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Summary

Between 1989 and 1995, blood surveys were performed for Wuchereria bancrofti infection in several barracks
of the Brazilian army in the metropolitan Recife region. For initial screening, 60 ml of capillary blood were
examined for microfilaria. All men who tested positive had microfilaria quantified by filtration of venous
blood through a polycarbonate membrane. Of 23773 men screened, 585 (2.5%) had microfilaria (mf).
Microfilarial density ranged from < 1–8706 mf/ml of blood. Thirteen individuals had ultra-low microfilarial
densities (1 mf/11 ml of blood). Characterization of 174 autochthonous cases made it possible to map 8 new
districts in 4 cities within metropolitan Recife region where transmission of W. bancrofti was previously
unknown. Routine screening of soldiers in the military may provide important surveillance data for national
programmes to eliminate transmission of W. bancrofti.
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Introduction
Although it has long been a neglected disease of the tropics,
lymphatic filariasis has received increased attention in recent
years with the development of improved diagnostic tools and
the recognition that periodic single-dose mass treatment can
profoundly suppress levels of microfilaria in the blood (Kessel
et al. 1970; Mahoney & Kessel 1971; Eberhard et al. 1991;
Andrade et al. 1995; Dreyer et al. 1995), thereby leading to
interruption of transmission of the parasite (Panicker et al.
1991; Eberhard et al. 1992; Ismail et al. 1996; Kimura &
Mataika 1996; Kazura et al. 1997; Bockarie et al. 1998). In
May 1997 the World Health Assembly passed a resolution
calling for the global elimination of lymphatic filariasis as a
public health problem, and by November of that year, 13
countries had developed national filariasis elimination plans
(WHO 1996; Ottesen et al. 1997).
One of the first major challenges facing these countries
will be to determine the geographical distribution of filarial
infection and to decide where filariasis elimination activities
will be implemented. Surveillance for Wuchereria bancrofti
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infection presents several potential difficulties. Unlike diseases for which elimination campaigns have been successful,
such as smallpox, dracunculiasis and polio, most patent
W. bancrofti infections are asymptomatic and many years
may elapse between infection and development of obvious
clinical sequelae such as hydrocele and lymphoedema. Thus,
although rapid assessment techniques based on clinical
disease have been proposed for lymphatic filariasis (Pani et al.
1995, 1997; Gyapong et al. 1996a, b, c, 1998), the sensitivity
of these methods, if used alone, may be inadequate to
detect infection in areas of low-level or recent transmission.
Further, these techniques probably require training of many
community-level health workers or deployment of mobile
assessment teams. Particularly to identify foci of transmission
in areas where lymphatic filariasis is not suspected to occur
(making these areas likely to be overlooked or of low priority
for rapid assessment), and for the purposes of certifying that
W. bancrofti has been eliminated in a country, a routine,
ongoing, ‘passive’ system is needed for detection of current
W. bancrofti infection in a nationally representative sentinel
population. Our experience in Recife, Brazil, where bancroft499
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ian filariasis is endemic (Dreyer 1987; Medeiros et al. 1992;
Maciel et al. 1994, 1996), suggests that filarial screening of
soldiers living or working in the military barracks may provide such a system.

Table 1 Prevalence of W. bancrofti and M. ozzardi infection among
Army’s military units in Metropolitan Recife Region, by year
1989–95
Year

