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Abstract
Background: Ascariasis and HIV/AIDS are often co-endemic under conditions of poverty in South
Africa; and discordant immune responses to the respective infections could theoretically be
affecting the epidemic of HIV/AIDS in various ways. It is well-known that sensitisation to helminthic
antigens can aggravate or ameliorate several non-helminthic diseases and impair immunisation
against cholera, tetanus and tuberculosis. The human genotype can influence immune responses to
Ascaris strongly. With these factors in mind, we have started to document the extent of long-term
exposure to Ascaris and other helminths in a community where HIV/AIDS is highly prevalent. In
more advanced studies, objectives are to analyse relevant immunological variables (e.g. cytokine
activity and immunoglobulin levels). We postulate that when Ascaris is hyperendemic, analysis of
possible consequences of co-infection by HIV cannot be based primarily on excretion vs non-
excretion of eggs.

Methods: Recall of worms seen in faeces was documented in relation to the age of adult
volunteers who were either seropositive (n = 170) or seronegative (n = 65) for HIV. Reasons for
HIV testing, deworming treatments used or not used, date and place of birth, and duration of
residence in Cape Town, were recorded. Confidence intervals were calculated both for group
percentages and the inter-group differences, and were used to make statistical comparisons.

Results: In both groups, more than 70% of participants were aware of having passed worms, often
both when a child and as an adult. Most of the descriptions fitted Ascaris. Evidence for significantly
prolonged exposure to helminthic infection in HIV-positives was supported by more recall of
deworming treatment in this group (p < 0.05). Over 90% of the participants had moved to the city
from rural areas.
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Conclusion: There was a long-term history of ascariasis (and probably other helminthic
infections) in both of the groups that were studied. In women in the same community, and in
children living where housing and sanitation are better, Ascaris sero-prevalence exceeded egg-
prevalence by two- and three-fold, respectively. For ongoing and future analyses of possible
consequences of co-infection by Ascaris (and/or other helminths) and HIV/AIDS (and/or other
bystander conditions), comparisons must be based mainly on disease-related immunological
variables. Especially in adults, comparisons cannot be based only on the presence or absence of eggs
in excreta.

Background
Some literature reviews and research studies have sug-
gested that immunological responses to frequent chal-
lenge from helminth parasites and other pathogens may
be influencing rates of infection by HIV and/or progres-
sion to AIDS in developing countries [1,2]. Furthermore,
it is likely that the efficacy of anti-HIV vaccines will be
impaired under these conditions [3-5]. Helminthiasis is
usually characterised by a strong type 2 immune profile
[6-8], which can down-regulate an anti-viral type 1 reac-
tion; and a study has shown that a balanced type 1/type 2
response was significantly related to long-term non-pro-
gression of HIV infection [9]. When the maternal immune
profile has been imbalanced by helminthic infection, the
risk of transmitting HIV to babies appears to increase [10].
Theories about immunological relationships between
infection by worms and HIV/AIDS are supported by the
reality of this kind of interaction between helminthiasis
and immune-mediated disease associated with the
human T cell lymphotropic virus type 1 (HTLV-1), which
like HIV is a retrovirus [11].

In many South African communities, high population
densities, poor living conditions and deficient public
health service delivery support ongoing challenge from
various infections, with Ascaris and HIV as components of
the milieu [1,12-19]. The prevailing environmental condi-
tions promote involuntary ingestion of Ascaris eggs, which
either leads to re-infection (the lifespan of Ascaris is rela-
tively short compared to that of other common helminths
[20]) or ensures ongoing antigenic challenge. Most
human adults are probably in a state of immunological
holoendemic equilibrium [21] that reduces patent infec-
tion by Ascaris. In children, infection by Ascaris has been
shown to polarise the immune profile towards type 2,
which is associated with an impaired response to a chol-
era vaccine [22,23]. These Ascaris-specific effects were
reversed by deworming with albendazole [24], which
might be an inexpensive way to improve the efficacy of
potential vaccines against HIV [1-3] and other diseases
[1,4,23-25].

In view of widespread co-endemicity of Ascaris and HIV/
AIDS in South Africa, our first objective is to begin to

define the lifespan history of infection challenge from
Ascaris in people living in communities where HIV/AIDS
is a growing problem. If lifelong challenge is generally
present, further research would aim to ascertain which
immunological and/or genetic variables are better than
the temporary presence or absence of Ascaris eggs in fae-
ces, for assessing the potential for disease interaction. We
are aware of more than 20 recent studies that have used
faecal helminth egg-positivity or egg-negativity as the
main or only worm-related variable in comparisons relat-
ing to HIV infection (and/or other bystander diseases) in
areas where helminths are highly endemic. We contend
that this approach is fundamentally flawed for reasons
that will be discussed. Understanding would improve if
analysis were to be based on variables that include specific
immunoglobulins [6,8,26-28], cytokine ratios [6-9,29-
33], eosinophilia [6,8,13] and genetic markers [34-37]. If
significant disease interaction can be confirmed by the use
of more reliable variables, the overall objective is to then
make recommendations on how implementation of pre-
vention and control of ascariasis and other helminthic
infections might influence the epidemic of HIV/AIDS
[1,2], anti-HIV vaccine testing and the efficacy of immuni-
sation (if vaccines can be produced) [1-3,5].

