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Abstract

Background: Ethiopia has the highest number of visceral leishmaniasis (VL) cases after Sudan in Sub-Saharan Africa.
However, there was lack of comprehensive data on VL treatment outcome despite the huge burden of the diseases
in the country. Hence, we aimed to perform a systematic review and meta-analysis on this topic to obtain stronger
evidence on treatment outcomes of VL from the existing literature in Ethiopia.

Methods: The Cochrane guidelines to conduct meta-analysis following the Preferred Reporting Items for
Systematic review and Meta-Analysis statement was used to conduct a computerized systematic search of the
PubMed, Google Scholar, and ScienceDirect databases. Random effects model was used to combine studies
showing heterogeneity of Cochrane Q P < 0.10 and F > 50. Treatment outcomes were assessed at end of treatment
and at 6 months follow-up. Subgroup analyses were performed on treatment outcomes based on the different
antileishmanial treatment options and patients’ HIV status.

Results: Fifteen studies were included in the final analyses. At end of treatment, an overall treatment success rate
of 82.6% was noticed. At 6 months follow-up, the overall treatment success rate was 72.2%. For patients treated
with sodium stibogluconate (SSG), the treatment success rates at the end of treatment and at six-month follow-up
were 81.5% and 80.7%, respectively. Multiple doses of liposomal-amphotericin B (L-AMB) had treatment success
rates of 96.7 and 71-100% at the end of treatment and at 6 months follow-up, respectively. The combination of
SSG with paromomycin (PM) gave treatment success rates of up to 90.1% at the end of treatment. HIV-infected
individuals were found to have a higher mortality (odds ratio=4.77, 95% Cl. 1.30-17.43, P=0.009) rate at 6 months
follow-up.

Conclusions: SSG alone has shown lower treatment efficacy in the management of VL when compared to
combination of SSG with PM and multiple doses of L-AMB. The combination of SSG with PM gave good treatment
success rates with shorter duration of treatment. Hence, the combination of SSG with PM should be used
preferentially over SSG monotherapy. Multiple doses of L-AMB showed great efficacy especially among patients
with complications, severe disease, HIV co-infection, and intolerance to the adverse effects of antimonials. HIV-
infected individuals had a worse prognosis than their HIV-negative counterparts.
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Background

Visceral Leishmaniasis (VL), also known as ‘kala azar; is a
vector-borne protozoan disease [1]. Considered among
neglected tropical diseases, VL is the most severe form
(fatal if untreated) of leishmaniases, characterized by weight
loss, fever, splenomegaly, hepatomegaly and/or lymphade-
nopathies, and anemia [1-4]. An estimated 500 000 people
are affected with VL worldwide [2]. In sub-Saharan Africa,
Ethiopia has recorded the highest number of VL cases after
Sudan with more than 4000 people registered for treatment
every year [5, 6].

The primary etiologic agent for VL, particularly in East
Africa and India, is Leishmania donovani complex. On
the other hand, Leishmania infantum affects Europe,
North Africa and Latin America [1]. In low and
middle-income countries, poverty is a major underlying
determinant and potentiating factor of leishmaniasis. It
can increase morbidity, disease progression, and mortal-
ity mainly through poor nutritional status [7].

During the last three decades, VL has become one of the
most important opportunistic infection in HIV-infected pa-
tients. The highest prevalence (20-30%) of HIV-VL
co-infection has been reported from Northwest Ethiopia
[8]. In the absence of highly active antiretroviral therapy,
VL patients with HIV will have poor prognosis and higher
relapse rates (close to 100%) even after effective antileish-
manial treatment [8—10].

Antileishmanial drugs such as liposomal amphotericin
B (L-AMB), pentavalent antimonial drugs, including so-
dium stibogluconate (SSG) and meglumine antimoniate
(MA), paromomycin sulfate (PM), and miltefosine
showed therapeutic efficacy against VL. In Ethiopia, a
combination of SSG and PM given for 17 days has been
considered as the first-line treatment for VL. However,
in cases of treatment failure, relapse, and severe toxicity
cases L-AMB is recommended as second-line treatment
[6, 8, 11]. Several studies conducted among VL patients
across the world showed poor treatment outcomes [12—
14] and the current arsenal used to fight VL is relatively
old chemotherapies. In particular, a better understanding
of treatment outcomes in Ethiopia could help national
and international organizations to develop strategies for
improving outcomes in VL patients. Hitherto, no sys-
tematic review and/or meta-analysis on this topic was
identified from Ethiopia. Hence, we aimed to perform a
systematic review and meta-analysis on this topic to ob-
tain stronger evidence on treatment outcomes of VL
from the existing literature in Ethiopia.

