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DETECTION OF DNA OF NOCTURNALLY PERIODICBRUGIA MALAYI IN NIGHT AND
DAY BLOOD SAMPLES BY A POLYMERASE CHAIN REACTION–ELISA–BASED

METHOD USING AN INTERNAL CONTROL DNA

PETER FISCHER, TANIAWATI SUPALI, HERI WIBOWO, INSA BONOW,AND STEVEN A. WILLIAMS
Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany; Department of Parasitology, Faculty of Medicine,
University of Indonesia, Jakarta, Indonesia; Clark Science Center, Department of Biological Sciences, Smith College,

Northampton, Massachusetts; Molecular and Cellular Biology Program, University of Massachusetts, Amherst, Massachusetts

Abstract. An internal control was used in a polymerase chain reaction (PCR)–ELISA–based technique to detect
the Hha I repeat of the filarial parasiteBrugia malayi. A single microfilaria added to 200�l of blood was reliably
detected. The assay was evaluated on field samples from persons living in an area endemic forAnopheles-transmitted,
nocturnally periodicB. malayi in central Sulawesi, Indonesia. Examination of night blood of 138 individuals for the
presence of microfilariae by filtration revealed 44 microfilaria carriers. All microfilaria carriers were also positive in
the PCR-ELISA and, in addition, 14 more samples were proven to contain parasite DNA. The sensitivity of both
methods was compared on night and on day blood samples collected from 113 persons. Whereas 37 microfilaria
carriers were identified by filtration of night blood, no microfilariae were observed in the corresponding day blood
samples. The PCR-ELISA result was positive in all 37 night blood samples of microfilaria carriers and in an additional
13 night blood samples without microfilariae. Parasite DNA was detected in 31 day blood samples of microfilaria
carriers and in 3 day blood samples of amicrofilaremic persons. Assuming a sensitivity of the PCR-ELISA on night
blood of 100%, the sensitivity of night blood filtration is 74% and that of the PCR-ELISA on day blood is 68%.
These data suggest that the described PCR-ELISA method is capable of detecting infections with nocturnally periodic
B. malayi in day blood samples. Therefore, this method may facilitate both the identification of endemic areas and
the monitoring of control programs.

Lymphatic filariasis, caused byWuchereria bancrofti and
Brugia malayi, has been targeted by the World Health Or-
ganization for elimination as a public health problem by the
year 2020.1 Therefore, control programs have been or will
be launched world-wide with an emphasis on community-
wide treatment with diethylcarbamazine (DEC) and iver-
mectin or albendazole.2 To monitor the success of such in-
tervention programs, sensitive and cost effective diagnostic
tools are required. It is estimated that 115 million people are
infected withW. bancrofti and about 13 million withB. ma-
layi.3 In Asia, 1 of 5 filarial infections is due toB. malayi
and in some countries this parasite is responsible for the
majority of infections.4,5

Various sensitive polymerase chain reaction (PCR) assays
have been established to detectW. bancrofti or B. malayi
DNA in the human host or the mosquito vector.6–15 Inhibition
of a PCR, which may occur in both samples obtained from
the mosquito vector and samples from the human host, is a
common problem during DNA amplification and makes the
standardization of PCR tests difficult.16 Therefore, DNA con-
structs were used as internal standards (controls) in the PCR
to avoid false-negative results in a diagnostic PCR.17 For the
detection ofW. bancrofti, such internal control was devel-
oped and used in a PCR-ELISA-based method.18 For tradi-
tional reasons, the assay was called a quantitative, compet-
itive PCR-ELISA (QC-PCR-ELISA) method, although the
method was rather semiquantitative than quantitative. How-
ever, the major application for theW. bancrofti PCR will be
the detection of parasite DNA in the vector, since a simple,
sensitive, and specific card test for the detection of circulat-
ing W. bancrofti antigen in human blood samples is now
commercially available.19 In contrast, forB. malayi there is
no antigen test and the PCR is one of the most promising
molecular approaches to detect the infection in both humans
as well as in the vector.

In the present study we developed a PCR-ELISA method
based on theHha I repeat ofB. malayi,20 which involves the
coamplification of an internal control. This method was eval-
uated on blood samples from persons living in an area en-
demic for nocturnally periodicB. malayi in central Sulawesi,
Indonesia. To determine the sensitivity of the PCR-ELISA,
we compared the results of the assay on blood samples col-
lected during the night with those from samples collected
during the day. We were able to demonstrate that the de-
scribed method can be used to detect parasite DNA in day
blood samples, which contained no microfilariae.