The present study is based mainly on people who have
moved from rural districts in the Eastern Cape province
(EC) to a suburb of Cape Town (CT). HIV/AIDS is a major
epidemic in both of these environments [17-19]. The only
way to get the history of infestation by worms in the rural
areas from which the people came, was by personal recall
of helminths seen in faeces. This is a reasonable approach
because Ascaris is so large [20], and is especially conspicu-
ous when availability of toilets is limited, as in some
densely-populated rural areas and urban slums
[12,14,15]. The frequency of recall of probable Taenia seg-
ments has also been documented but discussion is
restricted mainly to Ascaris. However, taeniasis and cyst-
icercosis (including neurocysticercosis) are well-known in
both areas [38,39]. Since participation in the study was
voluntary and no deliberate selection was imposed, it is
probable that the participants were representative of most
adults, especially women, living under similar circum-
stances. In the CT community, recent surveys found that
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24.9% (95% CI 20.7 – 29.1) of women attending antena-
tal clinics were infected by HIV [17]; and more than 75%
of pupils at 12 primary schools had Ascaris eggs in their
faeces [12]. Stigma (and fear) associated with a positive
HIV test is a major problem that affects the design of
research in communities where the prevalence of HIV/
AIDS is high [40]. Consequently, pragmatic, non-random,
exploratory projects, such as the one now reported, are
sometimes the only way to start research.

Methods
This report covers the first set of results from a project that
was approved by the Ethics Committees of the South Afri-
can Medical Research Council and the University of Stel-
lenbosch, South Africa, under the overall title: Tracking the
immune profile of adults who are either HIV-positive or HIV-
negative, during helminthic infection and anthelmintic treat-
ment.

An HIV/AIDS support group in the CT suburb of Khayelit-
sha was approached about participation in an initial sur-
vey. Information sessions to explain the objectives of the
research and to answer questions, were run by AIDS coun-
sellors serving the support group. After comprehensive
discussion in the vernacular language (isiXhosa), 170
HIV-positive and 65 HIV-negative adults volunteered to
participate and signed informed consent forms. These
documents and completed questionnaires are on file with
the Helminth Section of the Nutritional Intervention
Research Unit, Medical Research Council, CT, South
Africa. The consent given included permission to confirm
HIV status by re-testing.

Retrospective, enquiry-based research was the only way to
obtain lifespan information on the history of infection by
worms (starting in childhood) in the adult volunteers, as
well as demographic details defining the extent of reloca-
tion to CT and the memory of anthelmintic treatment or
non-treatment. A semi-structured questionnaire was
drafted in English, translated into Xhosa, and back-trans-

lated into English to confirm that meanings were con-
veyed accurately. It was tested by Xhosa-speakers for logic,
accuracy and fluency. Adjustments were made as required.
Xhosa-speaking AIDS counsellors interviewed individual
volunteers and recorded their answers to the final ques-
tions. Replies regarding infection by worms were used to
ascertain: (a) if the participant was aware of ever having
passed worms in any way (particularly in faeces), as a
child and/or as an adult; (b) the estimated age when
worms were noticed as a child and/or as an adult; and (c)
the appearance of worms seen, as well as the kind of con-
ventional or traditional medicine that was used for treat-
ment, if any. Date and place of birth were confirmed from
identity documents and used to determine age. Informa-
tion on length of residence in the Khayelitsha suburb of
CT was also obtained.

Wilson's direct method was used to set 95% confidence
intervals (CI) for the percentages shown in the tabulated
results [41]. Differences between percentages for HIV-pos-
itives and HIV-negatives were assessed for significance by
calculating the 95% CI for the net value by Newcombe's
method [41]. When this CI excludes zero, it indicates a
significant difference (p < 0.05). Ages and duration of res-
idence in CT were compared by means of heterosedastic
two-sided t-tests, assuming unequal variance.

Results
HIV/AIDS status
The original motivations for HIV testing are summarised
in Table 1. More than 40% of the HIV-positive group were
tested because they had a clinical condition that can be
AIDS-associated, whereas more than 75% of the HIV-neg-
ative group had volunteered for testing on the basis that
they preferred to know their status.

Demography
The percentage distributions by place of birth, with 95%
confidence intervals, are shown in Table 2. The HIV-posi-
tive volunteers consisted of 143 women and 27 men (n =

Table 1: Original reasons for HIV testing

HIV-positive (n = 170) Numbers Percentage and 95% CI

Possible AIDS-associated condition 72/170 42.3 (36.3, 48.7)
Prevention of mother-to-child transmission 62/170 36.5 (29.6, 43.9)
High-risk behaviour, counselled to test 36/170 21.2 (15.7, 27.9)

HIV-negative (n = 65)

Possible AIDS-associated condition 9/65 13.9 (7.5, 24.3)
A condition not usually AIDS-associated 6/65 9.2 (4.3, 18.7)
Prevention of mother-to-child transmission 1/65 1.5 (0.3, 8.2)
Voluntary testing 49/65 75.4 (63.7, 84.2)

CI = confidence interval.
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170), i.e. 84.1% women. The HIV-negative volunteers
comprised 52 women and 13 men (n = 65), i.e. 80.0%
women. More than 91% of the HIV-positives and more
than 95% of the HIV-negatives were not born in CT but all
the participants were South Africans.