N° of barracks

No. men
examined

No. (%) with
microfilaraemia†

1989
1990
1991
1992
1993
1994
1995
Total

13
07
16
10
10
13
16
85

03594
02072
03434
02346
02664
04489
05174
23773

147
068
111
060
057
074
068
585

Materials and methods
The project was approved by the Ethical Committee of
Hospital das Clínicas – Universidade Federal de Pernambuco.
Soldiers from 85 barracks in the metropolitan Recife region
were targeted for screening. Before they were invited to have
their blood examined for filarial infection, the soldiers
attended an educational seminar that provided information
on filarial infection, its diagnosis and prevention and signs
and symptoms of acute and chronic filarial disease. After
each soldier gave verbal consent to participate, information
was collected on place of origin, current and past residential
address and duration of residence in each location. Infections
were considered authochthonous if they occurred in lifelong
residents of metropolitan Recife region who had not travelled
outside the area.
Fingerprick blood specimens were collected between
2300h and 0100h, the peak period of microfilaraemia in
Metropolitan Recife Region (Dreyer et al. 1996a). For each
soldier, three drops of capillary blood (approximately 60 ml)
were placed on a glass slide, dried, stained with Carrazi
haematoxilin-eosin, and examined under the microscope. To
more accurately estimate microfilarial density in men who
tested positive on the thick smear, one additional ml of
peripheral blood was collected at night, filtered through a
3 mm polycarbonate membrane, and examined microscopically (Dennis & Kaen 1971). If microfilaria (mf) were not
detected in 1 ml of filtered blood, this test was repeated by
filtering 5 ml of blood, and if necessary, an additional 5 ml
the following week. Every patient who tested positive for
W. bancrofti mf was treated with diethylcarbamazine (DEC)
or ivermectin by physicians working at the Military Hospital
or the Filariasis Clinic of Centro de Pesquisas Aggeu
Magalhães (CPqAM/FIOCRUZ), both in Recife.

Results
Between 1989 and 1995, 23 773 men from 85 barracks in metropolitan Recife region (the cities of Recife, Jaboatão dos
Guararapes and Olinda) were screened for microfilaraemia.
None of the soldiers who attended the introductory lecture
refused to undergo a blood examination. Mean age was
22 years (range: 18–58). 585 men (2.5%) were mf-positive
(Table 1). Of these, 582 were infected by W. bancrofti while
3 individuals, aged 36, 48, and 39 years, were infected with
Mansonella ozzardi (Manson 1897) between 1989 and 1991.
These three men were lifelong residents of areas with known
500

(4.1)*
(3.3)
(3.2)**
(2.6)
(2.1)
(1.6)
(1.3)
(2.5)

† All infections are W. bancrofti except 3 cases represented by: *2
men infected by M. ozzardi; **1 man infected by M. ozzardi.

M. ozzardi transmission in Brazil (Rachou 1956). The annual
filarial infection prevalence ranged from 1.3% to 4.1%
(Table 1). The median interval between joining the army and
screening was 6 months.
In 1989–91, the prevalence of W. bancrofti infection was
significantly higher among soldiers 18–30-year-old (3.8%)
than among those who were older (RR 5 2.6, CI 1.5–4.6,
P 5 0.00028); 96% of infections were detected in soldiers
aged 18–30 years (310/323). After the first year therefore
screening was focused on military personnel , 30, with the
exception of those who had been transferred from barracks
elsewhere. Of 601 men who had been transferred from elsewhere and were examined between 1990 and 1991, 5 (0.8%),
aged 31–58, had W. bancrofti microfilaraemia, 1 case being
detected in 1990 and 4 cases in 1991 (Table 2).
Additional venous blood was collected from all 582 men
with W. bancrofti detected in fingerprick samples and filtered
for quantification of microfilarial density. All had W. bancrofti mf. The geometric mean microfilarial density was
239/ml (range: 1 mf/11 ml to 8,700/ml). 163 (28.0%) men had
low-density microfilaraemia (1–100 per ml) and 13 (2.2%)
ultra-low microfilarial densities (, 1 mf/ml). Geometric
mean microfilarial density did not vary significantly between
1989 and 1995.
Of 582 men infected by W. bancrofti, only 174 (29.9%)
had infections that were considered authochthonous to metropolitan Recife region (Figure 1). Other cases probably
resulted from transmission there, but because the soldiers had
lived in several areas within the metropolitan region, the precise location could not be determined. 165 soldiers with
authochthonous infections resided in areas previously recognized to be endemic for filariasis (Jaboatão dos Guararapes,
Olinda and Recife) and 9 lived in areas not previously recognized as having W. bancrofti transmission – Abreu e Lima (1
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Table 2 Distribution of filarial infection among soldiers at military bases, by age
mf 1 /all (%)
Age

