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Abstract.

Human landing catches (HLCs) are currently the preferred method to determine vector human biting rates

(HBRs), which are key determinants of entomologic inoculation rates and important measures for assessing the impact
of vector control efforts. Although HLCs are the most direct means of establishing HBRs, they are labor-intensive, and
their use is facing increasing ethical concerns. The relationship between Centers for Disease Control (CDC) light traps
and HLC collections was evaluated in Macha, Zambia during the 2007-2008 and 2008-2009 rainy seasons. A CDC light
trap captured on average 1.91 (95% confidence interval = 1.16-2.28) times as many An. arabiensis per night as an indoor
HLC. Additionally, nets treated with deltamethrin did not affect the numbers of An. arabiensis collected. Our results sug-
gest that in regions where use of vector control interventions is high and vector densities are low, CDC light traps can be

used to monitor An. arabiensis HBRs.

INTRODUCTION

In the fight against malaria and the push toward eradica-
tion, interventions must be effectively used and accurately
evaluated. Current strategies to reduce malaria transmission
rely heavily on vector control, specifically the use of insecti-
cide-treated bed nets (ITNs), indoor residual spraying, and
source reduction. The most direct method for assessing these
vector management measures is the entomologic inoculation
rate (EIR) because it quantifies the tendency of a mosquito
population to transmit infectious sporozoites to humans.!
The EIR, defined as the number of infectious bites received
by an individual per unit time, is calculated by multiplying
the proportion of mosquitoes in a vector population har-
boring sporozoite-stage parasites in their salivary glands by
the nightly biting pressure of the vector on a human popu-
lation (the human biting rate [HBR]).? Human biting rates
for particular vectors can be highly variable, even at a fine
geographic scale.’

The gold standard method for determining the HBR is the
human landing catch (HLC) because mosquitoes are cap-
tured by aspiration as they land and attempt to feed on collec-
tors.? However, in many regions where vector control efforts
are underway, extensive use of HLCs may not be practical. In
addition to being non-standardized because of variability in
the attractiveness and skill of collectors,* HLCs are extremely
labor-intensive, which limits the number of data points that
may be simultaneously collected. Additionally, they require
vigilance throughout the night by collectors and intense
supervision to ensure that the information gathered is reliable.
Furthermore, as has been noted by others, there are increasing
ethical and worker safety concerns that this collection method
increases the risk of exposure of catchers to infectious mosqui-
toes.*® The ethical dilemma is compounded in areas of drug-
resistant malaria and when collectors would otherwise have
the opportunity to be protected from infectious bites by sleep-
ing under an ITN. Institutional Review Boards have begun to
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voice concerns about use of HLCs, going so far as to deem this
method an occupational hazard.’

Consequently, work has been conducted to evaluate alter-
native methods of determining HBRs that would be as sen-
sitive as the HLC, and be cost-effective, exposure-free, and
widely deployable. Indoor resting collections are largely
unsuitable for this purpose because insecticides on walls or
bed nets inherently reduce estimates of indoor biting by pyre-
thrum spray catches. Likewise, the recently developed Mbita
traps have proven not to be sensitive enough for collections
in areas of low mosquito densities.”!*!! One promising alter-
native to the HLC is the Ifakara tent trap being developed in
Tanzania.” This collection method has been shown to correlate
well with HLC collections independent of vector density, but
it is still being modified and is not yet available as a commer-
cial product.

Consequently, Centers for Disease Control (CDC) light
traps hung beside occupied beds protected by bed nets remain
a preferred alternative to an indoor HLC for collecting host-
seeking vectors over a wide range of mosquito densities. The
CDCllight traps are affordable, easy to use, and have relatively
high sampling efficiency,"? although the relationship between
CDC trap and indoor HLC collections needs to be verified
locally for each study area” (Table 1) because vector species
composition and intraspecific variation in feeding and rest-
ing behavior can have a significant impact on the quantitative
association between the two methods.

