 1, 2, . . . .Ns) of that species (s) as:

[2]

where Ns is the total number of hosts of species s within the transmission focus. Furthermore,
the total host availability (A) is defined as the sum of the availabilities of all host species present
which represent potential bloodmeal sources (s = 1, 2, ... .S):

[3]

Relating vector population feeding behaviours to host availability
Intuitively, these definitions lead directly to a relationship between total host availability and
the mean length of time vectors spend seeking bloodmeals in a single feeding cycle. The mean
host-seeking interval (η) is simply the inverse of the total availability of all hosts because this
represents the rates at which individual vectors acquire bloodmeals from all potential
bloodmeal sources:

[4]

Furthermore, these definitions lead directly to a relationship between the proportion of all
bloodmeals taken by a vector population mat are acquired from any given host species as a
function of availability. The proportions of bloodmeals acquired from any given host species
(Qs) can be envisaged as the rate at which bloodmeals are acquired from that species relative
to the rate at which they are acquired from all potential host species:

[5]

Bloodmeal host species choice as a function of relative population sizes
For the purposes of clarity to a non-specialist audience, here we convert numerical notation
for host species, as used for rigorous mathematical notation, to more readily identified single
letter initials for human (h), cattle (c) and other (o) potential bloodmeal hosts. Note that the
use of the letters h and c is different to that of classical models, with which they should not be
confused (Garrett-Jones & Shidrawi, 1969; Koella, 1991). Using this notation, equation [5]
can be qualified to express the dependence of the human blood index (Qh) upon the availability
of cattle (Ac), human (Ah) and other (Ao) hosts:

[6]

Where the sizes of the human (Nh) and cattle (Nc) populations are known, this can be further
qualified in terms of the mean availability of hosts of these species (āh and āc, respectively):

[7]

which can be rearranged and expressed in terms of the relative availability of the cattle and
other hosts populations compared to that of humans, using the following linear and non-linear
equations:

[8]

[9]

where

[10]
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and

[11]

We could identify only 2 publications for fitting the model, in which both the human blood
index and the ratios or absolute sizes of human and cattle populations were available for large
numbers (>10) of distinct communities in Africa. Host populations’ sizes and human blood
indices in clusters of communities have been reported for An. funestus, An. gambiae sensu
stricto and An. arabiensis in Segera, Tanzania (White et al., 1972) and for An. gambiae sensu
lato in The Gambia (Lindsay et al., 1993). The dependence of the reported human blood indices
for whole, individual communities upon the observed ratio of cattle to humans was quantified
by fitting to the model described by equations [8]–[11] (Fig. 1, Table 2). The data for each
vector population were fitted to both equations [8] and [9] by least squares linear regression
and by least squares non-linear regression with sequential quadratic programming, constrained
to ρ ⩾ 0, respectively (Ryan, 1997). Models presented in Table 2 and Figure 1 represent the
best fit of the 2 methods. Logistic regression methods (Ryan, 1997) could not be applied
because not all the human blood index data sets were available in explicit mosquito-by-
mosquito binary format.

Testing the fitted model by predicting bovine blood indices
Similarly, to Qh (equation [7]), the cattle blood index (Qc) can be estimated as

[12]

So, by substituting equations [10] and [11] into equation [12] and rearranging, the cattle blood
index can be estimated as:

[13]

In addition to Qh, Qc was also determined directly for the An. arabiensis populations in
Tanzania and found to vary over quite a wide range (White et al., 1972). The cattle blood
indices for An. arabiensis in 12 of these villages were predicted, using equation [13] and
published values for Nc and Nh together with estimates of λ and ρ from fitting human blood
indices. The predictive accuracy and precision as well as the mechanistic basis of the model
were assessed by linear regression of predicted Qc values against those observed in the field.

Predicting possible impacts of cattle availability on malaria transmission intensity
The human blood index, Qh, is one of the key predictors of malaria EIR (Koella, 1991; Killeen
et al., 2000b). Although it is clear that the sizes of the human and cattle populations are likely
to influence other important predictors of EIR, little is known about these relationships for
African malaria vectors (Mutero et al., 1999). We therefore apply the model to estimate the
influence of the relative availabilities of humans, cattle and other hosts on EIR, assuming that
emergence rate, feeding cycle length and survival per feeding cycle remain constant at any
given site, irrespective of these demographic variations.

