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Abstract

Background

In areas where visceral leishmaniasis (VL) and malagacarendemic, co-infections gre
common. Clinical implications range from potential diagnostic dédayncreased disease-
related morbidity as compared to VL patients. Nevertheless, putdiceaess of the disegse
remains limited. In VL-endemic areas with unstable and sebsw@ilaria, vulnerability to the
disease persists through all age-groups, suggesting that in thesatipapulmalaria may
easily co-occur with VL, with potentially severe clinical effects.

Methods

A retrospective case—control study was performed using medicalds of VL patient
admitted to Tabarakallah and Gedarif Teaching Hospitals (Gettatié) and Al'Azaza kala-
azar Clinic (Sennar State), Sudan (2005-2010). Patients positively cddgwidbl VL and
malaria were identified as cases and VL patients withoutosgopy-detectable malaria |as
controls. Associations between patient characteristics and ther@uce of the co-infectign
were investigated using logistic regression analysis. Confomabf epidemiological
outcomes was obtained with an independently collected dataset, compddéddrins Sans
Frontieres (MSF) at Um-el-Kher and Kassab Hospitals, Gedarif 3288,

[72)

Results

O

The prevalence of malaria co-infection among VL surveyed patramged from 3.8 t
60.8%, with a median of 26.2%. Co-infected patients presented at heg@pitaleteriorated
clinical pictures. Emaciation (Odds Ratio (OR): 2.46; 95% Confidentarvial (95%CI)
1.72-3.50), jaundice (OR: 2.52; 95%CI: 1.04-6.09) and moderate anemia (OR: 1.58; P5%CI
1.10-2.28) were found to be positively associated with the co-infection, sénerity of
splenomegaly (OR: 0.53; 95%CI: 0.35-0.81) and, to a less extent, hepatpii@gal0.52;
95%CI: 0.27-1.01) appeared to be reduced by concomitant VL and malarim-Abspital
case-fatality rates did not significantly differ between and mono-infected patients (OR:
1.13; 95% CI: 0.59-2.17). Conversely, a significantly increased mortality r&te438; 959
Cl: 1.83-10.48) was observed by MSF amongst co-infected patients drabllém-el-Khe
and Kassab Hospitals, who also suffered an enhanced risk of seveiia §0&: 3.44; 959
Cl: 1.68-7.02) compared to VL mono-infections.

[=)

Conclusions

In endemic VL areas with unstable seasonal malaria, likeeaSudan, VL patients dre
highly exposed to the risk of developing concomitant malaria. Prompt diagmakeffective
treatment of malaria are essential to ensure that its eotioh does not result into pdor
prognoses.
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Background

In areas where malaria is co-endemic with visceral lesstiasis (VL), co-infections with
both diseases are common [1]. Previous observations performed througks anfhdil
patients report the occurrence of this co-infection across nvdjonhot spots [2-5], with
prevalence ranging from 31% in Sudan [6] to 1.2% in BangladesAfAmudat Hospital,
Uganda, where nearly one out of five VL-confirmed patients hog@thlbetween 2000 and
2006 was co-diagnosed with malaria, concomitant malaria was showexacerbate
symptoms of VL patients, though with no implications for their prognfdgi Children under
10 years of age, notoriously more vulnerable to both malaria andXHibited a twofold
higher risk of being co-infected compared to adults. The clinedaVance of the VL-malaria
co-morbidity, as attested by its frequency and severity atidamnHospital, highlights the
risks associated with disease co-endemicity and suggestshbkamalaria- and VL-endemic
areas may experience similar co-infection burdens.

Of the 30,000 to 50,000 annual VL cases estimated in East Africa, dbedskargest VL
focus after South-Asia, half as many (15,700 to 30,300) are thought toiocgudan [8,9].
Hyper-endemic foci are located in the eastern part of the cowtteyching from the White
Nile in the west to the Ethiopian border in the east, and from KaState in the north across
the border of Southern Sudan up to Upper Nile State in the south [10].thtetBsease has
been reported since the early 1900s [11-13], but it is in the past 3tkatit has reached
dramatic proportions, resulting in recurrent epidemics which hazenetl hundreds of
thousands of lives [14-16]. Currently, Gedarif State in Eastere,3tagether with the region
of Sennar and Singa in Central State, accounts for the vast jmabML cases in Sudan
[17]. The distribution of the disease within these areas is widatic and variable, with
highly endemic clusters situated near the banks of the BlueRiMer and its tributaries
(Dinder, Rahad and Atbara Rivers) and the Dinder National ParRq[L&8Here, during the
outbreaks that cyclically recur (every 7-10 years), the diseaseeach incidences of >50
cases per 1000 per year [22]. Diagnostics and treatment seaviesvailable at several
governmental hospitals and rural dispensaries. However, due to the highf testtment,
many cases have been referred to Médecins sans FrontieteseHOMSF-H), whose
activities at Um-el-Kher and Kassab VL treatment certexe resulted in more than 24,000
VL patients treated over the last hyper-endemic period (1996—2003)rj1fig early 2000s,
after an initial decline in the disease incidence, a new gesarthe number of VL cases was
recorded [9], leading to the establishment in January 2010 of aVtheward (MSF-
Switzerland) at Tabarakallah Hospital.

Unstable seasonal malaria, dudPtasmodium falciparum, prevails in most areas of Gedarif
and Sennar States, where prevalence rates of 1.6% and 1.1%, respeggvelconfirmed
among the communities surveyed in 2009 [23]. This epidemiological pattemmalairia
transmission considerably affects the age-related abilityoodl individuals to acquire
immunity against clinical malaria, resulting into seasonal oaktsr¢hat strike all age-groups,
albeit with different incidences [24,25]. Subclinical infections ateroharbored throughout
the dry season, resulting into semi-immunity which ultimately adpgelithin 2 to 3 decades
[26]. Concomitant exposure of these individual& éshmania parasites may, therefore, have



dramatic consequences on ability to control both infections, potgntiedulting in an
aggravated clinical picture.