1989

18–20
21–30
31–40
41–50
.50
Total

104/2175
033/1112
005/197
005/103
000/7
147/3594

1990
(4.8)
(3.0)
(2.5)*
(4.8)*
(4.1)

59/1304
08/618
00/98
01/46
00/6
68/2072

1991
(4.5)
(1.3)
(2.2)
(3.3)

089/2047
017/936
004/258
001/174
000/19
111/3434

(4.3)
(1.8)
(1.5)*
(0.6)
(3.2)

1992

1993

1994

1995

Total

53/1600 (3.3)
07/611 (1.1)
00/91
00/40
00/4
60/2346 (2.6)

34/1450 (2.3)
23/1006 (2.3)
00/121
00/82
00/5
57/2664 (2.1)

45/2435 (1.8)
29/1635 (1.8)
00/253
00/149
00/17
74/4489 (1.6)

53/2664 (2.0) 437/13675 (3.2)
15/2068 (0.7) 132/7986 (1.6)
00/277
009/1295 (0.7)
00/137
007/731 (1.0)
00/28
000/86
68/5174 (1.3) 585/23773 (2.5)

* Including cases of M. ozzardi.

case from Caetes district), Cabo de Santo Agostinho (1 case
from Ponte dos Carvalhos), Camaragibe (2 cases from
Fabrica district, 1 case from Bairro dos Estados district and 1
case from Bairro Novo district), and Paulista (1 case from
Maranguape district, 1 case from Janga district and 1 case
from Paratibe district). Subsequent follow-up of these cases

and their family members documented transmission in these
areas (Zulma Medeiros, unpublished data).

Discussion
Surveillance systems for lymphatic filariasis are urgently
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Figure 1 Distribution of autochthonous cases of lymphatic filariasis in the region of metropolitan Recife, northeastern Brazil.
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needed to support and guide the global elimination programme recently announced by the World Health Organization (Ottesen & Ramachandran 1995; WHO 1995;
Ottesen et al. 1997). It is likely that no single type of surveillance will meet the needs of all filariasis-endemic countries or
of filariasis elimination programmes in all phases of their
evolution (e.g. initial geographical assessment, programme
monitoring, and certification of elimination). Recent work to
develop techniques for initial filariasis assessment has focused
on the use of clinical signs, particularly hydrocele, as indirect
indicators of transmission (Pani et al. 1995, 1997; Gyapong et
al. 1996a, b, c, 1998), or on collection and testing of fingerprick blood specimens for W. bancrofti infection by mobile
survey teams. Our work with soldiers in the military as part
of the lymphatic filariasis research and treatment programme
at CPqAM in Recife, Brazil suggests that routine annual
screening of military recruits is feasible and may complement
these other surveillance methods. This type of ongoing
routine surveillance may play a useful role in identifying new
areas of transmission and in providing a back-up system that
can enhance the level of certainty among public health officials when it appears that filariasis is being eliminated.
The military offers a convenient and fairly representative
population for surveillance and assessment of a variety of
diseases (Ali et al. 1985; Gill & Bailey 1989; Sharp et al. 1995;
Drabick et al. 1997; Eitzen & Sawyer 1997). For example,
serosurveys of military populations in the United States have
been used to determine exposure (seropositivity) to Toxoplasma gondii (Smith et al. 1996). Several features of military
bases also make them attractive for the purposes of screening
and epidemiological surveillance for W. bancrofti infection.
First, young adult males represent an ideal screening population because of their elevated risk for W. bancrofti infection
and microfilaraemia. In most populations where lymphatic
filariasis is endemic, the prevalence of microfilaraemia tends
to increase with age to about 20 years, after which it remains
consistently high (Brabin 1990; Lammie et al. 1994;
Albuquerque et al. 1995; Chanteau et al. 1995). In addition,
during the reproductive years, the prevalence of microfilaraemia tends to be higher in males than in females (Brabin
1990; Pani et al. 1991; Albuquerque et al. 1995). The prevalence of chronic filarial disease, such as hydrocele, tends to
increase with age; thus most infected young males are asymptomatic (Ottesen 1993; Norões et al. 1996). Unless screening
is offered to these men, their infections go undetected and
they remain untreated. Without effective treatment, they serve
as reservoirs for further transmission and their lymphatic
damage progresses, thereby increasing their risk of clinical
disease.
Secondly, since lymphatic filariasis causes hydrocele, it is a
disease of considerable concern to the military authorities
and to the soldiers themselves. In Brazil and in other
502

