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ARTICLE INFO ABSTRACT

Keywords: Both American Trypanosomiasis (Chagas disease) and Human African Trypanosomiasis (HAT) are diseases
Human African Trypanosomiasis caused by single-celled flagellate protozoan parasites. While cardiac complications such as conduction problems
Sequ‘ﬂae‘ ) and heart failure are very common in Chagas disease there is little known about the long-term effects of Human
Igg’;iafri;zie African Trypanosomiasis (HAT) on cardiac sequelae in Sub-Saharan Africa, where heart failure has become an
Follow up increasing problem and growing burden.

In the context of clinical trials conducted between 2004 and 2005 in the Democratic Republic of the Congo
(DRQ), the prevalence of HAT related signs and symptoms and an ECG were evaluated prior to the initiation of
treatment.

The object of this follow-up study in 2017 was to assess the prevalence of cardiac sequelae in the same 51 first
stage and 18 second stage HAT patients 12-13 years after their treatment by conducting a clinical examination
and an ECG. A control group matched by age (& 5 years), sex and whenever possible form the same village was
enrolled.

There were no significant differences in the prevalence of cardiac symptoms and in ECG findings between
patients and their controls at the time of the follow-up evaluation. Repolarization changes disappeared or
improved in 24.7% of HAT patients and were even less frequent than in the control group. Peripheral low voltage
was the only parameter that increased over time in HAT patients and in three patients, new conduction problems
in the ECG (ventricular bigeminy, RBBB, and bifascicular block) could be found, although none of these findings
was clinically significant. However, the appearance of these conduction problems might represent an early
indication of a HAT related cardiomyopathy or ongoing subclinical infection. This hypothesis would be sup-
ported by the findings of an older study in which antibodies (IFAT) against trypanosomiasis in 27% of Camer-
oonian patients with dilated cardiomyopathy compared to 2% in normal controls had been observed.

Sleeping sickness
Conduction problem

1. Introduction

American Trypanosomiasis (Chagas’ disease) and Human African
Trypanosomiasis (HAT) are diseases caused by single-celled flagellate
protozoan parasites. Arthropods serve as vectors for their transmission.
Trypanosoma cruzi causes Chagas disease, Trypanosoma brucei gambiense
(T. b. gambiense) the West African variant of HAT and Trypanosoma
brucei rhodesiense the East African variant of HAT. Cardiac problems are

the predominant symptoms in chronic Chagas disease and neuropsy-
chiatric problems in African Trypanosomiasis [1].

The course of Chagas disease consists of three distinct phases. A first
acute phase presents with fever, myalgia, headache and the Romana sign
(unilateral painless periorbital oedema at the site of parasite entry). It is
followed by the second phase, which is asymptomatic and referred to as
the indeterminate phase. The third phase occurs many years later with
between 10 and 30% of patients developing chronic Chagas cardiopathy
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leading to congestive heart failure, conduction problems (mainly RBBB
and RBBB+LAFB), apical aneurysms, mural thrombus formation and
strokes [1].

The T. b. gambiense form of HAT is currently responsible for 96.7% of
all cases of HAT. Its course consists of two distinct phases: an early or
hemolymphatic stage followed by a late or meningoencephalitic stage.
The disease has a chronic progressive course, lasting from months to
years and leading to death if untreated [2]. Intermittent fever attacks, a
persistent headache, pruritus, joint pain, and lymphadenopathy char-
acterize the early stage. Sleeping disorders, motor weakness, a tremor,
neuro-psychiatric abnormalities, a dyskinesia and epileptiform attacks
are predominant symptoms of the late stage [3-5].

Due to the efforts of the endemically affected countries and of the
international community, the incidence of HAT has decreased, but a
diminishing of the efforts to eliminate the disease would increase the
risk of a reemergence [6].

In the T. b. gambiense form of HAT cardiac involvement demonstrated
by ECG alterations, was found in 35% - 71% of patients [7-9]. Histo-
logical post-mortem studies on hearts of HAT patients showed a clear
infiltration of trypanosomes, inflammation, fibrosis and generalized le-
sions of the conducting system in 63-75% of those patients [10,11].

