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Abstract

Introduction: Early identification of patients at higher risk of progressing to severe disease and death is crucial for implementing
therapeutic and preventive measures; this could reduce the morbidity and mortality from kala-azar. We describe a score set
composed of four scales in addition to software for quick assessment of the probability of death from kala-azar at the point of
care. Methods: Data from 883 patients diagnosed between September 2005 and August 2008 were used to derive the score
set, and data from 1,031 patients diagnosed between September 2008 and November 2013 were used to validate the models.
Stepwise logistic regression analyses were used to derive the optimal multivariate prediction models. Model performance was
assessed by its discriminatory accuracy. A computational specialist system (Kala-Cal®) was developed to speed up the calculation
of the probability of death based on clinical scores. Results: The clinical prediction score showed high discrimination (area
under the curve [AUC] 0.90) for distinguishing death from survival for children <2 years old. Performance improved after
adding laboratory variables (AUC 0.93). The clinical score showed equivalent discrimination (AUC 0.89) for older children
and adults, which also improved after including laboratory data (AUC 0.92). The score set also showed a high, although lower,
discrimination when applied to the validation cohort. Conclusions: This score set and Kala-Cal® software may help identify
individuals with the greatest probability of death. The associated software may speed up the calculation of the probability of
death based on clinical scores and assist physicians in decision-making.
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INTRODUCTION

Kala-azar, or visceral leishmaniasis (VL), is the severest
infection caused by protozoa of the Leishmania genus and is
usually fatal when not treated” The disease is endemic in 98
countries and three territories, in five continents. Case-fatality
rates are 5-20% in endemic areas®®. Death is usually associated
with systemic inflammation, hemorrhage, and bacterial
infections, even with readily available hemoderivatives and

The main symptom is prolonged fever, sometimes followed by
hemorrhage, cough, diarrhea, or wasting. Physical examination
reveals anemia and splenomegaly in almost all patients. Many
also present with petechiae, jaundice, pulmonary rales, edema,
and evidence of bacterial infections®. Typical laboratorial
results are pancytopenia, elevated erythrocyte sedimentation
rate, elevated C-reactive protein, hypoalbuminemia, and
hypergammaglobulinemia. Some patients have elevated liver

antibiotics® ®©,

Approximately 0.2-0.4 million VL cases occur annually”.
Most infections are asymptomatic; clinical presentations of
symptomatic infections range from mild to life-threatening®.
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enzymes and kidney involvement!? !, Diagnosis is based on
serological tests and demonstration of parasites in bone marrow
or spleen through direct examination, culture, or polymerase
chain reaction?.

Two different Leishmania species transmitted through the
bite of several sand fly species are responsible for the disease:
Leishmania donovani species, in the Northeast of the Indian
subcontinent and East Africa (majority of cases), and the zoonotic
Leishmania infantum species, in Central Asia, the Middle
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East, the Mediterranean area, West Africa, and Central and
South America"®. Both are important opportunistic infections
among patients with acquired immunodeficiency syndrome
(AIDS)1¥ (1949 and have similar clinical presentations, but
L. donovani may lead to post-kala-azar dermal leishmaniasis,
or infectious skin lesions!” %),

Since the 1980s, the disease has been transmitted in larger
cities and spread throughout Brazil and the South Cone.
Despite medical advances, mortality has been increasing
in Brazil!"”, to levels similar to those among refugees in
Sudan® @9, despite free drug therapy. Moreover, in Brazil, the
rate of kala-azar-related mortality remains unchanged 10 years
after implementing a national guideline for the treatment of
severely ill patients®). The major criticism of this guideline is
the weak scientific evidence to support recommendations for
treatment of complications. Policy failure is also the result of
delayed recognition of the severest forms of the disease, lack
of identification of subtle complications, and lack of proper
treatment for some of the severest complications. Finally,
only a few clinical trials of kala-azar treatment included death
as an outcome, and none investigated kala-azar caused by
L. infantum; one of the studies, conducted in Ethiopia, showed
only higher mortality with antimonial therapy than with
miltefosine therapy@?. Since miltefosine is not licensed in
Brazil, these results have little impact on the national kala-azar-
related mortality rate.

Age, disease length, bacterial infections, bleeding,
and immunodeficiency seem to be the most important
predictors of poor prognosis in studies in Africa® ?» 9@ and
Brazil® 9 @7 28 Patients with kala-azar at the highest risk of
death are those with the clinical symptoms, signs, and laboratory
data of more severe disease; early identification of these
patients may reduce mortality by enabling referrals to more
complex medical attention. Outpatients could be referred to
hospitals for amphotericin B, intravenous antibiotics, and blood
derivatives, and patients in hospital wards could be transferred to
intensive care units (ICUs), which might help reduce mortality.
Moreover, quantitatively ascertaining the risk of death may help
allocate patients in clinical studies, with quality improvement
initiatives, and for benchmarking purposes®®®. Scoring systems
may only indirectly reduce mortality by improving scientific
knowledge and refining the quality of care. Although scoring
systems are not recommended to assess individual patients,
they may help identify changes in health status earlier, for
medical interventions®”. However, the combination of scoring
and solid clinical knowledge, fundamental pathophysiological
understanding, and available therapies might enlighten medical
decisions and reduce the probability of death for individual
patients.

The risk factors for death in patients with kala-azar by
L. infantum have been identified, and prognostic models based
on clinical scores have been developed® © @ @) In a recent
meta-analysis, jaundice, thrombocytopenia, hemorrhage, human
immunodeficiency virus-1 (HIV-1) co-infection, diarrhea, age
<§ years or >40-50 years, severe neutropenia, dyspnea, and
bacterial infections were important risk factors for VL-related

death. Edema and low hemoglobin concentration were also
associated with unfavorable outcomes®’. However, most
prognostic studies did not validate the scores. Finally, although
some systems are simple, they may not be fully recalled by
physicians during their overcharged medical routines. Therefore,
in the present study, we developed a validated score available
through easy-to-access software for the rapid assessment of
severity and evolution, to help reduce mortality by identifying
individuals at a higher risk of death.