EIR is proportional to the square of Qh (Koella, 1991; Killeen et al., 2000b). Thus, assuming
none of the other predictors change, the relative EIR transmitted by any vector species in the
presence of cattle (EIRNc/Nh) compared to that in the absence of cattle (EIR0) can be calculated
as a simple function of their respective human blood index:

[14]

Thus, the influence of cattle on EIR as a function of Qh, can be predicted using estimates of
λ and ρ from Table 2 and assuming that other key predictors of EIR are constant. No major
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host species other than cattle or humans were identified for any of these vector populations by
the preliminary model fitting or, in the case of the Tanzanian sites, by direct blood meal
identification (White et al., 1972). We therefore assumed the availability of hosts other than
cattle or humans to be negligible (ρ = 0) and predicted the response of EIR to increasing relative
cattle abundance using only estimates of λ, and its 95% confidence intervals, as input
parameters. For the 3 vector populations studied in Tanzania, this relationship was first studied
individually for each species and then the impact of cattle abundance on overall EIR was
estimated as an average, weighted according to the EIR transmitted by each species. The
contribution of each vector species to overall EIR and its corresponding sensitivity was
weighted according to reported sporozoite prevalence and relative abundance of these 3 vector
species, for this site at the peak of the transmission season in April 1970 (White et al., 1972).

Results
Relative host species availabilities

Reported community-level human blood indices for An. funestus, An. gambiae s.s. and An.
arabiensis in Segera, Tanzania (White et al., 1972) and for An. gambiae s. l. in The Gambia
(Lindsay et al., 1993) were separately fitted to the model, equations [8] or [9], depending on
which produced the best fit (Fig. 1, Table 2). The model failed to identify any dependence of
the human blood index for An. funestus in Tanzania upon λ, the relative availability of cattle
(Fig. 1 a, Table 2). The human blood index of An. gambiae s.s. in the same area was found to
respond slightly to very high densities of cattle and this relationship approached significance
(Fig. 1b. Table 2). In contrast, the more zoophilic An. arabiensis from the same part of Tanzania
responds well to increasing cattle numbers and an excellent fit was obtained. No significant
availability of hosts other than cattle and humans (ρ) was detected in any of these vector
populations. Following this observation, log-transformed forms of equations [8] and [9],
without the ρ parameter were explored but did not improve the fit of the model. The estimates
for the relative availability parameters λ and ρ indicate, respectively, cattle will be bitten 1.61
± 0.16 times as often as humans and that essentially no other animal species are fed upon by
this vector population (Fig. 1c, Table 2). Although the model did not fit the data so well for
An. gambiae s.l. in The Gambia, the relative availability parameters obtained for both cattle
and other hosts, compared to humans, were essentially identical to those of An. arabiensis in
Tanzania (Fig. 1d, Table 2). Thus, although the An. gambiae s.l. population in The Gambia is
reported to be composed of 68% An. gambiae s.s. (Lindsay et al., 1993) it is, according to this
analysis, 77 times more zoophilic than the An. gambiae s.s. population in Tanzania.

Model performance and validation
Although the best fits of the model to the data for An. arabiensis in Tanzania and An. gambiae
s.l. in The Gambia had an approximately normal distribution of errors, this was not the case
for both An. funestus and An. gambiae s.s. in Tanzania which had a clearly binomial distribution
(Figs 1a and b). Furthermore, some heteroscedasticity (heterogeneity of variances) was
apparent, with greater scatter of the observed human blood indices at moderate predicted
values, between 0.8 and 0.2 (Figs 1c and d). Despite these shortcomings, the model was useful
for quantifying the blood-feeding preferences of these vector populations and fitted remarkably
well to the An. arabiensis data from Tanzania. Cattle blood indices for this An. arabiensis
population were also reported and found to be distributed over a reasonably wide range (White
et al., 1972). We therefore tested the validity of the model by predicting the cattle blood indices
of each village, using the estimate for the relative availability of cattle (λ) and other hosts (ρ)
obtained by fitting to the separately measured human blood index data. The model was found
to be very accurate but not particularly precise (Fig. 2). Although considerable scatter was
observed, the model predicted values for the cattle blood index which are, on average, almost
exactly equal to those observed. This confirms that the effect of cattle on the human blood

Killeen et al. Page 5

Trans R Soc Trop Med Hyg. Author manuscript; available in PMC 2008 July 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



index is indeed caused by diversion of host-seeking mosquitoes to feeding on cattle and
strongly supports the underlying principles of the model.