Age when questioned, duration of residence in CT and 
worm infection as children and adults
The adults in the HIV-positive group were younger than
those in the HIV-negative group and had lived in CT for a
shorter period (p < 0.01, Table 3). For individuals who
were not born in CT (> 91%), the data indicate that worm
infection as a child occurred mainly before relocation to
the city; and as an adult, was after the move. This deduc-
tion is supported by the close concordance of the within-
group means and medians for the estimated ages at which
participants remembered passing worms when children
or adults, respectively. There was no significant difference
between the groups in mean age at the time of childhood
or adult infection. The data suggest that the HIV-positive

adults may have seen worms more recently than the HIV-
negative adults.

Recall of worm infestation
More than 70% of participants in both of the groups were
aware that they had been infected by worms as a child
and/or as an adult (Table 4). A significantly greater per-
centage of HIV-positives remembered having had worms
both when they were children and adults (p < 0.05),
which may indicate more sequential ascariasis (and prob-
ably other helminthic infections) in this group.

Probable identity of worms seen
Relatively reliable identification of helminths in faeces
would pertain to Ascaris because the worms are big, con-
spicuous and sometimes numerous [20]. Descriptions
that combined "long" or "big" with "white", "whitish"
and "pointed" were interpreted as referring to Ascaris,
which is highly prevalent in CT and the Western Cape
province (WC) [12-14], as well as in the EC [15]. Taenia

Table 2: Place of birth of volunteers

HIV-positives (n = 170)2 HIV-negatives (n = 65)2

Place of Birth Numbers % 95% CI Numbers % 95% CI

City of Cape Town 15/170 8.8 5.4, 14.0 3/65 4.6 1.6, 12.7
Western Cape province1 1/170 0.6 0.1, 3.3 0/65 0 0.0, 5.6
Eastern Cape province 151/170 88.8 83.2, 92.7 61/65 93.9 85.2, 97.6
Northern Cape province 1/170 0.6 0.1, 3.3 0/65 0 0.0, 5.6
Gauteng province 1/170 0.6 0.1, 3.3 1/65 1.5 0.3, 8.2
Mpumalanga province 1/170 0.6 0.1, 3.3 0/65 0 0.0, 5.6

CI = confidence interval.
1Excluding the city of Cape Town.
2There were no statistically significant differences between the percentages of HIV-positives and HIV-negatives by place of birth.

Table 3: Age when questioned, duration of residence in Cape Town and worm infection at estimated child and adult ages

HIV-positive (n = 169)1 Age when questioned Duration2 Worms at child age3 Worms at adult age4

Mean age 30.6* 9.5† 9.2 NSD 26.6 NSD

Median age 28.7 8.1 9.0 28.0
Age range 16.4 – 63.1 0.1 – 40.6 4.0 – 14.0 15.0 – 42.0

HIV-negative (n = 63)1 Age when questioned Duration2 Worms at child age3 Worms at adult age4

Mean age 39.9* 13.5† 10.3 NSD 28.9 NSD

Median age 41.6 12.5 10.5 25.0
Age range 15.2 – 74.5 0.1 – 54.1 5.0 – 14.0 15.0 – 49.0

1Numbers reduce from 170 and 65 because birth dates were not known for one HIV-positive and two HIV-negative individuals.
2Duration of residence in Cape Town (years).
3Child = up to 15th birthday. Infection as a child was remembered by 91 HIV-positives and 26 HIV-negatives.
4Adult = after 15th birthday. Infection as an adult was remembered by 25 HIV-positives and 16 HIV-negatives.
*Mean ages when questioned were significantly different (p < 0.01).
†Mean durations of stay in Cape Town were significantly different (p < 0.01).
NSD = not significantly different.
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tapeworm infection is common in some districts in the EC
[38,39], from where most of the participants originated
(Table 2). The terms "flat" combined with "small",
"white" or "whitish" probably referred mainly to Taenia
segments passed in faeces. The frequency of descriptions
that fitted either Ascaris or Taenia respectively, were not
significantly different between the HIV-positive and HIV-
negative groups (Table 5). In the absence of "flat", "small"
might refer to Enterobius (1 case), or hookworm when the
colour was given as red, as after a blood meal (1 case).

Treatment used against worms and non-treatment
Recall of deworming treatment with conventional or tra-
ditional medicines, or of non-treatment, is summarised in
Table 6. Significantly more HIV-positives than HIV-nega-
tives remembered deworming treatment and fewer posi-
tives thought it was not necessary to treat against worms
(p < 0.05). These results suggest significantly more worm
infestation in the HIV-positives, both as adults and during
childhood (Table 4).