To describe the clinical impact of VL-malaria co-infectionspatients with low malaria
immunity, we investigated the epidemiology of VL-malaria ceatibns in a VL endemic
area characterized by unstable seasonal malaria. By sugvyiee strategically located
hospitals, we obtained a semi-representative data collection ariGadd Sennar States
(2005-2010), whereby the risk for local VL patients of acquiring amnaato-infection was
assessed. The high prevalence of this co-morbidity and its negeipget on patients’
clinical condition, as observed in this study, highlighted the existafica clinically
significant condition, whose life-threatening implication was indiyeconfirmed by an
independently collected dataset, gathered by MSF-H at Um-el-&ikrKassab Hospitals,
Gedarif State, in 1998.

Methods

Study area

The study area lies in Sudan, between the Blue Nile River iceheal region of Sennar
State and the lower Atbara River, which borders Gedarif $tafee northeast. The Rahad
River and the Dinder River, both tributaries of the Blue Nile Riflewy across the region
with seasonal regime, marked by major floods during the rairspsdfrom June to October)
and long periods of dry-off throughout the rest of the year. Al'Akalaazar Clinic (Sennar
State), Gedarif Teaching Hospital and Tabarakallah Hospitalai@eState) (Figure 1) were
selected as treatment centers for conducting the survey. Thaalogmcompass a VL-
dedicated ward, where diagnosis and treatment for VL are pedor@®edarif Teaching
Hospital, situated in the city of Gedarif, receives patients fteentown and surrounding
areas. In addition, difficult clinical cases encountered at relgiemal are referred to the
hospital, which therefore serves as Regional Reference Hospitdka&a kala-azar clinic,
located along the Dinder River, in proximity to the Dinder Natid?alk, is a rural hospital.
Together with Gedarif Teaching Hospital, Kassab Hospital andhdr dtealth centers in
Gedarif and Sennar States, the clinic received training and sdpporMSF-H, as part of a
“restructuring program” (2001-2004) for improving local management of ke
Tabarakallah Hospital, located in the eastern Atbara region, 20 kin oot the Atbara
River, is a rural hospital which houses an MSF VL treatment cota January 2010. After
departure of MSF-H from the region in 2004, many of the medicHl st worked with
MSF in an independent Zakat (Islamic charity)-funded clinicabarakallah, were employed
by the hospital.

Figure 1 Map of Gedarif and Sennar States, Sudan, indicating the study sites and
neighboring villages.The study hospitals are shown with a star, while circles indicate
neighboring cities and villages.

Study design and population

A retrospective case—control study was performed on patientisvplysdiagnosed for VL.
Patients with a laboratory-confirmed diagnosis of both VL and naatdrhospital admission
or during hospitalization were identified as cases, while contrele watients similarly
diagnosed with VL, whose blood smears tested negative for malaria. Labom@@ryaation



of VL was obtained either through microscopic examination of lympule nbone marrow or
spleen aspirates, or using serological tests, such as theatjghatination test (DAT) (titer
>1:6400) and the rk39 antigen-based dipstick (Kalazar Detect Rapit), Tiastombination
with the clinical case definition of the World Health Organiza(dfHO) [27]. Intensity of
Leishmania infection in lymph node or bone marrow aspirates was categacsading to
the WHO-recommended grading system [28,29]. Briefly, parasiteeranging from +1 to
+4 were defined as smears containing 1-10 parasites in 1000, 100, 16ldy reéipectively,
while 10-100 and >100 parasites per field indicated a parasitaemieb and +6,
respectively. Malaria was confirmed by microscopic exanonatf blood smears or by
Rapid Diagnostic Tests (RDTs) (SD Bioline Malaria Ag PM)P Diagnosis of other
concomitant diseases was based on clinical suspicion only. Climigadiration of patients
included assessment of hemoglobin (Hb) levels (Lovibond method), splegm&asured in
the anterior axillary line to the furthest point during quiet bregbhand liver size (measured
in midclavicular line during quiet breathing). Nutritional statusjetermined by Weight-for-
High percentiles or Body Mass Index (BMI), was directdgarded. Standard treatment for
all VL patients, including relapsing cases, consisted of gersmdium stibogluconate
administered parenterally. For malaria, artemisinin derivat{@etemether or artesunate), as
mono-therapy or in combination with sulfadoxine-pyrimethamine ($Ruroefantrine, or
alternatively quinine were administered as first-line treatmé&est of cure was regularly
performed for VL, but not for malaria, by microscopy on lymph node or lmagow
aspirates.

Data collection

Medical records of patients hospitalized between January 2005 anchilec2010 in the
three hospitals, were retrospectively reviewed. Data from patpositively diagnosed with
VL were collected manually, by using paper Case Record FDRE) specially designed
for the study. Data included patients’ demographic detailsicali signs and symptoms, test
results, medical treatments and relative outcomes. Upon completilba odllection process,
data were single-entered using SPSS 15.0 (SPSS Inc., ChicaddSA), and Microsoft
Excel softwares.