As part of the National Malaria Strategic Plan of Zambia,
the Macha area of Southern Province received 4,800 ITNs
in 2007 (Thuma PE, unpublished data), which largely elimi-
nated use of insecticide spray catches to monitor Anopheles
arabiensis, the principal vector of Plasmodium falciparum
in the region.®* With both practical and ethical restric-
tions on the widespread use of HLCs to assess differences
in EIRs across the Macha region, studies to evaluate the
relationship between CDC light trap and indoor HLC col-
lections were performed in Macha, an area with overall
low vector densities,”® during the 2007-2008 and 2008-2009
rainy seasons. Investigations of the impact of insecticide
treatment of bed nets on the numbers of An. arabiensis col-
lected by CDC light trap were conducted in conjunction
with these studies because of the high rate of ITN use in the
research area.
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TaBLE 1

Published relationships between CDC light trap and HLC collections of Anopheles gambiae s.1. in Africa*

Relative sensitivity of CDC trap Density
Study versus that of HLC (95% CI) dependent Species composition Location Reference

1 0.33 (0.24-0.46) Yes Not reported Ulanga District, Tanzania Okumu and others, 2008

2 0.56 (0.49-0.66) No An. arabiensis Abhero, Kenya Mathenge and others, 2005

3 1.06 (0.88-1.26) No An. gambaie s.s. Bo District, Sierra Leone Magbity and others, 20028

4 1.07 (0.89-1.29)+ No >90% An. gambaie s.s. Muheza District, Tanzania Lines and others, 1991°

5 1.08 No ~70% An. gambaie s.s. Noungou, Burkino Faso Costantini and others, 1998°

6 1.18% No <40-100% An. Bagamoyo District, Tanzania Davis and others, 1995,%
gambaie s.s. Shiff and others, 1995%

7 13 Yes 12% An. gambaie s.s. Ulanga District, Tanzania Govella and others, 20097

8 1.86 (1.73-2.00) No 55% An. arabiensis Suba District, Kenya Mathenge and others, 2004!°

#CDC = Centers for Disease Control; HLC = human landing catch; CI = confidence interval.
+ Comparison between 3 CDC trap collections and 2 HLC collectors.
+ Comparison between 1 CDC trap collection and 2 HLC collectors.

MATERIALS AND METHODS

Mosquito collecting and handling. The Johns Hopkins
Malaria Research Institute field station is located in Macha,
Zambia at 16.39292S, 26.79061E. Mosquitoes were collected
for this study in two village areas, Chidakwa and Namwalinda,
both located < 10 km from the field station. Collections were
performed during the peak of the rainy season, January
through April in 2008 and 2009.

For the comparison between indoor HLC and CDC light
trap collections, three houses were chosen in Namwalinda and
three houses were chosen in Chidakwa. The HLC and CDC
light trap collections were performed in the same houses on
alternating nights, with CDC light traps hung next to occu-
pants sleeping under untreated bed nets. If the trapping room
had more than one bed, the other occupants were instructed
to use their existing bed nets, or if they had none, additional
nets were provided. Six teams of two HLC collectors were
randomly rotated among the houses on successive collection
nights so that each HLC collection team collected at each
house before the rotation began again. The HLC and CDC
trap collections were performed from 7:00 pm to 7:00 AM up
to 3 times per week for a given house for a total of 176 trap
nights for each collection method. Because HLC collections
were only performed for the first half hour of every hour, the
CDC light trap catch was compared with the total An. arabi-
ensis captured by both HLC collectors.

For the comparison of catch results by CDC trap sus-
pended near treated and untreated bed nets, six households
in Namwalinda with more than one sleeping house were ran-
domly chosen for the study. Pairs of deltamethrin-treated and
untreated bed nets were allocated to neighboring sleeping
houses. The CDC traps were hung nightly next to an occupied
bed in each house. Every other night the nets were exchanged
between the houses to remove any sampling bias.