Discussion
Eighty-nine per cent of the participants were originally
from the EC, which lies geographically between the WC
and KwaZulu-Natal (KZN) provinces. In 2004, the ante-
natal HIV sero-prevalence for these three provinces was
estimated to be: WC 15.4%, EC 28.0% and KZN 40.7%

[19]. Infection by HIV, Ascaris and other helminths is
widespread in all these provinces, especially under condi-
tions of poverty in under-serviced communities [12-16].
In KZN, more species of helminths are endemic, espe-
cially in densely populated areas on the coastal plain [15].

To ensure logical development of the next phase of our
research on possible immunological interaction between
helminthiasis and HIV/AIDS, it is necessary to recognise
that worm egg excretion status is a secondary variable that
cannot be the main basis for analysis. Preliminary local
data support this point with regard to Ascaris (which
accounted for between 69% and 89% of recalls), as does
a lot of published information. In the urban environment,
the sero-prevalence of ascariasis can exceed egg-preva-
lence in children and adults. In a group of 41 women from
the same community as the study groups, 51.2% were
seropositive in terms of elevated Ascaris-specific IgE, but
only 26.3% had eggs in faeces, based on several faecal
samples from each adult [unpublished data]. In these
adults, there was no association between seropositive sta-
tus for Ascaris and the presence or absence of eggs in fae-
ces. In 600 children in the same community, Ascaris sero-
prevalence was not determined but egg-prevalence was
75% [12]. In a nearby community with better sanitation
and housing, 48% of 359 children were seropositive for
Ascaris but only 15% were egg-positive, based on two fae-

Table 5: Frequency of credible descriptions of either Ascaris worms or Taenia segments in faeces

Ascaris worms Taenia segments

Group Descriptions1 n %2 95% CI n %2 95% CI

HIV-positive 103 86 83.5 (75.1, 89.4) 17 16.5 (10.6, 24.9)
HIV-negative 42 35 83.3 (69.4, 91.7) 6 14.3 (6.2, 27.8)

CI = confidence interval.
1Descriptions of worms were given by 103 and 42 individuals in the respective groups.
2The differences between the percentages for the two groups are not significant for either Ascaris worms or Taenia segments.

Table 4: Comparison between percentages of volunteers who remembered being infected by worms

HIV-positives HIV-negatives Comparison of %

Recall of worms1 Numbers % 95% CI Numbers % 95% CI Difference 95% CI4

At any age 122/1672 73.1 65.9, 79.2 51/65 78.5 67.0, 86.7 -5.4 -16.4, 7.6
As a child 99/1672 59.3 51.7, 66.4 31/65 47.7 36.0, 59.6 11.6 -2.5, 25.3
As a child and as an adult 47/1653 28.5 22.1, 38.5 8/65 12.3 6.4, 22.5 16.2* 4.2, 25.6
As an adult (only) 70/1653 42.4 35.1, 50.1 28/65 43.1 31.8, 55.2 -0.7 -14.8, 13.0
No recall of worms 45/1672 26.9 20.8, 34.1 14/65 21.5 13.3, 33.0 5.4 -7.6, 16.4

CI = confidence interval.
1Child = up to 15th birthday. Adult = after 15th birthday.
2The reduction from n = 170 is because three individuals were uncertain about whether they had, or had not, seen worms in faeces; hence, n = 167.
3Of the 167 who gave definitive answers on infection, two knew that they had been infected as children but were not sure if they had been infected 
when adults; hence, n = 165.
4CIs which exclude zero indicate that the HIV-positives and HIV-negatives were significantly different (p < 0.05) [41].
*Significantly more HIV-positives remembered having been infected by worms as both a child and an adult (p < 0.05).
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cal samples per child [42]. Children who were egg-posi-
tive were more likely to be Ascaris-seropositive. In these
examples from the urban CT environment, an immune
response to Ascaris was between two- and three-fold more
frequent in both adults and children than the presence of
eggs in faeces. In rural areas where complications such as
intestinal and duct obstructions by Ascaris are well-known
but egg-prevalence studies have not been carried out, the
position is likely to be similar.

The results make it clear that before and after sexual trans-
mission of HIV is possible, immune responses to Ascaris
antigens (as partly reflected by seropositivity), as well as to
other endemic helminths, are likely to be detectable in a
large proportion of the population studied. The presence
or absence of Ascaris eggs in faeces is of little interpreta-
tional value because infection success or failure is deter-
mined by immune responses to the antigenic challenge,
individual traits and other factors. Components of varia-
tion include the frequency of ingestion of embryonated
eggs, personal hygiene, habitual behaviour (including
geophagia [43]), anti-Ascaris immune competency or
incompetency as determined genetically [34-37], and
anergy [1,2,6-8]. Therefore, egg excretion is secondary to
genetic, environmental and other variables, especially in
adults. We contend that to evaluate potential relation-
ships between infection by Ascaris (as well as other soil-
transmitted helminths) and HIV/AIDS, research should
focus on variables that reflect anti-Ascaris immune
responses directly (such as cytokines [6-8,22,23,29-33]
and immunoglobulins [6,8,26-28]) rather than on the
presence or absence of worm eggs in excreta. When
anthelmintic treatment is evaluated experimentally in
terms of possible effects in relation to co-endemic disease,
it is important that egg-negative people be included in
deworming because they may be harbouring larval-stage