Data analysis

Descriptive analyses were conducted to examine the featutles oferall study population
and to assess prevalence and case-fatality rates of theectethpatients. Statistical analysis
was performed using SPSS 15.0 software. Characteristics of eamk controls were
individually compared, using the Pearson Chi-square test or the Eishetr Probability test.
Continuous variables were categorized in predefined groups: age-63,%-19, 20-29 and
>30 years) based on malaria risk, spleen size (0—-3 cm, 4-5 cat ama) by percentiles and
anemia based on hemoglobin level (no-mid3 g/dl, moderate 5.3-7.2 g/dl and severe <5,3
g/dl). As only few patientsn(= 22, 2.0%) were found to be non-anemic (4 g/dl), while

the majority (n = 606, 55.1%) had mild anemia (Hb 7.3-10.9 g/dl), the groupsavidimd
mild anemic patients were combined in one category, more trulgsepiative of the patient
set for anemia risk assessment. Seasonality of the coiimfeehs examined by categorizing
hospital admissions during wet season (from June to October) orasdignsgrom November

to May). Odds ratio (OR) with 95% confidence intervals (Cl) wetleulated to test whether
a variable significantly differed between cases and contvhiftivariable logistic regression
models were used to identify independent patients’ charaateriasisociated with the co-
infection. All variables with d&-value <0.10 in the univariate analyses were entered stepwise



in the multivariate analysis, whose final model only comprisguifscant variables R-value
<0.05) and variables which significantly increased the model fihsagssed by the -2 Log
Likelihood test.

MSF's dataset

Demographic and clinical data of VL patients enrolled in a clirireal conducted by MSF-H
at Um-el-Kher and Kassab Hospitals (1998) were analyzed fopason with the survey
outcomes. Both hospitals lie in Gedarif State (Figure 1), in prioxim the Rahad River and
the Gedarif town, respectively, where prevalence of malaria dnchwérages the rates
characterizing the survey sites. The trial conducted by M®Edato compare efficacy and
safety of brandedrersus generic sodium stibogluconate for the treatment of primary VL.
Hence, the study population comprised patients with a laboratory-cedfidlagnosis of VL
(DAT titer >1:6400 or demonstration dfeishmania on aspirates of spleen or lymph node)
and no history of previous anti-leishmanial treatment. Microscopicisdar malaria was
also performed on all study subjects at enroliment. Treatmenlfoconsisted of either
Pentostam or generic sodium stibogluconate given intramuscullyn@g/kg/day for 30
days), while SP and quinine were administered as first-limgntient for uncomplicated and
severe malaria, respectively. Using the same case—contraiitidefias in the survey,
descriptive and statistical analyses (Person Chi-squarg wese performed to assess
prevalence and mortality rates of the VL-malaria co-infecéind to measure its association
with explanatory variables.

Ethical approval

Data were collected as part of routine patient care, with ed fog additional investigations.
Data extraction from medical records was performed by anamygithe information
recorded in the CRFs. Ethical approval for the study was obtaireed the Health
Directorates of Gedarif and Sennar Staté% J8nuary 2011) and from the Ethics Review
Board of MSF (19 July 2012).

Results

Prevalence of VL-malaria co-infections in Gedarif ad Sennar States (2005—
2010)

A total of 1324 medical records reporting on VL-diagnosed patients htizspd in Gedarif
Teaching Hospital, Al’Azaza kala-azar Clinic and TabarakaHabkpital during the study
period were reviewed for the survey. Of these, 1295 reportquatients with a laboratory-
confirmed VL infection, who were included in the study, while theai@ing 29 were
excluded for lack of laboratory diagnostic evidence. Microscopy, mainly pgtbon lymph
node ( = 848, 65.5%), bone marrow € 428, 33.1%) and/or spleen £ 3, 0.2%) aspirates,
was used for the diagnosis of VL. Serology was performed in 17 gatkehof whom were
confirmed by DAT and 4 by rk39 antigen-based dipstick. Overall, 404 (31.2%he0¥L-
confirmed patients were co-diagnosed with malaria at hospital sadmi or during
hospitalization. In all cases but one, in which diagnosis was establistiean RDT, malaria
was confirmed by microscopy. Stratification of the study poparddby hospital resulted into
an unevenly distributed co-infection rate, with a prevalence of 3.8% darEe eaching
Hospital f = 18), followed by Tabarakallah Hospital € 84) and Al'Azaza kala-azar Clinic



(n = 302) with 26.2% and 60.8%, respectively. With the exception oPomax-infection,
all malaria cases for which tHelasmodium species was determined, were attributedP.to
falciparum (n = 396, 98.0%).

Demographic and clinical features of VL-malaria coinfections in Gedarif and
Sennar States (2005-2010)

With a median age of 12 years (inter-quartile range 5-23)yeearly three quarters of VL-
malaria co-infected patients were under 20 years old. Strabfiedge, the percentage of
cases was highest among children aged between 0 and 4 years ([@G:7220/296) and
progressively reduced until 29 years (27.0%%, 50/185)(data not shown), indicating that the
chance of detecting malaria in patients already diagnosédLfaleclined as age increased.
Residents of Sennar State appeared to be mostly strickem lop-infection, particularly in
the villages of Al'Azaza (28.0%), Om Bagraa (8.7%) and Jaldook (5.2%@mia
(hemoglobin level <11 g/dl) was a hallmark of nearly all co- amhavinfected patients
(91% and 79%, respectively), with most patients being diagnosed withamiimoderate
anemia on hospital admission. Co-occurrence of malaria in VLnpstiesulted in increased
severity of the anemia status, as shown by the decrease iammetnoglobin level (7.0 g/dl,
inter-quartile range 6.5-8.0 g/dl for cases and 8.0 g/dl, 7.0-9.0 g/dbfdrols). Despite most
co- and mono-infected patients presented with enlarged spleen, tgq@2% for cases,
95% for controls) and severity of splenomegaly (median spleen sia@ thed costal margin
4.0 cm, inter-quartile range 2.0-6.0 cm for cases and 5.0 cm, 2.0-8.0 coorfools)
appeared to be slightly reduced by concomitant malaria.