countries, hydrocele is one of several criteria for exclusion
from military service. Soldiers often expressed keen interest
in lymphatic filariasis; after they were tested at the military
base, for example, many of them brought their entire families
to the Filariasis Clinic at CPqAM/FIOCRUZ to be screened
for W. bancrofti infection.
Third, screening military recruits is convenient, safe, and
logistically uncomplicated. In Brazil, prospective soldiers are
required to undergo a physical examination and screening for
certain diseases before being allowed to enter the army.
Currently, no testing for microfilaraemia is required, but it
would be a simple matter to collect fingerprick blood for
detection of mf. In our surveys, soldiers were highly cooperative with this procedure, and medical staff at the base were
eager to learn how to diagnose lymphatic filariasis. In fact, in
1992, army personnel began enrolling in courses at CPqAM/
FIOCRUZ, which qualified them to diagnose and treat
W. bancrofti microfilaraemia cases. This was the first time a
programme for diagnosis and treatment of an endemic disease was adopted by the Army in Brazil. Nighttime collection
of blood on the military base was easy to arrange, and, unlike
nighttime blood collection in some peri-urban slums, where
lymphatic filariasis is emerging as an important public health
problem, it was also safe for the blood collection team.
Further, collecting blood at the peak time of microfilarial
density, between 2300h and 0100h, was much more feasible
on the army base than it is in most communities. Thus, the
sensitivity of screening was enhanced.
Finally, at least in Brazil, military recruits are considered a
representative cross-section of the young male population in
the region where the base is located. Soldiers tend to be
stationed at bases located near their town of residence.
Screening of army soldiers has already been used elsewhere
in Brazil to successfully identify foci of transmission of
W. bancrofti in areas that were not considered to be endemic.
For example, in 1990, two autochthonous W. bancrofti infections were detected when solders were screened at the 59º
Batalhão de Infantaria Motorizada in Maceió-Alagoas-Brazil
(Dreyer et al. 1991). At the time, Maceió was considered by
the Ministry of Health not to be endemic for W. bancrofti
(Ministério da Saúde Brasil 1986). As a result of these findings, however, an epidemiological investigation was begun,
active transmission was confirmed, and the Health Ministry
recognized that filariasis was indeed a public health problem
in Maceió. Filariasis research and control programmes have
already begun in this area (Fontes et al. 1994, 1998).
Five years ago, W. bancrofti was also considered to be
under control in Recife (Ministério da Saúde Brasil 1986).
Work by Dreyer and colleagues subsequently documented
transmission in 1985 (Dreyer 1987; Medeiros et al. 1992;
Dreyer et al. 1995; 1996). Lymphatic filariasis is now considered an important public health problem of metropolitan
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Recife region, with an overall prevalence of ~1%, but with
prevalences of up to 15% in some districts (Maciel et al.
1996). Because active case detection and surveillance for
W. bancrofti infection have only begun in recent years, it is
difficult to say with absolute certainty whether transmission
of this parasite is increasing in intensity and spreading to new
areas, but this appears to be the case.
Our screening of military recruits identified 8 districts
within four new cities in metropolitan Recife with active
transmission of W. bancrofti. Autochthonous cases of W.
bancrofti infection were identified in lifelong residents of a
total of 7 cities in metropolitan Recife region; these infected
persons resided in 79 districts of the metropolitan area
(Figure 1).
Recently, considerable attention has focused on new circulating antigen-detection assays for diagnosis of W. bancrofti
infection (More & Copeman 1990; Rocha et al. 1996;
Freedman et al. 1997; Nicolas 1997; Weil et al. 1997). These
assays have a high sensitivity and specificity for bancroftian
filariasis infection. However, because the antigen is primarily
adult worm-related, caution is warranted in using them for
monitoring control programmes where the objective is to
reduce or interrupt transmission. Transmission is directly
associated with microfilaraemia, and for the first few years
after treatment with antifilarial drugs, marked reductions in
microfilaraemia are observed, but the prevalence of antigenemia remains constant (Weil et al. 1988). Therefore, monitoring mf levels is likely the best option for assessing the
effectiveness of treatment in reducing transmission, particularly in the short term. Another drawback of the antigen
assays is the fact that they are relatively expensive and their
purchase on the international market requires ‘hard currency’.
Although antigen-and even PCR-based assays have many
advantages and are likely to be used more frequently in the
diagnosis of lymphatic filariasis, detection of microfilaraemia
using fingerprick blood will probably continue to play an
important role in epidemiological surveillance and in monitoring the effectiveness of interventions to interrupt transmission (Nicolas 1997; Weil et al. 1997). Although we were
unable to measure the sensitivity of the thick smear in this
screening programme, it appeared to be relatively high, in
view of the fact that 13 of men who had microfilaraemia
detected in fingerprick samples had ultra-low microfilarial
densities (, 1/ml venous blood). In part, this may have been
because we examined 3 drops (60ml), rather than a single
drop (20 ml) of capillary blood. Previous work showed that,
among persons with , 100 mf/ml, the sensitivity of thick
smear increases from 68% to 94% as the volume of examined
blood increases from 20 ml to 60 ml (Dreyer et al. 1996).
Therefore we recommend, not only for the military but also
for the national filariasis elimination programme of Health

