TRANSACTIONS OF THE ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (2002) 96, SUPPLEMENT 1 51/225-51/229

Diagnosis

Recent advances in molecular diagnostic techniques for human lymphatic
filariasis and their use in epidemiological research

Reda M. R. Ramzy Research and Training Centre on Vectors of Diseases, Ain Shams University, Cairo, Egypt

Abstract
Diagnosis of lymphatic filariasis for epidemiological studies is an area of science that has been greatly
modernized over the last two decades. Recent developments and the introduction of new technologies
have led to the replacement of traditional diagnostic methods that were insensitive, tedious and often
impractical with molecular biology techniques that have considerable potential for field use. This paper
reviews some of these major new techniques and the applications of molecular diagnosis in the field of

lymphatic filariasis.
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Introduction

Human lymphatic filariasis is a mosquito-borne dis-
ease caused by infection with the nematode parasites
Wiuchereria bancrofti, Brugia malayi and B. timori and it
is endemic over a wide geographical area covering
tropical and subtropical Africa, Central and South
America, Asia and Oceania. At least 120 million people
are infected (primarily by W. bancrofti and to a lesser
extent by B. malayi and B. timori) and a further
1:1 X 10° live in endemic areas and are at risk of
acquiring infection (OTTESEN & RAMACHANDRAN,
1995). The current world-wide strategy for control of
filariasis is based on mass diagnosis and selective ther-
apy of infected people. These efforts are sometimes
supplemented by mosquito control measures. The
World Health Organization (WHQO) is now advocating
new strategies for control and elimination of lymphatic
filariasis. These are based on rounds of community-
wide distribution of single annual doses of combined
drug regimens. One pivotal element for the success of
such control efforts is the identification and assessment
of filariasis endemicity in affected communities.

Epidemiological surveys are traditionally based on
the identification of microfilariae (mf) in thick blood
films. This technique is insensitive, tedious and often
impracrical. Drawbacks include the small blood volume
screened (20-50 pL), the need for skilled microscopists
to distinguish species of microfilariae that may coexist
in one region, and the necessity of night blood collec-
tion (between 22:00 and 02:00) on account of the
nocturnal periodicity of mf in most regions. Membrane
filtration of venous blood, although more sensitive, is
relatively expensive and still requires expert examiners
and night blood collection.

Alternative serodiagnostic tests for parasite-specific
antibodies, while sensitive, may be positive both in
subjects exposed to infective filarial larvae and in sub-
jects with previous filarial infections (RAMZY er al.,
1995). The development of assays for detecting circu-
lating filarial antigen in the blood of infected persons
(WEIL et al., 1987, 1997; TURNER et al., 1993) repre-
sented a major advance in diagnosis of infection with
W. bancrofti. However, although sensitive in detecting
even individuals with occult infections, these assays
may be negative in some subjects with low levels of
circulating mf (RAMZY ez al., 1991, 1999). It is worth
noting that, so far, there is no useful assay for detecting
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circulating filarial antigens in humans with B, malayi
infection.

Entomological methods for the detection of filarial
larvae in vector mosquitoes are based on conventional
dissection techniques. These include dissection of
thousands of mosquitoes caught in the wild and use of
morphological criteria for identifying filarial stages and
for distinguishing species of larvae infecting humans
from those infecting other animals and possibly trans-
mitted by the same mosquito. Recently, a method for
the detection of mf in mosquito blood meals was
described and proved valuable for screening endemic
villages (GAD et al., 1995). However, dissection meth-
ods, besides being labour-intensive, costly, tedious and
time consuming, require reliable and dedicated skilled
microscopists. :

Recent advances in molecular biological technology
are giving parasitologists new insights into the structure
and function of the filarial genome, genes and proteins.
Such research addressed the shortcomings of the tra-
ditional diagnostic methods by leading to the iden-
tification of repeated deoxyribonucleic acid (DNA)
sequences useful in developing DNA species-specific
oligonucleotide probes and in designing species-specific
primers for the polymerase chain reaction (PCR). This
article discusses the work along these lines accom-
plished so far by different research groups. It describes
efforts to develop new methods, for improving diag-

“nosis of human lymphatic filariasis caused by W. ban-

crofti and B. malayi, and for their field application.