In Al’'Azaza kala-azar Clinic and Tabarakallah Hospital, mosinfartions were detected
among young boys (median age 9 and 10 years, inter-quartile rangeg&ar@3and 4-18
years, respectively) (Table 1). In Gedarif Teaching Hospiahversely, cases unlike
controls mainly consisted of girls (55.6%,= 10/176) (Table 1), although the difference
appeared to be statistically not significant. Seasonal distibati hospital admissions was
similar in all the three hospitals, with most patients presgrat hospital during the long dry
season (November-May). Co-occurrence of malaria in VL patiergslted in a sharper
division between dry and wet season, particularly in Gedarif Teg¢thospital where 82.4%
of all co-infected patients were hospitalized between November ayl &mnphasizing the
peculiar time-trend of these co-infections (in these regionariaalisually occurs during or
shortly after the rains, while VL clinical cases peak duthmgy dry season). Finally, with a
median disease duration of 12 days from the initial onset of sympbomsfected patients
presented at Tabarakallah Hospital earlier than at Al'&Zaa-azar Clinic (21 days) or
Gedarif Teaching Hospital (30 days).



Table 1 Characteristics of the overall VL population and VL-malaria co-infected
patients, stratified by hospital, Sudan (2005-2010)

Treatment center Gedarif Teaching Tabarakallah Hospital Al'Azaza Kala-azar Clinic

Hospital

Total population Co-infected  Total Co-infected  Total Co-infected

patients population  patients population patients

n (%) n (%) n (%) n (%) n (%) n (%)
Number of patients 468 18 (3.8) 321 84 (26.2) 497 302 (60.8)
Gender 456 18 321 84 497 302
Male 280 (61.4) 8 (44.4) 179 (55.8) 49 (58.3) 254 (1.1 155 (51.3)
Female 176 (38.6) 10 (55.6) 142 (44.2) 35 (41.7) 243948. 147 (48.7)
Age 440 15 321 84 492 301
Median (years) 14.0 13.0 10.0 10.0 9.0 9.0
(inter-quartile range) (7.0-24.5) (9.0-29.0) (5.0-18.0) (4.2-17.7) (B2 (3.0-23.0)
0-4 years 68 (15.5) 2(13.3) 77 (24.0) 21 (29.8) 151 (30.7) 97 (32.2)
5-9 years 87 (19.8) 3(20.0) 71(22.1) 192.6) 99 (20.1) 55 (18.3)
10-19 years 127 (28.9) 5(33.3) 99 (30.8) 28 (33.3) 91 (18.5) 59 (19.6)
20-29 years 89 (20.2) 2(13.3) 28 (8.7) 6 (7.1) 68 (13.8) 12.0)
>30 years 69 (15.7) 3(20.0) 46 (14.3) 10 (11.9) 83(16.9) 8 (#5.9)
Season 452 17 321 84 488 297
Wet season 151 (33.4) 3(17.6) 124 (38.6) 32 (38.1) 226 (¥6.3 131 (44.1)
Dry season 301 (66.6) 14 (82.4) 197 (61.4) 52 (61.9) 262753. 166 (55.9)
Duration on-going sickness 433 17 302 82 441 259
Median (days) 30.0 30.0 14.0 12.0 30.0 21.0
(inter-quartile range) (15.0-40.0) (13.5-76.0) (9.0-21.0) (7.0-14.0) (:81.0) (14.0-61.0)

Infection intensity and case-fatality rate of VL-mdaria co-infections in
Gedarif and Sennar States (2005-2010)

Intensity of VL infection, as determined by parasitaemia inplyrmode or bone marrow
aspirates, was directly related with the frequency of VL-nmaleo-infections. Stratified by
infection intensity, in fact, the ratio of VL-malaria co-infects was lowest in the groups
with less severe VLN = 339/757, 44.8% as determined in lymph node aspirates and
15/259, 5.8% as determined in bone marrow aspirates) and gradually edcrasvL
infection intensified 1f = 3/4, 75.0% anch = 1/5, 20.0% in lymph node and bone marrow
aspirates, respectively, with the highest intensity) (Table 2).



Table 2VL-malaria co-infections, stratified by VL infection intensity, and its
association with the overall in-hospital death, Sudan (2005—-2010)

Infection n cases/ % In-hospital Discharged Odds 95%

intensity of VL denominators deathsn (%) aliven (%) Ratio Confidence

in aspirates Interval

lymph node 3771824 21 790

+1 339/757 44.8 18 (85.7) 727 (92.0) 1

+2 24/44 54.5 2 (9.5) 41 (5.2) 1.97 0.44-8.78
+3 11/19 579 0 19 (2.4) 1.00 0.99-1.00
+4 3/4 75.0 1(4.8) 3(0.4) 13.46 1.34-135.77*
bone marrow  16/264 13 247

+1 15/259 58 11 (84.6) 244 (98.8) 1

+2 1/5 20.0 2(15.4) 3(1.2) 14.79 2.24-97.74*

*P-value <0.10 based on Fisher Exact Probability tests.

During hospitalization, 14 co-infected patients died, resulting in an lbease-mortality rate

of 3.5%. A similar case-fatality rate was found among the con8dl86,n = 27) (OR: 1.13;

95% CI: 0.59-2.17), indicating that concomitant malaria did not represesk factor for

poor prognosis. When stratified by malaria treatment, in-hospitities clustered amongst
co-infected patients treated with artemether and quinine, whoselitpaiitk was 13-fold

(OR: 13.34; 95% CI: 0.77-229.85) and 15-fold (OR: 15.35; 95% CI: 0.81-289.33) higher,
respectively, than in patients receiving artesunate + SPgBabPatients with a high density

of Leishmania parasites were overrepresented among those who died, confirmingugrevi
findings, whereby high intensities of VL infection increased rtigatality risk [30]. Here,
patients harboring high numberslai shmania parasites in their lymph node or bone marrow
were found to be 13 (OR: 13.46; 95% CI: 1.34-135.77) and 15 (OR: 14.79; 95% CI. 2.24-
97.74) times more likely to die, respectively (Table 2).

