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Intestinal parasitic infections could play an important role in the progression of infection with human
immunodeficiency virus (HIV), by further disturbing the immune system whilst it is already engaged in
the fight against HIV. HIV and intestinal parasitic infections were investigated in 1239, randomly selected
individuals, aged 15-54 years, living on a sugar estate in central Ethiopia. Intestinal parasites were
identified in faecal samples (one/subject) using direct, concentration, and (for Strongyloides stercoralis
larvae) Baermann methods. HIV serological status was determined using ELISA, with ELISA-positive
samples confirmed as positive by western blotting. Most (70.1%) of the subjects were infected with at least
one intestinal parasite and 3.1% were seropositive (but asymptomatic) for HIV. The intestinal parasites
identified in the study population were amoebic parasites (Entamoeba histolytica/ Enta. dispar) (24.6%),
hookworms (23.8%), Ascaris lumbricoides (22.2%), Trichuris trichiura (19.5%), S. stercoralis (13.0%), Taenia
saginata (4.5%), Giardia lamblia (3.0%), and Enterobius vermicularis (1.3%).

Overall, the HIV-positives were no more or less likely to carry intestinal parasites than the HIV-
negatives (76.2% v. 69.9%; P>0.05). However, when each parasite was considered separately, amoebic
parasites were found to be more common in the HIV-positives than the HIV-negatives (43.7% v. 24.0%;
P <0.05). This difference remained significant in a multivariate analysis, after controlling for the
socio—demographic characteristics of the study participants. In conclusion, there was moderate interaction
between intestinal parasites and HIV at the asymptomatic stage of HIV infection. The observed association
between amoebic and HIV infections requires confirmation in a prospective study, allowing for the analysis
of biological mechanisms involved in the association.
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Eeftinck Schattenterk et a/l., 1991) and devel-
oping countries (Malebranche et al, 1983;
Sewankambo ez al., 1987; Colebunders er al.,
1988; Conlon et al., 1990), who have the
acquired immunodeficiency syndrome (AIDS).
The most frequent opportunistic parasites are
intracellular protozon, such as Cryprosporidium
parvum, Isospora belli, members of the order
Microsporidia, and Cyclospora (DuPont and
Marshall, 1995). Other protozoans, such as
Entamoeba histolytica and Giardia lamblia, and
helminths, including Strongyloides stercoralis,
hookworm, Ascaris lumbricoides, Taenia saginata
and Trichuris trichiura, are considered non-
opportunistic, except on rare occasions (Gom-
pels et al., 1991; Hung ez al., 1999). However,
in co-infected individuals, they could play an
important role in the progression of infection
with human immunodeficiency virus (HIV),
even at the asymptomatic stage of HIV infec-
tion, by further disturbing the immune system
which is already engaged in the fight against
HIV, or by stimulating HIV replication
(Croxson et al., 1988; Actor er al., 1993; Ben-
twich er al., 1995; Rizzardini ef al., 1996). In
addition, the already high morbidity and mor-
tality associated with intestinal parasites in the
developing world (Walsh and Warren, 1979)
could increase were intestinal parasites more
common and/or more symptomatic in HIV-
positives than in HIV-negatives.

Very few studies have examined the pres-
ence of intestinal parasites in asymptomatic,
HIV-infected subjects (Esfandiari e al., 1995;
Lindo et al., 1998). The present study was
therefore undertaken, to examine the preva-
lence of infection with these parasites in HIV-
positive and HIV-negative individuals living
on a sugar estate in central Ethiopia. Ethiopia
has been experiencing a severe HIV/AIDS
epidemic for the past 15 years (Fontanet et al.,
1998) and is an endemic area for many species
of intestinal parasite (Tesfa-Yohannes and

Kloos, 1988).