or male Ascaris worms only (that cannot produce eggs),
and/or the drug per se may have direct effects on the
immune system [25]. In terms of recommendations by
the World Health Assembly and the World Health Organ-
isation, this procedure would be ethical and safe [15,44-
47], which supports the idea of a "rapid-impact" package
for simultaneously treating several neglected tropical dis-
eases in Africa [48,49].

Recently-published research results are compatible with
our rationale [27-33]. It has been shown that individuals
who were persistently susceptible to infection by Ascaris,
as demonstrated by excretion of eggs in faeces, were char-
acterised by a weak type 2 immune response profile [30].
After age 11, a strong type 2 profile was associated with
increased resistance to infection by Ascaris [31]. A Th2
cytokine (IL-5 or the Eosinophil Differentiation Factor)
that initiates a process culminating in eosinophils attack-
ing Ascaris larvae, was significantly elevated in both egg-
positive and egg-negative residents where challenge from
Ascaris antigens is inevitable due to hyperendemicity;
compared to IL-5 levels in people living where Ascaris
challenge is unusual [33]. We therefore theorise that the
risk of HIV infection could be greater in egg-negative
adults (than in egg-positives) if a strong type 2 response
[31] down-regulates anti-viral immune factors under con-
ditions of sustained exposure to Ascaris antigens and other
pathogens in Africa [1,2]. In the same situation, progres-
sion to AIDS might sometimes be faster [9]; and the effec-
tiveness of immunisation against HIV and other diseases
may be impaired [1-5,23-25], especially when the sero-
prevalence of ascariasis (and/or other helminthic infec-
tions) is high.

In South Africa, co-infection between Ascaris (and/or
other helminths) and HIV/AIDS (and/or other non-

Table 6: Comparison between the percentages of volunteers who remembered deworming treatment or non-treatment

HIV-positives (n = 170) HIV-negatives (n = 65) Comparison

Treatment or non-treatment Numbers2 % 95% CI Numbers3 % 95% CI Difference 95% CI4

Specific deworming treatment 57/93 61.3 51.1, 70.6 20/47 42.6 29.5, 56.7 18.7* -1.3, -34.7
Mebendazole (broad spectrum) 16/93 17.2 10.9, 26.1 2/47 4.3 1.2, 14.2 12.9* 1.1, 22.4
Piperazine (narrow spectrum) 28/93 30.1 21.7, 40.1 8/47 17 8.9, 30.1 13.1 -2.5, 25.9
Traditional medicine1 13/93 14 8.4, 22.5 10/47 21.3 12.0, 34.9 -7.3 -22.0, 5.3

Treatment not deemed necessary 36/93 38.7 29.4, 48.9 27/47 57.5 43.3, 70.5 -18.7* -34.7, -1.3

CI = confidence interval.
*Significantly more HIV-positives remembered specific deworming treatment (including mebendazole) and fewer thought it was not necessary to 
treat against worms (p < 0.05).
1Traditional medicine breakdown (n = 23): aloe 11; herbs 2; pumpkin pips 2; dried worm 1; reeds 1; benzine 1; unspecified 5. Concerning the 11 
reports of the use of aloe, it has been shown that extracts of Aloe marlothii have anthelmintic activity in vitro [50].
293/170 remembered treatment detail, or non-treatment.
347/65 remembered treatment detail, or non-treatment.
4In this column, CIs that exclude zero indicate a significant difference between the percentages for the HIV-positives and HIV-negatives (p < 0.05) 
[41].
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helminthic diseases) is widespread [13-19,38,39,42,43].
There may be behavioural and/or sociological reasons for
the apparent association between HIV-positivity and
recall of intestinal helminthiasis reflected in our results,
but these possibilities require further investigation. Since
endemic helminthiasis will normally influence the
immune environment long before heterosexual transmis-
sion of HIV (which is mainly driving the epidemic [1,17-
19]) is possible, all aspects of potential disease interaction
need to be researched under local circumstances in prepu-
bertal children and in adults, but comparisons between
people who have or do not have helminth eggs in their
faeces must not be the primary basis for analysis. Human
genetic susceptibility and resistance to ascariasis also need
to be taken into consideration [34-37] because inevitable
confounding of research results is often ignored.

Conclusion
The groups that were studied were probably representative
of both urban and rural populations in which the epi-
demic of HIV/AIDS is a huge problem. There was a long-
term history of ascariasis (and probably other helminthic
infections) in both the HIV-positives and the HIV-nega-
tives. In women in the same community, and in children
living where housing and sanitation are better, Ascaris
sero-prevalence exceeded egg-prevalence by two- and
three-fold, respectively. For ongoing and future analyses
of possible consequences of co-infection by Ascaris (and/
or other helminths) and HIV/AIDS (and/or other
bystander conditions), comparisons must be based
mainly on disease-related immunological variables. Espe-
cially in adults, comparisons cannot be based only on the
presence or absence of eggs in excreta.