MATERIALS AND METHODS

Blood samples and DNA preparation. Blood samples
were collected in July 1998 in the villages of Rogo and
Mahoni of the Palu area in central Sulawesi, which is known
to be endemic for nocturnally periodicB. malayi.21 The prin-
cipal vector species in this area isAnopheles barbirostris. In
these villages, blood was collected from all inhabitants who
consented to participate in the study. The collection of sam-
ples was approved by the Indonesian Ministry of Health.
Following blood collection, treatment with DEC was of-
fered. To obtain an overview regarding the prevalence ofB.
malayi, capillary night blood from 329 individuals in Rogo
and from 326 individuals in Mahoni was examined in the
field for microfilariae by a thick blood smear. The overall
prevalence of infection in the examined children and adults
was 8.5% (Rogo) and 6.1% (Mahoni). To study the detection
of B. malayi DNA by the novel PCR-ELISA method, 10 ml
of venous blood was collected into EDTA-coated vacutai-
ners (Becton Dickinson, Inc., Heidelberg, Germany) from
113 randomly selected adults�14 years of age both during
the daytime (between 10:00AM and 1:00PM) and during the
night (between 8:00PM and 11:00PM). Only night blood
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samples were available from 25 adults. Individuals who par-
ticipated in the study were registered, examined for clinical
signs of filariasis, and interviewed for previous signs of the
disease. During the stay in the field, the samples were kept
refrigerated for up to one week and subsequently transported
to a central laboratory at the Department of Parasitology at
the University of Indonesia in Jakarta. All samples were ex-
amined for the presence of microfilariae by filtration of 1 ml
blood through a membrane (5 �m pore size; Nucleopore,
Pleasanton, CA), followed by microscopic examination of
the Giemsa-stained filter.

Microfilariae of B. malayi were obtained from a zoophilic
strain that was reared in jirds for generations at the Depart-
ment of Parasitology in Jakarta. Microfilariae from B. pa-
hangi were obtained from TRS Laboratories (Athens, GA).
As negative controls, 10 blood samples from Ugandan pa-
tients living in an area non-endemic for B. malayi, but en-
demic for the filarial parasites Onchocerca volvulus and
Mansonella perstans, were used. To investigate the sensitiv-
ity of the PCR-ELISA, B. malayi microfilariae were exam-
ined under a stereomicroscope and individually transferred
to 200 �l of human blood (containing 1 mM EDTA) col-
lected from noninfected North Americans.

Lysates of 200 �l of blood from all samples prepared as
previously described in detail15 were used as PCR templates.
Two microliters of the lysate were used in the PCR. If a high
level of PCR inhibition was detected, the blood lysate was
diluted 1:5 in sterile water and the PCR was repeated.

Polymerase chain reaction. The PCR conditions were the
same as described previously,12 but Taq Gold polymerase
(PE Applied Biosystems, Foster City, CA, USA) was used
with an initial activation step of 10 min at 95�C before start-
ing DNA amplification. When 0.2-ml ultra-thin PCR tubes
and a GeneAmp PCR System 9700 thermocycler (PE Ap-
plied Biosytems) were used, the periods of denaturation, an-
nealing, and extension was decreased to 30 sec each. By
using this thermocyler, the duration of the PCR was reduced
to less than 2 hr and the amount of Taq polymerase could
be reduced to 1.5 units per 50-�l reaction. A 5� biotinylated
Hha I-reverse primer was used to obtain a biotinylated PCR
product, which can easily be bound to a streptavidin-coated
microtiter plate. For each sample, 10 pg of the internal con-
trol was added to the PCR master mixture. The internal con-
trol is available free of charge from the authors. The internal
control was constructed using an inverse PCR on the Hha I
repeat with primers that changed the hybridization target se-
quence. The product of the inverse PCR was cloned in Esch-
erichia coli and one clone was selected that had in addition
to the expected nucleotide exchange in the hybridization re-
gion a small deletion of 12 basepairs. Eight microliters of
each PCR product were run on a 1.5% agarose gel and vi-
sualized by staining with ethidium bromide.