W. bancrofti is specific to humans and has no animal
model; consequently, little is known about its genes
and their functions. In contrast, B. malayi can be
maintained in laboratories and its genome has been
studied extensively. The nuclear genome of B. malayi
consists of 5 pairs of chromosomes, 4 autosomal pairs
and one sex determination pair. The genome size is
about 100 million base pairs (bp). It is rich in adeno-
sine and thymidine (AT) (75%), but protein-coding
segments tend to be lower in their AT content (65%)
than intergenic regions (80%). MCREYNOLDS er al.
(1986) reported that 10-12% of the Brugia genome
consists of a single 322 bp repetitive sequence, the
Hhal repeat. This repeat family is genus-specific and
exists in approximately 30000 copies per haploid
chromosome set, organized in tandem arrays. SIM ez al.
(1986) cloned another highly repeated DNA sequence,
the pBm15 clone, from Sau3A digests of B. malayi
DNA. This last clone appeared to contain 4 tandem
repeated elements. Although the Hhal repeat does not
contain a Sau3A site, direct comparison revealed that
both clones (Hhal and pBml5) are closely related
(97% homology) and probably belong to the same
family of highly repeated DNA elements in the B.
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malayi genome (PIESSENS et al., 1987). Identification
and characterization of such highly repeated DNA
elements are of immense importance for the develop-
ment of new diagnostic tools essential for differentiat-
ing closely related parasite species. For instance,
although the genome of B. malayi and a closely related
animal filarial parasite, B. pahangi, contain Hhal re-
peats with 89% average homology, WILLIAMS et al.
(1988), based on a region of 66 nucleotides with a
homology of only 72%, were able to design 2 oligonu-
cleotide probes. One probe was a 29-mer that is specific
for B. malayi and the other is a 21-mer that is specific
for B. pahangi. These probes were designed to be at
least 20 nucleotides long, to ensure sensitivity and to
attain maximal regions rich in guanosine and cytidine
(GC) to secure stability. Both probes were shown to
have >95% homology to the parental repeat and only
65% homology with the Hhal repeat of the other
species of Brugia.

Essentially any form of nucleic acid that can be
labelled can be used as a hybridization probe. Ideally,

-DNA probes for use with genomic DNA should con-

tain more than 15 bases and be less than 1-5 kb long
to ensure sensitivity. In most circumstances, low com-
plexity probes are prepared from clone sequences.
Obviously, species-specific DNA probes designed to
detect highly repeated DNA sequences have the ad-
vantage of being more sensitive than those reacting
with DNA present in low copy numbers. Such probes
can be labelled by various methods using either iso-
topic (**P is commonly used) or non-isotopic reporter
groups. :

In the late 1980s and early 1990s, many attempts
were made to establish the potential capabilities of
techniques based on DNA probes for the detection and
diagnosis of infectious agents (BARKER, 1989), includ-
ing those causing human lymphatic filariasis. For ex-
ample, POOLE & WILLIAMS (1990), using a *P-
labelled DNA probe, described an assay for species-
specific detection and quantification of filarial parasites
of the genus Brugia in human blood samples. The
DNA assay showed comparable sensitivity and reliabil-
ity to the mf concentration/staining method used as the
control in their study. While several studies reported
species-specific DNA probes for brugian filariasis
(MCREYNOLDS et al., 1986; SIM et al., 1986; WIL-
LIAMS et al., 1988; POOLE & WILLIAMS, 1990), fewer
studies have recorded species-specific DNA probes for
W. bancrofti (see DISSANAYAKE & PIESSENS, 1990;
SIRIDEWA et al., 1994). )

Non-radioactively labelled DNA probes used for
detection of parasites have many advantages over radio-
active ones, particularly in developing countries. In-
deed, radioactively labelled probes decay in a relatively
short time, based on the half-life of the isotopic reporter
group. In contrast, non-radioactive probes are stable
for at least one year, are safe to handle and ship and,
for economy, all the material may be used. However,
early non-radioactive probes had limited sensitivity and
the method of labelling was unreliable. By the early
1990s, efforts were being made to develop biotinylated
DNA probes and to optimize hybridization conditions
for increased sensitivity, while maintaining species-spe-
cificity for W. bancrofti (see DISSANAYAKE ez al., 1991)
and B. malayi (see WILLIAMS et al., 1993). At that
time, non-radioactive labels, such as biotin, digoxigenin
plus streptavidin, and antibody conjugates were used.
However, the sensitivity of these systems was far below
that of radioactivity. The advent in 1989-1990 of
chemiluminescent molecules such as acridinum esters,
for use in conjunction with DNA probes, represented a
major advance and chemiluminescence was incorpo-
rated into detection protocols. However, this coincided
with the invention and development of an extremely
rapid and sensitive method, DNA amplification tech-
nology. Consequently, interest to refine techniques
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based on DNA probes faded and the use of the poly-
merase chain reaction (PCR) approach blossomed.