DNA isolation and polymerase chain reaction. Collected
mosquitoes were identified morphologically”® at the field
station and individually placed in tubes containing silica gel
desiccant (Fisher Scientific, Fair Lawn, NJ) and cotton for
stable storage until they were processed for molecular analysis.
Heads/thoraces were separated from abdomens before homo-
genization and rehydrated at room temperature in 20 uL of
double-distilled water for 10 minutes. The DNA was extracted
from mosquito heads/thoraces and abdomens by a modified
salt procedure as previously described.® DNA pellets were
resuspended in 50 uL of double-distilled water. Host source

of blood fed mosquitoes was determined by polymerase chain
reaction (PCR) on abdominal DNA.'*!® The DNA from head/
thorax extractions was used to confirm species by the PCR
assay of Scott and others."” Additionally, head/thorax DNA
was screened for P. falciparum by nested PCR.!8

Data analysis. As an exploratory step, the An. arabiensis
totals for all trap nights for both the CDC light trap and HLC
methods were graphed and Pearson’s correlation coefficient
for linear association was calculated. Initially, we used the
Bland-Altman analysis'’ used in previous studies®$2°?! to assess
whether the differences observed between the nightly means
calculated for each collection method were density dependent
and to estimate the bias associated with the collection
methods. However, handling non-normally distributed data
by using a logarithmic transformation with the addition of
one to count totals of zero may bias the results.?? Therefore,
to avoid artificially converting zeros to non-zero values when
many sampling occasions in this study yielded no mosquitoes,
a negative binomial regression analysis was performed using
STATA version 10 (StataCorp., College Station, TX). The
negative binomial distribution has been used previously to
model overdispersed mosquito count collections.!%!123

The difference in the sampling efficiency of CDC light traps
relative to the HLC reference method was evaluated after
controlling for month and year of collection and clustering on
household. Using the negative binomial model, we assumed
that total mosquito counts followed a Poisson distribution in
which there is an overdispersion parameter to account for vari-
ance that is greater than that expected under a true Poisson
distribution. The log of the expected counts is modeled as the
function log(E(Y;,)) = o + X+ g, where Y, is the monthly
mosquito count for household i in month j and year k and X
are the covariates of sampling method, collection year, and
collection month. This method enabled standard errors to be
adjusted for correlated observations within collection house-
holds. Density dependence was evaluated by generating a new
variable to present the tertiles of the total combined numbers
of An. arabiensis collected by CDC trap and HLC. Each tertile
represented one of three parts of the ordered dataset distri-
bution, and each contained one-third of the population. The
above analysis was then repeated with the inclusion of interac-
tion terms for sampling method and tertile density.

The hypothesis that CDC light traps collect the same num-
ber of mosquitoes whether suspended next to people sleeping
under deltamethrin-treated or untreated bed nets was exam-
ined by using paired t-tests. For the 2009 data, the significance
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of the difference in the proportion of unfed mosquitoes col-
lected in light traps hung next to treated or untreated nets was
tested by using a two-proportion z-test.

RESULTS

For the CDClight trap/HLC comparison collections, 497 An.
gambiae complex mosquitoes were captured: 19 An. quadrian-
nulatus and 478 An. arabiensis. However, 113 of the An. ara-
biensis were caught during a single trap night (108 from the
CDC trap and 5 from the corresponding HLC). This trap night
was an extreme outlier because the next largest number of An.
arabiensis caught in a trap night was 47. Because inclusion of
this data point significantly skewed the results obtained it was
dropped from the analysis, leaving a total of 365 An. arabien-
sis (225 from CDC traps and 140 from HLCs) collected during
175 trap nights. All mosquitoes caught by light trap or landing
catch were negative for P. falciparum sporozoites.