The PCR-ELISA. The PCR-ELISA was performed as de-
scribed previously for the detection of W. bancrofti,18,22 with
a few B. malayi-specific modifications. For each sample, two
of the wells were hybridized with the wild type Hha I-spe-
cific DNA probe (Bm-Hha) and two with the internal con-
trol-specific DNA probe (Bm-con). The oligonucleotide
probes Bm-Hha (5�-ACGTGAATTGTACCAGTGCTGGTCG-
3�) and Bm-con (5�-TTACGTCGCCCTTCG CTAGTCTCT-
3�) were fluorescein-labeled at both the 5� and 3� ends during

synthesis (Oligo Etc./Oligotherapeutics, Wilsonville, OR).
Each probe was diluted to 50 pg/�l in hybridization buffer
and later detected using an anti-fluorescein-alkaline phos-
phatase-conjugated antibody (Boehringer Mannheim, Mann-
heim, Germany). Alkaline phosphatase substrate was added
according to the instructions of the manufacturer (AP sub-
strate tablets 104; Sigma, St. Louis, MO). The ELISA read-
ing was performed at 405 nm following incubation for 1 hr
at 37�C using a Vmax microplate reader (Molecular Devices,
Sunnyvale, CA).

Data analysis. Data analysis was performed using the
computer program Epi-Info version 6.02 (Centers for Dis-
ease Control and Prevention, Atlanta, GA) as described pre-
viously.18 We found in a few cases too much PCR inhibition
for accurate detection of positive samples. Therefore, if the
optical density reading of the Bm-Hha wild-type probe
(ODBm-Hha) or the Bm-con probe (ODBm-con) was �1, the assay
was repeated as mentioned above. A positive ODBm-Hha read-
ing for a blood sample was defined as the ODBm-Hha of the
negative controls plus 5 times the standard deviation of the
negative controls. The cut-off value varied between 0.11 and
0.253. For about 80% of the field-collected blood samples,
positive ODBm-Hha readings were �0.253. Negative controls
contained PCR products from 10 pg of the internal control
plasmid DNA and DNA extracts of blood samples from 10
uninfected persons from Uganda or from 3 persons from
North America. Because 10 pg of the internal control plas-
mid were used as the competitor DNA in all samples, an
index for the amount of B. malayi DNA present in positive
samples was calculated as 10 times the relation of the ODBm-

Hha of the sample to the ODBm-con of the sample.

RESULTS

Development of the novel PCR-ELISA. The amplifica-
tion of the internal control was very efficient and as little as
1 fg of DNA was sufficient as PCR template in a 50-�l
reaction. However, the wild-type Hha I sequence is highly
repeated and comprises about 13% of the entire genome of
B. malayi. Therefore, in most samples containing moderate
or high numbers of microfilariae the amount of wild-type
target sequence was in such an excess that almost no inter-
nal-control PCR product was obtained that could be detected
by the PCR-ELISA. To more accurately quantify the wild-
type PCR product, the amount of internal control was in-
creased to 10 pg per reaction. This was sufficient template
to obtain detectable internal control PCR products even in
the presence of an abundance of wild-type Hha I repeat,
while, on the other hand, this amount of competitor DNA
allowed the detection of low microfilaria densities or circu-
lating DNA in microfilariae-negative samples.

The internal control was 12 basepairs shorter than the B.
malayi wild-type Hha I repeat. This size difference was vis-
ible on a 1.5% agarose gel. In addition, since the wild-type
Hha I repeat is organized as a tandem repeat, in some sam-
ples not only was the monomer amplified but also dimers
and trimers of the wild-type repeat were amplified (Figure
1). However, to quantify the amount of wild-type PCR prod-
uct and of internal control PCR product and to increase the
sensitivity, an ELISA detection was necessary.

Sensitvity of the PCR-ELISA. In a series of experiments,



293PCR DETECTION OF B. MALAYI

FIGURE 1. A, amplification of the Hha I wild-type repeat resulted in monomers of 322 basepairs (bp) and dimers of 644 bp (arrow; lane
1, 1 ng of genomic Brugia malayi DNA; lane 2, negative control). B, polymerase chain reaction (PCR) products from 4 blood samples collected
central Sulawesi, Indonesia. The samples in lanes 1 and 4 represent microfilariae and PCR-ELISA-negative samples and only PCR products
of 310 bp of the internal control BM-con were obtained. The samples in lanes 2 and 3 were from microfilaria carriers and positive in the
PCR-ELISA and their vast amount of PCR product is the Hha I wild-type repeat of 322 bp (arrows indicate dimers).