Methods

Search strategies

The Cochrane guidelines to conduct meta-analysis follow-
ing the Preferred Reporting Items for Systematic review
and Meta-Analysis (PRISMA) statement [15] was used to
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conduct a computerized systematic search of the PubMed,
Google Scholar, and ScienceDirect databases. Both observa-
tional (prospective and retrospective) and interventional
studies were included in the review using the following
Medical Subject Headings (MeSH) terms: “(((visceral leish-
maniasis OR leishmaniasis OR kala-azar)) AND (treatment
OR management OR sodium stibogluconate OR meglu-
mine antimoniate OR pentamidine OR amphotericin b OR
paromomycin OR pentavalent antimonials OR antimonials
OR miltefosine)) AND Ethiopia”. Only studies conducted
in Ethiopia were included in the study; however, in cases
where studies were conducted in Ethiopia as well as in
other countries, the data obtained from Ethiopia only was
extracted. Publication dates were not used as inclusion or
exclusion criteria and research papers published before
November 30, 2017 were included.

Inclusion criteria

Papers fulfilling the following criteria were included
in the study: studies presented as original articles;
studies that examined VL treatment outcomes; studies, ex-
clusively or as part of a larger study, conducted in Ethiopian
population; and studies written in English.

Exclusion criteria

The following papers were excluded from the study:
studies whose full articles were not available online
whether for free or with subscription (payment); studies
that didn’t specify type of antileishmanial drugs used;
case reports; in vitro and animal models; and studies
that assessed prophylaxis against VL and rates of treat-
ment relapse (Additional file 1).

Review process

Two reviewers (EAG and TMA) independently screened
the three electronic databases (PubMed, Google Scholar,
and ScienceDirect) to identify potentially eligible studies
based on their titles and abstracts. All the research arti-
cles that were identified from searches of the electronic
databases were imported into the EndNote software ver-
sion x5 (Thomson Reuters, USA) and duplicates were
removed. Studies that were potentially eligible were se-
lected for fulltext review. Before data extraction had
begun, full-length articles of the selected studies were
read to confirm for fulfilling the inclusion criteria. Then
data was extracted from full-length articles who fulfilled
the inclusion criteria. Discrepancies were resolved by an
independent review from the third researcher (ASB) and
mutual consent after discussion (Fig. 1).

Data extraction

Data on the types of study design, the year the studies
were conducted, length of study, and geographic location
of the study area was first extracted. Mean and median
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ages, sex, and HIV status of study participants were then
extracted. Finally, data regarding the types of antileishma-
nial agents, treatment outcome measures (including treat-
ment success rates, treatment failure rates, and mortality
rates both at the end of treatment and at 6 months
follow-up), and treatment duration were extracted to be
included in the systematic review and meta-analysis.
Patients who defaulted or were missing from the study
were excluded from the final analyses.

Operational definitions

Treatment success at the end of treatment (EOT): cure as
evidenced by clinical improvement and/or absence of
parasite in tissue aspirates once patients complete antil-
eishmanial treatment regimen.

Treatment failure at EOT: lack of improvement or
worsening of clinical signs and symptoms and/or failing
to clear the parasite of tissue aspirates once patients
complete antileishmanial treatment regimen.

Mortality at EOT: number of patients who died just after
completing or while taking the antileishmanial treat regimen.

Treatment success at 6 months follow-up (6MFU):
treatment success at EOT plus cure as evidenced by clin-
ical improvement and/ or absence of parasite in tissue as-
pirates or absence of disease relapse 6 months after
completion of antileishmanial treatment regimen.

Treatment failure at 6MFU: cumulative number of pa-
tients with treatment failure at EOT and lack of im-
provement or worsening of clinical signs and symptoms
and/or failing to clear the parasite of tissue aspirates or
the presence of disease relapse 6 months after comple-
tion of antileishmanial treatment regimen.

Mortality at 6 MFU: cumulative number of patients
who died at EOT and within 6 months of completing
antileishmanial treatment regimen.