SUBJECTS AND METHODS

The Wonji-Shoa sugar estate, established in
1953 by a Dutch company, is 107 km south—

cast of Addis Ababa, the capital city of
Ethiopia. The total resident population of the
estate during the June 1995 census was
24262, including 12 620 adults aged 15-54
years. Residents were defined as all individuals
who had been living for more than 6 months
on the estate at the time of the census. They
consisted mainly of two groups: the residents
of the two villages, Wonji and Shoa, who
worked mainly in the sugar factories; and the
residents of the camps, some of whom were
migrant workers from southern Ethiopia who
come every year to cut the sugar cane. Wonji
village, in the north of the estate, has several
daily connections by bus to the nearby city of
Nazareth, which is on the main trading road
between Addis Ababa and commercial ports
on the Red Sea.

Infection with intestinal parasites is among
the principal causes of morbidity at the local
health facilities, and increasing annual num-
bers of patients seen at Wonji hospital since
1992 have been diagnosed as HIV-positives
(W. Masho, unpubl. obs.).

In preparation for a cohort study on the
natural history of HIV infection, two surveys
were conducted on the estate, to assess HIV
prevalence, the stability of the population, and
the acceptability of a long-term research proj-
ect on HIV/AIDS (Sahlu ez al., 1998). A first
survey was conducted from November 1995 to
April 1996. During this initial survey, 8% of
the 10 989 non-migrant workers aged 15-54
years were randomly selected from the census
list, so that the precision around the estimated
HIV prevalence would be *£2%. To get a
precise estimate of HIV prevalence among the
1347 migrant workers, the sampling fraction
was increased to 25% in their two camps. The
second survey, carried out between June and
September 1996, included all the 544 factory
workers aged 18—45 years who lived in Wonji
village.

Following pre-test counselling and in-
formed consent, each study participant pro-
vided a blood sample for serological analysis of
HIV-1, and a stool sample for diagnosing
intestinal parasitic infections. Serum samples
were tested for HIV-1 antibodies using a Viro-
nistika ELISA (Organon, Boxtel, The Nether-
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lands). Sera reacting positive in this ELISA
were confirmed as positive using another com-
mercial test, based on western blotting (HIV
Blot 2.2; Genelabs, Redwood City, CA).
Intestinal parasites were identified by the fol-
lowing methods: direct examination in saline
and iodine; concentration in formalin—ethyl-
acetate; Baermann for St stercoralis larvae
(based on warming up of stools in water at
37°C, so that any larvae emerge and sediment,
followed by centrifugation and microscopic
examination; Watson and Al-Hafidh, 1957);
and Kato thick smear for schistosome eggs.
Because they cannot be distinguished micro-
scopically, no differentiation was made be-
tween Enta. histolytica and Enta. dispar.
Quality control was organized through visits
to the Wonji Hospital laboratory by an experi-
enced parasitologist (T.W.) from the Depart-
ment of Parasitology of the Ethiopian Health
and Nutrition Research Institute (EHNRI),
Addis Ababa, and by re-analysing 10% of the
Kato thick smears at EHNRI. Patients found
to be infected with intestinal parasites were
treated according to Ethiopia’s national treat-
ment guidelines. The study protocol was ap-
proved by institutional and national
ethical-clearance committees.

Statistical Analysis

The proportions and means reported for the
total study population were adjusted for the
stratified sampling design and study compli-
ance. This means that, for the prevalences of
intestinal parasitic and HIV infections, the
actual fractions and the reported percentages
were different. To simplify the presentation,
only the percentage values for these adjusted
prevalences are reported in the Results sec-
tion. Univariate and multivariate analysis of
risk factors for each intestinal parasitic infec-
tion and for HIV infection were performed
using logistic regression models, again ad-
justed for the stratified sampling design and
study compliance.