© 1999 Blackwell Science Ltd

Ministry (Fundação Nacional de Saúde –FNS), that 3 drops
(60 ml) of capillary blood be collected by fingerprick for
examination of microfilaraemia.
In summary, through routine screening during a 7-year
period, we provided health education to thousands of
soldiers, identified and treated 582 men ‘silently’ infected
with W. bancrofti, and detected several new areas of transmission in metropolitan Recife. Our experience with the
army suggests that the military services, including the Navy,
Air Force and Military Police, may provide an excellent
opportunity for ongoing routine surveillance of W. bancrofti
infection at the national level. Such a surveillance system can
be used by national filariasis elimination programmes to
identify new areas of transmission and to monitor trends
in prevalence over time in areas where transmission is known
to occur. To be useful, military-based surveillance for
W. bancrofti infection should be linked to thorough and
timely case follow-up, particularly when infections are
detected in residents of areas where transmission is currently
not known to occur. This kind of surveillance should not
replace community- or district-level initial assessment and
monitoring of interventions to interrupt transmission. However, military-based surveillance can provide an adjunct surveillance system at the national level, particularly for the
purpose of certifying countries as free of W. bancrofti transmission.

Acknowledgements
The authors are indebted to the General Commander of 7a
Região Militar e da 7a Divisão de Exército for making this
work possible in the period of 1989–97; to commanders of
the barracks; health workers from the barracks and from
Hospital Geral do Recife; to the soldiers who were examined
and demonstrated enthusiasm during the accomplishment of
the entire work; to Dr David Addiss for the critical reading
and helpful discussion of the manuscript. This study was
partially financed by UNDP/World Bank/WHO Special
Programme for Research and Training in Tropical Disease (ID
number 880533 E30/181/16), by FACEPE (ID number
0157.2.13/94), by FIOCRUZ (PAPES n °2, PAP number
01938–8) and by OPAS (ID number ASC 97/00181–0)

References
Albuquerque MFM, Marzochi MC, Ximenes RA, Braga MC, Silva
MCM & Furtado AF (1995) Bancroftian filariasis in two urban
areas of Recife, Brazil: The role of individual risk factors. Revista
do Instituto de Medicina tropical de São Paulo 37, 225–233.
Ali EM, Abdel-Wahab F & Romia SA (1985) A preliminary survey of
bancroftian filariasis among soldiers in Mansoura, Egypt. Journal
of the Egyptian Society of Parasitology 15, 493–498.