TABLE 1
Sensitivity of the polymerase chain reaction (PCR)–ELISA on lab-

oratory produced samples: Brugia malayi microfilariae (mf) were
added to 200 �l of human blood containing 1 mM EDTA, the
optical density was measured at 405 nm, and the relative number
of units of wild-type Hha I PCR product was calculated

No. of
mf added

No. of
samples

PCR-ELISA-positive samples

No. (%) Mean units � SD*

0
1*

25
100

6
15

9
7

0 (0)
15 (100)

9 (100)
7 (100)

†
1.687 � 1.462
6.747 � 1.101
8.831 � 1.109

* Differences between the groups were significant (P � 0.000001 by chi-square test).
† The theoretical mean was 0.025 � 0.017, but in these experiments the cut-off value

was calculated as 0.11.

distinct numbers of B. malayi microfilariae were added to
human blood samples and following lysis the PCR-ELISA
was performed. The method was sensitive enough to detect
a single microfilaria in 200 �l of human blood (Table 1). All
31 samples containing microfilariae were positive and the 6
samples without microfilariae were negative in the assay.
The microfilariae used in this experiment belonged to a zoo-
philic strain of the parasite that was reared in jirds. When
microfilariae of the closely related filarial parasite B. pahan-
gi were added to blood samples, the PCR-ELISA gave neg-
ative results. The results showed that a single B. malayi mi-
crofilaria contained sufficient DNA to be reliably detected in
200 �l of human blood that was free of any circulating B.
malayi DNA.

To determine the sensitivity of the assay to detect DNA
of anthropophilic, nocturnally periodic B. malayi in naturally
infected individuals, 138 blood samples were collected in
central Sulawesi during the night and examined by the de-
scribed PCR-ELISA method. Microfilariae were detected in
44 (31.9%) blood samples by filtration of 1 ml of night
blood. Forty-one (29.7%) persons were also positive by the
examination of a thick smear of capillary blood. The geo-

metric mean microfilaria density in microfilaria carriers was
194 microfilariae/ml, ranging from 1 to 3,242 microfilariae/
ml blood. All samples from microfilaria carriers were posi-
tive by the PCR-ELISA, suggesting a sensitivity of 100%.
In addition, 14 samples from amicrofilaremic were also
found to be PCR-ELISA positive. The filtration of an addi-
tional ml blood of 7 of these 14 samples showed that 6
samples were again microfilaria negative, but 1 sample con-
tained 3 microfilariae. Fifty-eight (42%) samples were found
to be positive by the PCR-ELISA. All negative controls from
African patients were negative in the assay. These results
demonstrate that the described PCR-ELISA method has a
higher sensitivity compared with the blood filtration.

The PCR-ELISA for diagnosis of clinical filariasis.
Clinical signs associated with brugian filariasis were ob-
served in only a few examined individuals from central Su-
lawesi. Three patients had elephantiasis on their legs. They
were all microfilaria and PCR-ELISA negative. Two of them
had received DEC treatment before 1991. Forty-three per-
sons claimed a history of one or more acute filariasis attacks
during the last year. Of these persons, 26 (60.5%) were mi-
crofilaria carriers, 28 (65.1%) were PCR-ELISA positive,
and 6 (14%) reported previous malaria attacks. In contrast,
among 88 persons without acute filariasis attacks 12 (13.6%)
were microfilaria carriers, 25 (28.4%) were positive in the
PCR-ELISA, and 17 (19.3%) had a history of malaria.

Detection of DNA of nocturnally periodic B. malayi in
day blood. The collection of blood samples during the night
involves serious logistical and social problems. Therefore,
we examined the sensitivity of the novel PCR-ELISA meth-
od on 113 blood samples collected during daytime and com-
pared their results with those from the corresponding night
blood samples of the same individuals. Whereas 37 (32.7%)
of these persons had microfilariae in their night blood as
determined by blood filtration, all blood samples were mi-
crofilariae negative during the day. This finding supports the
strong nocturnal periodicity of this strain of B. malayi. How-
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TABLE 2
Comparison of the sensitivity of the polymerase chain reaction

(PCR)–ELISA for the detection of nocturnally periodic Brugia
malayi on night and day blood samples from 113 individuals liv-
ing in an endemic area in central Sulawesi, Indonesia

PCR result

Microfilariae (Mf) status*

Night blood samples

Positive Negative

Day blood samples

Positive Negative

Mf positive (n � 37)
Mf negative (n � 76)

37
13

0
63

31
3

6
73

Total 50 63 34 79

* Microfilaria density was determined by filtration of 1 ml of night blood. All samples
were microfilaria negative by filtration of blood collected during the daytime.

