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Abstract.

Kaposi sarcoma (KS) is endemic in Uganda and shares several risk factors with intestinal parasite infes-

tation, including rural residence, contact with surface water, and walking barefoot, however, the significance of these
ecologic relationships is unknown. We investigated these relationships among 1,985 Ugandan patients with cancer. Odds
ratios (OR) were calculated using logistic regression. KS patients had higher carriage of Strongyloides stercoralis larvae
(OR 2.1,95% CI 1.2-3.7) and lower carriage of hookworm ova (0.6, 0.4-1.0) and Entamoeba coli cysts (0.7, 0.5-1.0), after
adjusting for region of residence, age, gender, and diagnosis. While our findings may be due to confounding, they are
compatible with shared risk factors or etiological association between parasites and KS, and warrant well-designed

follow up studies.

Kaposi sarcoma (KS) is endemic in equatorial Africa, but
its incidence has increased substantially with the advent of the
AIDS epidemic,' calling attention to immunosuppression as a
co-factor. Human herpesvirus 8 (HHVS, also known as KS-
associated herpesvirus or KSHV), is necessary for KS to de-
velop.? However, HHVS pathogenicity is low in immunocom-
petent persons,® suggesting contribution from co-factors. In
Uganda, before the onset of AIDS, endemic KS was unevenly
distributed, accounting for ~5% of cancers diagnosed in the
central districts and 18% of cancers diagnosed in the West
Nile districts.* Correspondingly, adult non-HIV-related
HHVS seroprevalence seems lower in the central districts
than in other districts,> including the West Nile districts,” but
the differences do not sufficiently account for the geographic
variation in endemic KS.?

Risk factors for KS include rural residence, walking bare-
foot, peasant farming, contact with surface water, and male
sex.® These risk factors point to environmental or outdoor
exposure as playing an important role in KS risk. However,
they are also risk factors for infection with intestinal para-
sites.” Interestingly, co-occurrence of KS in patients with hel-
minthic parasites has been noted,'® but whether KS patients
are more likely to be infected with intestinal parasites has not
been assessed in analytic studies. To test this hypothesis, we
examined the frequencies of intestinal parasite carriage
among KS patients and other cancer patients in Uganda.

We studied 943 KS patients and 1,042 other cancer patients
admitted to the Uganda Cancer Institute (UCI) between 1994
and 2004. The UCI provides medical oncology services to
histologically confirmed cancer patients. Before treatment, all
patients are screened by stool microscopy to determine pres-
ence of abnormal cells and specific intestinal parasites. We
abstracted basic demographic information, including admis-
sion date, age, sex, tribe, region of residence, cancer diagno-
sis, and stool microscopy results from laboratory accession
books. We examined associations between KS and selected
patient characteristics with odds ratios (ORs) and 95% con-
fidence intervals (CIs) from logistic regression models. We
examined the independent association of variables with KS
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using multivariable logistic regression models by simulta-
neously including all variables. Two-sided P < 0.05 was con-
sidered statistically significant.

Table 1 shows selected patient characteristics. The most
frequent cancers other than KS included 261 (25%) non-
Hodgkin lymphomas (NHL), 246 (24%) breast cancers, 106
(10%) leukemias, 77 (7%) other sarcomas, and 69 (7%)
Hodgkin lymphomas. Compared with other cancer patients,
KS patients were more frequently men and significantly
younger. Residences of KS patients were overrepresented in the
central districts and underrepresented in the northern districts.
KS patients had been admitted from 1994 to 1999, whereas other
cancer patients had been admitted from 1994 to 2004.

