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ANNE MOORE, MICHALEEN RICHER, MARIO ENRILE, EDWARD LOSIO, JACQUELIN ROBERTS,
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Atlanta, Georgia; International Medical Corps, Nairobi, Kenya; CARE International, Nairobi, Kenya;
Sudanese Relief and Rehabilitation Agency, Tambura, Sudan

Abstract.

Endemic foci of human African trypanosomiasis are present in southern Sudan. In 1996 and 1997,

trypanosomiasis increased sharply in Tambura County. To define the magnitude and geographic distribution of the
outbreak, we conducted a prevalence survey using population-based cluster sampling in 16 villages: 1,358 participants
answered questions about routine activities and tsetse fly contact and received serologic testing. Seroprevalence in
the surveyed area was 19.4% (95% confidence interval = 16.9%, 21.8%). We confirmed infection in 66% of sero-
positive persons who received one parasitologic examination and in 95% of those who had serial examinations of
lymph node fluid and blood. Activities related to the civil war, such as temporary migration, were not associated with
seropositive status. Since the previous population screening in 1988, the trypanosomiasis prevalence increased two
orders of magnitude, and the proportion of villages affected increased from 54% to 100%. Our results suggest that
there may be 5,000 cases in Tambura County. The absence of trypanosomiasis control for nearly a decade is a factor

in the resurgence of the disease.

Human African trypanosomiasis (sleeping sickness),
caused by Trypanosoma brucei gambiense, remains a sig-
nificant public health problem in sub-Saharan Africa. The
threat is most serious in central Africa, where Angola, Dem-
ocratic Republic of Congo, and Uganda have faced epidem-
ics of the disease in recent years.!™*

Endemic foci of human trypanosomiasis are present in
southern Sudan.? During the 1980s, a bilateral Belgian-Su-
danese control program limited the incidence of trypanoso-
miasis in the Sudan province of Western Equatoria. How-
ever, control activities collapsed in 1990 when fighting in
the civil war intensified. In late 1994, the International Med-
ical Corps (IMC) began passive surveillance for trypanoso-
miasis in Tambura County. The county hospital admitted 87
cases of sleeping sickness in 1996, a 4-fold increase above
the number treated the previous year. More than 60% of the
trypanosomiasis patients were residents of Ezo, in the south-
western part of Tambura County, bordering the Central Af-
rican Republic and the Democratic Republic of Congo. In
early 1997, parasitologically confirmed infection was found
in 103 (23%) of 423 patients screened for trypanosomiasis
at the Ezo Health center. To more accurately define the mag-
nitude and geographic distribution of the outbreak of human
trypanosomiasis in Tambura County, we conducted a popu-
lation-based prevalence survey in Ezo and adjacent areas.

METHODS

Survey method. In May—July, 1997, a multistage cluster
sampling design based on the method of Turner and others®
was used to survey an area of approximately 600 square
miles in southwestern Tambura County. The surveyed area
included 16 towns and villages with a total population of
25,000, based on a 1996 census conducted by CARE Inter-
national. Each village was divided into sectors of similar size
(40—60 persons). In our survey, a sector comprised all per-
sons governed by an individual headman, excluding children
5 years old or younger. The number of randomly selected
sectors sampled within a village was weighted according to
population, with a total of 1,358 participants in 34 sectors.
This investigation adhered to the policies of the Centers for
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Disease Control and Prevention with regard to human sub-
jects.

Epidemiologic data. Participation in the survey was vol-
untary. Each participant completed an interview in which
demographic data were collected and questions were asked
regarding present symptoms and previous trypanosomiasis
screening and treatment. Participants were asked about
whether they performed specific activities that may have
placed them at risk for contact with tsetse flies, whether
these activities were performed regularly, and whether tsetse
flies were often observed at the activity location. Information
was requested about daily activities (e.g., collecting water,
cultivating) and possible risk factors related to the ongoing
civil war (e.g., fleeing temporarily to other areas, hiding in
local forests).

Laboratory methods. Serum was obtained from blood
collected by fingerstick and was screened for the presence
of antibodies to 7. b. gambiense using the card agglutination
test for trypanosomiasis (CATT-T. b. gambiense; Institute of
Tropical Medicine, Antwerp, Belgium). Microscopic detec-
tion of trypanosomes in lymph node fluid or blood was used
to confirm infection in seropositive participants.