Quality assessment

Two reviewers (EAG and TMA) independently assessed
the methodological quality of studies using Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement for observational studies [16] and
modified Jadad scale for randomized controlled trials
(RCTs) [17]. The scores for the modified Jadad scale can
range from O to 8 (low to high quality). Scores of 4—8 rep-
resent good to excellent, whereas 0-3 represents low or
poor quality. Similarly, for the observational studies
scores over 75% using the STROBE checklist were con-
sidered as having high quality. The STROBE checklist
has 22 items and studies that fulfill at least 17 out of
the 22 criteria (>75%) were considered to have high
quality.

Statistical analysis

OpenMetaAnalyst software (www.cebm.brown.edu/open-
meta) was used to perform the meta-analysis. The
Cochrane Q and the I* were used to evaluate heterogen-
eity of studies. Q test indicates the presence of heterogen-
eity while I shows the degree of heterogeneity. As studies
with Cochrane Q P<0.10 and I° > 50 were considered to
have high heterogeneity, random effects model was used
to combine these studies. Subgroup analyses were per-
formed on treatment outcomes based on the different
antileishmanial treatment options and patients’ HIV status
across different studies.
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Results

Our search identified 1216 citations from three elec-
tronic databases (PubMed, Google Scholar, and Science-
Direct). Of these, 41 full-text articles were reviewed for
eligibility. Fifteen studies [18-32] fulfilled the inclusion
criteria and were included in the final analyses (Fig. 1).
There were 10 observational [18-27] and 5 interven-
tional studies [28-32] with a sample size ranging from
54 [30] to 2177 [20]. Most of the studies [18—26, 28—30]
were conducted entirely in Ethiopia while three of the
studies [27, 31, 32] were multicenter, where some study
participants were from other countries (Additional file
2). All studies were hospital-based and except two stud-
ies [25, 32], all included HIV-infected individuals [18-
24, 26-31]. In total, there were 5852 participants of
which 2444 were male and 153 female patients (unable
to determine sex for 3255 patients). Seven studies [18,
23, 24, 26, 28, 29, 31] included 2083 VL patients who
were treated with SSG and while the rest of patients
were treated with L-AMB (512 patients) [22, 24, 25, 32],
combination of SSG and PM (310 patients) [24, 27], mil-
tefosine (281 patients) [29], PM (75 patients) [31], and
MA (54 patients) [30].

VL treatment success

Treatment successes were assessed at two different times:
at EOT and at 6MFU. Fourteen [18, 20-32] and eight
studies [19, 21, 24, 28-32] reported treatment outcomes
at EOT and at 6MFU, respectively. At EOT, an overall
treatment success rate of 82.6% [(95% CI. 77.2—
87.9%), P<0.001] was noticed (Fig. 2). At 6MFU, the
overall treatment success rate decreased to 72.2%
[(95% CI: 62.4-82.1%), P <0.001] (Fig. 3).
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Treatment success rate at EOT was 81.5% (95% CI:
72.8-90.2%) for patients treated with SSG. At 30 days,
patients treated with L-AMB had different treatment
success rates depending on the dose and number of
doses given. Khalil et al. reported, a treatment success
rate of 22-73% with single dose of 7.5 mg/kg (n = 20)
and 33-100% with a single dose of 10 mg/kg (n =22)
[32]. Tamiru et al. [25] also reported that depending on
the total amount of L-AMB taken, treatment success
rates ranged from 80.2% in patients receiving a total
dose of less than 24 mg/kg to 96.7% in those patients re-
ceiving 24—35 mg/kg. Treatment success rate was good
in patients taking a combination of SSG and PM. In one
study, 90.1% of VL patients taking SSG-PM were re-
ported to be cured at EOT [27]. The treatment success
rates of MA, miltefosine, and PM were 78.6—100% [30],
94.1% [29], and 66.7-96.7% [31], respectively.

At 6MFU, 80.7% of patients receiving SSG had treat-
ment success. L-AMB showed different treatment success
rates depending on the dose and number of doses [32].
Single doses of 7.5 mg/kg (1 =20) and 10 mg/kg (n =22)
gave treatment success rates of 11-64% and 33—-100%, re-
spectively. Another L-AMB treatment regimen was a
7-day course of 3 mg/kg (n = 37) which resulted in a treat-
ment success rate of 71-100%. The treatment success
rates of PM, MA, and miltefosine were reported by single
studies and were found to be 75-96.6% [31], 80—100%
[30], and 60% [29], respectively.