The most frequent ECG alterations were repolarization changes,
peripheral low voltage and QTc prolongation [7]. In a prospective
cohort study, symptoms of congestive heart failure such as exertional
dyspnea (class II according to the New York Heart Association (NYHA)
Classification), palpitations and cough were or tended to be more
frequent in HAT patients than in the control group (19% vs 1.7%, p =
0.002; 18% vs.5%, p = 0.28 and 14% vs. 1.7%, p = 0.14, respectively).
NT-proBNP values were significantly higher in patients than in controls,
but still relatively low and it is questionable, if the shortness of breath
was caused by heart failure. Clinical symptoms and signs as well as NT-
proBNP improved after treatment but still remained higher than in the
control group even after 3 months of HAT treatment [12]. Sudden death
was observed anecdotally but the risk of fatal arrhythmias due to HAT
has never been studied [9].

The objective of the current study is to assess the prevalence of
cardiac sequelae in the T. b. gambiense form of HAT by performing a
clinical examination and an ECG in patients 12-13 years after their
treatment.

2. Materials and methods

The study design, selection of participants and the procedure to carry
out the interview have been previously reported [13], only an abbre-
viated description is given here.

2.1. Study design and setting

The current study examines the prevalence of HAT related long-term
cardiac sequelae and compares the cardiac signs and symptoms as well
as ECG findings of HAT patients prior to initiation of HAT treatment to
the possible occurrence and severity of the same signs, symptoms, and
ECG findings in HAT patients 12 to 13 years after completion of HAT
treatment. In addition, those patients’ post treatment results were
compared to a control group’s results. The control group selected
matched the HAT patient set by sex and age (+5 years) as previously
described.

From 19 July to 14 September 2017, follow-up ECGs were performed
at the same time as the clinical evaluation and interview in villages of
the Vanga Health Zone (Kwilu Province) of the Democratic Republic of
the Congo (DRC). The participating patients live in villages in remote
rural areas accessible only by rough roads.

2.2. Participants

Second stage HAT patients received their treatment in the frame of a
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clinical trial conducted 2004 [12,14] and first stage HAT patients during
clinical trials performed between 2003 and 2005 in Vanga [15,16]. At
that time, clinical parameters and ECG results were documented and
evaluated in 29 second stage and 96 first stage HAT patients.

A list of patients who participated in the above-mentioned clinical
trials had been compiled and their places of residence were traced and
recorded. The criteria for recruitment of study participants have been
already described [13]. In short, recruitment was based on the number
of eligible patients living per village and its accessibility (distance to
Vanga hospital, road access and proximity to other participating vil-
lages). Potential candidates were only included in the study after having
given their informed consent. Potential candidates falling within any
one of the following exclusion criteria were not enrolled: history of se-
vere chronic diseases such as tuberculosis, HIV, cancer, liver cirrhosis, or
diabetes mellitus. If a candidate had died or could not be reached, a
third-party history relayed by a family member or friend was recorded.
Those candidates were not included in the analysis but discussed
separately.

A control person matched by age (+5 years) and sex to each
participating patient was also enrolled in the study. Family members
were preferred as candidates for matched controls, however, in the case
of no such candidates being available, alternative candidates such as
hospital personnel or patients with minor surgical problems (i.e., her-
niotomy) were enrolled.

2.3. Sample size

Results from the cited previous studies were used for sample size
calculations. If there were relevant differences in the prevalence rates of
signs and symptoms between studies, the calculations were performed
based on the results of both studies. The required sample sizes for an
80% power for ECG alterations (« = 0.05) varied from 30 patients
(repolarisation changes) to 72 patients (QTc prolongation). It was
planned to include 60 HAT patients in total, all accessible second stage
HAT patients, and an identical number of controls matched for age (+5
years) and sex.

2.4. Study procedure

A short history and physical examination was performed on each
HAT patient and each participant of the control group. Patients and
control group members were asked the same questions concerning HAT
symptoms in the same manner as in the former original studies and
trials. The case report form used to compare signs and symptoms was
substantially the same as that used in previous trials. The data collected
during the follow up were compared to that before treatment initiation.