Table 3VL-malaria co-infections, stratified by malaria treatment, and ther association
with in-hospital death, Sudan (2005-2010)

Malaria treatment  nin-hospital fatalities / % Odds 95% Confidence
denominator Ratio Interval

Artesunate + SP 0/118 0O 1

Artemether 10/186 54 13.34 0.77-229.85*

Quinine 4/69 5.8 15.35 0.81-289.33*

Artesunate 0/15 o - -

Artemether + 0/9 o - -

lumefantrine

*P-value <0.10 based on Fisher Exact Probability tests. For th&tisedtanalysis, a value of
0.5 was added to each variable to ensure calculation of OR and 95% CI.

Risk factors for VL-malaria co-infections in Gedarif and Sennar States (2005—
2010)

Associations between demographic and clinical variables and thdection, as described
by univariate analysis, are summarized in Table 4. Gender andeageidentified as risk
factors for the VL-malaria co-infection. Significant assooiasi were also found to link the



co-infected patients with the treatment center in which they baea hospitalized. Neither
the rainy season nor the intake of anti-malarial drugs prior tpitabgation significantly
altered the risk for VL patients of acquiring malaria. Malmgunent was relatively more
common among cases, resulting in a positive association betweea s®leutrition and the
co-infection (OR: 2.21; 95% CI: 1.01-4.85). A similar positive associatias found with
moderately (OR: 1.73; 95% CI: 1.32-2.28) or severely anemic patieRs1(B0; 95% CI:
0.99-2.28). The likelihood of being diagnosed with concomitant VL and malanieasded as
spleen size increased: patients with massive splenomegaberfispize>6 cm below the
costal margin) were found to be more than twice less likebetoo-infected (OR: 0.38; 95%
Cl: 0.26-0.55) compared with patients with no or minor spleen enlargement. Irpatiergs,
malaria displayed an exacerbating, although not significafectebn VL infection, as
revealed by the increased number_efshmania parasites observed in their lymph node or
bone marrow aspirates. Finally, while hepatomegaly wasfitegsiently observed in co-
infected patients compared to mono-infected patients (OR: 0.29; 95%.13-0.48),
jaundice (OR: 2.85; 95% CI: 1.43-5.66) and, particularly, weight loss @JR; 95% CI:
2.37-3.90) were more commonly reported among co-infected cases.



Table 4 Univariate analysis of characteristics associated with VL-malaria co-imctions, Sudan (2005-2010)

Variable Casesn (%) Controls n (%) Crude Odds Ratio  95% Confidence Interval
Gender 404 870

Male 212 (52.5) 501 (57.6) 1

Female 192 (47.5) 369 (42.4) 1.23 0.97-1.56*
Age 400 853

<5 years 120 (30.0) 176 (20.6) 1.53 1.05-2.24*
5-9 years 77 (19.3) 180 (21.1) 0.96 0.64-1.44
10-19 years 92 (23.0) 225 (26.4) 0.92 0.62-1.35
20-29 years 50 (12.5) 135 (15.8) 0.83 0.53-1.30
>30 years 61 (15.3) 137 (16.1) 1

Treatment center 404 882

Gedarif Teaching Hospital 18 (4.4) 450 (51.0) 1

Tabarakallah Hospital 84 (20.8) 237 (26.9) 8.86 5.20-15.10*
Al1Azaza kala-azar Clinic 302 (74.8) 195 (22.1) 38.72 23.38-64.11*
Season 398 863

Dry season 232 (58.3) 528 (61.2) 1

Wet season 166 (41.7) 335 (38.8) 1.13 0.89-1.44
Previous anti-leishmanial treatment 389 860

No 373 (95.9) 806 (93.7) 1

Yes 16 (4.1) 54 (6.3) 0.64 0.36-1.13
Previous anti-malarial treatment 396 864

No 277 (70.0) 604 (69.9) 1

Yes 119 (30.0) 260 (30.1) 1.00 0.77-1.29
Malnutrition 322 575

None 262 (81.4) 497 (86.4) 1

Mild 17 (5.3) 25 (4.3) 1.29 0.68-2.43
Moderate 29 (9.0) 41 (7.1) 1.34 0.82-2.21




Severe 14 (4.4) 12 (2.1) 2.21 1.01-4.85*
Anemia degree on admission 374 725

Median Hb (inter-quartile range) 7.0 (6.5-8.0) 8.0 (7.0-9.0)

None-mild (Hb>7.3 g/dl) 182 (48.7) 445 (61.4) 1

Moderate (Hb 5.3-7.2 g/dI) 149 (39.8) 210 (29.0) 1.73 1.32-2.28*
Severe (Hb <5.3 g/dl) 43 (11.5) 70 (9.7) 1.50 0.99-2.28*
Spleen size 238 563

Median (inter-quartile range) 4.0 (2.0-6.0) 5.0 (2.0-8.0)

0-3cm 94 (39.5) 150 (26.6) 1

4-5cm 79 (33.2) 141 (25.0) 0.89 0.61-1.30
>6 cm 65 (27.3) 272 (48.3) 0.38 0.26-0.55*
Infection intensity in lymph node aspirate 377 447

+1 339 (89.9) 418 (93.5) 1

+2 24 (6.4) 20 (4.5) 1.48 0.80-2.72
+3 11 (2.9) 8 (1.8) 1.70 0.67-4.26
+4 3(0.8) 1(0.2) 3.70 0.38-35.72
Infection intensity in bone marrow aspirate 16 248

+1 15 (93.8) 244 (98.4) 1

+2 1(6.2) 4 (1.6) 4.07 0.43-38.68
Symptoms 404 880

Hepatomegaly 19 (4.7) 128 (14.5) 0.29 0.18-0.48*
Jaundice 19 (4.7) 15 (1.7) 2.85 1.43-5.66*
Weight loss 278 (68.8) 370 (42.0) 3.04 2.37-3.90*