RESULTS

During the two surveys, 1750 individuals were

randomly selected using the census list. Of
these, five had died since the completion of
the census, 20 were sick and thus not able to
come to the study clinic, 60 had changed
address (including those who had left the
estate), 97 were non-eligible because they fell
outside of the age limits, and 329 refused to
participate in the study. Thus, 1239 subjects
were finally enrolled. They consisted of 890
males and 349 females, with a mean age of 30
years, and ranging in age from 15-60 years
(two individuals above the cut-off of 54 years
were inadvertently enrolled in the study).
Most of the study participants were asymp-
tomatic (since those too sick to go to the study
clinic refused to participate).

The prevalence of (detected) infection with
any intestinal parasite in the study population
was 70.1%. Amoebic (Enta. histolytica/ Enta.
dispar) infection was the most common
(24.6%), followed by hookworm (23.8%), A.
lumbricoides (22.2%), Tr. trichiura (19.5%), St.
stercoralis (13.09%), Ta. saginata (4.5%), G.
lamblia (3.0%), and Enterobius vermicularis
(1.39%). The prevalence of schistosome infec-
tion, based on the presence of Schistosoma
mansoni eggs in stools, was 31.4%:; data on this
infection have already been presented in detail
(Fontanet et al., 2000). Socio—demographic
factors associated with the presence of the five
most prevalent intestinal parasites are shown
in Table 1. As expected, the prevalence of
many of the parasites decreased with age (A.
lumbricoides, Tr. trichiura), and educational
level (St stercoralis, hookworm, A. lumbri-
coides), and was relatively high among camp
residents (St. stercoralis, hookworm, A. lumbri-
coides, Tr. trichiura) and/or field workers (S
stercoralis, hookworm). Exceptions to these
patterns included the increasing prevalence of
St. stercoralis infection with age, and the rela-
tively high prevalence of amoebic parasites in
the subjects who lived in the villages. Most of
these associations remained after controlling
for other socio—demographic characteristics, as
shown in Table 2.

HIV seroprevalence was 3.1% overall. It
was higher (see Table 1): in the older age-
groups than the younger (5.8% in those aged
= 40 years v. 2.2% in those aged <40 years;



FONTANET ET AL.

272

I'¢ *ULT ¥07 €1z 01 %06 (€¢) ¥18 oN

0°¢ 161 L'Ll 042 04t L0z (L9) st SaK
SLINIOM AT

6T ¥ €T 961 072 6'€T et (£8) 186 6151

€1 ¥I¢ 807 €1z (%4 LA )zt $1-01

6°¢ 792 9%l 67 6’12 S01 (1) sot 6—S

66 9L 84T 061 8+ ¥1 (¢) L¢ 0
5 (STEOL) ADNAAISHY 40 NOLLVINA

boz bz oz bz 81 h6+z bos¢ oot (S9) g€L sdure)

'l 9°0¢ lhs-9¢ bocz 8t ¥'6 D o1t ade[[ia voyg

8¢ 87¢ 701 A ¢l 6'S (12) 06¢ adey[ia Huopm
IDONAAISTI

|4 LSt I'b1 W11 Loyt 199 (ZD 91 <

€7 €67 S61 (k4 1'€T €L (€9) 16¢ 11-L

[ 81¢ 07 €€T TLT 81 (0¢) 68¢ 9-1

§¢°¢ 71T 761 967 0T 891 (S7) s6T >
HMQ«QO TYNOLLYONAAd

1g¢ 042 lg¢r 178t 967 lzel (§D) zg¢ 6¢<

6T €02 761 T 71T 691 7 ¥8¢ 6§0¢

6T 00 ¢'81 €1z 072 ¥'6 (82 ¥7¢ 6707

90 0°€T 1'$T 1'LT 897 0L #2) 661 6151
(saeak) AoV

(4 072 0+ %09 #1°ST #6'8 (6) 6¥¢ o[ewd

¥'¢ 797 L91 961 ¥'67 ¢'S1 (19) 068 SN
YAANITDO
I'¢ 947 S61 T 8¢€T 0°¢€I (001) 671 nv

ATH 2150404 21920ULf” BINIYOLL) SLINYDLL],  SOPIOJLIQWIN| SLIBISY  wL0ty00f]  SI[BI0DIIIS SIpIo[ASuong spalgns fo (94)