All ECG tracings were interpreted by two readers using standardized
criteria as described below:

2.5. ECG interpretation

The PQ, QRS and QT intervals were measured manually by the
principal investigator in three consecutive cycles. Mean values were
calculated. Measures of the intervals were performed in lead II when
feasible, with lead V2 or I as an alternative. QTc was calculated using the
Bazett formula (QTc = QT/SQR (RR). Since a QTc longer than 500 ms is
recognized as a predictor of torsades de pointes, QTc shorter than 440
ms for women and 460 ms for men were considered as normal in this
analysis [17]. For the overall ECG interpretation, the following criteria
were used: Right atrial hypertrophy (RAH): p > 2.5 mV; left atrial hy-
pertrophy (LAH): p > 120 ms; right ventricular hypertrophy (RVH):
Sokolow index right: R V1 and S V5 > 1.05 mV; left ventricular hyper-
trophy (LVH): Cornell voltage: R aVL and S V3 > 2.8 in men and > 2.0 in
women; peripheral low voltage: RI and RII and RIIl <1.6 mV; PR
depression: > 0.8 mm; ST elevation: > 0.1 mV without a preceding
notch, concave, arising from a deep S wave; ST depression: > 0,1 mV;
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repolarization changes: limb leads discordant in at least one lead, pre-
cordial leads negative in either V3, V4, V5 or V6; and early repolariza-
tion type: concave ST elevation, notch at the J point, positive T waves
[71.

Changes in ECG alterations between the ECG before and 13 years
after treatment initiation were analysed in every individual patient.

2.6. Statistical analysis

Patient’s characteristics, symptoms and ECG parameters were
quantified as counts and percentages, if they were of categorical nature
and as means, standard deviation medians and interquartile ranges if
continuous. Proportions were compared using the Fisher’s exact test and
the central values using the Mann-Whitney U test. The level of signifi-
cance was set to alpha <0.05. SAS v9.4 (SAS Institute, Cary, NC, USA)
was the software used for the statistical analysis.

2.7. Ethics statement

As stated before [13], the study protocol was approved by Ethik-
kommission Nordwest- und Zentralschweiz EKNZ (2017-00471;
12.4.2017) and Comité d’Ethique de 1'Université Protestante au Congo
(UPC) (CEUPC 0044; 13.6.2017). All participants provided their
informed written consent prior to enrolment.

3. Results

96 first stage and 29 second stage HAT patients were recruited into
several studies and trials between 2003 and 2005 [7,12,14-16]. The

First stage HAT

Patients in study region
N=96

l

Patients in accessiblevillages
N=63

6 left region, third
part history: in
good health

3 left region: no
information

2 died:

-1 related to
delivery

-1 unknown
cause

1 study refusal

A

Patients with clinical
examination and ECG
N=51
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recruitment of participants for the present follow-up study took place
during three visits to the villages of Kikongo Tango-Milundu, Nsalu and
Mayoko-Nkai.

The flowchart of the study, including the number of participants, is
shown in Fig. 1.

A clinical history and examination could be gathered and performed
respectively from and on 75% (69 out of 92) of the eligible patients. 51
had previously been first stage and 18 second stage HAT patients. Ten
out of 92 (11%) were not accessible but were in good health and did not
have any obvious heart problem according to oral communication with
relatives or friends. Five out of 92 (5%) had died: two of them in the
peripartum period of causes unrelated to HAT; one due to malnutrition;
one due to an unidentified disease with unspecified swelling and
without fever; and the last due to unknown causes one month after HAT
treatment. Although those deaths were probably not related to HAT or
cardiac problems, such diagnoses cannot be ruled out with certainty.
There was no history of a patient suffering from clinically diagnosed
heart failure or irregular pulse and there was no history of a confirmed
relapse in any of the patients followed up in this study. No information
was available for eight out of 92 (9%) of the former patients.

Patients with second stage HAT were older (52.0 &+ 15.8 years at the
enrolment of the follow up study) than those with first stage (43.9 +
12.5), p = 0.0700. The proportion of male participants was higher
among second stage HAT patients (50.0% vs. 27.5%, p = 0.0810). None
of the patients did take any medication at enrolment (especially no
antihypertensive or cardiac treatment or other drugs influencing QTc).
There were no comorbidities. Cardiac symptoms and signs such as
dyspnea, chest pain or peripheral oedema had not been assessed in all
previous trials, but only in the trial observing second stage HAT patients:

Second stage HAT

Patients in study region
N=29

Patients in accessiblevillages
N=29

4 |eft region, third
part history: in
good health

4 |eft region: no
information

3 died:

-1 related to
delivery

-1 related to
malnutrition

-1 unknown
cause

Patients with clinical
examination and ECG
N=18

Fig. 1. Study flow chart. Participants recruitment was previously described [13].
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Exertional dyspnea has been found in 5 out of 18 (28%) patients before
treatment and in none 12-13 years later. Chest discomfort has been
observed in 2 out of 18 (11%) before and in 1 out of 18 (5.5%) 12-13
years after treatment and peripheral oedema diminished from 3 out of
18 (17%) to none. There was no significant difference between the
prevalence of cardiac symptoms between HAT stages, nor between pa-
tients and their controls at the time of the follow up (Table 1).

The mean QTc (Bazett corrected) was not prolonged in either of the
HAT stages and was comparable to that of the control group. Values
above the threshold of >440 msec for men and of >460 for women,
associated with an elevated risk for arrhythmia, were observed in 9 out
of 69 (13.0%) in HAT patients 12-13 years after treatment and in 13 out
of 69 (18.8%) in the control group, p = 0.35. However, there was no QTc
longer than 500 msec. Two patients developed bundle brunch blocks:
one a right bundle brunch block (RBBB) and the other a bifascicular
block (combination of RBBB and left anterior fascicular block = LAFB).
In one patient, a ventricular bigeminy was observed. There were no
significant differences in all ECG findings between HAT patients 12-13
years after treatment and their controls.

Changes in ECG parameters from baseline (i.e. before treatment) to
the 12-13 year follow up are presented in Fig. 2 and in Table 3 for all
patients and stratified by HAT stage. Repolarization changes dis-
appeared or improved in 24.7% of HAT patients and were even lower or
comparable to those in the control group. In only one patient was an
appearance/deterioration of repolarization observed. 15.9% of HAT
patients developed peripheral low voltage and the prevalence of low
voltage was higher in the treated HAT group than in the control group

Table 1
Cardiac symptoms and signs in HAT patients 13 years after treatment according
to stage, compared to controls.

Parameter/ Stage I Stage 11 p’ Controls P’
characteristic at (n = 51) (n=18) (n = 69)
12-13 years follow-
up
Demographic
Gender: n (%)
Female 37(72.5) 9 (50.0) 0.0917 46 (66.7) 0.9999
Male 14(27.5) 9 (50.0) 23 (33.3)
Age (years) (Mean + 43.9 + 52.0 £ 0.0744 48.9 + 0.6685
SD) 12.5 15.8 13.5
Heart rate and blood pressure
Heart rate (beats/ 79.9 + 75.2 + 0.2479 87.3 0.5782
min) (Mean + SD) 14.6 18.4 88.4
Blood pressure, 112.2 + 119.1 + 0.2929 116.3 + 0.6679
systolic [mmHg]: 15.1 21.5 21.2
(Mean =+ SD)
Blood pressure, 70.9 + 70.8 + 0.9471 711 + 0.7853
diastolic [mmHg]: 10.2 10.0 10.1
(Mean =+ SD)
Symptoms and signs: n (%)
Dyspnea
Absent 49(96.1) 18 0.9999 67 (97.1) 0.9999
(100.0)
During physical 2(3.9) 0(0.0) 2(2.9
activity
Chest pain
Absent 50(98.0) 17(94.4) 0.4565 69 (100.0)  0.4964
During physical 1(2.0) 1 (5.6) 0 (0.0)
activity
Abnormal cardiac rhythm
Absent 50(98.0) 17 0.9999 68 (100.0)  0.9999
(100.0)
Irregular pulse 1 (2.0) 0 (0.0) 0 (0.0)
rate
Edema inferior limbs
Absent 51 18 - 68 (100.0) -
(100.0) (100.0)

@ Mann-Whitney U test for continuous parameters and Fisher’s exact test for
categorical parameters.
b For the comparison of 69 patients and 69 controls.
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(47-50% versus 28%, p = 0.0265) (Table 2).
4. Discussion

Heart failure is an increasing problem and associated with a growing
disease burden in Sub-Saharan Africa. Hypertensive cardiac disease,
dilatative cardiomyopathy mostly of unknown etiology, peripartal car-
diomyopathy, rheumatic and valvular heart disease are the main causes
of the heart failure but in many patients the etiology remains unknown
[18,19]. Parasitic infections including trypanosomiasis, leishmaniasis,
schistosomiasis, toxocariasis, trichinellossis, cysticercosis and filariasis
may cause cardiac pathology leading to heart failure [20-22].The
presence of antibodies (IFAT) against trypanosomiasis in 27% of Cam-
eroonian patients with dilated cardiomyopathy compared to 2% in
normal controls may indicate that, untreated, subclinical infections of
HAT may induce a chronic cardiomyopathy [23].