Abbreviations
AIDS: acquired immunodeficiency syndrome.

CI: confidence interval.

CT: Cape Town.

EC: Eastern Cape province of South Africa.

HIV: human immunodeficiency virus type 1.

HIV/AIDS: infection by HIV that has progressed to AIDS.

HTLV-1: human T cell lymphotropic virus type 1.

KZN: KwaZulu-Natal province of South Africa.

NSD: no significant difference (used in tables).

WC: Western Cape province of South Africa.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
VJ Adams: overall planning, drafting questionnaire, com-
munity liaison, counselling, medical liaison, field man-
agement, data processing, checking text.

MB Markus: main editor, writing, literature searching,
helminthology consultant, English language consultant.

ZL Kwitshana: community liaison, drafting and testing
questionnaire, checking text.

MA Dhansay: medical consultant, community liaison,
ethics consultant, checking text.

L van der Merwe: statistician, checking text.

G Walzl: immunology consultant.

JE Fincham: main writer, co-editor, overall planning, liter-
ature searching, community liaison, research liaison,
drafting questionnaire, analysis of results.

Acknowledgements
We thank the health service of the City of Cape Town for authorising and 
supporting the acquisition of data at facilities they manage. All funding was 
provided by the South African Medical Research Council under their man-
date to improve the health of the nation through ethical biomedical 
research.

References
1. Fincham JE, Markus MB, Adams VJ: Could control of soil-trans-

mitted helminthic infection influence the HIV/AIDS pan-
demic?  Acta Trop 2003, 86:315-333.

2. Borkow G, Bentwich Z: Chronic immune activation associated
with chronic helminthic and human immunodeficiency virus
infections: role of hyporesponsiveness and anergy.  Clin Micro-
biol Rev 2004, 17:1012-1030.

3. Robinson TM, Boyer JD: HIV-1 vaccines and co-infection.  Expert
Opin Biol Ther 2004, 4:1483-1492.

4. Elias D, Akuffo H, Pawlowski A, Haile M, Schön T, Britton S: Schisto-
soma mansoni infection reduces the protective efficacy of
BCG vaccination against virulent Mycobacterium tuberculo-
sis.  Vaccine 2005, 23:1326-1334.

5. Nkolola JP, Essex M: Progress towards an HIV-1 subtype C vac-
cine.  Vaccine 2006, 24:391-401.

6. Maizels RM, Yazdanbakhsh M: Immune regulation by helminth
parasites: cellular and molecular mechanisms.  Nat Rev Immu-
nol 2003, 3:733-744.

7. Bradley JE, Jackson JA: Immunity, immunoregulation and the
ecology of trichuriasis and ascariasis.  Parasite Immunol 2004,
26:429-441.

8. Maizels RM, Balic A, Gomez-Escobar N, Nair M, Taylor MD, Allen JE:
Helminth parasites – masters of regulation.  Immunol Rev 2004,
201:89-116.

9. Imami N, Pires A, Hardy G, Wilson J, Gazzard B, Gotch F: A bal-
anced type 1/type 2 response is associated with long-term
nonprogressive human immunodeficiency virus type 1 infec-
tion.  J Virol 2002, 76:9011-9023.

10. Gallagher M, Malhotra I, Mungai PL, Wamachi AN, Kioko JM, Ouma
JH, Muchiri E, King CL: The effects of maternal helminth and
malaria infections on mother-to-child HIV transmission.
AIDS 2005, 19:1849-1855.
Page 7 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12745148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12745148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12745148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15489359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15489359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15489359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15335315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15661380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16139396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16139396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12949497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12949497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15771679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15771679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15361235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15361235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16227793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16227793


BMC Infectious Diseases 2006, 6:88 http://www.biomedcentral.com/1471-2334/6/88
11. Porto AF, Santos SB, Muniz AL, Basilio V, Rodrigues W, Neva FA,
Dutra WO, Gollob KJ, Jacobson S, Carvalho EM: Helminthic infec-
tion down-regulates type 1 immune responses in human T
cell lymphotropic virus type 1 (HTLV-1) carriers and is more
prevalent in HTLV-1 carriers than in patients with HTLV-1
associated myelopathy/tropical spastic paraparesis.  J Infect
Dis 2005, 191:612-618.

12. Anonymous: The Khayelitsha Task Team: building health partnerships
that work Cape Town: South African Medical Research Council; 2001. 

13. Fincham JE, Markus MB, Adams VJ, Lombard CJ, Bentwich Z, Mansvelt
EPG, Dhansay MA, Schoeman SE: Association of deworming with
reduced eosinophilia: implications for HIV/AIDS and co-
endemic diseases.  S Afr J Sci 2003, 99:182-184.