*P-value <0.10 based on Person Chi-square tests



All 11 variables associated with the VL-malaria co-infectiorine univariate analysis were
included in the multivariable models. Due to the high number of missiteginlaeporting
clinical signs and symptoms, three different models were destgredlore the association
between the selected variables and the VL-malaria co-iafecthodel A, in which the
independent risk factors were identified, model B describing tlueiasi®n between clinical
signs and symptoms and the co-infection and model C, which combingsiables (risk
factors, clinical signs and symptoms) in one analysis. Model &l€T5) shows that, after
adjusting for the other variables included in the model, the tesdticenter in which co-
infected patients were hospitalized, and therefore its catchmeat semained the most
important factor associated with the risk of being co-infecteterAddjusting for the other

age, however, was kept in the model as it significantly increased its fit.

Table 5Model A: Multivariate analysis of risk factors for VL-malaria co-infection s
among VL patients, Sudan (2005—2010)

n=1253 Odds Ratio 95% Confidence Interval P-value
Treatment center

Gedarif Teaching Hospital 1 - <0.001
Tabarakallah Hospital 9.88 5.57-17.55 <0.001
Al’Azaza kala-azar Clinic 44.85 25.89-77.71 <0.001
Age

<5 years 1.26 0.81-1.97 0.305
5-9 years 1.01 0.63-1.62 0.972
10-19 years 1.31 0.83-2.09 0.246
20-29 years 1.06 0.62-1.80 0.842
>30 years 1 - 0.608

In model B (Table 6), logistic regression was performed on the cduliricof patients for
whom symptoms, besides other features, were reported. After adjdetinthpe other
variables included in the model, malnutrition lost its statiss@aiificance and was therefore
excluded from the model. The variable hepatomegaly also lost mibstsignificance, but a
slightly negative association could still be recognized (OR: 0.52; 85%.26-1.01). The

risk for VL patients of developing jaundice (OR: 2.52; 95% CI: 1.04-6.09) or goithey
weight loss (OR: 2.46; 95% CI. 1.72-3.50), on the other hand, was doubled by the
concomitancy of malaria.

Table 6 Model B: Multivariate analysis of clinical signs and symptoms associated to VL-
malaria co-infections, Sudan (2005-2010)

n =690 Odds Ratio 95% Confidence Interval P-value
Symptoms

Hepatomegaly 0.52 0.26-1.01 0.052
Jaundice 2.52 1.04-6.09 0.041
Weight loss 2.46 1.72-3.50 <0.001
Spleen size

0-3cm 1 - 0.007
4-5cm 0.90 0.60-1.36 0.629
>6 cm 0.53 0.35-0.81 0.003
Anemia

None — mild (Hb>7.3 g/dl) 1 - 0.440
Moderate (Hb 5.3-7.2 g/dl) 1.58 1.10-2.28 0.013

Severe (Hb <5.3 g/dI) 1.10 0.63-1.93 0.737




Massive splenomegaly was less common among co-infected pat@RisO(53; 95% CI:
0.35-0.81), who instead suffered frequent exacerbations of their anatok, sts observed in
the group with moderate anemia (OR: 1.58; 95% CI: 1.10-2.28).

Combining all variables in one model (model C, Table 7) resultéaeihoss of significance
for all variables, except the one involving the treatment cemach possibly displayed a
confounding effect on all other associations. The model confirmed ardteyfor this
variable, which led to an 8- and 42- fold different likelihood of ba&ogliagnosed with VL
and malaria in Tabarakallah Hospital (OR: 8.02; 95% CI: 3.68-17.46) and Al Azazazeala
Clinic (OR: 41.66; 95% CI. 20.01-86.72), respectively, compared to Geda#dthing
Hospital.

Table 7Model C: Multivariate analysis of risk factors, clinical signs and symptoms
associated to VL-malaria co-infections, Sudan (2005-2010)

n =690 Odds Ratio 95% Confidence Interval P-value
Treatment center

Gedarif Teaching Hospital 1 - <0.001
Tabarakallah Hospital 8.02 3.68-17.46 <0.001
Al’Azaza kala-azar Clinic 41.66 20.01-86.72 <0.001
Spleen size

0-3cm B.C.M. 1 - 0.706
4-5 cm B.C.M. 1.20 0.76-1.90 0.428
>6 cm B.C.M. 1.15 0.71-1.86 0.563
Anemia

None — mild (Hb> 7.3 g/dl) 1 - 0.219
Moderate (Hb 5.3-7.2 g/dl) 1.28 0.85-1.94 0.239
Severe (Hb <5.3 g/dl) 0.74 0.39-1.40 0.356

MSF's dataset

Between November and December 1998, 516 primary-VL cases vagmeoded in the MSF
kala-azar treatment centers of Um-el-Kher and Kassab. PoBifiteresults were obtained
for most patientsn( = 440, 86%), whose diagnosis was occasionally confirmed, as for all
patients with borderline DAT titers (from 1:400 to 1:6400), by paskgjtcal evidence in
lymph node or spleen aspiratas £ 140, 27%). Microscopy-confirmed malaria was co-
diagnosed in 89 VL patients (17.2%), 10 of whom died (11.2%). Given the lower ca
fatality rate among controls (2.8%), here co-infections sigmfily increased the mortality
risk of VL patients by nearly four and half fold (OR: 4.38; 95%1C83-10.48) (Table 8). Of
the 10 co-infection-related fatalities, 4 were considered to beddnysanemia, and one by
cerebral malaria. Although no clear differences in the meb&moglobin level of VL-
malaria co-infected patients (7.5 g/gérsus the mono-infected VL patients (8.2 g/dl) could
be detected, the proportion of patients with severe anemia (Hb <5.3vg&llgignificantly
higher among cases (15.7%) than among controls (5.2%) (OR: 3.44; 95% CI1.A2B8No
other major differences in nutritional status, spleen size bélewdstal margin and duration
of on-going disease prior to hospitalization were observed bete@@md mono-infected
patients, except their distribution between the two treatmentrsekith more than 80% of
the co-infection cases recorded in Um-el-Kher Hospital, the risk & being co-diagnosed



with VL and malaria was nearly double (OR: 1.94; 95% CI: 1.10-3.41) thdtassab
Hospital.