This is the first study, to our knowledge, to evaluate the long-term
sequelae of HAT on the heart. In Gambiense Human African Trypano-
somiasis, the cardiac effects include exertional dyspnea and occasionally
conduction problems [7,8,12], but are usually mild and improve after
treatment. The presented results show that heart failure was not
observed in any patient12-13 years after treatment, but the cause of the
death of two patients could not be determined by a third person history.
On the contrary, dyspnea, chest pain and oedema disappeared in most
patients and cardiac symptoms and signs were comparable in treated
HAT patients and the control group.

Conduction problems are frequently found in Chagas patients. In
HAT, histopathologic examinations showed infiltration of the conduc-
tion system [11,24]. Sudden death was observed [9]. Regarding the
description of inflammation of the conduction system in histological
examinations, the low number of described conduction problems is of
interest: AV block I in 3.7-14%; AV block II in 1-2.5%; and AV block III
in only one case report [8,9,25]. The QTc time is prolonged in HAT
patients reaching a QTc prolongation with the potential risk for ven-
tricular arrhythmia and sudden cardiac death (threshold of >440 msec
for men and of >460 for women) in up to 12.5% [7,12,26]. An ECG
analysis of 462 HAT patients showed that a QTc prolongation associated
with an elevated risk for arrhythmia was observed in 11.1% of first stage
and in 12.5% of second stage HAT patients. In one patient, the QTc time
was longer than 500 msec [7]. In the present study, 12-13 years after
treatment sudden death or irregular pulse rate (except in one patient)
were not observed. The mean QTc time was normal and there were even
fewer individuals with QTc prolongation in the patient group than in the
control group. Only three HAT patients developed conduction problems
in the ECG: one a RBBB; one a bifascicular block (RBBB and LAFB); and
one a ventricular bigeminy. However, these blocks were not signifi-
cantly more frequent than in the control group. Nevertheless, since the
observation time was only 12-13 years and relevant conduction prob-
lems may occur in Chagas patients more than 30 years after the initial
infection, the eventual development of conduction problems cannot be
ruled out conclusively.

Repolarization changes disappeared or improved in 24.7% of HAT
patients and were even less frequent than in the control group. Periph-
eral low voltage was the only parameter, which increased over time in
HAT patients. In acute HAT myopericarditis, low voltage could be
interpreted as pericardial involvement with pericardial effusion. How-
ever, 12-13 years after treatment and in the absence of additional signs
of pericardial effusion low voltage has to be considered as an unspecific
ECG alteration and should not be regarded as a relevant finding.

Most Chagas patients did not have an antiparasitic treatment during
the acute phase. The persistence of trypanosomes is discussed as a
possible cause of the development of Chagas cardiopathy. In contrast, all
HAT patients had antiparasitic treatment, but the persistence of para-
sites in the skin [28], adipose tissue [29] or other body compartments
[13] cannot be ruled out, even after initial treatment. Of note, a migrant
leaving the endemic region 29 years ago developed a clinical HAT under
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Fig. 2. PQ time (a) and corrected QTc time (b) in HAT patients before and 12-13 years after treatment and in a controls.

immunosuppression [30].

There is limited knowledge on cardiac involvement in T. b. rhode-
siense HAT patients. Peri-myocarditis may play an important factor in
the clinical course and fatal outcomes [27,28]. Cardiac signs such as
oedemas and hepatomegaly were often observed, but in the absence of a
complete physical examination (including jugular veins), echocardiog-
raphy or laboratory testing (i.e. brain natriuretic peptide) they could not
be attributed to heart failure by certainty [29]. There are no studies on
cardiopathy after successful treatment of T. b. rhodesiense HAT.