VL mortality

Twelve studies reported the mortality rate at the EOT [18,
20-30] while six studies reported a mortality rate at
6MFU [19, 21, 24, 28-30]. The overall mortality rates at

Studies Estimate (95% CI) Success/Total |
Ritmeijer et al 2001 0.758 (0.698, 0.817) 150/19¢ ——|
Lyons et al 2003 0.815 (0.788, 0.842) 645/791 =
Ritmeijer et al* 2006 0.933 (0.912, 0.953) 528/566 ! .
Hailu W et al 2010 0.852 (0.757, 0.947) 46/54 :
Hailu A et al 2010 0.847 (0.789, 0.904) 127/150 —.—
Hurissa et al 2010 0.846 (0.B01, 0.892) 204/241 e
Ritmeijer et al** 2011 0.712 (0.660, 0.765) 203/285 — . :
Diro et al 2014 0.439 (0.310, 0.567) 25/57 . :
Khalil et al 2014 0.733 (0.639, 0.826) 63/86 — -
Diro et al* 2015 0.992 (0.976, 1.000) 1217122 | L |
Tamiru et al 2016 0.883 (0.830, 0.935) 128/145 .
Welay et al 2016 0.808 (0.775, 0.840) 454/562 —
Kimutai et al 2017 0.971 (0.952, 0.990) 298/307 | B
Overall (1?=96.95%, P<0.001) 0.826 (0.772, 0.879) 2992/3564 S
I T T T T : T 1
o4 o5 0e or o8 o9
Proportion
Fig. 2 Treatment success of visceral leishmaniasis patients at the end of the treatment
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Studies Estimate (95% CI) Success/Total
Ritmeijer et al 2001 0,669 (0.597, 0.740) 111/166
Ritmeijer et al* 2006 0.805 (0.768, 0.841) 363/451
Hailu W et al 2010 0.583 (0.386, 0.781) 14/24
Hailu A et al 2010 0.884 (0.831, 0.937) 122/138
Hurissa et al 2010 0.450 (0.341, 0.559) 36/80
Khalil et al 2014 0.722 (0.623, 0.820) 57/79
Diro et al 2015 0.880 (0.753, 1.000) 22/25
Overall (17=91.22%, P<0.001) 0.722 (0.624, 0.821) 725/963

Fig. 3 Treatment success of visceral leishmaniasis patients at six months of follow-up
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EOT and 6MFU were 9.0% (95% CI: 5.9-12.0%, P < 0.001)
(Fig. 4) and 17.8% (95% CI: 9.9-25.8%, P < 0.001), respect-
ively (Fig. 5).

At EOT, the mortality rate among patients treated
with SSG was 13.2% (95% CI 5.7-20.8%, P <0.001).
Tamiru et al. [25] and Ritmeijer et al. [22] reported that,
at EOT, the mortality rate among patients treated with
L-AMB was 4.8%, ranging from 3.3 to 5.8% depending
on the dose given. Mortality rates of miltefosine, MA,
and SSG-PM were 2.8% [29], 6.25% [30], and 1.9% [27],
respectively. At 6MFU, the mortality rate among
patients treated with SSG rose to 19.7% (95% CI: 9.5-29.8%,
P<0.001) while mortality rate reached 59% for patients
treated with miltefosine [29].

VL treatment outcomes in HIV-infected and HIV-negative

patients

Ten studies [18, 20-23, 25, 28-30, 32] assessed treat-
ment outcomes in HIV-infected and/or HIV-negative VL
patients at EOT while only five studies [21, 28-30, 32]
assessed treatment outcomes at 6MFU. At EOT, the

overall treatment success rate for HIV-infected patients
was 66.8% (95% CI: 51.6—82.0%, P <0.001) while it was
93.2% (95% CI: 89.8-96.5%, P <0.001) for HIV-negative
individuals. The overall treatment success rate at 6 MFU
for HIV-infected and HIV-negative patients was 42.5%
(95% CI: 19.6-65.3%, P<0.001) and 87.9% (95% CI.
80.7-95.2%, P <0.001), respectively. The overall mortal-
ity rate at EOT for HIV-infected and HIV-negative pa-
tients was 14.4% (95% CI: 8.8-20.0%, P <0.001) and
3.7% (95% CI. 2.2-52%, P=0.082), respectively. At
6MFU, the overall mortality rate for HIV-infected pa-
tients was 29.9% (95% CI: 10.4—49.5%, P = 0.001) while it
was 6.7% (95% CI: 0.8—12.5%, P =0.015).