Table 8 Characteristics of the malarial VL co-infected patientsversus the non-malarial
VL patients enrolled in the MSF'’s clinical trial at Um-el-Kher and Kassab Hospitals,
Sudan (1998)

Variable Casesn (%) Controlsn (%) Crude Odds 95% Confidence
Ratio Interval

Age 89 427

Median (years), (interquartile range) 7 (4-14) 6-01(7)

Treatment center 89 427

Kassab Hospital 17 (19.1) 134 (31.4) 1

Um-el-Kher Hospital 72 (80.9) 293 (68.6) 1.94 13.01*

Fatal outcome 89 427

No 79 (88.8) 415 (97.2) 1

Yes 10 (11.2) 12 (2.8) 4.38 1.83-10.48*

Hb level 89 427

Median (g/dl), (interquartile range) 7.5(6.0-9.0) 8.2(7.0-9.4)

>5.3 g/dI 75 (84.3) 405 (94.8) 1

<5.3 g/di 14 (15.7) 22 (5.2) 3.44 1.68-7.02*

Nutritional status 68 299

Mean Weigh for Height (%) 78.8 80.4

Weight for Height Percent70% 60 (88.2) 279 (93.3) 1

Weight for Height Percent <70% 8 (11.8) 20 (6.7) 861. 0.78-4.42

Spleen size below the costal margin 80 389

Median (cm), (interquartile range) 6 (3-8) 7 (4-10)

<6 cm 33 (41.2) 144 (37.0) 1

>6 cm 47 (58.8) 245 (63.0) 0.84 0.51-1.37

Duration on-going sickness 86 422

Median (days), (interquartile range) 30 (15-60) (3D-60)

<60 days 62 (72.1) 286 (67.8) 1

>60 days 24 (27.9) 136 (32.2) 0.81 0.49-1.36

*P-value <0.05 based on Person Chi-square test.

Discussion

This is the first multicenter retrospective survey ever uallert in the field of VL-malaria
co-infections. The study describes the epidemiology of concomitdatismamong VL in-

patients from Gedarif Teaching Hospital, Tabarakallah Hospital Al'Azaza kala-azar
Clinic, eastern Sudan (2005-2010) and confirms its clinical relevagceomparing

prevalence and mortality rates with an antecedent (1998), indepgndelticted dataset
from the same region (Um-el-Kher and Kassab Hospitals). Nottbalyisk of co-acquiring
VL and malaria appears to be substantial in these areas,awstgnificant geographical
variation, but the clinical implications deriving from being co-inéelcprovide the evidence
for a public health concern. Exacerbated clinical pictures ancased mortality risk,
possibly due to inadequate antimalarial treatment, were highlighted tsuthiesy, suggesting
that prompt diagnosis and effective therapy of concomitant makreeeded to ensure
positive resolution of the VL-malaria co-infection.

Ranging from 3.8 to 60.8% and with a median of 26.2%, the prevalencealafianco-
infection among VL surveyed patients (2005-2010) confirms the frequenirsppsing of



the two diseases in rural areas of Gedarif and Sennar $thkesigh these estimates may be
higher than expected, based on the local malaria transmissionsratiéar figures have been
found in the MSF'’s dataset from Um-el-Kher and Kassab Hospitals, where 11d3%8.d%,
respectively, of the VL patients enrolled in the clinical t(898) were positive for malaria.
Again at Um-el-Kher Hospital, clinical studies conducted betweswaly 2004 and early
2005 revealed that 15% of pregnant VL women enrolled in the trial [8d] 3% of
Ambisome-treated VL patients [6] were co-diagnosed with maladesle a 4.8% rate was
found in Kassab (2005-2006) [32], where the malaria prevalence isausigriower. In
agreement with previous observations performed at Amudat Hospital, Ugz0@x-2006)
[1], where a co-infection rate of 19% was reported using the saitegzia as here, the
frequent co-occurrence of malaria in VL patients suggeststhiese patients may have
increased susceptibility towards the malarial infection, posgibly to a VL-promoted
impairment of the immune system. The clustering of most @wfiin diagnoses in
Al’Azaza kala-azar Clinic (74.8%), however, followed by TabarakaHospital (20.8%) and
Gedarif Teaching Hospital (4.4%) is rather unexpected. In Gebaaiching Hospital, only
3.8% of the VL-confirmed patients were co-diagnosed with malafiguse which may be
explained by its function as Regional Reference Hospital, bethidelow malaria burden
found in this urban area. Difficult cases encountered in rural hosaitdlseferred to Gedarif
Teaching Hospital, usually received, prior to admission to the Regional alpgpll course
of anti-malarial treatment to exclude malaria as a possioigplication. This may therefore
have resulted in a lower percentage of VL patients having rmaarhospital admission. The
longer disease duration described among VL patients hospitalizégedarif Teaching
Hospital compared to the other two study sites and their villafesigin seem to confirm
that a large number of these patients may not have presented bhoghital as a first-line
action. If, therefore, a higher malaria-VL co-infection rateibe expected in rural hospitals
of Gedarif and Sennar State, the figure obtained in Al'Azazaadzaa Clinic (60.8%),
appears to somehow overestimate the burden posed by this co-morbidety.teat higher
malaria rates, favored by the proximity with the river and aan@serve, might have locally
occurred, poor quality of malaria diagnosis in Al’Azaza kala-azar Climieatebe excluded.