TABLE 3
Identification of Brugia malayi infection in 113 adults from 2 vil-

lages in central Sulawesi by different parasitologic and polymer-
ase chain reaction (PCR)–ELISA procedures*

Infected persons

Rogo (n � 33)

No. %

Mahoni (n � 80)

No. %

Thick smear/capillary night blood
Filtration/night blood
Filtration/day blood
QC-PCR-ELISA/night blood
QC-PCR-ELISA/day blood

14
14

0
15
10

42.4
42.4
0

45.5
30.3

18
23
0

35
24

22.5
28.8
0

43.8
30.0

* QC � quantitative, competitive.

ever, B. malayi DNA was detected by PCR-ELISA in 34
(30.1%) of these day blood samples (Table 2). The 6 PCR-
ELISA-negative day blood samples of infected individuals
were from persons with low microfilaria densities in their
night blood: 2 of them had only 1 microfilaria/ml, and the
others had 10, 59, 66, and 126 microfilariae/ml, respectively.
Control samples from areas proven to be non-endemic for
B. malayi were all negative by the PCR-ELISA. As sum-
marized in Table 3, the PCR-ELISA performed on night
blood samples has a higher sensitivity than performed on
day blood samples. The results above demonstrate the ability
of the assay identify villages endemic for nocturnally peri-
odic B. malayi examination of day blood samples.

Quantitation of the Hha I PCR product. When increas-
ing numbers of microfilariae were added to 200 �l of blood,
an increasing relative amount of Hha I wild-type PCR prod-
uct was detected by the PCR-ELISA (Table 1). This positive
correlation was statistically significant (r � 0.84, degrees of
freedom [df] � 30). A similar, but statistically nonsignificant
correlation was observed for the PCR products of the 58
PCR-ELISA positive field collected night blood samples
from Sulawesi. The comparison of the relative amount of
wild-type Hha I PCR product obtained from PCR-ELISA
positive night blood and day blood samples revealed a sta-
tistically significant difference, with an average relative
amount of 9,106 units in night blood samples and an average
relative amount of 1,061 units in day blood samples (P �
0.0006, by Mann-Whitney U test). Although no significant
correlation between the microfilaria density and the number
of acute filariasis attacks could be shown for PCR-ELISA-
positive samples, a weak correlation was found between the
relative amount of Hha I PCR product and the number of
filariasis attacks (r � 0.28, df � 51). These results showed
that the relative amount of Hha I PCR product may be both
an indicator for the microfilarial load and for the occurrence
of acute filariasis attacks in an endemic community.

DISCUSSION

The present study demonstrates that the described PCR-
ELISA is an excellent method for detecting B. malayi DNA
in blood samples. Using this method, it is possible to detect
both zoophilic B. malayi strains that were reared in jirds as
well as the anthropophilic, A. barbirostris-transmitted, noc-
turnally periodic strain from central Sulawesi. So far no se-
quence consistent differences of the Hha I repeat in different
strains of B. malayi have been found and it was reported that

the Hha I repeat of B. malayi is species specific and distinct
from that of the closely related species B. pahangi.20 Since
the Hha I sequence is highly repeated and comprises about
13% of the whole B. malayi genome, this sequence appears
to be preordained as PCR target for the development of spe-
cific and sensitive detection assays for this parasite.