Treatment outcomes at EOT and 6MFU were compared
between HIV-infected and HIV-negative VL patients.
Except overall mortality rate at 6MFU, they failed to show
a statistically significant difference (Tables 1 and 2).
Patients with HIV infection showed more than 4-fold in-
crease in overall mortality at 6MFU (Table 2).

At EOT, HIV-infected patients treated with SSG had a
68.8% (95% CI: 47.1-90.5%, P < 0.001) treatment success and

Studies Estimate (95% C/) Success/Total

Ritmeijer et al 2001 0.242 (0.183, 0.302) 48/198 =

Lyons et al 2003 0.185 (0.158, 0.212) 146/791 ! : 5

Ritmeijer et al* 2006 0.064 (0.043, 0.084) 36/566 ——

Herrero et al 2009 0.040 (0.032, 0.048) 87/2177 E & :

Hallu W et al 2010 0.056 (0.000, 0.117) 3/54 - :

Hurissa et al 2010 0.100 (0.062, 0.137) 24/241 — .

Ritmeijer et al** 2011 0.098 (0.064, 0,133) 28/285 — -

Diro et al 2014 0.140 (0.050, 0.231) 8/57

Diro et al* 2015 0.008 (0.000, 0.024) 1/122 — '

Tamiru et al 2016 0.048 (0.013, 0.083) 7/145 e

Welay et al 2016 0.132 (0.104, 0.160) 74/562 .

Kimutai et al 2017 0.020 (0.004, 0.035) /307 —i— !

Overall (I°=95.31%, P<0.001) 0.090 (0.059, 0.120) 468/5505 —_—
» L - o s =
(1] 005 01 015 o2 025 03

Proportion
Fig. 4 Mortality rate of visceral leishmaniasis patients at the end of the treatment
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Fig. 5 Mortality rate of visceral leishmaniasis patients at six months of follow-up

an 186% (95% CI 7.5-29.6%, P=0.006) mortality rates.
Their HIV-negative counterparts had a 95.9% (95% CI: 93.7—
98.0%, P=0.290) and a 4.1% (95% CI 2.0-6.3%, P =0.290)
treatment success and mortality rates, respectively. At
6MFU, HIV-infected patients treated with SSG had a 58.3%
(95% CI. 31.0-85.7%, P <0.030) treatment success and a
30.0% (95% CI -2.8-62.8%, P=0.05) mortality rates.
Treatment success and mortality rates of their HIV-negative
counterparts were 94.2% (95% CI 91.2-97.3%, P =0.775)
and 54% (95% CI. 24-8.3%, P =1.000), respectively. How-
ever, meta-analyses of studies that compared treatment out-
comes between HIV-infected and HIV-negative patients who
were treated with SSG did not show statistically significant
differences (Tables 1 and 2).

Ritmeijer et al. [22] reported that treatment success
(92.6% vs 59.5%) and mortality (6.4% vs 6.7%) rates at
EOT among patients treated with 6 doses of L-AMB was
better for HIV-negative patients than HIV-infected ones.
Kimutai et al. [27] also reported better treatment success
at EOT with SSG-PM among HIV-negative patients than
HIV-infected ones. The overall treatment success rate
was 90.1% but sub-group analysis of HIV-negative indi-
viduals gave a success rate of 93%. EOT treatment suc-
cess rates for MA (58% vs 92.9-100%) [30] and
miltefosine (88.9% vs 97.7%) [29], and mortality rates for
miltefosine (4.8% vs 0.8%) [29] and L-AMB (6.7% vs
6.4%) [22] were also better for HIV-negative patients.
Likewise, treatment success rates of MA (33.3% vs
100%) [30], and of miltefosine (46.0% vs 75.6%) and

mortality rate of miltefosine (11.1% vs 0.8%) [29] were
also better at 6MFU.

Quality assessment and sensitivity analysis

The 10 observational studies [18—27] were assessed with
the STROBE statement [16] while the five interventional
studies [28-32] were assessed using the modified Jadad
scale [17]. All of these studies were judged to be of high
quality (Additional file 3).