METHODS

Study population

A prospective, hospital-based study was conducted at the
Institute of Tropical Diseases Natan Portella, in Teresina, the
capital of Piaui State in Brazil. Inclusion criteria were the
presence of fever and splenomegaly with laboratorial evidence
of Leishmania infection: positive bone marrow smear or
culture, indirect immunofluorescent test (IFI-Leishmaniose
Humana. Bio-Manguinhos) with titers >1:80, or positive rK39
antigen-based immunochromatographic test. The prospective,
derivation cohort to build the score set included patients
diagnosed between September 1, 2005 and August 31, 2008.
The first validation cohort included patients diagnosed between
September 1, 2008 and July 31, 2009; the second validation
cohort included patients diagnosed between August 1, 2009
and November 31, 2013.

Clinical definitions

Since kala-azar is an infectious, inflammatory, and febrile
disease with overlapping or ambiguous clinical manifestations,
operational definitions of the clinical manifestations were
created. Hemorrhage was defined as any clinically spontaneous
apparent bleeding such as petechiae, hematoma, hematuria,
epistaxis, hemoptysis, gum or gastrointestinal bleeding, and
persistent bleeding at venipuncture, intramuscular injection,
or bone marrow puncture sites. Bacterial infection was defined
as positive Gram stain or culture; presence of >10 leucocytes
per field in the urine; typical skin infections; cough associated
with dyspnea, rales, or signs of respiratory distress as well as
other clinical signs of bacterial pneumonia; or radiological
or tomographic images typical of infection, more commonly
chest radiography suggestive of pneumonia. At least one of
the following signs indicated bacterial sepsis: hyperventilation
(respiratory rate for age or PaCO, <32mmHg), low tissue
perfusion (PaO,/FiO, <250), venous oxygen saturation <70%,
cyanosis, or organ dysfunction characterized by lactic acidosis,
oliguria, and altered consciousness®”. Kidney failure was
defined as a glomerular filtration rate (GFR) <60 mL/min/m?
as calculated using the Cockcorft-Gault method for adults and
children >12 years old or the Schwartz method for children
<12 years old®". However, creatinine level was used instead of
GFR because serum creatinine levels >1.5mg/dL were similar
to GFR <60 mL/min/m? in a preliminary analysis and are easier
to assess. Finally, death was attributed to kala-azar only if the
patient died before or during treatment. Patients who died
presumably from drug toxicities were excluded.
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Data collection

Clinical and laboratory evaluations were performed at
hospital admission. Each patient from the derivation cohort was
evaluated daily by a single and experienced author (Costa DL)
or eventually, by a trained physician, until hospital discharge.
All data were entered into a computerized database. Non-
specific laboratory data included complete blood count and
biochemistry, chest radiograph, urinary sediment, and HIV-1
serology. Blood culture, urine culture, or cultures from other
secretions were provided before antibiotic administration or for
suspected bacterial infection. The study outcome was registered
as discharge or death.

Statistical analysis and score set

Statistical analysis was performed using Stata/SE® 10.0
for Windows (College Station, Texas, USA). Chi-square or
Fisher’s exact tests were used to analyze dichotomous variables.
Spearman’s correlation tests were used to analyze correlations
among continuous variables with sparse data, while Pearson’s
tests were used for variables with normal distributions. The
differences between independent variables with normal
distributions were compared using Student’s ¢-tests and without
normal distributions using Wilcoxon and Kruskal-Wallis tests.
The relationships among variables were measured using the
relative risk (RR) or odds ratio (OR) with 95% confidence
intervals (CIs). Multiple comparisons were conducted using
the Bonferroni adjustment method, with Dunn's procedure. In
this case, p-values refer to variables that remained statistically
significant after adjustment.

Model derivation

To determine the significant prognostic variables, logistic
regression analysis was performed, using backward elimination;
only variables with a p < 0.05 were retained in the model.
A variance inflation factor (VIF) was calculated after the
regression analysis to assess co-linearity. The following
continuous variables were converted into dichotomic variables:
age, hemoglobin level, leukocyte count, platelet count, aspartate
transferase (AST) level, alanine transferase (ALT) level, and
glomerular filtration rate. All dichotomic and statistically
significant (p < 0.20) variables that were not co-linear in the
multivariate analysis were entered in the model. The final
regression equation in the multivariate logistic models was
used to determine the predicted probabilities of death. The
weight of each variable was assumed as the ratio between
the modules of the coefficient of the analyzed variable and
of the smallest coefficient among the variables of the logistic
regression model, which was rounded to the closest integer®?.
Finally, the score of each patient with a respective probability
of death was calculated by adding the weight of each variable
in the final model. Sensitivity, specificity, and positive and
negative predictive values were calculated for each score. The
score for which sensitivity and specificity were the highest was
selected. Receiver operator characteristic (ROC) curves were
constructed using a series of cut points from both the derivation
and validation sets. Statistical significance of both ROC curves was
analyzed by calculating the area under the ROC curve (AUC)
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and 95% CI®». The goodness-of-fit of the logistic regression
model was tested using the Hosmer-Lemeshow test.

Model validation

During the validation procedure, the risk factors for death
differed for children < 2 years old and for older patients. New,
separate models were built for infants and older individuals in
the derivation cohort and were tested again with the validation
cohort, showing better performance. Two models were then
rebuilt for each age group: one addressing only clinical
variables collected at the first medical evaluation and another
incorporating the laboratory test results at hospital admission.

Thereafter, the predictive model was applied to two
subsequent validation cohorts to check the probability of
death based on the derivation models. Initially, the model was
applied to the two cohorts divided only by age (children <2
years old and older children and adults). Then, subgroups were
constructed: age, 2-year intervals in children <10 years old and
5-year intervals in older patients; origin, rural versus urban
and smaller versus larger cities; period of admission, quartiles
according to the year of diagnosis; and presence of HIV-1 co-
infection. The ability to distinguish between death and survival
was assessed for all the models using the AUC.

Sensitivity analysis

Sensitivity analysis was performed in the derivation cohort
to assess the impact of extreme weighting of each variable. The
model was reloaded using the extreme 5% and 95% values of the
95% CI coefficient for each of the variables retained in the final
logistic regression model. The discriminatory accuracy (between
death and survival) was assessed for all models through the AUC.