The PCR-ELISA is sensitive and reliable enough to detect
as little as one B. malayi microfilaria added to 200 �l of
blood. Therefore, this assay has at least the same or even a
higher sensitivity than conventional PCR assays for the de-
tection of filarial parasites.7,9–12 It has been reported that a
conventional PCR-ELISA without any internal control is a
very sensitive tool for the detection of PCR products of the
B. malayi Hha I repeat.13 Our results confirmed this finding
using a different labeling hapten and a different antibody-
conjugate for the ELISA detection. In addition, we were able
to show that an internal control can be used to avoid false-
positive results and the ELISA can be used to quantify PCR
products to provide semiquantitative data. When evaluated
on field-collected blood samples, the results of the present
study suggest that the B. malayi PCR-ELISA is more sen-
sitive than the corresponding PCR-ELISA method for the
detection of W. bancrofti.18 This may again be due to the
fact that the Hha I PCR target sequence is highly repeated
in a tandem array in contrast to the W. bancrofti target se-
quence, which has only about 300 dispersed copies per hap-
loid genome.11 The high abundance of the Hha I repeat in
Brugia parasites may facilitate the sensitive detection of this
molecule at physiologic levels without PCR. Although signal
amplification techniques such as ultra-sensitive branched
DNA assays have some advantage compared with the PCR,
they have been developed so far only for a limited number
of viral and bacterial agents.23 It remains an objective for
further research whether signal amplification methods can be
developed that are as sensitive and easy to perform as the
described B. malayi PCR-ELISA.

Diagnostic procedures for brugian filariasis, which could
be useful as a screening tool for large-scale intervention pro-
grams, should involve convenient sample collection proce-
dures. The diagnosis of nocturnally periodic filariasis in day
blood samples would facilitate the sample collection enor-
mously. Therefore, the World Health Organization Expert
Committee on Filariasis recommended the development and
validation of diagnostic assays that can replace night blood
examination for detection of microfilaremia.24 Using the de-
scribed PCR-ELISA on night blood samples as a reference
method, the sensitivity of the PCR-ELISA method per-
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formed on 200 �l of day blood revealed a similar sensitivity
as the filtration of 1 ml of night blood. In agreement with
these results, the detection of DNA of nocturnally periodic
W. bancrofti by PCR in day blood samples has been recently
reported.10 In this study, a conventional PCR performed on
DNA extracts from 500 �l of day blood plasma was com-
pared with a thick blood film prepared from 60 �l of night
blood. However, we were able to show that the novel PCR-
ELISA method is capable of detecting free DNA of noctur-
nally periodic B. malayi in as little as 200 �l of day blood
while still achieving a sensitivity comparable with the filtra-
tion of 1 ml of night blood.

On the basis of the W. bancrofti PCR-ELISA test results,
it could not be recommended to estimate the worm burden
in infected individuals because of its high standard deviation.
However, on a community level, an excellent agreement be-
tween microfilariae density and the PCR-ELISA result was
observed. Therefore, this method is suitable for the evalua-
tion of parasitic loads in the community-based diagnosis of
filariasis.18 Our results from the B. malayi PCR-ELISA sup-
port this finding, although the standard deviation is even
higher and no significant correlation could be proven. This
may be due to the fact that individuals who are capable of
killing microfilariae efficiently and have, therefore, low mi-
crofilariae densities, may have huge amounts of Hha I PCR
target DNA in their blood, because up to 130 fg of the Hha
I repeat can be released by a single dead microfilaria. There-
fore, further studies are required to elucidate the relationship
between microfilaria density and the amount of parasite
DNA in blood samples of infected individuals with different
immunologic status. This is also of relevance in exploring
the dynamics of B. malayi DNA clearance following che-
motherapy. Furthermore, a more standardized procedure for
DNA extraction is desirable.

For the monitoring of filariasis control programs, specific
and very sensitive diagnostic assays are required. However,
it appears difficult to define how sensitive a method has to
be and what are the thresholds for prevalence in humans and
for the vector infection rate to interrupt transmission. In Chi-
na, the threshold prevalence for transmission of B. malayi
by A. sinensis is estimated to be between 1.55% and 2.23%
of the human population, providing no individual has a high-
er microfilaria density than 12 microfilariae/60 �l of capil-
lary night blood.25 This low microfilaria density would cor-
respond to 30 microfilariae/ml of venous night blood.26 De-
pending on the mosquito biting rate, the threshold for the
vector infection rate was in the Chinese study estimated to
be between 0.23% and 0.024%. Our results from the blood
screening experiments suggest that the described PCR-
ELISA is a suitable method to detect such low prevalence
even when performed on day blood. In addition, preliminary
results indicate that the novel PCR-ELISA is also an excel-
lent tool for mosquito pool screening to detect the low
threshold vector infection rates (Supali T and others, unpub-
lished data). Therefore, the PCR-ELISA method has the ca-
pacity for the monitoring of low endemicity areas and may
help to avoid premature cessation of control programs and
protect these areas from a resurgence of filariasis.