The meta-analysis was stratified based on the types of
studies (observational and interventional) to investigate the
overall treatment outcomes at EOT across the included
studies. It revealed similar results between the observational
studies (81.2%, 95% CI: 73.5-88.9%, P < 0.001, P= 97.53)
[18-27] and interventional studies (84.2%, 95% CI: 77.1—
91.4%, P<0.001; F*=93.83) [28—32]. Publication bias was
also assessed using a funnel plot and Egger’s test (Fig. 6).

Discussion

Our systematic review identified 15 studies (from 2001
to 2017) that provided information for estimating treat-
ment outcomes of VL in Ethiopia [18—32]. This system-
atic review and meta-analysis has shown wide ranges of
treatment success rates ranging from 22.0% [32] to
99.2% [24]. The overall treatment success rate declined
from 82.6% at EOT to 72.2% at 6MFU. The treatment
success rates varied among patients mainly based on the
type of antileishmanial medications used and based on
the patients’ HIV status.

Table 1 Visceral leishmaniasis-HIV co-infection and treatment success

Studies HIV- (Sample/ Total) HIV+ (Sample/ Total)  OR (95% CI) P-value P
EOT
Overall treatment success 6 studies [21, 22, 25, 28-30] 784/819 345/485 7.53 (4.93-11.50) 0482 0.00%
SSG treatment success 3 studies [18, 28, 29] 392/411 93/119 6.09 (2.84-13.04) 0272 23.09
6MFU
Overall treatment success 4 studies [21, 28-30] 346/374 77/161 11.33 (6.78-1891) 0.609 0.00%
SSG treatment success 2 studies [28, 29] 211/224 35/58 1166 (4.13-3153)  0.206 37.36

Note: OR odds ratio, CI confidence interval, EOT End of treatment, 6MFU 6 months follow-up
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Table 2 Visceral leishmaniasis -HIV co-infection and treatment failure and mortality
Studies HIV+ (Sample/ Total) HIV- (Sample/ Total) OR (95% C) P-value I3
EOT
Overall treatment failure 5 studies [18, 21, 22, 28, 29]  67/473 0/781 20.35 (4.87-85.03) 0.600 0.00
SSG treatment failure 3 studies [18, 28, 29] 1/119 0/411 5.55 (0.68-45.57) 0912 0.00
Overall mortality 6 studies [18, 20-22, 28, 29] 71/523 39/1029 4.14 (248-6.89) 0216 29.16
SSG mortality 3 studies [18, 28, 29] 25/119 19/411 5.79 (2.39-14.01) 0.195 3879
6MFU
Overall treatment failure 3 studies [21, 28, 29] 43/158 7/362 12.65 (5.44-29.43) 0.641 0.00
SSG treatment failure 2 studies [28, 29] 7/58 1/224 1839 (282-120.00) 0489 0.00
Overall mortality 3 studies [21, 28, 29] 39/158 21/362 477 (1.30-17.43) * 78.96
SSG mortality 2 studies [28, 29] 16/58 12/224 7.03 (1.32-37.33) 0.05 73.86

Note: OR odds ratio, CI confidence interval, EOT End of treatment, 6MFU 6 months follow-up, SSG sodium stibogluconate, *p-value < 0.005

In the present study, the treatment success rate of
pentavalent antimonials, SSG in particular, was found to
be lower than the alternative treatments such as SSG-PM
and multiple doses of L-AMB. Therefore, SSG should not
be considered first-line treatment when either SSG-PM or
multiple doses of L-AMB is available. Considering the ad-
vantages of shorter duration of treatment, reduced risk of
drug resistance and adverse effects, and lower cost, WHO
recommends the use of a combination of antileishmanial
medications [33]. Considering this, the Ethiopian Standard
Treatment Guideline recommends a 17 days course of the
combination of SSG and PM to be used as a first-line
treatment for VL. [11] A recent study by Kimutai et al.
supports this recommendation where 90.1% of Ethiopian
patients who used SSG-PM were reported to have treat-
ment success at EOT [27]. This was higher than the 81.5%
of treatment success rate of SSG. Like Ethiopia, other East
African countries such as Uganda have also turned their
attention to the combination of SSG and PM as a first line
treatment for the management of VL. [34] On the other
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Fig. 6 Funnel plot showing risk of bias

hand, the rates of treatment unresponsiveness to pentava-
lent antimonials in Asia were reported to reach as high as
60% [33].