Overall, KS patients had diarrheal stools noted more fre-
quently compared with other cancer patients (14% versus
6.1%; OR, 2.6; 95% CI, 1.9-3.5). Furthermore, mucoid ma-
terial and/or abnormal cells (red blood cells, pus, and yeasts)
were present more frequently in stools of KS patients than in
stools of other cancer patients (5.4% versus 1.5%; OR, 3.7;
95% CI, 2.1-6.5). We found no differences between the pro-
portion of KS patients and of other cancer patients with all
intestinal parasites combined (25% versus 28%; OR, 0.9; 95%
CI, 0.7-1.1). However, we did find significant differences
between KS patients and other cancer patients in the fre-
quency of specific parasite types (Figure 1). Compared with
other cancer patients, KS patients were more likely to carry
Strongyloides stercoralis larvae (6.0% versus 3.1%; OR, 2.0;
95% CI, 1.3-3.2). Furthermore, ova or cysts of Schistosoma
mansoni, Giardia lamblia, Trichomonas hominis, and Enta-
moeba histolytica were detected more frequently in KS pa-
tients, but the differences were not statistically significant. In
contrast, hookworm ova and Entamoeba coli ova or cysts
were detected less frequently in KS patients than in other
cancer patients (OR, 0.7; 95% CI, 0.6-1.0 and OR, 0.8; 95%
CI, 0.6-1.1, respectively). In analyses simultaneously adjust-
ing for all covariates (sex, age, admission year, region of resi-
dence, and presence of S. stercoralis, hookworm, and E. coli),
KS was positively associated with male sex (OR, 3.0; 95% CI,
2.4-3.9), age < 35 years (OR, 3.6; 95% CI, 2.8-4.6), and car-
rying S. stercoralis (OR, 2.1; 95% CI, 1.2-3.7) and inversely
associated with hookworm (OR, 0.6; 95% CI, 0.4-1.0) and E.
coli (OR, 0.7; 95% CI, 0.5-1.0).

We found that about one quarter of patients at the UCI had
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TABLE 1
Demographic characteristics of patients with KS and control cancers

Characteristic KS Other cancer P

Sex Female 311 (33.0%) 592 (56.8%) < 0.001
Male  632(67.0%) 450 (43.2%)

Age group <25 94 (10.0%) 107 (10.3%) <0.001*
(years) 25-34 445 (472%) 191 (18.3%)
35-44 239 (25.3%) 270 (25.9%)
45-54 99 (11%) 206 (19.8%)
55+ 66 (7.0%) 268 (25.7%)
Residence Central 675 (71.6%) 695 (66.7%) 0.02
district Western 106 (11.2%) 111 (10.7%)
Northern 35 (3.7%) 60 (5.8%)
Eastern 127 (13.5%) 176 (16.9%)

Admission year 1994-1996 416 (44.1%) 83 (8.0%)
1997-1999 527 (55.9%) 493 (47.3%)
2000-2002 0(0%) 371 (35.6%)
2003-2004 0(0%) 95 (9.1%)

* Age fitted as a trend across category.

<0.001

stool parasites. This result is similar to findings in a previous
study from the same institute'' but substantially lower than
(about one half) the prevalence reported in studies charac-
terizing stool parasite infection elsewhere in Uganda.'?> Com-
pared with studies conducted in other developing countries,
our prevalence estimate is lower than in Ethiopia, where up to
70% of adults had intestinal parasites,'* but it is similar to
results from Zambia'“ and Tanzania,'® where ~25% and 35%,
respectively, of HIV-infected adults had parasites detected in
their stool. However, comparing parasite prevalence in dif-
ferent studies is risky because variability is influenced by mul-
tiple factors, including method of stool examination, sample
size, and behavioral and ecologic patterns that influence the
prevalence, intensity, and the specific parasites involved. In
our study, the overall prevalence of intestinal parasites among
patients with KS and other cancers was similar. However, we
found significant differences in the carriage of specific para-
sites, suggesting that infection status with specific parasite
types may modulate, through immunologic mechanisms, KS
risk.

KS patients had a higher prevalence of S. stercoralis car-
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riage than patients with other cancers. This observation ech-
oes a previous report that noted co-occurrence of onchocer-
ciasis with KS.'° The correlation between KS and luminal or
tissue parasites may be caused by common risk factors for
parasites and KS, or it may indicate an etiologic association.
For example, S. stercoralis is capable of multiplying even in
the immunocompetent host, and filariform larvae in the up-
per small bowel can re-invade through the colonic mucosa or
the peri-anal areas, creating a long lasting infection and im-
munologic modulation. After infection, intestinal parasites
downregulate T helper (Th)-1 cellular responses and upregu-
late Th-2 humoral responses.'® These immunologic changes
may render the infected host unable to effectively control
viral infection. Plausibly, infection with S. stercoralis may be
associated with poor control of lytically replicating HHVS,
expansion of HHV8-infected B cells in the peripheral blood,
and a heightened risk for KS. Although biologically plausible,
reports of disseminated strongyloidiasis as a feature of KS
distinctively rare.'”-'®