Taken together, the described PCR-ELISA test for the
DNA detection of B. malayi is a powerful new diagnostic
tool that can be applied not only on blood samples collected

during the night, but also on day blood samples. In addition,
the test appears most suitable for the rapid detection of B.
malayi in individual or pools of vector mosquitoes. This test
may complement existing diagnostic tools involved in inter-
vention programs, which aim to eliminate lymphatic filari-
asis as a public health problem in the near future.

Acknowledgments: We thank A. Pomrehn for providing the internal
control and E. A. Ottesen for his encouragement. We are grateful to
all inhabitants of the villages of Rogo and Mahoni who participated
in the study.

Financial support: The study was supported by a grant from the
World Health Organization Division of Control of Tropical Diseases.
Peter Fischer received a scholarship from the German Academic
Exchange (DAAD) during his stay in the laboratory of Steven A.
Williams and later by the Scholarship Program Infectiology of the
‘Bundesministerium für Forschung und Technologie (BMBF)’ .

Authors’ addresses: Peter Fischer and Insa Bonow, Bernhard Nocht
Institute for Tropical Medicine, Bernhard-Nocht-Strasse 74, 20359
Hamburg, Germany. Taniawati Supali and Heri Wibowo, Depart-
ment of Parasitology, Faculty of Medicine, Salewba 6, University
of Indonesia, Jakarta 10430, Indonesia. Steven A. Williams, Clark
Science Center, Department of Biological Sciences, Smith College,
Northampton, MA 01063.

Reprint requests: Peter Fischer, Bernhard Nocht Institute for Tropical
Medicine, Bernhard-Nocht-Strasse 74, 20359 Hamburg, Germany.

REFERENCES

1. Behbehani K, 1998. Candidate parasitic diseases. Bull World
Health Organ 76 (suppl 2): 64–67.

2. Ottesen EA, Duke BO, Karam M, Behbehani K, 1997. Strate-
gies and tools for the control/elimination of lymphatic filari-
asis. Bull World Health Organ 75: 491–503.

3. Michael E, Bundy DAP, 1997. Global mapping of lymphatic
filariasis. Parasitol Today 13: 472–476.

4. Marzhuki MI, Tham AS, Poovaneswari S, 1993. Current status
of filariasis in Malaysia. Southeast Asian J Trop Med Public
Health 24 (suppl 2): 10–14.

5. Meyrowitsch DW, Nguyen DT, Hoang TH, Nguyen TD, Mi-
chael E, 1998. A review of the present status of lymphatic
filariasis in Vietnam. Acta Trop 70: 335–347.

6. Abbasi I, Hamburger J, Githure J, Ochola JJ, Agure R, Koech
DK, Ramzy R, Gad A, Williams SA, 1996. Detection of
Wuchereria bancrofti DNA in patients’ sputum by the poly-
merase chain reaction. Trans R Soc Trop Med Hyg 90: 531–
532.

7. McCarthy JS, Zhong M, Gopinath R, Ottesen EA, Williams SA,
Nutman TB, 1996. Evaluation of a polymerase chain reaction-
based assay for diagnosis of Wuchereria bancrofti infection.
J Infect Dis 173: 1510–1514.

8. Nicolas L, Luquiaud P, Lardeux F, Mercer DR, 1996. A poly-
merase chain reaction assay to determine infections of Aedes
polynesiensis by Wuchereria bancrofti. Trans R Soc Trop
Med Hyg 90: 136–139.

9. Ramzy RMR, Farid HA, Kamal IH, Ibrahim GH, Morsy ZS,
Faris R, Weil GJ, Williams SA, Gad AM, 1997. A polymerase
chain reation-based assay for detection of Wuchereria ban-
crofti in human blood and Culex pipiens. Trans R Soc Trop
Med Hyg 91: 156–160.

10. Lucena WA, Dhalia R, Abath FGC, Nicolas L, Regis LN, Fur-
tado AF, 1998. Diagnosis of Wuchereria bancrofti infection
by the polymerase chain reaction using urine and day blood
samples from amicrofilaraemic patients. Trans R Soc Trop
Med Hyg 92: 290–293.