4.1. Limitations

The study was conducted only 12-13 years after initial treatment.
Since in Chagas cardiopathy symptoms, signs and ECG alterations
appear even decades after the initial infection, we cannot rule out that a
cardiopathy could evolve in the following decades. The study was con-
ducted in hut in villages without examination tables allowing a correct
testing of the jugular veins or hepato-jugular reflux and no possibility to
do laboratory examinations nor cardio sonography.

4.2. Conclusions

The present study shows that 12-13 years after treatment for HAT
there are no clinical signs of heart failure, no significant arrhythmia nor
QTc prolongation. However, even though unlikely, the appearance of
conduction problems such as ventricular bigeminy, RBBB and
RBBB-+LAFB could be an indication of a first sign of a HAT related
cardiopathy. The persistence of headache and neurologic symptoms
many years after successful treatment and in untreated HAT patients
[13,30], and the observation of reactivation of HAT (though without
cardiac involvement) after immunosuppression in a patient even 3 de-
cades after infection [31] may be an indication that the trypanosomes
might cause not only in Chagas disease but also in HAT clinical signs and
symptoms decades after the initial infection.

Overall, as compared to Chagas disease, HAT seems to have minimal
influence on the heart even over a long follow-up time.

Funding
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schung Basel”, Spitalstrasse 2, 4056 Basel, Switzerland. This manuscript
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Table 2
ECG findings in HAT patients 12-13 years after treatment compared to a control
group.
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Table 3
ECG changes in HAT patients between ECG before treatment to ECG 12-13 years
after treatment by disease stage.

Parameter/ StageI(n  StageII p" Controls p*"
characteristic at =51) (n=18) (n = 69)
10-13 years follow-up
ECG intervals [msec] (Mean + SD)
PQ 154.3 + 155.9 + 0.8153  162.6 + 0.1331
22.1 32.0 31.5
QRS 82.7 + 84.1 + 0.9407  85.0 + 0.3900
10.6 15.0 13.3
Mean QTc (Bazett 425.2 + 421.2 + 0.5753  427.6 + 0.4930
corrected) 29.1 34.2 27.3
ECG findings: n (%)
Rhythm
Sinus 51 18 0.9999 69 0.999
(100.0) (100.0) (100.0)
Atrial fibrillation 0 (0.0) 0 (0.0) 0 (0.0)
Atrial flutter 0 (0.0) 0 (0.0) 0 (0.0)
Premature atrial capture beats
None 48 (94.1) 17 0.9999 67 (97.1) 0.6805
94.4)
Present 3(5.9) 1 (5.6) 2(2.9)
Premature ventricular capture beats
None 47 (92.2) 16 0.3414 63 (91.3) 0.9900
(88.9)
Present 4(7.8) 1(5.6) 6(8.7)
Ventricular 0 (0.0) 1 (5.6) 0 (0.0)
bigeminy
Couplet/triplet 0 (0.0) 0 (0.0) 0 (0.0)
Salves 0(0.0) 0 (0.0) 0 (0.0)
AV block
None 51 17 0.2609 66 (95.7) 0.6195
(100.0) (94.4)
AV block 1 0 (0.0) 1(5.6) 3(4.3)
AV block 2 0 (0.0) (0.0) 0 (0.0)
AV block 3 0 (0.0) (0.0) 0 (0.0)
Atrial hypertrophy
None 48 (94.1) 17 0.9999 68 (98.5) 0.3658
(94.9)
Right 3(5.9 1(5.6) 1(1.5)
Left 0 (0.0) 0 (0.0) 0 (0.0)
RVH: Sokolow right
Negative 51 16 0.0652 66 (95.6) 0.8332
(100.0) (88.8)
Positive 0 (0.0) 2(11.1) 3 (4.4
LVH (Sokolow)
Negative 51 18 0.9999 67 (97.1) 0.9999
(100.00 (100.0)
Positive 0 (0.0) 0 (0.0) 2(2.9)
Pathological q
None 51 18 68 -
(100.00) (100.0) (100.0)
Ventricular block
None 49 (96.0) 15 0.1072 67 (97.0) 0.4409
(83.9)
Present: either 2(4.0) 3(16.6) 2(3.0)
RBBB or LBBB or
LAFB or RBBB and
LAFB
RBBB 1(2.0 0 (0.0) 1(1.5)
LBBB 0 (0.0) 0 (0.0) 0 (0.0)
LAFB 1.0 2(11.D 1(1.5)
RBBB and LAFB 0 (0.0) 1(5.6) 0 (0.0)
Repolarization changes
No 44 (86.3) 17 0.6705 59 (85.5) 0.8012
(94.9)
Yes 7 (13.7) 1 (5.6) 10 (14.5)
Peripheral low voltage
Normal 27 (52.9) 9 (50.0) 0.8487 50 (72.5) 0.0265
Low voltage 24 (47.1) 9 (50.0) 19 (27.6)

SD = standard deviation.