(96) 2mappaasg

puv 0N

9661 W 210152 4p3ns voyS—1luo ) Y1 uo

Smv1s (013070435 A TE Aq So11s040d [vurisoqur ay1 40 ‘puv $2115141219040Y 7 Iy dv.130map—0120s £q 22uajvaald | [E] puv sapsvivd jpurisajur yiia worgaafur fo auajvaaig

[ 419dV.L



273

INTESTINAL PARASITES AND HIV INFECTION IN ETHIOPIA

'S199qNs GE7 AYI JO GET 10§ dQquIeAL A[UO BIT(T 4y
AJ9A10adsar ‘uoneonpa A1enial pue Arepuodds ‘Arewrid 01 puodsariod 71 < pue Z[—9 ‘9—] sopein) |

‘() 9ouardyar oY) se d8e[[ia Huop Sursn 1o (§)

PAUIqUIOD UONEINPI JO SILI0S9IED IO [[& 01 Wonednpa ou Jurredwod () s[qerrea Judpusdapur Y3 Jo £105918I JUO JO ISEIIIUL UL 10 ‘(4 ) I[qELIEA JUIpUIdDp ) SE (UonOdyuI
AIH *0) uonodjur oysered [eunsajur a3 Suisn ‘souerdwod Apmis pue uSisop Suridwes pagnens dy3 10§ paisnlpe ‘Ppow o1sI3o[ & Ul ‘(()() > ) IUPHIP Apuedyrusig 4§,

0+ 861 (k4 I'+C 0°¢I (26) L8T1 ON
Ley L01 I'11 €91 ¢l (¢) zs EED
{IALLISOd-ATH
I'¢ £9°6T #L°0T £0'1C 0 TT 071 &2 146 oN
0°¢ 8L F11 <0¢ 6'+¢ 861 (92) 867 EED
{LNVIDIN
97 L+ lz¢e L'Le 167 0zl (7D Loz 8 <
97 1874 114 161 181 €71 (c¥) €18 8¢
0t ¥'€T 0°LI ¥TT ¢LT 0°¢1 (67) T+ ¥
9¢ 197 €Il 9°7¢ L'8T <6 (9) 2L I
(squow jo ou) FZIS A'TOHISNOH
ATH sa715040d 2192017 RINIYOLI) SLINUDLI],  SOPIOOLIQUIN| SLIBJSY  ULL0aty00f]  SI[RI0DIdIS SIpIojAduong  spalgns fo (94)

(96) 2mappaasg

puv 0N

(ponurgnos) 1 T1GV.L



FONTANET ET AL.

274

S00>d

-ooueridwod Apnis pue uSisop Sundwes paynens syl 10j pasnipe ‘sajqeries Judpuadapur oY1 se

uonodjur ATH snyd sonsueioeIeyd d1ydesSowap—o100s 19YI0 [ pue ‘d[qeLies Jupuadap 9yl se uondsjur ayisered [eunsaiul 9yl 3uisn ‘[Ppowr dNSIO] NBLIBANMW B WO 4