Patient follow-up. Seropositive survey participants re-
ceived follow-up medical care at Tambura County Hospital
or Ezo Health Center. Patients with confirmed trypanoso-
miasis underwent examination of cerebrospinal fluid (CSF).
Late-stage disease was defined by CSF containing trypano-
somes, elevated protein (> 40 mg %), or > 5 white blood
cells/pl. Patients with early-stage disease (hemolymphatic)
were treated with pentamidine, and patients with late-stage
disease (central nervous system [CNS] involvement) were
treated with melarsoprol using three series of three daily
injections.? Seropositive participants whose infections were
not confirmed during the survey and who had normal CSF
received one or more monthly follow-up parasitologic ex-
aminations. In our protocol, seropositive patients with ab-
normal CSF but without parasitologically confirmed infec-
tion received treatment with melarsoprol.

Statistical methods. Statistical analysis was done using
SAS software (version 6.12; SAS Institute, Inc., Cary, NC)
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TABLE 1

Association between Trypanosoma brucei gambiense seropositivity and demographic characteristics or clinical symptoms among residents of

Tambura County, Sudan, 1997

Number Seropositive (%) RR* 95% CIt
Demographics

Survey population 1,358 19.4 - 16.9, 21.8

Male 731 19.2 Referent

Female 627 19.6 1.01 0.96, 1.06

Age group (years)
6-9 65 7.7 0.40 0.16, 0.98
10-19 369 18.7 0.97 0.68, 1.38
20-29 275 17.8 0.92 0.66, 1.28
30-39 213 19.2 1.00 0.68, 1.46
40-49 191 28.8 1.49 1.06, 2.09
50-59 126 16.7 0.86 0.65, 1.14
=60 119 19.3 Referent

Village of residence
Andari 80 5.0 2.6, 7.5
Bariguna 160 8.3 5.7, 10.6
Ezo 440 37.0 31.6, 42.5
Mangbangau/Madoro 160 13.1 10.7, 15.7
Source Yubu 79 21.5 19.1, 24.0

Resided away from home 190 13.2 0.63 04,1.0
Within Tambura County 72 9.7 0.47 0.2, 1.1
Elsewhere, southern Sudan 26 15.4 0.74 0.2,23
Central African Republic 59 13.6 0.65 03,14
Democratic Republic of Congo 37 10.8 0.52 0.2, 1.6

Clinical history/symptoms

Screened, treated before 1994 31 32.3 1.70 1.12, 2.57

Family member treated 234 23.5 1.20 1.03, 1.55

Fever 450 20.8 1.11 0.93, 1.34

Fever >1 month (mean = 3.2) 32 44.1 2.30 1.59, 3.48

Pruritis 251 19.4 1.00 0.76, 1.32

Myalgia/arthralgia 246 28.9 1.67 1.22,2.29

Myalgia/arthralgia >1 month 99 36.4 2.00 1.35, 3.02
(mean = 6.9)

Mood/sleep disturbance 12 25.0 1.29 0.31, 5.42

Edema 9 55.6 2.90 1.55, 5.45

*RR = relative risk.
f CI = confidence interval.

and SUDAAN (version 7.10; Research Triangle Park Insti-
tute, Research Triangle Park, NC). Relative risks (RRs) of
seropositivity (Tables 1 and 2) and confirmed infection were
calculated for the univariate analyses (Tables 1 and 2) taking
into consideration the effect of village cluster sampling. For
the multivariate modeling, logistic regression was used to
calculate adjusted odds ratios (ORs) to estimate the risk of
seropositivity and confirmed infection associated with vari-
ous village activities.

RESULTS

Prevalence survey. The overall seroprevalence in the sur-
veyed area was 19.4% (95% confidence interval [CI] =
16.9%, 21.8%). Seroreactive persons were found in all vil-
lages. Seroprevalence in individual sites (Figure 1 and Table
1) ranged from 2.5% (95% CI = 0.06%, 13.2%) to 43.5%
(95% CI = 41.0%, 46.0%). High-prevalence foci included
Ezo (37%, 95% Cl = 31.6%, 42.5%) and Source Yubu
(21.5, 95% CI = 19.0%, 24.0%).

With a single field examination, we confirmed infection
by identifying trypanosomes in specimens from 173 of the
263 seropositive persons (66%). Among the seropositive
persons in whom parasites were undetected in the initial field

examination, infection was confirmed in 85% of those who
received serial follow-up, resulting in an overall confirma-
tion rate of 95%. Trypanosomes were commonly found in
lymph node fluid, and infections in most patients (81%) were
confirmed by lymph node puncture. Forty-three (16%) of the
seroreactive survey participants without confirmed infection
were lost to follow-up; two (1%) died before examination
was completed. Most participants (831; 61%) reported hav-
ing been screened at least once in the past for trypanoso-
miasis; 31 persons had a history of trypanosomiasis diag-
nosis and treatment before 1990. Of these 31, we found that
21 tested seronegative, nine tested seropositive with con-
firmed infection, and one tested seropositive but was lost to
follow-up. Disease stage was determined for 203 survey par-
ticipants with trypanosomiasis, and CNS involvement was
found in 96 (47%).