Possible impacts of cattle abundance on malaria transmission intensity
Assuming that vector emergence rates, longevities and feeding cycle lengths were unchanged,
the contribution of An. arabiensis to EIR in Tanzania was predicted to be very sensitive to the
relative abundance of cattle (Fig. 3c). In contrast, those of sympatric An. funestus and An.
gambiae s.s. were scarcely affected by cattle density as high as 10 per person (Figs 3a and b).
We estimate, on the basis of reported species abundance and sporozoite prevalence (White et
al., 1972), that these species were each responsible for approximately 0.3, 76.4 and 23.3% of
overall EIR, respectively. The model therefore predicts that the overall malaria transmission
intensity by the combined vector populations in Tanzania would be essentially unresponsive
to the density of cattle in the area (Fig. 3d). Conversely, malaria transmission by the much
more zoophilic An. gambiae s.l population in The Gambia was predicted to be extremely
sensitive to the abundance of cattle (Fig. 3e). Assuming that they do not reduce the feeding
cycle length of vector mosquitoes or increase their longevity or emergence rate, we estimate
that a few extra cattle in every household of these villages could reduce their local community-
level EIR 10-fold.

Discussion
Overall, the model performed quite well with regards to fitting the available data for the
relatively zoophilic An. arabiensis and An. gambiae s.l. vector populations from opposite sides
of the African continent (Table 2, Fig. 1). Furthermore, the model managed to identify and
quantify quite low levels of zoophily in An. gambiae s.s., and its failure to detect any significant
non-human bloodmeal source for An. funestus is consistent with the extremely anthropophilic
nature of this species and direct bloodmeal identifications of mosquitoes from the Tanzanian
villages (White et al., 1972). It is also noteworthy that no quantitatively significant host species
other than humans and cattle was identified for any of the 4 vector populations studied.

The striking similarity between the parameter estimates for the An. arabiensis in Tanzania and
the An. gambiae s.l. population in The Gambia (Table 2) is somewhat surprising. This An.
gambiae s.l. population was reported to consist of mostly An. gambiae s.s. (Lindsay et al.,
1993). However, this estimate must be interpreted with some caution because the collection
method used to determine species composition (CDC light traps in bedrooms) was quite
different to those used to collect indoor-resting mosquitoes for bloodmeal identification
(pyrethrum spray knockdown and bednet search). The much better fit of the model for data
from Tanzania may be also explained by the rigorous identification of mosquitoes to species
and the much greater range of relative cattle abundance in the Tanzanian villages.

Nevertheless, both the original data and this quantitative analysis indicate that An. gambiae
s.s. is more zoophilic in West than East Africa and is consistent with the observation of human
blood indices as low as 60% in Senegal (Lemasson et al., 1997) and 55% in The Gambia
(Bøgh et al., 1999). These apparently large contrasts in host choice by An. gambiae in East and
West Africa may result from between-site differences in innate behavioural traits of the vectors
(Touré et al., 1994; Lanzaro et al., 1998; COETZEE et al., 2000), spatial relationships of hosts,
vectors and larval habitats (Kitron & Spielman, 1989; Kitron, 1998), personal protection
(Lindsay et al., 1989, 1993) or housing design (Gamage-Mendis et al., 1991; Ghebreyesus et
al., 2000). Of these factors, the unusually longstanding and widespread use of bednets in The
Gambia (Greenwood, 1993) deserves particular attention because such domestic personal
protection measures can discourage feeding on humans and reduce human blood indices
(Garrett-Jones, 1964; Charlwood & Graves, 1987; Lindsay et al., 1989; Githeko et al.,
1996a; Bøgh et al., 1998).

Killeen et al. Page 6

Trans R Soc Trop Med Hyg. Author manuscript; available in PMC 2008 July 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Here we have modelled the impacts of zooprophylaxis, based solely upon reduction of the
human blood index and hence the lifetime transmission potential of individual vectors (Killeen
et al., 2000b). Taken at face value, these results (Fig. 3) would imply that zooprophylaxis could
be an effective tool for malaria transmission control in The Gambia but not in Segera, Tanzania.
This analysis also suggests that zooprophylaxis may be very useful in areas, such as East
African rice irrigation schemes (Ijumba et al., 1990; Mukiama & Mwangi, 1990; Githeko et
al., 1996b), where An. ambiensis predominates malaria transmission.