In the present study, there were differences in treat-
ment outcomes even among patients who received dif-
ferent dosages of L-AMB. Most importantly, patients
who took single doses of L-AMB had unacceptably low
rates of treatment success that can reach as low as 22%.
This is different from the situation in India where a sin-
gle dose of L-AMB as low as 3.75 mg/kg can give a cure
rate close to 90% [35]. The optimal effective single-dose
of L-AMB in Ethiopia is yet to be determined. Most pa-
tients who were treated with L-AMB have one or more
of the following conditions: severe or critical illness,
HIV-infection, and treatment relapse. Despite this, treat-
ment success rates of L-AMB given in multiple doses (>
6 doses) were good. This makes multiple doses of
L-AMB the preferred treatment option for patients with
the conditions above.

Just below one-tenth of the study participants died
during treatment. The number of patients who died al-
most doubled at 6MFU. These indicate the importance
of patient follow-up after treatment completion even in
those patients who were declared to be cured. Compared
to patients receiving other antileishmanial agents, the
mortality rate was higher in patients treated with SSG
(13.2% at EOT and 19.7% at 6MFU). Previous studies re-
ported the detrimental effects of HIV infection on mor-
tality associated with VL. [36] Similarly, findings of the
present study show that the overall mortality rate at
6MFU for patients with HIV infection increased 4.77
times than HIV-negative individuals. Associated with
this, appropriate timing of antiretroviral therapy (ART)
initiation needs to be investigated as earlier studies [37,
38] reported poor chances of survival with early
ART-initiation among HIV-VL co-infected individuals.
However, the present study did not assess this issue.
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Few vaccines have been reported to be in clinical trials
none of which have been shown to be cost-effective [39].
A vaccine that is effective, safe, and cost-effective against
visceral leishmaniasis or leishmaniasis, in general, is yet
to be available [40]. Until that day comes, we have to
effectively use the medications at hand. A particular
attention needs to be given to treatment optimization in
the management of HIV-VL coinfection as treatment is
complicated by several factors. Future research focusing
to investigate the relationship between ART adherence
and its implications on VL treatment outcomes is
needed.

Our study has several strengths. In total, we identified
10 observational [18—27] and five interventional [28—32]
studies which allowed us to pool results from 5852 pa-
tients with VL who were treated with a wide range of
antileishmanial regimens. It also allowed us a compari-
son of outcomes among 1520 HIV-infected and negative
patients treated for VL. Outcomes were confirmed clin-
ically and/or parasitologically. Studies that were included
in the final analyses were all found to be of high quality.
We were also able to determine treatment outcomes
both at EOT and 6MFU. Despite greater treatment fail-
ures during treatment in HIV patients, the findings from
observational studies were consistent with those from
trials, making the results more generalizable to practice
under the conditions experienced in many VL endemic
countries.

Nevertheless, our study was not without limitations.
The study assessed treatment outcomes of VL in
Ethiopia which makes is difficult to generalize the find-
ing to other countries in East Africa. Some studies were
conducted in multiple countries which made us unable
to extract some important information. Not all studies
reported treatment success, failure, and mortality at
EOT and 6MFU which made us rely on studies that do.

Conclusions

SSG alone has shown lower treatment efficacy in the man-
agement of VL when compared to SSG-PM and multiple
doses of L-AMB. The combination of SSG with PM gave
good treatment success rates with shorter duration of
treatment. Hence, the combination of SSG with PM
should be used preferentially over SSG monotherapy. This
makes it rational to use it as a first-line medication in the
country. On the other hand, single-doses of L-AMB
showed low efficacy and should not be used in Ethiopia
while multiple doses showed great efficacy especially
among patients with complications, severe disease, HIV
co-infection, and intolerance to the adverse effects of anti-
monials. Therefore, L-AMB should be used as a first-line
treatment option in these patient populations. However,
future studies should focus on determining the lowest ef-
fective dose of this drug. HIV-infected individuals had a

Page 8 of 9

worse prognosis than their HIV-negative counterparts.
The association between ART and timing of ART on treat-
ment outcomes should be investigated to determine the
best time of ART administration in these patients. Lastly,
treatment outcomes at 6MFU were found to inferior to at
EOT and hence patients should be followed-up for pos-
sible relapses after declaring being cured.
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