Software development

The software Kala-Cal® was developed to estimate the
probability of death of patients with kala-azar, according
to the clinical scores in the present study. The software is a
special system developed using Java (prototype phase) as
the programming language and PHP (release phase), and the
paradigm was that of an object-oriented programming language.
The human-computer system interface was designed to
minimize the number and complexity of interactions between the
user and program. Therefore, we developed a system optimized
for productivity, applet availability, many browsers and any
operational system, anywhere, and any cell phone and without
the explicit necessity of a computer. The screen consists of five
radio buttons allowing the selection of the age group and two
buttons to choose between the clinical and clinical-laboratorial
models. The subsequent screen shows checkboxes with the
previously selected clinical and laboratory data, accordingly to
the final selected model. The last screen shows the final score
along with the estimated probability of death in a graph. For the
testing, a classical cycle was used: prototypes were generated
and tested, giving way to new requirement specifications, which
were then implemented, generating new prototypes until a
viable model was reached. The final result was an easy-to-use
and light app, in which it is possible to obtain a quantitative
estimation of prognosis, with a minimum task sequence of four
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clicks and three screens. The equation for the estimation of the
probability of death was found through non-linear regression
analysis at www.xuru.org and chosen based on the residual
sum of squares value and shape. The applet can be accessed at
http://sbmt.org.br/kalacal/.

Ethicals considerations

The Research Ethics Committee at the Federal University
of Piaui granted ethical approval (number 0116/2005). Each
participant or his legal representative signed the informed
consent form.

RESULTS

Characteristics of the study population

Between September 2005 and November 2013, 1,914 patients
were admitted at the hospital for kala-azar. Based on the
inclusion criteria, 883 patients were enrolled for the derivation
model, 449 patients for the first validation cohort, and
582 patients for the second validation cohort.

Characteristics of the derivation cohort

Most patients were men [553 (62.6%)] and children <5
years old [463 (52.4%)], primarily <2 years old [314 (35.6%)].
The mean time from the start of symptoms until diagnosis
was 74.8 days. HIV-1 serology was positive in 71 (10.9%) of

the 652 screened patients. Sixty-six (7.5%) patients died. Figure 1
shows the age distribution considering mortality, which was two
times higher in children <1 year old (10.5%) than in children >1
year old but <2 years old (5%), and five times higher than that in
children 2 years old to <15 years old (2%). Mortality was highest
among patients >40 years old (16.8%), almost two times as high
as it was among people 15-40 years old (9.7%) and statistically
significantly higher than in patients <2 years old (RR = 5.4;
p=0.008),>20 years old (RR =6.9; p <0.001), or 220 years old
(RR = 11.23; p < 0.001). Mortality among patients with HIV-1
was 16.7%, more than two times higher than that among patients
without HIV-1 (7%) (RR =2.3; p = 0.03). There was no difference
in mortality by sex or origin (urban or rural). Shock syndrome was
the most prevalent clinical phenomena in the 24 hours preceding
death, affecting 52 (79%) of the 66 patients in the derivation cohort
who died. Because bleeding occurred in 43 (65%) patients, it was
considered the most important cause of shock and death. Proven
bacterial infections were present in only 27% of the patients.
Other complications preceding death were seizures, respiratory
insufficiency, acute kidney failure, pancreatitis, and cardiac arrest.

Table 1 shows the clinical manifestations and laboratory
results associated with death in infants and older patients in
the univariate analysis. Variables associated with a higher risk
of death among infants than among older children and adults
were somnolence, jaundice, and bleeding. Conversely, variables
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FIGURE 1. Mortality from kala-azar according to age group among 883 patients in Teresina, Brazil.
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TABLE 1

Clinical manifestations and laboratory results associated to death among children under two years old and among children over this age and
adults with kala-azar from the derivation cohort: univariate analysis. Teresina, Brazil.

Deaths of Deaths of Relative risk of Relative risk of Combined p-value of

patients patients death among death among relative risk the test of
Clinical manifestations & <2 years > 2 years patients < 2 years patients (95% CI) homogeneity
laboratory results old/total old/total old (95% CI) > 2 years old among

(95% CI) relative risks

Vomiting 16/132 26/173 3.2(1.3-7.43) 3.5(2.0-6.3) 3.4 (2.1-5.5) 0.84
Diarrhea 13/119 23/154 2.1(1.0-4.7) 3.1(1.8-5.5) 2.7(1.7-4.3) 0.43
Dyspnea 16/71 19/80 7.8 (3.4-18.3) 4.8 (2.8-8.4) 5.8(3.6-9.2) 0.34
Edema 19/87 23/123 12.4 (4.3-35.4) 42(24-73) 5.8 (3.6-9.6) 0.07
Jaundice 12/36 17/103 8.4 (4.0-17.7) 3.0 (1.7-5.2) 4.1 (2.6-6.4) 0.03
Somnolence 15/102 20/140 2.1(1.5-2.9) 1.2 (0.9-1.7) 1.5(1.2-1.9) 0.01
Cough 17/198 28/242 1.2 (1.0-1.5) 1.6(1.3-3.0) 1.4 (1.2-1.7) 0.10
Lung rales 5/38 12/44 1.9 (0.8-4.4) 4.6 (2.6-8.2) 3.3(2.0-5.2) 0.09
Petequiae 9/25 5/20 7.1 (3.5-14.3) 4.1 (1.6-10.7) 5.6 (3.2-9.9) 0.35
Echymosis 16/41 12/35 8.1(5.1-12.9) 6.4 (3.4-11.9) 7.3 (5.0-10.6) 0.54
Epistaxis 7/18 17/82 8.1 (3.5-18.8) 3.2(2.1-4.9) 3.9(2.7-5.7) 0.06
Gingivorrhagia 7/14 8/26 12.7 (4.9-33.0) 5.4 (2.5-11.8) 7.4 (3.1-13.4) 0.18
Digestive bleeding 8/24 14/36 6.3 (13.0-13.2) 7.8 (4.3-14.1) 7.2 (4.5-11.4) 0.67
Bleeding at venopuncture site 16/47 12/42 6.5 (4.3-10.0) 4.9 (2.7-8.9) 5.7 (4.0-8.2) 0.43
Any bleeding event 18/79 22/148 10.7 (4.-27.9) 3.0 (1.7-5.3) 4.4 (2.8-7.1) 0.02
Skin infection 6/21 2/12 5.1 (2.2-11.8) 2.4 (0.6-10.8) 4.0(1.9-8.3) 0.39
Urinary tract infection 1/17 2/12 0.8 (0.1-5.7) 2.4 (0.6-10.8) 1.4 (0.4-4.6) 0.36
Sepsis 16/55 17/36 5.2(3.5-7.7) 10.1 (6.2-19.5) 7.1 (5.1-9.9) 0.03
Pneumonia 4/19 0/15 - 3.5(0.8-11.7) - -
Interstitial pneumonia’ 172 1/9 12.4 (0.8-191.0) 2.6 (0.3-19.6) 4.2 (0.9-19.6) 0.36
Any bacterial infection 10/71 11/76 2.1(1.2-3.5) 2.1(1.2-3.6) 2.1(1.4-3.0) 0.99
Hemoglobin < 7mg/dL 11/107 18/137 1.4 (0.9-2.3) 1.9 (1.3-2.7) 1.7 (1.2-2.2) 0.42
Platelets < 50,000/mm? 14/43 15/30 6.1 (3.8-9.8) 12.2 (6.4-23.3) 8.2 (5.6-12.1) 0.09
Neutrophils < 500/mm? 7/75 10/81 1.3 (0.7-2.5) 1.7 (1.0-3.1) 1.5 (1.0-2.3) 0.53
Renal failure? 16/163 27/130 1.3 (1.0-1.7) 3.3(2.5-4.3) 2.1(1.7-2.6) <0.001
AST or ALT> 100UK/L 8/59 20/153 4,6 (1.1-21.6) 1.7 (0.9-3.0) 1.6 (1.3-1.9) 0.29