HETs—201) 4T
(I71-8+'0) 9270
(S0'1-26'0) 66°0

1(86°0-2£°0) 09°0
(SO'1-18°0) 260
(80 T-++0) 69°0
(S9'1-85°0) L6°0

I

(87°1-78°0) €01
(LT1-78'0) 201
OL7T41D9LT

(Z§'7-$1°0) 79°0
L#6°0-¢£°0) SS°0
(L0 T46°0) 10T
($5°7-68°0) L+'1
(SHT14L0) $0°'1
(61°¢—56°0) SL'T
H10°6-$57) 08+
I

(Z0'1-19°0) 6£°0
(#0'1-650) 8L°0
(ST'T-€+0) 0L°0

(LS'1-81°0) €570
190 ¢+271) $6°1
(01 1-L6'0) €01
(F€7€80) 6€°1
(Z71-€6'0) 901
(L8'T+6°0) #9°1
L6L€20T) L6°1
I

1(s6°0-85°0) #L°0
L(16°0-¢5°0) 0L°0
(00 T-1#0) $9°0

(€0T-LTO L0
#0'1-5+'0) 89°0
FT'1-66°0) 901
198+L1) 16T
FT1-€6°0) 801
He21-909) L'12
(TT1-€5°0) $S°T
I

#0'1-€9°0) 18°0
1(£8°0-15°0) L9°0
(S6'7-86°0) 0L'1

(0£7-LT0) 6L°0
(9¢'1-8+0) 18°0
#0'1-06°0) L6°0
(L6T-16°0) #9°1
(S7'1-06°0) 901
(#6'¢-86°0) 961
(12°€799°0) LS'T
I

1(86°0—+5°0) €L°0
(8+'1-€8°0) TT'1
(#S5°7-6L0) 8C'T

aansod-ATH
JURISTIA
(quowr Teuonippe 1od) 9zIs POYISNOH
IONIOM PIAT]
(aseasour 1ea4-¢ 19d) 90USpISAI JO UOTIBIN(T
sduren)
Jde[ia vOYS
adeqia tuop
ADNAAISTE
(£1089380 QU0
Jo osearour 1ad) [9A9] [eUOIEINPT]
(asearour 1eaf-()1 10d) o8y
Iopudd ofeIN

$27150.40¢ 1920w/ RINIYILI) SLINYDLL], SOPIOJLIqUN| SLIBISY

WIOAY0O[]

SI[LI0OIIS
soprojAguong

*..S\, (Ivaiagur 22uapLfin0d 94 Gp) puv 01 SPPO)

9661 Jurinp

¢ dIdV.L

21v152 43NS vOyYS—1luof Y1 fo SJUIPISL {7 FTUOWD SINSVAVG [DULISITUL Y11l U022 Jut Yjal PaIv10ssy (JIuapuadapur s1019vf 40f Sjpaagu 22uapLfu0s puv s0110.4 SPP()



INTESTINAL PARASITES AND HIV INFECTION IN ETHIOPIA

275

50
45 1
40 1
35 1
30
25 1

Prevalence (%)

danaa

0
Amoebic
parasites

Strongyloides
stercoralis

Hookworm

Trichuris
trichiura

Ascaris
lumbricoides

Fig. The prevalences of infection with various intestinal parasites, among the HIV-negative ([]) and
HIV-positive () subjects from the Wonji—Shoa sugar estate.

P <0.05); in the subjects with no education
than in those with any (5.5% wv. 2.2%;
P <0.05); and in those living in Wonji village
than in all other subjects (5.8% v. 2.4%;
P <0.05). The prevalence of any intestinal
parasitic infection was no different between
the HIV-positive and HIV-negative subjects
(76.2% 0. 69.9%; P>0.05). However, when
each parasite was considered separately, amoe-
bic parasites were found to be significantly
more common among the HIV-positives than
among the HIV-negatives (43.7% v. 24.0%;
P <0.05; see Fig.). This difference remained
significant after controlling for socio—demo-
graphic characteristics (Table 2): the adjusted
odds ratio (95% confidence interval) for the
association between amoebic and HIV infec-
tions was 2.34 (1.07-5.13).