503

Tropical Medicine and International Health

volume 4 no 7 pp 499–505 july 1999

Z. Medeiros et al. Screening for Wuchereria bancrofti in the Brazilian army

Andrade LD, Medeiros Z, Pires ML et al. (1995) Comparative efficacy of three different diethylcarbamazine regimens in lymphatic
filariasis. Transactions of the Royal Society of Tropical Medicine
and Hygiene 89, 319–321.
Bockarie M, Alexander N, Hyun P et al. (1998) Randomised
community-based trial of anual single-dose diethylcarbamazine
with or without ivermectin against Wuchereria bancrofti infection
in human beings and mosquitoes. The Lancet 351, 162–168.
Brabin L (1990) Sex differentials in susceptibility to lymphatic filariasis and implications for maternal child immunity. Epidemiology
and Infection 105, 335–353.
Chanteau S, Glaziou P, Plichart C et al. (1995) Wuchereria bancrofti
filariasis in French Polynesia: age-specific patterns of microfilaremia, circulation antigen, and specific IgG and IgG4 responses
according to transmission level. International Journal of
Parasitology 25, 81–85.
Dennis DT & Kaen BH (1971) Isolation of microfilariae: report of a
new method. Journal of Parasitology 57, 1146–1147.
Drabick JJ, Gambel JM, Gouvea VS et al. (1997) A cluster of acute
hepatitis E infection in United Nations Bangladeshi peacekeepers
in Haiti. American Journal of Tropical Medicine and Hygiene 57,
449–454.
Dreyer G (1987) Filariasis Programme. Memórias Do Instituto
Oswaldo Cruz 82, 359–360.
Dreyer G, Coutinho A, Miranda D et al. (1995) Treatment of bancroftian filariasis in Recife, Brazil: a two year comparative study of
the efficacy of single treatments with ivermectin or diethylcarbamazine. Transactions of the Royal Society of Tropical Medicine
and Hygiene 89, 98–102.
Dreyer G, Medeiros Z, Béliz F et al. (1991) Autochthonous
Wuchereria bancrofti microfilaraemia in the city of Maceió,
Alagoas – Brazil. Memórias Do Instituto Oswaldo Cruz 86,
495–496.
Dreyer G, Pimentel A, Medeiros Z et al. (1996a) Studies on the periodicity and intravascular distribution of Wuchereria bancrofti
microfilariae in paired samples of capillary and venous blood from
Recife, Brazil. Tropical Medicine and International Health 1,
264–272.
Eberhard ML, Dickerson JW, Hightower AW & Lammie PJ (1991)
Bancroftian filariasis: long-term effects of treatment with diethylcarbamazine in a Haitian population. American Journal of
Tropical Medicine and Hygiene 45, 728–733.
Eberhard ML, Hightiwer AW, McNeeley DF & Lammie PJ (1992)
Long-term suppression of microfilaraemia following ivermectin
treatment. Transactions of the Royal Society of Tropical Medicine
and Hygiene 86, 287–288.
Eitzen JP & Sawyer RG (1997) Sexually transmitted diseases: risk
behaviors of female active duty US army recruits. Military
Medicine 162, 686–689.
Fontes G, Brito AC, Calheiro CML, Antunes CM & Rocha EMM
(1994) Situação atual da filariose bancroftiana na cidade de
Maceió, Estado de Alagoas, Brasil. Cadernos de Saúde Pública 10,
293–300.
Fontes G, Rocha EMM, Brito AC & Antunes CMF (1998) Lymphatic
filariasis in Brazilian urban area (Maceió, Alagoas) Memórias do
Instituto Oswaldo Cruz 96, 705–710.

