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A DIPSTICK ELISA FOR RAPID DETECTION OF HUMAN BLOOD
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ABSTRACT. A dot-enzyme-linked immunosorbent assay, dot-ELISA, that allows for identification
of human blood meals in mosquitoes in less than 2 h is presented. Strips of mylar-backed nitrocellulose
paper, the dipstick, may be inoculated with anti-human capture antibody, blocked, dried and stored for
at least 3 months before use. The Dipstick ELISA consistently detected human blood meals at 24 h post-
blood meal in frozen Anopheles mosquitoes and at 32 h post-blood meal on samples eluted off filter-
paper smears. This ELISA detects human IgG at dilutions of 1:25,600, and produces strong positive
results at dilutions between 1:400 and 1:12,800. The Dipstick ELISA is highly specific, and no false
posrtives were detected when tested against cow, horse, goat, dog, cat, pig, rabbit, mouse, rat, chicken,
raccoon and opossum sera. AII reagents for the assay are commercially available. The Dipstick ELISA
meets requirements for a rapid and simple assay for the identification of human blood meals and should
have particular application to short-term field studies and emergency epidemiological investigations. A
modified protocol, the Trough ELISA, which treats dipsticks jointly in disposable pipet troughs during
the conjugate and substrate steps, was developed and produced as a kit. The Trough ELISA produces 1-
4o/o random false positives, and we recommend that the Trough ELISA not be used.

INTRODUCTION

Identification of blood meals in hematopha-
gous arthropods is an important tool in epide-
miological investigations of vector-borne dis-
eases. In particular, an assessment of the pro-
portion of feeds taken on man, or the Human
Blood Meal Index (HBI), is an essential variable
in epidemiological investigations of vector-
borne diseases such as malaria, and is needed to
assess the vectorial capacity of each vector pop-
ulation. A number of biochemical and immuno-
logical techniques have been developed and suc-
cessfully used to identify blood meal sources in
mosquitoes (Washino and Tempelis 1983).
Among these methods, enzyme-linked immu-
nosorbent assay (ELISA) techniques have been
demonstrated to provide both high sensitivity
and specificity (Anonymous 1987). The World
Health Organization (1987) and others recog-
nized the demand for a rapid, accurate blood
meal identification assay that could be con-
ducted under field conditions or in simply
equipped laboratories. A simple, rapid assay
could provide entomologists and epidemiologists
with real time data, and circumvent the major
criticism of the standard procedure of shipping
filter smears to a central processing center
(World Health Organization 1987).
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Herein, we present a new dot-ELISA method
for the identification of human blood meals in
mosquitoes that can be completed in less than 2
h when using preblocked dipsticks. This tech-
nique is an indirect or sandwich type ELISA
that is performed on a mylar-backed nitrocellu-
lose paper which can be cut into strips to be
used as dipsticks. All reagents needed to conduct
this ELISA are commercially available, and both
the capture and conjugated antibodies are affin-
ity purified, which reduces cross-reactivity and
Iimits the need to adsorb antiserum with cross-
reacting blood sera.

Based upon initial blind testing of 14 different
blood meal assays, the ELISA presented below
was selected by the World Health Organization
for further testing and development. Selection
criteria included sensitivity, specificity, simplic-
ity and minimum-time required to conduct the
test under field conditions and/or in simply
equipped laboratories located in disease endemic
areas (V. Houba, personal communication, 1987;
World Health Organization 1987).

Unlike other ELISAs used in blood meal
analysis (Beier et al. 1988, Lombardi and Espos-
ito 1986, Service et al. 1986), the dipsticks pro-
vide a permanent record of test results. This
Dipstick ELISA meets requirements for a fast
and simple assay for the identification of human
blood meals when testing a relatively small num-
ber of specimens, and should have particular
application to field studies and to short-term or
emergency epidemiological investigations.

MATERIALS AND METHODS

Dipstick ELISA protocol: The basic protocol
is outlined below and presented schematically
in Fig. 1. AII procedures are conducted at room
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sticks) and simple assay for the identification of
human blood meals in a relatively small number
of specimens (24 dipsticks per test). The Dip-
stick ELISA should have particular application
to discrete field studies and to short-term or
emergency epidemiological investigations. In-
vestigators wishing to conduct a large number
of blood meal assays for human and other host
species, or those wishing to establish a labora-
tory for the processing of a large number of
specimens on a routine basis would be advised
to set up a liquid-phase ELISA (Beier et al.
1988, Service et al. 1986).
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