DISCUSSION

The prevalence of intestinal parasitic infec-
tions was high in this study population, with
70.1% of all study participants having at least
one such infection. Such a high prevalence is
not unusual for developing countries, how-
ever, and similar values have been docu-
mented before in Ethiopia (Tesfa-Yohannes
and Kloos, 1988). Parasites acquired by walk-
ing barefoot in stool-contaminated soil, such
as St stercoralis and hookworm, were more
commonly found in low-educated people, in
people living in the camps (where hygienic

standards are lower than in the villages), and
in field workers (who are most likely to walk
barefoot). Amoebic parasites had a different
epidemiological distribution, being more com-
mon in the villagers than in the camp resi-
dents. It is unclear whether food or water was
the main source of human infection with the
amoebic parasites. That the usually recognised
risk factors for intestinal parasitic infections
were also found in the present study is re-
assuring in terms of the validity of the diag-
nostic methods used, even if only one stool

examination was performed for each
participant.
HIV was apparently introduced into

Ethiopia in the mid-1980s (Tsega er al., 1988).
It is currently more common in the urban
areas of the country, including the capital city,
where a prevalence rate of 17% among ante-
natal care attenders has been documented
(Fontanet et al., 1998). Few relevant data are
available for rural areas, although prevalences
ranging from 0%—6% were documented in six
surveys carried out in 1993 (Anon., 1998).
The HIV prevalence in the Wonji-Shoa sugar
estate was 3.1% at the time of the present
survey. It was relatively high in Wonji village
(5.8%), probably because of this village’s close
connections with the nearby city of Nazareth,
on the trading road between the capital city
and the commercial ports of the Red Sea.
There was little interaction apparent be-
tween intestinal parasitic and HIV infections
in the present survey. Of all the parasites
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described, only amoebic parasites were
significantly more common among the HIV-
positive individuals than among the HIV-neg-
atives. A study done in the same population
(Wonji sugar estate), using stool culture and
zymodeme analysis, found that the vast ma-
jority (27/29) of the amoebic parasites recov-
ered were the non-pathogenic Enta. dispar
(Gatti et al., 1998). It is likely, therefore, that
most of the amoebic parasites observed in the
present study were also Enta. dispar, particu-
larly since most participants were asymp-
tomatic.

The absence of any other association be-
tween intestinal parasites and HIV infection
argues against strong interactions, such as, for
instance, a several-fold increase in the suscep-
tibility of HIV-infected individuals to intesti-
nal  parasites infection, during the
asymptomatic stage of HIV infection. Indeed,
the present study had > 80% power to detect
a statistically significant 2-fold increase/de-
crease in the prevalence of intestinal parasites
in HIV-positives compared with that in HIV-
negative individuals (at least, for any parasite
with a prevalence >15% in the HIV-
negatives).

The apparent association between HIV in-
fection and amoebic parasites is unlikely to be
the result of confounding by socio—
demographic characteristics, since it remained
in the multivariate analysis controlling for age,
gender, residence, site of work, and other
characteristics. Confounding by sexual be-
haviours might have occurred if, as observed
in the homosexual communities of industrial-
ized countries (Phillips ez a/., 1981), individu-
als who have multiple sexual partners, and
who are therefore at higher risk of HIV infec-
tion, also have sexual practices that increase
faeco—oral contact and therefore put them at
higher risk of amoebic infection. However,
such mechanisms would be more likely to

result in substantial confounding in a com-
munity with low background (i.e. water- or
food-borne) transmission of amoebic parasites,
such as that of homosexuals in industrialized
countries, than in a community with high
background transmission of amoebic parasites,
such as the Wonji community. The observed
association may, instead, be related to an in-
creased susceptibility of HIV-positive individ-
uals to amoebic infection, as a consequence of
their immunosuppression. In a prospective
study among factory workers in Tanzania,
HIV-positive participants were found to have
higher incidences of amoebic infection than
their HIV-negative counterparts (21.4 v. 13.4
infections/100 person-years; P <(.05; Bor-
gdorff, 1994). A prospective study is currently
on-going at the site of the present investiga-
tion, and may eventually confirm this associ-
ation between amoebic and HIV infections, as
well as the role of incident intestinal parasitic
infections on the progression of HIV infection
and its markers.
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