95% CI: 95% confidence interval, AST: aspartate aminotransferase; ALT: alanine aminotransferase; HIV: human immunodeficiency virus. 'Patients with HIV
were excluded from the analysis when analyzing interstitial pneumonia. >Glomerular filtration rate < 60mL/min/m>.

associated with a higher risk of mortality among older children
and adults than among infants were sepsis syndrome and kidney
failure. Skin infection was associated with death only among
infants, while urinary infection and neutropenia were associated
with death only among older individuals.

Table 2 and Table 3 show the clinical and laboratorial
findings related to mortality in the multivariate analysis, for
both infants and older patients. For infants, age, bleeding,
edema, jaundice, and dyspnea remained in the final regression
model, but jaundice was substituted by serum AST level in the
clinical-laboratorial model. For older patients, age, bleeding,
jaundice, edema, vomiting, dyspnea, and HIV-1 and bacterial
co-infections composed the clinical multivariate model, while
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leukopenia, thrombocytopenia, and renal failure were added to
the clinical-laboratorial model.

Prognostic models

Table 4 shows the composition and weighting of the scoring
systems for the clinical and laboratorial models for infants and
older individuals. In all four models, the regression lines of the
scores and probability of death for use in the Kala-Cal® software
for mortality prediction were slightly exponential (Figure 2).

Derivation model for children <2 years old

The best set of predictor variables based solely on clinical
information for infants were age <1 year, bleeding, edema,
jaundice, and dyspnea (Table 4). This model had a maximum
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TABLE 2

Risk of death associated with clinical findings at hospital admission and laboratory results among children under two
years-old with kala-azar: univariate and multivariate analysis.

Univariate analysis

Multivariate analysis:
clinical variables

Multivariate analysis:
clinical and laboratory variables

Clinical
& laboratory findings  Relative risk  95% CI p-value Odds ratio 95% CI p-value B! Odds ratio 95% CI p-value  p!
Age (months)
<12 1.5 0.9-2.5 0.06 0.2 0.1-0.8 0.02 -1.4 3.0 0.9-10.4 0.08 1.1
12-24 1.0 - - - - - - - - - -
Bleeding
1-2 sites 1.0 - - - - - - - - - -
3-4 sites 8.1 3.3-194 <0.001 5.8 1.8-18.5 0.006 1.8 6.1 1.5-25.9 0.01 1.8
5-6 sites 10.7 6.4-17.8 <0.001 35.2 4.1-300.1 0.003 3.6 62.3 3.8-1015.3 0.004 4.1
Somnolence 3.9 1.7-8.8 <0.001 - - - - - - -
Edema 12.4 4.3-35.4 <0.001 5.7 1.6-20.3 0.006 1.8 39 0.9-16.4 0.06 1.4
Jaundice 8.4 4.7-17.7 <0.001 2.4 0.8-7.7 0.13 0.9
Dyspnea 7.8 3.4-18.3 <0.001 - - - - 3.0 0.8-11.3 0.10 1.1
Vomiting 3.1 1.3-7.4 0.006 - - - - - - - -
Leukocytes <1,500/mm? 1.9 1.0-3.5 0.05 - - - - - - - -
Platelets < 50,000/mm? 6.1 3.8-9.8 <0.001 - - - - - - -
AST or ALT >100UK/L 2.6 2.1-3.4 <0.001 - - - 12.4 3.5-44.1 <0.001 2.5

95% CI: 95% confidence interval; AST: aspartate aminotransferase; ALT: alanine aminotransferase. ICoefficient.

score of 9 points. The observed probability of death was
proportional to the score, ranging from 0.01 to 0.80, generating
a ROC curve with an AUC of 0.90 (95% CI 0.84-0.97), with
appropriate goodness-of-fit (Pearson =6.12; p =0.52). Maximum
sensitivity and specificity were achieved with a score of 4 points
(Youden's index [J] = 0.69). When the laboratory variables were
added, the final model included age <1 year, edema, bleeding,
dyspnea, and increased aminotransferase levels (AST or ALT
>100U/L). The maximum score was 11, generating an AUC
0f 0.93 (95% CI 0.88-0. 98), with appropriate goodness-of-fit
(Pearson = 6.48; p = 0.69). Maximum sensitivity and specificity
were once again achieved with a score of 4 points (J = 0. 76).

Derivation models: patients >2 years old

For patients >2 years old, the variables that fit the clinical
model were the presence of bleeding, HIV-1 co-infection,
edema, vomiting, jaundice, dyspnea, bacterial infection, and
age >15 years. The maximum score was 13 points, generating
an AUC 0f 0.89 (95% CI 0.84-0.93) with appropriate goodness-
of-fitness (Pearson = 6.78; p = 0.66). A score of 4 points had
the best cut-off point (J/ = 0.62). When laboratorial data were
included, the variable set included HIV-1 co-infection, jaundice,
dyspnea, bacterial infection, leukopenia (<1,500 leukocytes/mm?),
thrombocytopenia (<50,000 platelets/mm?), and low GFR.
The maximum score was 10 points, generating an AUC of

0.92 (95% CI 0.88-0.96) with an appropriate goodness-of-fit
(Pearson=1.93; p=0.93). The best cut-off was 3 points (/= 0.70).