Preliminary analysis showed that CDC light traps tended to
catch more mosquitoes overall (Figure 1). As expected, there
was a statistically significant correlation between the numbers
of An. arabiensis caught by CDC trap and indoor HLC col-
lection (r = 0.51, P < 0.001). The negative binomial regression
analysis performed on the nightly collection data revealed
that a CDC light trap captured on average 1.91 (95% confi-
dence interval = 1.61-2.28, P < 0.001) times as many An. ara-
biensis per night as an indoor HLC pair, after controlling for
month and year. All coefficients for month and year of collec-
tion were statistically significant in the model, which suggested
that there were more captures in February than in January,
but decreased captures in March and April as compared to
January. Similarly, there was a statistically significant decrease
in collection counts in 2009 as compared to 2008. None of the
interaction terms for sampling method and tertile were statis-
tically significant, which suggested that CDC light trap effi-
ciency was not density dependent.

For the comparison of CDC light traps hung next to treated
or untreated bed nets, a total of 518 An. arabiensis and 19 An.
quadriannulatus were captured. Paired t-tests for each year
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Ficure 1. Nightly scatter plot of paired Anopheles arabiensis col-
lections for 175 trap nights. The solid line indicates the regression line
of the dataset and is shown in comparison with the dashed identity
line. Each point represents the collections from one household per
night.

showed no statistically significant mean differences between
catches from paired traps. One hundred twenty pairs were ana-
lyzed in 2008 (P = 0.36), and 96 pairs were examined in 2009
(P =0.26). No statistically significant difference was observed
in the proportion of unfed mosquitoes caught by traps sus-
pended next to treated or untreated nets during the 2009 sea-
son (P =0.355) (Table 2). Of those mosquitoes that were blood
fed, 98% of blood meals were taken from human hosts.

DISCUSSION

In this study, CDC light traps in Macha, Zambia caught on
average 1.91 times as many mosquitoes as a pair of indoor
HLC collectors. Although this relative sampling efficiency is
higher than those previously published for the An. gambiae
complex (Table 1), the difference might be largely explained
by the sibling species composition at each locality and the
considerable variation in An. arabiensis foraging behavior
throughout Africa. There has been only one other CDC/HLC
comparison study conducted in an area where An. arabiensis
was the sole sibling species present. In Ahero, Kenya, a CDC
light trap caught approximately 60% of the number of An ara-
biensis as an HLC." However, unlike in Macha where An. ara-
biensis is highly anthropophilic,'*' in the rice irrigation region
of Kenya where the previous work was undertaken, An. ara-
biensis is known to be predominately zoophilic.?* The CDC
traps in this study might also have caught more mosquitoes
because the population of An. arabiensis in Macha displays
higher post-prandial endophily. The light traps may be attract-
ing not only host-seeking An. arabiensis, but also some pro-
portion of indoor resting mosquitoes.”’ In our comparison of
CDC light trap efficiency by bed net type, on average only
78.8% (Table 2) of An. arabiensis captured by light trap were
unfed. It has been shown that the added stimulus of light from
incandescent bulbs increases the numbers of An. gambiae s.1.
caught by CDC light trap by approximately 2.5 times.* Perhaps
this added stimulus was enough to attract a portion of non—
host-seeking An. arabiensis. Furthermore, the positioning of
the CDC light trap in relation to the host acting as bait has
been shown to have a significant impact on catch sizes.” It is
therefore possible that some of the observed difference in the
sampling efficiency of CDC traps between this study and oth-
ers might be caused by trap placement.

Although it has been reported that the efficiency of CDC
light traps as a substitute for HLCs may vary as a function of
vector abundance,”” most studies in Africa have shown the
correlation between the two methods to be independent of
density. 68101121 Tmportantly, the relative sampling efficiency
of CDC light traps in this study was not density dependent.
Therefore, even with the relatively low numbers of An. arabiensis

TABLE 2

Number of Anopheles gambiae s.. complex mosquitoes collected by
CDC light traps near I'TNs*

Year (no. No. An. No. An.
quadriannulatus arabiensis

mosquitoes) Trap or net (% unfed)
2008 (120)  Bayer K-O Tab 11 60 -
(deltamethrin)
Untreated bed net 6 78 -
2009 (96)  Permanet 2 210 80.8
(deltamethrin)
Untreated bed net 0 171 76.8