However, other important determinants of EIR such as emergence rate, feeding cycle length
and survival per feeding cycle also depend on the availability of hosts (Charlwood, 1986;
Charlwood et al., 1986; Charlwood & Graves, 1987; Burkot et al., 1989; Graves et al., 1990;
Service, 1991). Some studies have indicated that increasing livestock numbers from low to
moderate densities may increase malaria transmission by increasing the emergence rate of
mosquitoes (Focks et al., 1988; Sota & Mogi, 1989). Furthermore, the proximity of livestock
to humans can increase the rate at which zoophilic vectors encounter and feed upon humans
(Schultz, 1989; Hewitt et al., 1994). Such effects may explain the direct correlation observed
between livestock ownership and malaria burden in some communities (Adiamah et al.,
1993; Bouma & Rowland, 1995; Mbogo et al., 1999; Ghebreyesus et al., 2000). The impacts
of host availability on these other important predictors of EIR, and on its distribution, deserve
more detailed study so that, among other things, the impact of livestock management on malaria
transmission can be adequately understood and managed (Service, 1991; Mutero et al.,
1999).

Interestingly, recent studies in The Gambia did not detect significant protection of individuals
within villages by nearby cattle (Bøgh et al.,1999). This, however, does not exclude the
possibility of protection of whole communities, as implied by our results, and the feeding
preferences of house-resting An. arabiensis in The Gambia were found to depend on the
proximity of cattle (Bøgh et al., 1999). We emphasize that although measures which modify
personal availability, such as zooprophylaxis or bednets, may confer individual protection or
even risk, they also influence the overall level of transmission at the community level (Hewitt
et al., 1994; Bouma & Rowland, 1995; Killeen et al., 2000a) and that impacts at these 2 levels
need to be resolved and quantified separately.

The observed non-normal distribution of errors and heteroscedasticity of some of the model
fits can be explained in statistical terms by the fact that the data are constrained to values of
between 0 and 1. This inevitably leads to asymmetric distribution and relatively limited range
of the errors when the data approach either extreme (Ryan, 1997). Where data sets similar to
those analysed here are available in the more desirable explicit binomial format, such models
may be more appropriately fitted using logistic regression methods. Alternatively, non-normal
error functions for continuous variables may also provide a relatively straightforward approach
to fitting such models as these statistical constructs become accessible to non-specialist users
through commercial software packages (Wilson & Grenfell, 1997). Such approaches should
prevent anomalies associated with the current analysis including heteroscedasticity, skewed
error distribution and estimated confidence intervals for proportions which exceed 1 or are less
than 0 (Figs 1, 2 and 3).

Many of these anomalies can also be rationalized in terms of biological common sense by
considering the roles of factors other than simple abundance upon relative host availability and
the fact that each data point is a discrete village. Apart from the availability of hosts other than
cattle and humans, villages may differ in terms of spatial relationships between hosts and larval
habitats as well as each other. Similarly, shelter use, daily routine and personal protection may
vary considerably from one community to another. Clearly such factors will be most influential
where the vectors have reasonable opportunity to choose between at least 2 available host

Killeen et al. Page 7

Trans R Soc Trop Med Hyg. Author manuscript; available in PMC 2008 July 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



species. Thus wider variations of host choice can be expected in villages where both cattle and
humans contribute substantially to the availability of bloodmeals for the vector.

The roles of such important individual- and community-level determinants of availability may
be resolved using this model as a framework. Equation [1] resolves the availabilities of
individual hosts into 2 major components relating to very different phases of mosquito blood-
feeding behaviour: (a) foraging for hosts and (b) subsequent active choice of one of those hosts.
The former, reflected by the encounter rate (εs,j), can be readily envisaged as a function of the
spatial relationships between hosts and the larval habitats of vectors to which they are exposed.
The latter, reflected by the bloodmeal acquisition likelihood (φs,j), can be envisaged as a
function of the innate preference of the vector for that host species, variations in the
attractiveness of individual hosts within a species and modifying factors in the host’s immediate
surroundings such as other hosts, shelter and personal protection.