504

Freedman DO, De Almeida A, Miranda J, Plier AD & Braga C (1997)
Field trial of a rapid card test for Wuchereria bancrofti. Lancet
350, 1681.
Gill GV & Bailey JW (1989) Eosinophilia as a marker for chronic
strongyloidiasis – use of a serum ELISA test to detect asymptomatic cases. Annals of Tropical Medicine and Parasitology 83,
249–252.
Gyapong JO, Adjei S & Sackey SO (1996a) Descriptive epidemiology
of lymphatic filariasis in Ghana. Transactions of the Royal Society
of Tropical Medicine and Hygiene 90, 26–30.
Gyapong JO, Adjei S, Gyapong M & Asamoah G (1996b) Rapid
community diagnosis of lymphatic filariasis. Acta Tropica 61,
65–74.
Gyapong JO, Gyapong M & Adjei S (1996c) The epidemiology of
acute adenolymphangitis due to lymphatic filariasis in Northern
Guyana. American Journal of Tropical Medicine and Hygiene 54,
591–595.
Gyapong JO, Webber RH, Morris JO & Bennett S (1998) Prevalence
of hydrocele as a rapid diagnostic index for lymphatic filariasis.
Transactions of the Royal Society of Tropical Medicine and
Hygiene 92, 40–43.
Ismail MM, Weil GJ, Jayasinghe KSA et al. (1996) Prolonged clearance of microfilaraemia in patients with bancroftian filariasis after
multiple high doses of ivermectin or diethylcarbamazine.
Transactions of the Royal Society of Tropical Medicine and
Hygiene 90, 684–688.
Kazura J, Bockarie M, Alexander N et al. (1997) Transmission intensity and its relationship to infection and disease due to Wuchereria
bancrofti in Papua New Guinea. Journal of Infectious Diseases
176, 242–246.
Kessel JF, Silica N, Tompkins H & Jones K (1970) Periodic mass
treatment with diethylcarbamazine for the control of filariasis in
American Samoa. Bulletin of the World Health Organization 43,
817–825.
Kimura E & Mataika JU (1996) Control of lymphatic filariasis by
annual single-dose diethylcarbamazine treatments. Parasitology
Today 12, 240–244.
Lammie PJ, Hightower AW & Eberhard ML (1994) Age-specific
prevalence of antigenemia in a Wuchereria bancrofti – exposed
population. American Journal of Tropical Medicine and Hygiene
51, 348–355.
Maciel MAV, Marzochi KBF, Silva EC, Rocha A & Furtado AF (1994)
Estudo comparativo de áreas endêmicas de filariose bancroftiana
na RMR, Brasil. Cadernos de Saúde Pública 10 (Suppl.), 301–309.
Maciel A, Rocha A, Marzochi KB et al. (1996) Epidemiological study
of bancroftian filariasis in Recife. Northeastern Brazil. Memórias
do Instituto Oswaldo Cruz 91, 449–455.
Mahoney LE & Kessel JT (1971) Treatment failure in filariasis mass
treatment programmes. Bulletin of the World Health Organization
45, 35–42.
Medeiros Z, Dreyer G, Andrade L, Pires ML, Mendes J & Pimentel
R (1992) Wuchereria bancrofti microfilarial density of autochthonous cases and natural Culex infectivity rates in Northeast Brazil.
Journal of Tropical Medicine and Hygiene 95, 214–217.
MS – Ministério da Saúde – Brasil (1986) Superintendência de
Campanhas de Saúde Pública. Departamento de Erradiação e

© 1999 Blackwell Science Ltd

Tropical Medicine and International Health
Z. Medeiros et al.