#CDC = Centers for Disease Control; ITNs = insecticide-treated bed nets.
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collected in Macha, we should be able to predict what the
results of an HLC collection would have been from the catch
total of a CDC light trap. Because neither trapping method
yielded sporozoite-positive mosquitoes, we were unable to
assess the influence of trapping method on sporozoite prev-
alence. Similar studies have found conflicting results regard-
ing the influence of trapping method on infection rates. Some
studies have shown higher sporozoite rates in An. gambiae
s.1.202 collected by light trap than in those collected by HLCs,
whereas other investigations have found the methods to yield
similar rates.>!* Further investigation will need to be under-
taken in areas with higher P. falciparum transmission rates
to determine if trapping method has an effect on sporozoite
prevalence in southern Zambia.

It has been suggested that the excito-repellent properties
of ITNs can reduce the numbers of mosquitoes that enter
sleeping huts or cause those that do to exit more quickly.??
However, in our study, the presence of I'TNs did not affect the
utility of CDC traps. This is a critical finding because surveys
completed during the 2008 and 2009 rainy seasons in Macha
found that 72-86% of the population, depending on village
area, reported sleeping under a bed net treated with deltame-
thrin the previous night (unpublished data). If CDC light traps
are to be used as a replacement for indoor HLCs, it would
be impractical and unethical in an area with high ITN use to
replace all existing nets with untreated bed nets for monitor-
ing purposes. Previous studies have shown a slight decrease in®
or no effect on® the sampling efficiency of CDC traps in the
presence of ITNs. However, although surrounding occupied
beds were covered with ITNs, the CDC traps in both of these
investigations were hung next to untreated bed nets. Our data
are the first to directly compare the catch totals of An. arabien-
sis by CDC trap hung beside each bed net type. These results
will have to be confirmed elsewhere, but the finding is encour-
aging in that control programs throughout southern Africa
might benefit from the ability to use existing ITNs in conjunc-
tion with CDC traps as part of their surveillance efforts.

A major drawback to using CDC light traps as a substi-
tute for HLCs is that although HLCs can be performed inside
and outside, CDC light traps are known to be ineffective for
collecting An. gambiae complex mosquitoes when hung out-
doors.*? Consequently, light traps can only be used to sample
the indoor-biting fraction of the vector population. Although
An. arabiensis in Macha has been shown to be predominately
exophagic,®® CDC light traps were efficient at collecting the
indoor host-seeking mosquitoes that are responsible for most
bites after people have gone to bed. We acknowledge that
HLCs remain the best sampling technique to glean informa-
tion on the degree of exophagy in a population and vector bit-
ing times. However, when HLCs become prohibitive because
of logistical issues and ethical concerns, the results presented
here indicate that CDC light traps may be used as a stopgap
measure to sample indoor, host-seeking An. arabiensis until
better tools are developed, proven effective and cost-efficient,
and become widely available.

This is the first study to report that the relationship between
a CDC light trap and indoor HLC collection can be estab-
lished for An. arabiensis in an area of low vector density where
ongoing vector control interventions are being used. The situ-
ation in Macha is one that will be seen more and more as the
malaria map begins to shrink. Although the Southern Province
of Zambia has historically had hyperendemic transmission of

P. falciparum, there has been a significant decrease in the
number of malaria cases in the Macha region since 2003
when Zambia adopted artemisinin combination therapy as
the national standard for the treatment of uncomplicated
malaria.’! As malaria rates in Macha and similar sites through-
out Africa are reduced further through vector control efforts,
it will become even more important to monitor EIRs over a
wider region to identify remaining foci of malaria transmis-
sion. To calculate HBRs for this purpose, we show that as
long as known caveats are kept in mind and the relationship
between catch methods is established locally, CDC light traps
can be used next to treated bed nets as a substitute for indoor
HLCs.
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