Confounding by HIV infection, which is a risk factor for
KS' and may increase the risk for S. stercoralis,?° is possible.
To address this question, we performed a sensitivity analysis
to assess to what extent HIV may explain our findings. Be-
cause we lacked individual data on HIV status, we used pub-
lished data on HIV prevalence among cancer patients treated
at the UCI during the 1990s.'?*! The impact of HIV infection
on carriage of S. stercoralis is not well understood.'® In
Uganda, S. stercoralis larvae are detected frequently in HIV-
infected patients®?; however, disseminated strongyloidiasis is
rare, and the risk of carriage of S. stercoralis among HIV-
infected versus uninfected is unknown. Among HIV-infected
persons, lower CD4 lymphocyte counts was associated with
indirect, rather than direct, development of S. stercoralis.*?
Because direct development is needed for hyperinfection as-
sociated with disseminated strongyloidiasis, these results
suggest an explanation for the infrequency of disseminated
strongyloidiasis in persons with HIV infection in countries
such as Uganda despite relatively common carriage. Thus, for
our sensitivity analyses, we assumed that HIV-infected per-
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FiGure 1. Graph shows crude and adjusted associations of KS with specific types of intestinal parasites detected in stool of patients at the UCI.
Numbers in parentheses are total number of KS and other cancer patients. Midpoints mark the OR, and the bars at the end of the lines mark the

lower and upper 95% CI for the OR.
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sons are 2-fold more likely to carry S. stercoralis larvae com-
pared with uninfected persons; therefore, the postulated ef-
fect size was similar to that observed between S. stercoralis
and KS. Thus, assuming that 71% of KS patients,'® 62% of
NHL patients, and 21% of other cancer patients®! were HIV-
infected and that HIV infection doubles the risk for S. ster-
coralis detection, one would expect a 1.3-fold association of
KS with S. stercoralis. Based on these assumptions, we
estimate that ~60% of the observed association could be ex-
plained by confounding with HIV infection.

Our findings of inverse associations between KS and hook-
worm or E. coli were unexpected. Because the probability of
infection with specific parasite species may vary by geogra-
phy, we performed analyses stratified by region and tribe and
obtained essentially similar results. Possibly, patients with KS
may be more likely to receive anti-helminthic drugs than
other cancer patients. This difference could be caused by
Ugandan physicians considering the risk factors for intestinal
or tissue parasite infestation, i.e., rural residence, contact with
surface water, and walking barefoot, which coincidentally are
risk factors for KS,® and therefore prescribing anti-helmin-
thics to KS patients. HIV infection may confound the asso-
ciations because immunosuppression has been reported to
decrease egg production by hookworms, which could result in
lower frequency of detection in stool.>* Alternatively, epi-
demic KS is associated with higher socioeconomic indicators,
possibly lowering exposure to ova-contaminated soils.?

The strengths of our pilot study include its relatively large
size, detailed data on specific stool parasites measured on
admission, the novelty of the associations examined, and the
hypotheses it explores. Nonetheless, several limitations re-
main. First, the study is cross-sectional; thus, the temporality
of the associations cannot be determined. Our results are
based on examining only one stool sample, which has less
optimal sensitivity and would attenuate our findings, espe-
cially for species that are hard to detect like S. stercoralis.
Second, we did not have HIV status for the patients to more
precisely ascertain the degree of confounding. Third, referral
bias to the UCI limits generalizability of our findings. Finally,
we lacked information on prior anti-helminthic treatment and
other exposure data, which might explain the inverse associa-
tions with hookworm. Nonetheless, our results provide addi-
tional reasons to study relationships between KS and infec-
tion with intestinal parasites.

To summarize, the novel associations are positive associa-
tion of KS with carriage of S. stercoralis larvae and inverse
associations with hookworm ova and E. coli cysts. The sig-
nificance of these associations is uncertain, but they raise
questions about a possible etiologic relationship between KS
and intestinal parasites that should be addressed in studies
using a prospective design, controlling for HIV, socioeco-
nomic indicators, and other confounders.
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