volume 4 no 7 pp 499–505 july 1999

Screening for Wuchereria bancrofti in the Brazilian army

Controle de Endemias. Demonstrativo dos Resultados obtidos em
1985 e projeções para 1986. Brasília – DF, pp. 83–87.
More SJ & Copeman DB (1990) A highly specific and sensitive
monoclonal antibody-based ELISA for the detection of circulating
antigen in bancroftian filariasis. Tropical Medicine and
Parasitology 41, 403–406.
Nicolas L (1997) New tools for diagnosis and monitoring of bancroftian filariasis parasitism: the Polynesian experience. Parasitology Today 13, 370–375.
Norões J, Addiss D, Santos A, Medeiros Z, Coutinho A & Dreyer G
(1996) Ultrasonographic evidence of abnormal lymphatic vessels in
young men with adult Wuchereria bancrofti infection in the scrotal
area. The Journal of Urology 156, 409–412.
Ottesen EA (1993) Filarial infections. Infectious Disease Clinics of
North America 7, 619–633.
Ottesen EA & Ramachandran CP (1995) Lymphatic filariasis infection
and disease: control strategies. Parasitology Today 11, 129–131.
Ottesen EA, Duke BOL, Karan M & Behbehani K (1997) Strategies
and tools for the control/elimination of lymphatic filariasis.
Bulletin of World Health Organization 75, 491–503.
Pani SP, Balakrishann N, Srividya A, Bundy DA & Grenfell BT (1991)
Clinical epidemiology of bancroftian filariasis: effect of age and
gender. Transactions of the Royal Society of Tropical Medicine
and Hygiene 85, 260–264.
Pani SP, Yuvaraj J, Vanamail P et al. (1995) Episodic adenolymphangitis and lymphedema in patients with bancroftian filariasis.
Transactions of the Royal Society of Tropical Medicine and
Hygiene 89, 72–74.
Pani SP, Srividya A, Krishnamoorthy K, Das PK & Dhanda V (1997)
Rapid assessment procedures (RAP) for lymphatic filariasis.
National Medical Journal of India 10, 19–22.

© 1999 Blackwell Science Ltd

Panicker KN, Krishnamoorthy K, Sabesan S, Prathida J & Abidha J
(1991) Comparison of effects of mass annual and biannual single
dose therapy with diethylcarbamazine for the control of malayan
filariasis. Southeast Asian Journal of Tropical Medicine and Public
Health 22, 402–411.
Rachou RG (1956) Distribuição geográfica das filárias humanas no
Brasil. Revista Brasileira de Malariologia e Doenças Tropicais 9,
79–100.
Rocha A, Addiss D, Ribeiro ME et al. (1996) Evaluation of the
Og4C3 ELISA in Wuchereria bancrofti infection: Infected persons
with undetectable or ultra-low microfilarial densities. Tropical
Medicine and International Health 1, 859–864.
Sharp TW, Wallace MR, Hayes CG et al. (1995) Dengue fever in US
troops during operation Restore Hope, Somalia. 1992–93.
American Journal of Tropical Medicine and Hygiene 53, 89–94.
Smith KL, Wilson M, Hightower AW et al. (1996) Prevalence of
Toxoplasma gondii antibodies in US military recruits in 1989: comparison with data published in 1965. Clinical Infectious Diseases
23, 1182–1183.
Weil GJ, Lammie PJ & Weiss N (1997) The ICT filariasis test: a
rapid-format antigen test for diagnosis of bancroftian filariasis.
Parasitology Today 13, 401–404.
Weil GJ, Sethumadhavan KVP, Santhanam S, Jain DC & Ghosh TK
(1988) Persistence of parasite antigenemia following diethylcarbamazine therapy of bancroftian filariasis. American Journal of
Tropical Medicine and Hygiene 38, 589–595.
World Health Organization (1995) Lymphatic filariasis: an eradicable
disease. World Health Organization Drug Information 9, 135–138.
World Health Organization (1996) TDR NEWS – UNDP/WORLD
BANK/WHO Special Programme for Research and Training in
Tropical Disease, No 49 – March.

505