Clinical and epidemiologic data. Demographic charac-
teristics of the survey participants reflected the general pop-
ulation (Table 1). Seroprevalence did not differ significantly
by sex (19.2% among females, 19.6% among males). Chil-
dren less than 10 years old had a reduced risk of seropositive
status (RR = 0.40, 95% CI = 0.16, 0.98) compared with the
oldest adult group. Risk of seropositivity was elevated
among adults 40—49 years of age.
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TABLE 2

Association between Trypanosoma brucei gambiense seropositivity and routine activities among residents of Tambura County, Sudan, 1997

Done regularly

Done where many tsetse flies were present

Activity Number % Seropositive RR* CI7 Number % Seropositive RR* CIt
Collecting water 1,117 19.5 1.1 0.7, 1.5 1,034 21.3 1.6 1.1,2.3
Farming 1,149 19.4 1.0 0.7, 1.6 926 22.6 1.8 14,25
Fishing 204 11.8 0.6 0.3, 9.7 493 16.6 0.8 0.6, 1.0
Collecting firewood 511 17.4 0.8 0.6, 1.1 431 21.1 1.1 0.9, 1.5
Soaking cassava 145 15.2 0.8 04,13 245 23.3 1.2 0.9, 1.7
Hunting 67 11.9 0.6 0.3, 1.2 148 18.2 0.6 0.3, 1.2
Going to market 403 16.4 0.8 0.6, 1.1 140 16.4 0.8 0.5, 14
Caring for livestock 11 9.1 0.5 0.1, 2.7 11 27.3 1.4 0.5, 3.8
Hiding 35 14.3 0.7 0.3, 1.8 182 22.0 1.1 0.8, 1.6

*RR = relative risk.
T CI = confidence interval.

Several symptoms reported by study participants were as-
sociated with testing seropositive. These included fevers
lasting longer than 1 month, myalgias or arthralgias, and
facial or peripheral edema (Table 1). Similar associations
were seen between these symptoms and confirmed infection.
Although fever and arthralgias were associated with both
clinical stages of trypanosomiasis, edema was significantly
associated only with late-stage disease (RR = 5.5, 95% CI
= 2.8, 11.1).

Trypanosomiasis was associated with daily village activ-
ities, but not with behaviors directly related to the civil war.
In univariate analysis, seropositive status (Table 2) and con-
firmed infection were significantly associated with farming
and collecting water if these were done in a location where
tsetse flies were observed. A reduced risk of seropositivity
was observed in persons who fished. Hiding in the nearby
forest in response to war-related threats was reported by 182
(13.6%) persons surveyed, but it was not associated with
serostatus. Fourteen percent of the population surveyed had
resided elsewhere for a period of more than one month with-
in the past 3 years. More than 7% had temporarily fled to
Central African Republic or Democratic Republic of Congo
(mean duration = 15.5 months). Seropositivity rates in these
groups were not significantly different from the rate in per-
sons who remained at home (Table 2).
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FIGURE 1. Map of southern Tambura County, Sudan and Try-
panosoma brucei gambiense seroprevalence in the survey area.

Using a multivariate linear regression model that adjusted
for potential confounding among the various village activi-
ties, farming at sites with many flies was the only activity
significantly associated with seropositive status (OR = 1.84,
95% CI = 1.26, 2.69) or confirmed infection (OR = 1.95,
95% CI = 1.26, 3.03). Fishing, if done regularly, was pro-
tective (confirmed infection OR = 0.44, 95% CI= CI 0.25,
0.76), even if done in a location with flies present (confirmed
infection OR = 0.69, 95% CI = 0.51, 0.95). Trends were
similar in both high- and low-prevalence villages.

DISCUSSION

Our survey has documented a dramatic resurgence of ep-
idemic sleeping sickness in Tambura County, Sudan. Limited
baseline data (Losio E, unpublished data) are available for
13 of our 16 surveyed villages. When population screening
was conducted in 1988, trypanosomiasis was found in only
7 of those 13 villages. In 1997, it was present in all of them.
Furthermore, since 1988, the overall disease prevalence in
those villages increased nearly two orders of magnitude,
from 0.3% to 20.4%. Based on an estimated population of
25,000 in the surveyed area and our finding of 19.4% se-
ropositivity, we estimate that there may be 5,000 trypano-
somiasis cases in the county.