14. Adams VJ, Markus MB, Adams JFA, Jordaan E, Curtis B, Dhansay MA,
Obihara CC, Fincham JE: Paradoxical helminthiasis and giardia-
sis in Cape Town, South Africa: epidemiology and control.
Afr Health Sci 2005, 5:131-136.

15. Fincham JE, Markus MB, Ngobeni JT, Mayosi BN, Adams VJ, Kwitshana
ZL, Obihara CC, Dhansay MA, Jackson TFHG: Synchronized and
regular deworming of children and women in South Africa:
policy and practice.  S Afr J Sci 2005, 101:13-17.

16. Adams VJ, Lombard CJ, Dhansay MA, Markus MB, Fincham JE: Effi-
cacy of albendazole against the whipworm Trichuris trichiura
– a randomised, controlled trial.  S Afr Med J 2004, 94:972-976.

17. Provincial Administration of the Western Cape, HIV/AIDS Directo-
rate: HIV Prevalence in the Western Cape. Results of the 2002 annual pro-
vincial and district antenatal HIV survey Cape Town; 2002. 

18. Connolly C, Colvin M, Shisana O, Stoker D: Epidemiology of HIV
in South Africa – results of a national, community-based sur-
vey.  S Afr Med J 2004, 94:776-781.

19. Department of Health, Directorate Health Systems Research:
National HIV and syphilis antenatal seroprevalence survey in
South Africa 2004.  Pretoria 2004. updated July 2005.

20. Roberts LS, Janovy J: Foundations of parasitology 6th edition. Singapore:
McGraw-Hill; 2000. 

21. Last JM, Spasoff RA, Harris SS, Thuriaux MC, Anderson JB: A dictionary
of epidemiology 4th edition. New York : Oxford University Press;
2001. 

22. Cooper PJ, Chico ME, Sandoval C, Espinel I, Guevara A, Kennedy
MW, Urban JF, Griffin GE, Nutman TB: Human infection with
Ascaris lumbricoides is associated with a polarized cytokine
response.  J Infect Dis 2000, 182:1207-1213.

23. Cooper PJ, Chico M, Sandoval C, Espinel I, Guevara A, Levine MM,
Griffin GE, Nutman TB: Human infection with Ascaris lumbri-
coides is associated with suppression of the interleukin-2
response to recombinant cholera toxin B subunit following
vaccination with the live oral cholera vaccine CVD 103-HgR.
Infect Immun 2001, 69:1574-1580.

24. Cooper PJ, Chico ME, Losonsky G, Sandoval C, Espinel I, Sridhara R,
Aguilar M, Guevara A, Guderian RH, Levine MM, Griffin GE, Nutman
TB: Albendazole treatment of children with ascariasis
enhances the vibriocidal antibody response to the live atten-
uated oral cholera vaccine CVD 103-HgR.  J Infect Dis 2000,
182:1199-1206.

25. Druilhe P, Tall A, Sokhna C: Worms can worsen malaria:
towards a new means to roll back malaria?  Trends Parasitol
2005, 21:359-362.

26. Bhattacharyya T, Santra A, Majumder DNG, Chatterjee BP: Possible
approach for serodiagnosis of ascariasis by evaluation of
immunoglobulin G4 response using Ascaris lumbricoides
somatic antigen.  J Clin Microbiol 2001, 39:2991-2994.

27. Turner JD, Faulkner H, Kamgno J, Kennedy MW, Behnke J, Bossinesq
M, Bradley JE: Allergen-specific IgE and IgG4 are markers of
resistance and susceptibility in a human intestinal nematode
infection.  Microbes Infect 2005, 7:990-996.

28. King E-M, Kim HT, Dang NT, Michael E, Drake L, Needham C, Haque
R, Bundy DAP, Webster JP: Immuno-epidemiology of Ascaris
lumbricoides infection in a high transmission community:
antibody responses and their impact on current and future
infection intensity.  Parasite Immunol 2005, 27:89-96.

29. Jackson JA, Turner JD, Rentoul L, Faulkner H, Behnke JM, Hoyle M,
Grencis RK, Else KJ, Kamgno J, Bradley JE, Boussinesq M: Cytokine
response profiles predict species-specific infection patterns
in human GI nematodes.  Int J Parasitol 2004, 34:1237-1244.

30. Jackson JA, Turner JD, Rentoul L, Faulkner H, Behnke JM, Hoyle M,
Grencis RK, Else KJ, Kamgno J, Boussinesq M, Bradley JE: T helper

cell type 2 responsiveness predicts future susceptibility to
gastrointestinal nematodes in humans.  J Infect Dis 2004,
190:1804-1811.

31. Turner JD, Faulkner H, Kamgno J, Cormont F, Van Snick J, Else KJ,
Grencis RK, Behnke JM, Boussinesq M, Bradley JE: Th2 cytokines
are associated with reduced worm burdens in a human intes-
tinal helminth infection.  J Infect Dis 2003, 188:1768-1775.