11. Zhong M, McCarthy J, Bierwert L, Lizotte-Waniewski M,
Chanteau S, Nutman TB, Ottesen EA, Williams SA, 1996. A
polymerase chain reaction assay for the detection of the par-
asite Wuchereria bancrofti in human blood samples. Am J
Trop Med Hyg 54: 357–363.



296 FISCHER AND OTHERS

12. Lizotte MR, Supali T, Partono F, Williams SA, 1994. A poly-
merase chain reaction assay for the detection of Brugia malayi
in blood. Am J Trop Med Hyg 51: 314–321.

13. Rahmah N, Noor Ashikin A, Khairul Anuar A, Tengku Ariff
RH, Abdullah B, Chan GT, Williams SA, 1998. PCR-ELISA
for the detection of Brugia malayi infection using finger-prick
blood. Trans R Soc Trop Med Hyg 92: 404–406.

14. Vythilingam I, Boaz L, Wa N, 1998. Detection of Brugia malayi
in mosquitoes by polymerase chain reaction. J Am Mosq Con-
trol Assoc 14: 243–247.

15. Williams SA, Nicolas L, Lizotte-Waniewski M, Plichart C, Lu-
quiaud P, Nguyen LN, Moulia-Pelat JP, 1996. A polymerase
chain reaction assay for the detection of Wuchereria bancrofti
in blood samples from French Polynesia. Trans R Soc Trop
Med Hyg 90: 384–387.

16. Schnell S, Mendoza C, 1997. Enzymological considerations for
a theroretical description of the quantitative competitive poly-
merase chain reaction (QC-PCR). J Theor Biol 184: 433–440.

17. Ballagi-Pordány A, Belák S, 1996. The use of mimics as inter-
nal standards to avoid false negatives in diagnostic PCR. Mol
Cell Probes 10: 159–164.

18. Fischer P, Liu X, Lizotte-Waniewski M, Kamal IH, Ramzy MR,
Williams SA, 1999. Development of a quantitative, competi-
tive polymerase chain reaction-enzyme linked immunosorbent
assay for the detection of Wuchereria bancrofti DNA. Par-
asitol Res 85: 176–183.

19. Weil GJ, Lammie PJ, Weiss N, 1997. The ICT filariasis test: a
rapid-format antigen test for diagnosis of bancroftian filaria-
sis. Parastiol Today 13: 401–404.

20. McReynolds LA, DeSimone SM, Williams SA, 1986. Cloning
and comparison of repeated DNA sequences from the human
filarial parasite Brugia malayi and the animal parasite Brugia
pahangi. Proc Natl Acad Sci USA 83: 797–801.

21. Partono F, Purnomo, 1987. Periodicity studies of Brugia malayi
in Indonesia: recent findings and a modified classification of
the parasite. Trans R Soc Trop Med Hyg 81: 657–662.

22. Nutman TB, Zimmerman PA, Kubofcik J, Kostyu DD, 1994. A
universally applicable diagnostic approach to filarial and other
infections. Parasitol Today 10: 239–243.

23. Iqbal SS, Chambers JP, Brubaker RR, Goode MT, Valdes JJ,
1999. Detection of Yersinia pestis using branched DNA. Mol
Cell Probes 13: 315–320.

24. WHO, 1992. Lymphatic filariasis: the disease and its control.
Fifth report of the WHO Expert Committee on Filariasis.
World Health Organ Tech Rep Ser 821: 1–69.

25. Shaoping Z, Quingjung Z, Feng C, Lili W, Guaping P, 1991.
Threshold of transmission of Brugia malayi by Anopheles si-
nensis. J Trop Med Hyg 94: 245–250.

26. Southgate BA, 1992. The significance of low density microfil-
araemia in the transmission of lymphatic filariasis. J Trop
Med Hyg 95: 79–86.


	Smith ScholarWorks
	2000

	Detection of DNA of Nocturnally Periodic Brugia malayi in Night and Day Blood Samples by a Polymerase Chain Reaction-ELISA-Based Method Using an Internal Control DNA
	Peter U. Fischer
	Tanianwati Supali
	Heri Wibowo
	Insa Bonow
	Steven A. Williams
	Recommended Citation


	Help
	Issue 2 Table of Contents
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES

