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The prevalence of helminthic infections in most of the
developing countries is overwhelming, and almost a quarter of
the world’s population is infected by them. Likewise, with the
spread of the AIDS epidemic, dual helminthic and HIV-1
coinfections are extremely common, particularly in Africa [1].
Several years ago we suggested that helminth infections play a
major role in the pathogenesis of HIV-1 infection in Africa and
other developing countries, due to their profound effects on the
host immune system, which would make those infected with
helminths more susceptible to HIV-1 infection and more
vulnerable to the disease’s effects [2]. As summarized in three
more recent reviews, we and others have demonstrated that
chronic immune activation with a dominant T helper cell 2 profile,
and anergy, are indeed the hallmarks of chronic helminth infection
[3–5]. These immune changes are characterized by several
modulations in the normal immune response, particularly those
of the cellular immune response, which together could account for
possible profound effects of the chronic helminthic infection on the
host’s ability to handle HIV as well as other infections.
Importantly, most of these modulations are reverted almost
completely to normal following treatment of the helminthic
infections.
Several studies have since lent further support to this
association: (i) T cells and monocytes obtained from helminthinfected individuals have increased expression of HIV-1 chemokine coreceptors [6–8]; (ii) peripheral blood mononuclear cells
obtained from helminth-infected individuals are more susceptible
to HIV-1 infection, and the increased susceptibility is correlated to
the chronic immune activation of the cells [9,10]; (iii) the risk of
mother-to-child HIV-1 transmission in pregnant women coinfected with one or more helminths was found to be significantly higher
than in women without helminth infections [11]; (iv) an association
was found between genital lesions caused by Schistosoma haematobium
infection in women and susceptibility to HIV infection [12]; and
(v) people coinfected with HIV and S. mansoni have decreased
CD8+ cytolytic HIV-1-specific T cell responses and increased
interleukin-10 production compared to individuals infected with
HIV-1 only [13].
Perhaps more compelling with regard to the effect helminth
infection may have on HIV infection are the results of recent
studies in primates dually infected with Schistosoma and simianhuman immunodeficiency virus (SHIV), which show that: (i)
Schistosoma-infected monkeys required significantly less SHIV to
become infected with the virus in comparison to Schistosomanoninfected animals [14]; (ii) primates infected with S. mansoni,
when acutely infected with SHIV, developed higher levels of
plasma SHIV in comparison with Schistosoma-noninfected animals,
and regardless of the intensity of the parasite infection; (iii ) reexposure to Schistosoma of monkeys infected with SHIV resulted in
additional significant increase of the SHIV viral load [14,15]; and
(iv) primates chronically infected with SHIV, when also infected
with Schistosoma, showed a significant increase of SHIV plasma
viral load together with a decrease in the percentage of their
CD4(+) CD29(+) memory cells [16].
With this background, Walson and John-Stewart have performed a systematic review of the literature on studies determining
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the effects of treatment of helminth coinfection in HIV-1-infected
individuals, which is published in this issue [17]. They identified
6,384 relevant citations of which only 15 were identified as
potentially relevant studies; at last only five studies were found
eligible for inclusion based on the HIV/AIDS Cochrane Review
Group search strategy and guidelines. Most studies were not
included due to inadequate reporting or collection of data, lack of
a control comparison group, and failure to confirm helminth
infection status. Among the five studies finally included in the
analysis, only one is a single randomized controlled trial and the
other four are observational studies. As a result of their analysis,
Walson and John-Stewart conclude that despite the void in
conclusive evidence demonstrating the efficacy of anti-helminth
treatment in slowing HIV-1 disease progression, there is a positive
outcome in regard to the correlation between helminth infection
treatment and HIV plasma viral load decrease (though no
correlation was observed with other relevant parameters, such as
CD4 T cell counts) in the five very carefully reviewed studies. The
fact that only five studies, out of over 6,000 reviewed studies
addressing this issue, were finally included in the analysis clearly
illustrates the paucity of good studies in this area. Furthermore,
even within this small group of studies, significant differences in
methodology and evaluation are evident, and therefore conflicting
results are not surprising (let alone the lack of significant effects of
deworming on CD4 levels). Thus, Walson and John-Stewart
rightly conclude from their review that there is an urgent need for
larger and wider studies of this question, and that they should be
preferably double-blinded and well controlled. It is of interest to
note that since the time the review has been performed there has
been one additional report of a study performed in Tanzania,
which showed significant effects of eradication of filarial infection
on plasma HIV viral load decrease [18].
While overall we fully agree with these conclusions, we wish to
re-emphasize two major issues. First, given that the immune
changes accompanying helminth infections are profound and
universal, and more importantly, that they revert to normal after
eradication of the helminth infection, their role in the interaction
between the host and the other infections cannot be overemphasized and should therefore be adequately addressed in any future
design of studies on treatment of helminths in dual infection with
HIV. Second, helminth infections have an ongoing prolonged and
wide negative effect on the health of the population, irrespective of
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HIV viral load. Taking this broad approach may still help
determine the effects deworming will have on the epidemiology
and spread of HIV and other infections, as well as shedding
further light on the role of host immunity in this interaction and on
susceptibility to HIV infection. Lastly, such an approach does not
have to exclude any well-designed and large-scale studies that will
address specific issues referred to above, as Walson and JohnStewart recommend.