Further avenues for the extension of host availability models are also suggested by equation
[4], which outlines a simple model describing the known restriction of host dispersal (Gillies,
1961; Trape et al., 1992; Manga et al., 1993; Thompson et al., 1997), feeding cycle length
(Charlwood et al., 1986; Charlwood & Graves, 1987) and mortality rate (Charlwood, 1986)
by host availability. This relationship is consistent with the observed dependence of adult
dispersal upon the relative proximity of hosts and larval habitats (Edman et al., 1998) and the
choice of oviposition sites in proximity to preferred hosts (Charlwood & Edoh, 1996;
Minakawa et al., 1999). These relationships follow directly from the assumptions and
definitions outlined here and constitute a promising framework for comprehensive
quantification of the dependence of malaria transmission upon host availability.
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Fig. 1.
Regression analysis of the relationship between the human blood index (Qh) and the ratio of
the number of cattle (Nc) and humans (Nh) in African villages. Each point represents a single
village. The solid line represents the fitted models (Table 2), with dashed lines for their 95%
confidence intervals, for (a) Anopheles funestus, (b) Anopheles gambiae s.s. and (c) Anopheles
arabiensis at Segera, Tanzania (White et al., 1972) as well as (d) An. gambiae s.l. in The
Gambia (Lindsay et al., 1993).
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Fig. 2.
Cattle blood indices (Qc) for Anopheles arabiensis at Segera, Tanzania, predicted with equation
[13], using model parameters fitted in Figure 1, compared to those observed in the field (White
et al., 1972). Linear regression analysis: predicted Qc = 0.99 ± 0.21 × observed Qc + 0.00 ±
0.10, n = 12, d.f. = 10, r2 = 0.66.
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Fig. 3.
Predicted impact of increasing the ratio of cattle (Nc) to humans (Nh) on EIR transmitted by
(a) Anopheles funestus, (b) Anopheles gambiae s.s., (c) Anopheles arabiensis and (d) the vector
population as a whole at Segera, Tanzania (White et al., 1972) as well as (e) An. gambiae s.l.
in The Gambia (Lindsay et al., 1993). Dashed lines represent the 95% confidence intervals.
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Table 1
Symbols and definitions

Symbol Definition

A Total availability of all hosts
Ac Host species availability for cattle
Ah Host species availability for humans
Ao Host species availability for hosts other than cattle or humans
As Host species availability for all hosts of a given species
as,j Availability of any given host (j), of given species (s), defined as the mean rate at which a typical single host-seeking vector

encounters and feeds upon that host in a single feeding cycle
āc Mean availability of all cattle
āh Mean availability of all humans
c Cattle hosts
EIR Entomological inoculation rate
EIR0 Entomological inoculation rate where no cattle are available
EIRNc/Nh Entomological inoculation rate at a given ratio of cattle to human population sizes
εs,j Rate at which a single host-seeking mosquito encounters host j of species s, in a single feeding cycle
h Human hosts
φs,j Likelihood that, once a host-seeking vector encounters host j of species s, it will feed upon that host
η Mean length of time spent by individual vectors seeking hosts and obtaining a bloodmeal in one feeding cycle
j An integer representing one particular member of a host population of a given species
λ Relative mean availability of the cattle population compared to that of humans
Nh Number of humans within a discrete malaria transmission focus
Nc Number of cattle within a discrete malaria transmission focus
Ns Total population size of a given host species, s, within a discrete malaria transmission focus
o Other hosts
Qc Proportion of bloodmeals taken from cattle
Qh Proportion of bloodmeals taken from humans
Qs Proportion of bloodmeals taken from all hosts of a given species, s
ρ Relative availability of all potential hosts other than cattle and humans, compared to that of the human population
s An integer representing one species of potential bloodmeal hosts
S Total number of potential bloodmeal host species present
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Table 2
Results of regression analysis of human blood indices against the ratio of cattle to humans (see Figure 1)

Parameters and variables Segera, Tanzania
(White et al., 1972)

The Gambia
(Lindsays et al.,

1993)

Vector species An. funestus An. gambiae s.s. An. arabiensis An. gambiae s.l.
Number of villages (n) 12 13 12 12
Degrees of freedom 10 11 10 10
Best-fit model equation 9 8 8 9
λa 0.0011 ±0.0056 0.021 ±0.011 1.61 ±0.16 1.61 ±0.46
ρb 0.022 ±0.020 0.060 ±0.028 0.000 ±0.031 0.037 ±0.372
r2 0.004 0.31 0.97 0.51

a
See equation [11].

b
See equation [10].

For definition see Table 1.
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