# Mann-Whitney U test for continuous parameters and Fisher’s exact test for
categorical parameters.

b For the comparison of 69 patients and 69 controls.

ECG change: from Category or All Stage I (Stage p’
before treatment level Patients (n = 51) IDn=
to 10-13 yrs. (n =69) 18)
follow-up (%) 1 (%) 1 (%)
Repolarization Unchanged 51 (73.9) 36 15 0.095
Changes (70.6) (83.3)
Aggravation 1(1.49) 0 (0.0) 1(5.6)
No more 14 (20.3) 13 1 (5.6)
(25.5)
Improvement 344 2(3.9 1(5.6)
Low Voltage Unchanged 57 (82.6) 41 16 0.796
(80.4) (88.9)
New 11 (159) 9(17.6) 2(11.1)
No more 1(1.5) 1(2.0) 0(0.0)
AV BLOCK I Unchanged 67 (97.1) 50 17 0.461
(98.0) (94.9)
New 1(1.5) 0 (0.0) 1(5.6)
No more 1(1.5) 1(2.0) 0 (0.0)
AV BLOCK II Unchanged 69 51 18 -
(100.0) (100.0) (100.0)
Ventricular Unchanged 68(98.6) 51 17 0.261
bigeminy (100.0) 94.9)
New 1(1.49 0 (0.0) 1 (5.6)
RBBB Unchanged 68 (98.6) 50 18 0.999
(98.0) (100.0)
New 1(1.5) 1(2.0) 0(0.0)
LBBB Unchanged 69 51 18 -
(100.0) (100.0) (100.0)
PR Depression Unchanged 67 (97.1) 50 17 0.457
(98.0) (94.4)
No more 2(2.9 1(2.0) 1 (5.6)
Ventricular Unchanged 66 (95.7) 50 16 0.171
Hypertrophy (98.0) (88.9)
New 2(2.9) 1 (1.96) 1(5.6)
No more 1(1.5) 0 (0.00) 1(5.6)
Bifascicular block Unchanged 1 (50.0) - 1 (50.0)
(BBBB+LAHB) New 1 (50.0) - 1 (50.0)
Left anterior Unchanged 2 (100.0) - 2
fascicular (100.0)
(LAFB)

@ Fisher’s exact test.
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Both American Trypanosomiasis (Chagas disease) and Human Afri-
can Trypanosomiasis (HAT) are diseases caused by trypanosoma. While
long-term cardiac complications such as conduction problems and heart
failure are very common in Chagas disease there is little known about
long-term cardiac sequelae of Human African Trypanosomiasis (HAT).

In the context of clinical trials conducted between 2004 and 2005 in
the Democratic Republic of the Congo (DRC), the prevalence of HAT
related signs and symptoms, and an ECG, were evaluated prior to the
initiation of treatment. The object of this follow-up study in 2017 was to
assess the prevalence of cardiac sequelae in the same 51 first stage and
18 second stage HAT patients 12-13 years after their treatment by
conducting a clinical examination and an ECG. A control group was
enrolled matched in age (by +5 years), sex and whenever possible form
the same village was enrolled.

In our findings at the time of the follow-up evaluation there were
neither significant differences in the prevalence of cardiac symptoms nor
in ECG findings between patients and their controls.

However there were some patients with a novel appearance of
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cardiac conduction problems such as ventricular bigeminy, RBBB and
RBBB-+LAFB in the actual ECG which could suggest an early indication
of a HAT related cardiomyopathy or subclinical infection.

Overall, as compared to Chagas disease, HAT seems to have minimal
influence on the heart even over a long follow-up period.

All the authors have read and agreed to the submitted version of the
paper.
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