their effects on HIV and possibly other infections as well. Thus,
control of helminths should be pursued in large parts of the
developing world without delay and should not await the results of
studies on the impact of helminths on HIV or other infections.
Moreover, since control of all neglected tropical diseases has
become a feasible and attainable objective, and is now offered as a
‘‘package’’ treatment [19], its wide application can even take
precedence over studies on the specific effects of deworming on

References
11. Gallagher M, Malhotra I, Mungai PL, Wamachi AN, Kioko JM, et al. (2005)
The effects of maternal helminth and malaria infections on mother-to-child HIV
transmission. AIDS 19: 1849–1855.
12. Kjetland EF, Ndhlovu PD, Gomo E, Mduluza T, Midzi N, et al. (2006)
Association between genital schistosomiasis and HIV in rural Zimbabwean
women. AIDS 20: 593–600.
13. McElroy MD, Elrefaei M, Jones N, Ssali F, Mugyenyi P, et al. (2005)
Coinfection with Schistosoma mansoni is associated with decreased HIV-specific
cytolysis and increased IL-10 production. J Immunol 174: 5119–5123.
14. Chenine AL, Shai-Kobiler E, Steele LN, Augostini P, Ruprecht RM, et al.
(2006) Schistosoma mansoni infection increases susceptibility to AIDS virus infection
transmission and replication in non-human primates. American Society of
Tropical Medicine and Hygiene. 55th Annual Scientific Meeting; 12–16
November 2006; Atlanta, Georgia, United States of America.
15. Chenine AL, Buckley KA, Li PL, Rasmussen RA, Ong H, et al. (2005)
Schistosoma mansoni infection promotes SHIV clade C replication in rhesus
macaques. AIDS 19: 1793–1797.
16. Ayash-Rashkovsky M, Chenine AL, Steele LN, Lee SJ, Song R, et al. (2007)
Coinfection with Schistosoma mansoni reactivates viremia in rhesus macaques with
chronic simian-human immunodeficiency virus clade C infection. Infect Immun
75: 1751–1756.
17. Walson JL, John-Stewart G (2007) Treatment of helminth co-infection in
individuals with HIV-1: A systematic review of the literature. PLoS Negl Trop
Dis 1: e102. doi:10.1371/journal.pntd.0000102.
18. Nielsen NO, Simonsen PE, Dalgaard P, Krarup H, Magnussen P, et al. (2007)
Effect of diethylcarbamazine on HIV load, CD4%, and CD4/CD8 ratio in
HIV-infected adult Tanzanians with or without lymphatic filariasis: randomized
double-blind and placebo-controlled cross-over trial. Am J Trop Med Hyg 77:
507–513.
19. Hotez PJ, Molyneux DH, Fenwick A, Kumaresan J, Sachs SE, et al. (2007)
Control of neglected tropical diseases. N Engl J Med 357: 1018–1027.

1. Karp CL, Auwaerter PG (2007) Coinfection with HIV and tropical infectious
diseases. II. Helminthic, fungal, bacterial, and viral pathogens. Clin Infect Dis
45: 1214–1220.
2. Bentwich Z, Kalinkovich A, Weisman Z (1995) Immune activation is a dominant
factor in the pathogenesis of African AIDS. Immunol Today 16: 187–191.
3. Borkow G, Bentwich Z (2006) HIV and helminth co-infection: is deworming
necessary? Parasite Immunol 28: 605–612.
4. Kassu A, Tsegaye A, Wolday D, Petros B, Aklilu M, et al. (2003) Role of
incidental and/or cured intestinal parasitic infections on profile of CD4+ and
CD8+ T cell subsets and activation status in HIV-1 infected and uninfected adult
Ethiopians. Clin Exp Immunol 132: 113–119.
5. Borkow G, Bentwich Z (2004) Chronic immune activation associated with
chronic helminthic and human immunodeficiency virus infections: role of
hyporesponsiveness and anergy. Clin Microbiol Rev 17: 1012–30, table.
6. Kalinkovich A, Weisman Z, Leng Q, Borkow G, Stein M, et al. (1999) Increased
CCR5 expression with decreased beta chemokine secretion in Ethiopians:
relevance to AIDS in Africa. J Hum Virol 2: 283–289.
7. Kalinkovich A, Borkow G, Weisman Z, Tsimanis A, Stein M, et al. (2001)
Increased CCR5 and CXCR4 expression in Ethiopians living in Israel:
environmental and constitutive factors. Clin Immunol 100: 107–117.
8. Secor WE, Shah A, Mwinzi PM, Ndenga BA, Watta CO, et al. (2003) Increased
density of human immunodeficiency virus type 1 coreceptors CCR5 and
CXCR4 on the surfaces of CD4(+) T cells and monocytes of patients with
Schistosoma mansoni infection. Infect Immun 71: 6668–6671.
9. Gopinath R, Ostrowski M, Justement SJ, Fauci AS, Nutman TB (2000) Filarial
infections increase susceptibility to human immunodeficiency virus infection in
peripheral blood mononuclear cells in vitro. J Infect Dis 182: 1804–1808.
10. Shapira-Nahor O, Kalinkovich A, Weisman Z, Greenberg Z, Nahmias J, et al.
(1998) Increased susceptibility to HIV-1 infection of peripheral blood
mononuclear cells from chronically immune-activated individuals. AIDS 12:
1731–1733.

PLoS Neglected Tropical Diseases | www.plosntds.org

2

2007 | Volume 1 | Issue 3 | e160