Strategically, the PCR approach fulfils several objec-
tives related to the diagnosis of lymphatic filariasis in
the human host and, more importantly, the detection
of filarial larvae in the vector mosquito. First, it can
detect a single worm in a pool of mosquitoes caught in
the wild (RAMZY et al., 1997), and is therefore cost-
effective for field application. This is essential for mon-
itoring transmission in endemic regions where the mos-
quito infection rates may be low, particularly during
active control programmes. Second, PCR detects mi-
crofilaraemia in human subjects with extremely low mf
counts, whereas parasitological methods can readily
miss these cases. Finally, the PCR approach may prove
valuable in detecting circulating ‘free’ DNA, liberated
from microfilariae destroyed by the host’s reaction or
from adult worms (ABBASI et al., 1996), in daytime
blood of individuals living in endemic areas with noc-
turnally periodic filariasis or amicrofilaraemic subjects
with lymphatic filariasis. Based on immunological cri-
teria, the latter group of subjects was shown to be
relatively common in endemic areas (WEIL e al.,
1996).

In recent years, considerable efforts have been made
to develop specific and sensitive PCR methods for
diagnosis of brugian and bancroftian filariasis. How-
ever, such efforts encountered some problems. Mos-
quitoes were shown to contain potent PCR inhibitors
(DISSANAYAKE et al.,, 1991), and DNA degradation
during collection, transportation and storage of mos-
quitoes before processing was demonstrated (COOPER,
1998). Nevertheless, several groups overcame such ob-
stacles and various approaches to the use of PCR for
diagnosis of brugian and bancroftian parasites in hu-
mans and mosquitoes were reported. Early studies
detected PCR-amplified DNA with subsequent DNA
probe hybridization. For example, DISSANAYAKE et al.
(1991) showed that PCR-amplified DNA, from vector-
derived samples, using a biotin-labelled W. bancrofii
DNA probe coupled with avidin—-alkaline phosphatase
and a chemiluminescent substrate, was sensitive en-
ough to detect DNA equivalent to (or less than) that
contained in one worm. A simpler PCR detection
method was then developed, in which the PCR product
was electrophoresed on agarose gel and stained with
ethidium bromide. Subsequently, a PCR assay based
on the Hhal repeat was developed to detect B. malayi,
using the ethidium bromide staining method, in blood
samples (LIZOTTE-WANIEWSKI ez al., 1994). The assay
correctly identified all microfilaraemic cases as positive,
whereas non-endemic subjects were uniformly nega-
tive.

A repeat sequence (188 bp) designated Sspl, identi-
fied from a W. bancrofti genomic library was found to
be specific to the genus Wiuchereria (see ZHONG ez al., .
1996). A PCR assay (SspI-PCR) was developed to
amplify this family of repeated DNA elements using
specific primers (NV-1 and NV-2). The assay was
shown to be sensitive enough to detect 0-1 pg of W.
bancrofti genomic DNA, representing less than 1% of
the DNA of one infective larva within its mosquito host
(CHANTEAU et al., 1994) and one mfin 100 pL human
blood samples (ZHONG ez al., 1996).

The SspI-PCR assay received much attention and
was adapted by groups working in different geographi-
cal areas. In French Polynesia, a study by WILLIAMS et
al. (1996) compared individual blood samples when
tested by membrane filtration and the SspI-PCR assay.
The PCR assay was 100% specific and 88% sensitive,
missing samples with low microfilarial counts (<8
mf/mL). Aedes polynesiensis is the common vector of
both the canine heartworm Dirofilaria immitis and W,
bancrofti in French Polynesia. NICOLAS & SCOLES
(1997) designed a multiplex PCR assay to screen pools
of mosquitoes caught in the wild for the presence of