Characteristics of the validation cohorts

Table 5 shows the comparison of the baseline characteristics
between the derivation cohort and the two validation cohorts.
Compared with validation cohort 1, the derivation cohort had
more infants, more women, and the following signs of an increased
probability of death: higher proportion of diarrhea, vomiting,
bleeding at venipuncture sites, and hepatosplenomegaly and
lower leukocyte and neutrophil counts. However, the derivation
cohort had signs of more benign disease than validation cohort 1
(less severe anemia, less severe dyspnea, less kidney failure,
higher hemoglobin levels, lower creatinine levels, and fewer
patients infected with HIV-1), which resulted in lower mortality.

Compared with validation cohort 2, the derivation cohort had
more number of younger individuals and female participants.
The only evidence that could indicate an increased probability
of death in the derivation cohort was a slightly higher proportion
of patients with splenomegaly or kidney failure. In contrast,
the disease was more benign, based on the following clinically
statistically significant differences: less severe anemia, less
severe dyspnea, lower leukocyte and neutrophil counts, lower
AST level, higher albumin level, higher globulin, and lower
proportion of patients with HIV-1 infection. However, mortality
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TABLE 3

Risk of death associated with clinical findings at hospital admission and laboratory results among individuals over two years-old
with kala-azar: univariate and multivariate analysis.

Univariate analysis

Multivariate analysis:

Multivariate analysis:

clinical variables clinical and laboratory variables

Clinical
& laboratory findings Relative risk  95% CI p-value Odds ratio 95% CI p-value B! Oddsratio 95% CI p-value P!
Age (years)

>2-15 1.0 - - - - - - - - - -

15-40 4.8 1.8-12.3 0.04 - - - - - - - -

>40 8.3 3.1-22.0 0.003 35 1.6-7.7 0.002 1.3 - - - -
Bleeding

0-1 sites 1.0 - - - - - - - - - -

2 sites 3.7 1.6-8.1 0.001 2.3 0.7-3.9 0.004 23

>3 sites 59 3.1-11.2 <0.001 10.4 2.6-50.1 0.004 2.6 5.3 0.6-45.1 0.12 1.7
HIV-1 42 2.7-6.4 <0.001 6.1 2.7-13.6 <0.001 1.8 8.6 3.4-21.6 <0.001 2.2
Edema 2.8 2.0-3.9 <0.001 22 1.0-5.1 0.07 0.8 - - - -
Jaundice 2.4 1.6-3.7 <0.001 2.9 1.3-6.8 0.01 1.1 2.8 1.0-7.4 0.04 1.0
Dyspnea 2.8 2.0-3.9 <0.001 2.3 1.0-5.1 0.04 0.8 22 0.9-5.5 0.09 0.8
Vomiting 22 1.6-2.9 <0.001 2.0 0.9-43 0.08 0.7 - - - -
Bacterial infection 2.1 1.2-3.6 0.01 2.9 1.2-6.9 0.02 1.1 33 1.2-9.6 0.03 1.2
Leukocytes <1,500/mm? 24 1.6-3.7 <0.001 3.6 1.4-8.9 0.006 1.3
Platelets < 50,000/mm? 12.2 6.4-23.6 <0.001 7.5 2.2-247 0.001 2.0
AST or ALT > 100UK/L 2.0 1.3-3.2 0.004 - - - -
Renal failure? 33 2.5-4.3 <0.001 11.2 4.5-27.6 <0.001 2.4

95% CI: 95% confidence interval; HIV-1: human immunodeficiency virus; AST: aspartate aminotransferase; ALT: alanine aminotransferase. ICoefficient.

2Glomerular filtration rate < 60mL/min/m? or creatinine above the levels for age.

was similar in the two cohorts. Overall, patients in the derivation
cohort had a more benign course of disease than those in both
validation cohorts.

Validation

Table 6 shows the performance of the scoring sets in the two
validation cohorts as compared with the AUC of the derivation
cohort. The clinical scoring model among infants in both validation
cohorts had slightly the same performance as the derivation cohort
(AUC = 0.87 and 0.86, respectively). The addition of laboratory
results reduced the scoring performance in validation cohort 1
(AUC = 0.83), with a wider confidence interval. This excellent
performance was sustained in validation cohort 2.

However, the scoring system for older children and adults
had a noticeable reduction in performance in validation cohort
1 in both models without (AUC = 0.75) and with (AUC =
0.79) laboratory results. However, in validation cohort 2, the
performance was good in both models without (AUC = 0.88)
and with (AUC = 0.71) laboratory results. Sensitivity decreased
substantially for infants in validation cohort 2, and specificity
decreased for older patients in validation cohort 1.
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Sensitivity analysis

The AUC:s of the score set were >0.81 for urban or rural origin,
large or smaller cities, capital or other cities, different years of
hospital admission, and presence of co-infection and HIV-1, and
there was no statistical difference in the AUCs generated in the
validation cohort than in the two validation cohorts.

When the regression models were tested with the smallest and
largest 95% CI coefficients obtained from the separate logistic
regression analysis of both age groups, the AUCs remained
between 0.85 and 0.88 when the variables were considered
individually. However, when the smallest coefficients were
used simultaneously for all model variables, the AUC of the
clinical model for infants decreased to 0.75 but remained 0.88
for those aged >2 years.

DISCUSSION

The present dataset and discussion might contribute to
the reduction of mortality related with kala-azar, given the
potentially better understanding of a patient’s risk of death
based on the scoring system. Only age and pre-existing HIV-1
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TABLE 4

Prognostic models for predicting death by kala-azar built by summing up clinical and clinical plus laboratory variables,
weighed by the force of statistical association in Teresina, Brazil.