32. Jackson JA, Turner JD, Kamal M, Wright V, Bickle Q, Else KJ, Ramsan
M, Bradley JE: Gastrointestinal nematode infection is associ-
ated with variation in innate immune responsiveness.
Microbes Infect 2006, 8:487-492.

33. Malla N, Fomda BA, Thokar MA: Serum cytokine levels in human
ascariasis and toxocariasis.  Parasitol Res 2006, 98:345-348.

34. Ramsay CE, Hayden CM, Tiller KJ, Burton PR, Hagel I, Palenque M,
Lynch NR, Goldblatt J, LeSouëf PN: Association of polymor-
phisms in the ß2-adrenoreceptor gene with higher levels of
parasitic infection.  Hum Genet 1999, 104:269-274.

35. Quinnell RJ: Genetics of susceptibility to human helminth
infection.  Int J Parasitol 2003, 33:1219-1231.

36. Peisong G, Mao X-Q, Enomoto T, Feng Z, Gloria-Bottini F, Bottini E,
Shirakawa T, Sun D, Hopkin JM: An asthma-associated genetic
variant of STAT6 predicts low burden of ascaris worm infes-
tation.  Genes Immun 2004, 5:58-62.

37. Williams-Blangero S, Corrêa-Oliveira R, Vandeberg JL, Subedi J,
Upadhayay RP, Rai DR, Jha B, Blangero J: Genetic influences on
plasma cytokine variation in a parasitized population.  Hum
Biol 2004, 76:515-525.

38. Thomson AJG: Neurocysticercosis – experience at the teach-
ing hospitals of the University of Cape Town.  S Afr Med J 1993,
83:332-334.

39. Krecek RC, Michael LM, Willingham AL, Schantz PM: Questionnaire
results from a community-based project on porcine cysticer-
cosis in the Eastern Cape Province of South Africa.  S E Asian
J Trop Med Public Health 2004, 35(Suppl 1):1-4.

40. Patient D, Orr NM: Stigma and HIV/AIDS intervention struc-
tures.  AIDS Bulletin 2004, 13:19-20.

41. Newcombe RG, Altman DG: Proportions and their differences.
In Statistics with Confidence 2nd edition. Edited by: Altman DG, Machin
D. London: BMJ Books; 2000. 

42. Obihara CC, Beyers N, Gie RP, Hoekstra MO, Fincham JE, Marais BJ,
Lombard CJ, Dini LA, Kimpen JLL: Respiratory atopic disease,
Ascaris-immunoglobulin E and tuberculin testing in urban
South African children.  Clin Exp Allergy 2006, 36:640-648.

43. Saathoff E, Olsen A, Kvalsvig JD, Geissler PW: Geophagy and its
association with geohelminth infection in rural schoolchil-
dren from northern KwaZulu-Natal, South Africa.  Trans R Soc
Trop Med Hyg 2002, 96:485-490.

44. Anonymous: World Health Assembly Resolution 54.19.  Fifty-
fourth World Health Assembly plenary session. Agenda item 13.3 2001.

45. Savioli L, Albonico M, Engels D, Montresor A: Progress in the pre-
vention and control of schistosomiasis and soil-transmitted
helminthiasis.  Parasitol Int 2004, 53:103-113.

46. Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D,
Hotez PJ: Soil-transmitted helminth infections: ascariasis, tri-
churiasis, and hookworm.  Lancet 2006, 367:1521-1532.

47. Fenwick A: New initiatives against Africa's worms.  Trans R Soc
Trop Med Hyg 2006, 100:200-207.

48. Hotez PJ, Molyneux DH, Fenwick A, Ottesen E, Ehrlich-Sachs S, Sachs
JD: Incorporating a rapid-impact package for neglected trop-
ical diseases with programs for HIV/AIDS, tuberculosis, and
malaria.  PloS Med 2006, 3:e102.

49. Sachs JD, Hotez PJ: Fighting tropical diseases.  Science 2006,
311:1521.

50. McGaw LJ, Jäger AK, van Staden J: Antibacterial, anthelmintic
and anti-amoebic activity in South African medicinal plants.
J Ethnopharmacol 2000, 72:247-263.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2334/6/88/prepub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15655786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15655786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15655786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16006220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16006220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15662995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15662995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15487845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15487845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15487845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10979919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10979919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11179329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11179329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10979918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10979918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10979918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15967721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15967721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11474031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11474031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15961339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15961339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15961339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15882235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15882235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15882235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15491586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15491586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15491586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15499537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15499537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15499537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14639550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14639550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14639550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16293435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16293435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16380838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16380838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10323253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10323253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10323253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13678637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13678637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14735150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14735150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14735150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15754969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15754969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8211427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8211427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16650050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16650050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12474473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12474473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12474473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15081942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15081942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15081942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16679166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16679166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16343572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16435908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16435908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16435908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16543418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10967478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10967478
http://www.biomedcentral.com/1471-2334/6/88/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	HIV/AIDS status
	Demography
	Age when questioned, duration of residence in CT and worm infection as children and adults
	Recall of worm infestation
	Probable identity of worms seen
	Treatment used against worms and non-treatment

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