Concomitant malaria partly exacerbated the clinical pictir&¥L patients, who presented
with more frequent emaciation, icterus and moderate anemia. Temarsgzs may be
postulated: co-infected patients may either have suffered fralariarassociated symptoms
which, in addition to the VL ones, have caused deterioration of theicatlcondition and/or
have run an exacerbated course of VL due to concomitant malawhjdh case symptoms
may be related to VL rather than to malaria. If this ldttgyothesis may find its rationale in
the increased number dkishmania parasites observed in aspirates of co-infected patients,
the first speculation may be supported by the peculiar symptoermpalbiundice, in fact, is
rarely described among VL patients, while it is not uncommad falciparum malaria [33].
Weight loss and anemia, on the other hand, are hallmark of both VL aadarahd an
increased severity of the anemic status, as observed in cedthfeatients, may therefore be
the result of an added effect displayed by both diseases opotygarasitized host. In
apparent contradiction is the finding, whereby co-infected patmuffered from less severe
hepato-splenomegaly. Suggesting a less advanced state of thsesise the co-infected
patients, the result may be explained by their earlier hoggait@h compared to mono-
infected VL patients. Patients with concomitant VL and malamiact, presented at hospital
nearly 10 days earlier, on average, than those with only VL, poskiblyo their more severe
symptomatology. Importantly, this may have also had positive intjgiica for their
prognosis, which was found to be similar to the controls’ one.



In antithesis to the positive resolution of VL-malaria co-infectidasing the 2005-2010
survey, is the significantly higher fatality rate-¢alue 0.001) associated with co-infected
patients enrolled by MSF at Um-el-Kher and Kassab Hospital in T9®&g this trial, co-
infected patients were nearly four and half times more likelgie compared to the VL
mono-infected patients, whose mortality (2.8%) on the other hand, compalie® what
found in the most recent survey (3.1%). Different anti-malariahrely were used within the
two study groups: SP and quinine in 1998 for uncomplicated and sevesgiamal
respectively; artemisinin derivatives (alone or in combination) awde nmarely quinine
between 2005 and 2010. Sudan’s choice to introduce artemisinin-based combination
therapies (ACTs) for treatment of uncomplicated and severarigmalvas implemented
nation-wide in 2004 [34], following increasing evidence of resistaga@sat chloroquine, SP
and quinine, for which failure rates up to 76.9, 16.1 and 16.7%, respectivetyreverded
in eastern Sudan prior to ACT era [35-38]. The 11.2% mortality ratéLedalaria co-
infections observed in 1998 at Um-el-Kher Hospital may therefore pavtially resulted
from treatment failures attributable to either SP or quininadégshe more severe malaria
course in patients receiving quinine. In fact, no major differenceadgey median Hb level,
nutritional status, spleen size and duration of on-going disease distiad the co-infected
patients’ group at Um-el-Kher and Kassab Hospitals from the oneyad in 2005-2010
and from its relative controls. The only exception is to be fountiensignificantly higher
number of VL patients who developed severe anemia when co-infectedmaitiria,
similarly to what was observed during the 2005-2010 survey, thoughde extent. Hence,
concomitant malaria may not only cause aggravation of VL patidiriggat condition, but it
may also result in a poorer prognosis, if failed to be tdead@nong co-infected patients
surveyed in 2005-2010, an increased mortality risk, not ascribable to miiferan
Leishmania intensities, was observed when quinifev@lue 0.07) and artemethd?-yalue
0.04) were administered as antimalarials, suggesting eithezasent malaria severity or
inadequate drug treatment.

The population surveyed within this study consists of VL patieessding in over 300
different villages, mainly located in Gedarif and Sennar StaWithin these districts,
Tabarakallah Hospital and Al’Azaza kala-azar Clinic are twal hospitals receiving
patients from some of the worst-affected villages. It should be rfutedver, that the cohort
of VL patients surveyed here might be sub-representative of ¢tV community, as the
number of VL-related hospitalizations carried out by the two Bl $featment centers in
Gedarif Sate (>4000 per year between 1997 and 1999 [22]) exceedstlvy fare recorded
by the three study hospitals (1324 in total between 2005 and 2010). Otitetidims apply to
this study, the most important ones being the lack of non-VL malaria infectedtpatnd the
quality of diagnosis. Unlike VL, uncomplicated malaria infectionscaamonly treated on
an outpatient basis in hospitals, clinics or simple practicestires in few data being
systematically recorded by the different facilities. Morepwaalaria patients are rarely found
in VL-dedicated hospitals, such as those surveyed in this studyreBhilsed into the lack of
valid malaria controls, essential to investigate whether ihinpredispose or rather protect
towards a malarial attack and whether it might influencedtsse and clinical presentation.
In absence of quality control, quality of diagnosis, remains questionadi@ble outcomes,
as documented in medical records, may have suffered from poorrsiiaatan, due to the
different techniques implemented by clinicians in the differesatinent centers and the
possible involvement of different health workers in filling these files.



Conclusion

Based on the results of this study, we conclude that VL patigimg In areas with unstable
seasonal malaria, such as eastern Sudan, are highly exposed tsktloé developing
concomitant malaria. Large variation in the geographical distabubf co-infection cases
highlights the presence of environmental and/or social factors, vitheisity and relevance
in the risk of co-acquiring VL and malaria still remain to ddacidated. Clinical concerns
should arise when the two diseases co-occur in the same paigestgnificant exacerbation
of their clinical condition was observed, along with an increasedafigrrisk, possibly
associated with inappropriate anti-malarial treatment. Locattheare policies should take
into account the high co-infection burden borne by VL foci with unstakdéanma, by
recommending systematic malaria screening for all VLep&tiand ACTs for treatment of
malaria.
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