Patients < two years old

Patients > two years old

Risk factor
the clinical model

‘Weigh of the variable in Weigh of the variable in the Weigh of the variable in the
clinical and laboratory model

Weigh of the variable in the

clinical model clinical and laboratory model

Age
< 12 months 1 1
> 12 months 0 -
2-15 years - -
15-40 years - -
>40 years -

Bleeding

—

1-2 sites

3-4 sites

5-6 sites
AIDS
Edema
Vomiting - -

B S
EE S

[N

Jaundice 1 -
Dyspnea 1 1
Bacterial infection - -
Leukocytes < 1,500/mm? - -
Platelets < 50,000/mm? - -
Renal failure! - -
AST or ALT > 100UK/L - 3
Maximum score 9 11

w N o
' '

—_ o = = N W
'

'
[NCJN 'O YU

13 10

AST: aspartate aminotransferase; ALT: alanine aminotransferase. 'Glomerular filtration rate <60mL/min/m? or creatinine above the levels for age.

infection were associated with death in patients with kala-azar
and therefore cannot be changed with therapy. For infants,
age <1 year contributed only ~10% of the score set. However,
for older individuals, age had a stronger impact, accounting
for 23% of the total clinical score, but with no effect on the
clinical-laboratory model. In other prognostic scoring models,
age was included only in the model by Coura-Vital et al.®, but
only for patients >60 years old. Other prognostic studies (not of
scoring models) also revealed the importance of younger age and
that old age is a strong risk factor for kala-azar-related
death® ©® (19 28 G4 One possible explanation is the higher
concentrations of inflammatory and anti-inflammatory cytokines
in these age groups©? (36 G738 (39 (0

HIV-1 infection is also a strong antecedent risk factor in
both the adult clinical and laboratory score sets. It was also
included in the scoring model developed by Coura-Vital et al©
but not those developed by Sampaio®® and Werneck®®, due to
age restrictions and earlier data collection, respectively, before
HIV-1 co-infection became a major problem for patients with
kala-azar. The higher mortality for kala-azar in HIV-1-infected
patients is likely affected by the lower cluster of differentiation
4 (CD4) count with kala-azar itself, increasing the vulnerability
to other co-infections“?, and to the more intense systemic
inflammation when compared with patients without HIV-1
infection, as demonstrated previously®. Therefore, addressing
other co-infections and systemic inflammation are important
steps in the treatment of these patients.

Collectively, the unmodifiable factors of age and HIV-1
co-infection accounted for almost 40% of the clinical scores
for adults. As an example, a kala-azar patient aged >40 years
with HIV-1 infection would have an approximate 20% chance
of death without any other sign of severity and, due to the
exponential nature of the regression curve between scores and
chance of death, would have a rapidly increasing probability of
death with the addition of any other clinical sign.

Bleeding from >3 sites was the most significant independent
clinical sign related with death among infants, corresponding
to almost 50% of the total clinical score and almost 40% of the
total clinical and laboratorial scores, and also conferred a high
risk among older people. Therefore, progressive bleeding should
be considered an urgent risk for infants with kala-azar, who
should be treated at the highest level of medical intervention. For
adults, the impact of bleeding on mortality was slightly lower,
at approximately 20%, and was replaced by thrombocytopenia
in the clinical and laboratory scoring. Indeed, hemorrhage
occurred 24 hours before death in most patients in the derivation
cohort, and has been identified as a major risk factor for death
in most studies® & )22 @429 9 @2 Therefore, understanding
the nature and origin of bleeding is crucial for risk stratification
for referral and complication-driven medical interventions.
Previous studies have shown that disseminated intravascular
coagulation (DIC) followed by consumption coagulopathy
are the most important underlying phenomena for bleeding in
patients with kala-azar® 2 “9; nevertheless, liver involvement,
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FIGURE 2. Predicted probability of death from kala-azar according to scores derived from the logistic regression analyses for: (A): Infants using the model with clinical
data. (B): Infants using the model with both clinical and laboratory data. (C): Children aged >2 years and adults using the model with clinical data, and (D): Children
aged >2 years and adults using the model with both clinical and laboratory data. Fitted lines were smoothed with the use of best-fit equations obtained in www.xuru.com.

as indicated by jaundice, is another independent risk factor, both
of all immediate causes of death, but also of dying specifically
from bleeding. Apparently, both factors act synergistically to
hamper hemostasis and sustain bleeding. Furthermore, DIC in
kala-azar is clearly linked to systemic inflammation, particularly
to serum y-interferon and interleukin (IL)-6%%.

Thrombocytopenia is a very characteristic, but non-specific,
element of kala-azar. Since thrombocytopenia is, similar to
other markers of DIC such as fibrin degradation products and
d-dimer, strongly correlated with y-interferon and IL-6%, the
conclusion would be that thrombocytopenia in kala-azar is
mostly a result of consumption by DIC. However, the usual large
splenomegaly, typical of kala-azar, is an obvious competing
explanation for thrombocytopenia. The question, therefore,
of greatest importance is how much a platelet transfusion for
patients with kala-azar, thrombocytopenia, and hemorrhage
would be beneficial. Currently, the Brazilian recommendations
follow the international recommendation for thrombocytopenia,
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which is to perform prophylactic transfusion for bone marrow
failure if platelets are <10,000/mm? or 20,000/mm?® in patients
with DIC who are bleeding™® “» “9_ Therefore, severely ill
patients with kala-azar and thrombocytopenia with hemorrhagic
manifestations and evidence of DIC, such as high concentrations
of fibrin degradation products or d-dimer, together with a
prolonged prothrombin time, should be treated by focusing
on the DIC itself. Unfortunately, the lack of evidence-based
treatment for DIC is another hurdle for patient survival. Heparin
use is not supported by evidence and must be avoided in such
a complex situation. Two new candidates for the treatment of
DIC are thrombomodulin and the older tranexamic acid but still
lack evidence of efficacy™”“®. Finally, patients with hemorrhage
and jaundice should have additional and proper treatment with
vitamin K. When facing such uncertainty, clinical trials with
these drugs or new candidates should be urgently performed in
patients with kala-azar and hemorrhage.

In addition to these bleeding phenomena, edema, dyspnea,
jaundice, and vomiting are important signs and symptoms that
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TABLE §

Baseline characteristics of 883 participants with kala-azar from the derivation sample, 49 from the first validation cohort,

and 582 from the second validation cohort.