Historically, social upheaval has been a contributing factor
in outbreaks of trypanosomiasis.®’” Trypanosomiasis control
activities are particularly vulnerable to collapse in settings of
civil strife. Furthermore, social disruption often leads to pop-
ulation movements and altered relationships of humans with
tsetse habitat. The situation in southern Sudan suggests that
here too the civil war was associated with a collapse of the
public health infrastructure, which has resulted in this epidem-
ic of trypanosomiasis. However, we were unable to demon-
strate an association of infection in Tambura residents with
behavioral risk factors that were directly related to the war.
We observed that within the surveyed area, the microfoci with
the highest prevalence were exactly the same ones identified
in previous epidemics. The endurance of these foci may be
due to ecologic characteristics of these sites favorable for tset-
se breeding and human-fly contact. Our survey could not de-
termine whether infections introduced into the area by tran-
sient residents during the previous decade contributed to the
resurgence of the disease. However, the previous control pro-
gram of active case detection and treatment did not complete-
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ly eliminate trypanosomiasis from these foci. At the time con-
trol activities collapsed, prevalence levels in these locations
were 0.1-0.5% (Losio E, unpublished data). The absence of
any trypanosomiasis surveillance or available treatment for
nearly a decade is certainly an important factor in the current
resurgence of the disease in Tambura County. Similar trends
were documented in endemic areas of the former Zaire, where
an 80-fold increase in the incidence of trypanosomiasis oc-
curred in some areas after control measures were interrupted
for six years during the 1960s.°

As expected,” we found infection to be associated with
routine village activities in which there is contact with Glos-
sina fuscipes fuscipes, the vector species found in Tambura.
However, the survey had insufficient statistical power to
identify specific transmission sites within villages. Risks of
infection associated with farming and water collection were
increased, but only farming reached statistical significance.
The protection against infection afforded by fishing may re-
sult from use of fishing sites removed from the villages and
fewer hours spent farming. The risk of trypanosomiasis was
also reduced in persons who resided away from home for
more than one month, regardless of destination. It is likely
that most travelers, including those who fled to adjacent
countries, spent less time in higher risk domestic activities
while away from home, even if the trips were prolonged.

Limitations of our methods may cause the trypanosomiasis
prevalence measured in our survey to be somewhat higher
than the true disease prevalence. Information about the de-
mographics and population in southern Tambura County was
scanty at the time of the survey. Because the number of peo-
ple governed by each headman was unknown, some sectors
may have been incompletely sampled. Furthermore, the 1996
census data used in the survey probably overestimated the
population of Ezo, causing us to oversample in a high prev-
alence area. Recent data suggest the population of Ezo is only
about one-third of the number used in our survey. If so,
weighting our data using revised population estimates for Ezo
would reduce the overall trypanosomiasis seroprevalence in
the surveyed area from 19.4% to 14.5%.

Our survey was conducted at a time when the incidence
of trypanosomiasis in Tambura County appears to have been
increasing rapidly. Early-stage sleeping sickness was diag-
nosed in more than half of the infected survey participants,
and these persons most likely had acquired their illness dur-
ing the previous year. Untreated, 7. b. gambiense infection
is fatal within a few years. In response to the alarming in-
fection prevalence levels and the apparently high incidence
rate, IMC and CARE International have implemented a con-
trol program of population screening and case treatment. As
an adjunct measure, Medical Emergency Relief International
placed focused vector control in the surveyed area.

Unfortunately, the resurgence of trypanosomiasis in
southern Sudan does not appear to be limited to Ezo and its
environs. Ongoing active surveillance and convenience sam-
pling have recently found seroprevalences of 10—30% in his-
torically endemic villages elsewhere in Tambura County and
Western Equatoria (Richer M, unpublished data). Further-
more, anecdotal reports from Tambura residents suggest that
epidemic trypanosomiasis is threatening neighboring com-
munities in Central African Republic.

Human African trypanosomiasis can be effectively con-

trolled with systematic active case detection, through peri-
odic population screening, followed by treatment of infected
persons. However, conflict, civil disruption, and diminishing
health budgets have limited both surveillance programs and
available treatment in many trypanosomiasis-endemic foci.
As a result, the infection has re-emerged as a leading public
health problem in the central African region. The number of
reported cases in Democratic Republic of Congo and Angola
have markedly increased in recent years to historic levels,
even though only a fraction of the population at risk is under
surveillance. The annual incidence in sub-Saharan Africa is
estimated by the World Health Organization to be 300,000.
When World Bank calculations® are extrapolated to account
for the estimated number of current cases, trypanosomiasis
results in 10 million disability-adjusted life years lost, plac-
ing it second only to malaria in the global burden of parasitic
disease.® Obtaining adequate resources to maintain active
surveillance in 7. b. gambiense-endemic areas and to re-
establish abandoned control programs will remain a chal-
lenge. However, the current cost of implementing these pro-
grams is insignificant compared with the future cost of de-
layed interventions to contain this expanding epidemic.
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