Clinical and laboratory characteristics Derivation cohort 1* validation cohort p-value* 2" validation cohort  p-value**
Age

<2 years old [n (%)] 314 (35.56) 94 (20.94) <0.001 138 (23.71) <0.001

> 2 years old [n (%)] 569 (64.44) 355 (79.06) <0.001 444 (76.29) <0.001
Females 330 (0.37) 169 (0.31) 0.01 192 (0.33) 0.06
Urban origin 655 (0.74) 338 (0.75) 0.65 443 (0.76) 0.19
Somnolence 242 (0.27) 141 (0.31) 0.06 157 (0.27) 1.00
Presence of fever 846 (0.96) 422 (0.94) 0.05 553 (0.95) 0.18
Days of fever (mean, 95% CI) 61.1 (55.4-66.8) 58.2 (51.6-64.8) 0.27 59.4 (53.7-65.) 0.34
Severe anemia (Hg <7g/dL) 244 (0.28) 163 (0.37) <0.001 194 (0.35) 0.002
Diarrhea 273 (0.31) 104 (0.23) 0.001 178 (0.31) 1.00
Vomiting 305 (0.35) 111 (0.25) <0.001 182 (0.31) 0.06
Dyspnea 151 (0.17) 106 (0.24) 0.002 134 (0.23) 0.002
Bleeding events

epistaxis 94 (0.10) 44 (0.10) 1.00 67(0.12) 0.11

petequiae 37 (0.04) 28 (0.05) 0.19 21 (0.04) 1.00

bleeding at venopuncture site 79 (0.09) 29 (0.06) 0.003 43 (0.07) 0.09

digestive bleeding 58 (0.07) 29 (0.06) 0.24 36 (0.06) 0.24
Bacterial infections 147 (0.17) 70 (0.16) 0.32 79 (0.14) 0.06
Kidney failure 293 (0.33) 44 (0.38) 0.04 34 (0.23) <0.001
Hepatomegaly 635 (0.72) 279 (0.63) <0.001 403 (0.72) 1.00
Splenomegaly 836 (0.95) 385 (0.87) <0.001 528 (0.92) 0.01
Hemoglobin [mean (g/dL), 95% CI] 8.01 (7.94-8.24) 7.59 (7.41-7.76) 0.01 7.76 (7.60-7.91) 0.35
Leucocytes/uL [mean, (95% CI)] 2984 (2843-3125) 3115 (2915-3315) 0.01 2636 (2481-2792) <0.001
Neutrophyls/uL [mean, (95% CI)] 1396 (1305-1486) 1248 (1150-1346) 0.53 976 (897-1056) <0.001
ALT [median (U/mL), 1Q 25-75] 36 (21-65) 63 (51-74) 0.09 61 (54-68) 0.02
AST [median (U/mL), I1Q 25-75] 111 (97-126) 90 (73-107). 0.07 101 (90-112) 0.30
Creatinine [mean (mg/dL)] 0.89 (0.85-0.93) .1.07 (0.97-1.17) <0.001 0.93 (0.75-1.12) 0.58
Albumin [mean (g/dL)] 3,25 (3,19-3,31) 3.20 (3.07-3.32) 0.33 2.69 (2.60-2.78) <0.001
Globulin [mean (g/dL)] 3,34 (3,26-3,43) 3.42 (3.22-3.61) 0.30 4.60 (4.24-4.96) <0.001
HIV coinfection

HIV-1 reagent serology 71 (0.08) 90 (0.21) <0.001 62 (0.11) 0.03

no information 231 (26,2) 18 (0.04) <0.001 23 (0.04) <0.001
Deaths 66 (0.07) 52(0.12) 0.001 35 (0.06) 0.23

95% CI: 95% confidence interval; 1Q: interquartile; AST: aspartate aminotransferase; ALT: alanine aminotransferase; HIV: human immunodeficiency virus.
*Values are numbers (percentages) of participants unless stated otherwise. **p-values refer to the comparison of validation cohorts with derivation cohort.

TABLE 6

Performance of the score sets in the validation cohorts as compared to the derivation cohort.

Goodness

Persons Youden' Score of fit
Cohorts (n) index index Sensitivity Specificity AUC 95% C1 (p-value)
Derivation
Age <2, clinical 314 4 69.2 82.6 86.6 0.90 0.84,0.97 0.52
Age <2, clinical & laboratory 291 4 76.1 95.4 80.7 0.93 0.88, 0.98 0.69
Age > 2, clinical 569 4 61.6 88.4 73.2 0.89 0.84, 0.93 0.66
Age >2, clinical & laboratory 538 3 69.8 87.2 82.6 0.92 0.88, 0.96 0.93
Validation 1
Age <2, clinical 94 4 55.2 66.6 88.6 0.83 0.64, 1.0 0.73
Age <2, clinical & laboratory 74 4 31.0 60.0 71.0 0.80 0.57, 1.0 0.69
Age > 2, clinical 337 4 38.0 90.5 475 0.75 0.68, 0.83 0.62
Age >2, clinical & laboratory 70 3 50.5 75.0 75.9 0.79 0.62, 0.96 0.79
Validation 2
Age <2, clinical 135 4 67.9 44.4 91.3 0.86 0.74, 0.98 0.61
Age <2, clinical & laboratory 105 4 75.1 85.7 69.4 0.92 0.84, 1.0 0.37
Age > 2, clinical 422 4 62.0 92.0 70.0 0.88 0.83,0.93 0.54
Age >2, clinical & laboratory 104 3 50.0 75.0 75.0 0.71 0.34,1.0 0.43

AUC: area under the curve; 95% CI: 95% confidence interval. 'Youden index = (sensitivity-+specificity-1).
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predict death. Similar to hemorrhage, they were more relevant
for children than for older children and adults and a consequence
of systemic inflammation®>. When present, patients may need
supplementary symptomatic therapy such as intravenous
albumin due to the typical low serum albumin concentration,
as well as respiratory support and antiemetics; however, the
basic cause of inflammation will remain unaffected. Likewise,
increased AST and creatinine concentrations are also part of
the systemic and sustained inflammation. Because bacterial
infection accounted only for ~10% of the total scoring for adults,
the independent risk factors for death from kala-azar in Brazil
are causally linked to systemic inflammation. However, and
unfortunately, there is no effective recommendation for treating
systemic inflammation*® G0,

Given the barrier imposed by systemic inflammation,
the software application is limited for treatment decisions.
However, hints are available. At the lowest number of points,
the probability of death increases slowly, but then increases
sharply at a certain point. This may indicate that milder cases
worsen additively, but an exponential increase occurs after a
certain point, suggesting interactivity between different organs
or systems, which reflects the systemic nature of severe kala-
azar inflammation, evolving to progressive multiple organ
dysfunction, followed at the end by death. The complexity of
the many mediators and the multiple organ involvement indicate
that referral to a higher level of medical attention for organ
protection and life support measures are critical decisions while
waiting for the slow action of specific anti-Leishmania therapy
and the prolonged inflammation period®®“”, Possible rules of
thumb for model use at bedside would be infant referral from
primary care to hospital care when the child’s risk of death is
greater than the expected 10% mortality. Similarly, referral to
ICUs may be considered when the probability of death is >20%,
due to the exponential growth of chance of death at this point,
which increases to >40% if patients have one more point after
mortality reaches the range of 20-30%. Older individuals should
be referred to hospitals if their score reaches 5 points. However,
if they are older than 40 years and have HIV-1 infection, they
should be treated at the hospital with just a single clinical risk
factor. If they have >6 points, they would be admitted to the
ICU. The most important laboratory tests that would signify
a medical decision to transfer to ICUs for patients older than
40 years with HIV-1 infection or with clinical complications,
are AST >100UK/L in infants, or leukocyte count <1,500/uL,
platelet count <50,000/uL, and creatinine level >1.5mg/dL.
Multiple organ failure is suspected in infants with 6 clinical
points or 7 clinical-laboratory points and for older people with
7 clinical points, corresponding to the exponential inflection
of the curves. On the clinical and laboratory scoring scale for
infants, reaching just 5 points indicates a very high risk of death.
In these cases, after the available therapies for L. infantum or
sepsis, the only alternatives would be organ protection.

At least three scoring systems have already been developed
for predicting the risk of death from kala-azar. An earlier
model, also developed by our research group in Teresina with
a small sample at the same hospital where the present study
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was conducted®®, had an AUC of 0.88. Another, developed for
children in Recife by Sampaio et al®, had an AUC of 0.90.
Both studies lacked a validation cohort. Finally, the system
developed by Coura-Vital et al® for all patients registered in
Brazil had AUCs of 0.80 for the derivation cohort and 0.78
for a sub-sample that composed the validation cohort. When
these models were tested with the derivation cohort in the
present study, the AUCs were 0.75, 0.87, and 0.77, respectively.
Therefore, our models provided the most accurate clinical score
sets for children and adults. There was an overlap in the age
groups between the study by Sampaio et al®® and the present
study; the models used by Sampaio et al performed better with
children 1-15 years old than with our cohort of patients aged >2
years. This was likely due to the presence of HIV-1 infection
in our cohort. Indeed, patients infected with HI'V-1 had a lower
performance in the model, although in the range of the 95%
CI of the AUC of the whole cohort, possibly due to the lower
specificity generated by the competitive causes of death from
HIV-1 co-infection. Additionally, and contrary to other studies,
our data were collected prospectively, with a single medical
doctor examining all data from the derivation cohort. Indeed,
the first validation cohort was dissimilar to the derivation cohort,
particularly regarding the contribution of infancy and HIV-1 co-
infection, which may have weakened the model performances.
An epidemic of HIV-1/L. infantum co-infection detected at
the hospital occurred during the data collection period for the
validation cohort 1Y, The final advantage of this scoring system
is the model’s availability as an applet, which is accessible on
the Internet through cell phones, easing the utilization of the
model at primary care or the bedside for quick assessment of the
probability of death and facilitating medical decisions. Therefore,
the score set developed in this is study was the most accurate,
robust, and easy to use for predicting death and may contribute to
better classification of patients in research projects and improved
health services, helping to reduce the mortality from kala-azar.

However, the present study had limitations. First, it was
restricted to a single hospital, which may constrain its external
validity. Certainly, the model should be tested and calibrated
in other scenarios in which both L. infantum and L. donovani
are transmitted. Also, as the study was performed after the
national recommendation for broad and early use of antibiotics
in 20055Y, bacterial infections may have been under-represented
and might have made the score set less accurate in areas where
early antibiotic prescription for patients with severe disease is
not routine. In addition, the full definition of bacterial infections
could not be used for patients with kala-azar. Bacterial sepsis
and VL share clinical signs such as fever, bleeding, lung
opacities, leukopenia, and thrombocytopenia. For example,
if the definition of sepsis®? was used for all patients, 863
(97.7%) of the patients would have been classified as having
sepsis. Likewise, the diagnoses of pneumonia and urinary tract
infection may have been confounded by kala-azar pneumonitis
and nephritis in the absence of positive cultures!” V. Therefore,
the criteria for defining sepsis, pneumonia, and urinary tract
infection were modified in order to increase the specificity of
the operational definition. Therefore, less severe presentations
of pneumonia, sepsis without organ dysfunction, hypoperfusion
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or hypotension, and urinary infection may have not been
detected GV 369 A final comment on the absence of anemia as
arisk factor in the score set is required, because it was described
as a component of another score system and as a prognostic
factor® @9, In the present study, anemia was identified as a risk
factor in the univariate analysis but, as with other risk factors,
is also affected by systemic inflammation®®, Therefore, anemia
was omitted owing to collinearity with another variable that had
a stronger association with death.

In conclusion, an easily accessible prognostic system
available through a computer program for quick identification
of patients of all ages with a greater probability of dying from
VL was developed based on clinical data collected from three
large in-hospital prospective cohorts. The first cohort (2005-
2008) provided the data to derive the prognostic model set,
while the second (2008-2009) and third (2009-2013) cohorts
enabled validation of the performance of the testing model. The
computerized system accessible via cell phone allowed quick
assessment of the risk of death at the point of care. By rapidly
identifying the patients with the highest probability of death,
further referral to higher levels of medical attention such as
hospitalization and ICUs could be timelier. Furthermore, the
present study may help with the precise allocation of patients
to clinical trials as well as to benchmark medical services
dedicated to kala-azar and other tropical and neglected diseases.
Finally, this study can help clinical decisions by comparing the
measured scores to the logical, intuitive, and qualitative clinical
evaluation of individual patients and may reduce mortality from
kala-azar.
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