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Is severe visceral leishmaniasis a systemic inflammatory response

syndrome? - A case control study

Aleishmaniose visceral grave é uma sindrome da resposta inflamatdria sistémica? — Um estudo

caso-controle

Carlos Henrique Nery Costa'?, Guilherme Loureiro Werneck**, Dorcas Lamounier Costa*®, Thiago Ayres Holanda’,
Guilherme Brasileiro Aguiar’, Aline Santos Carvalho’, Janaina Costa Cavalcanti’ and Loryenne Santos Santos’

ABSTRACT

Introduction: The objective of the study is to identify the main risk factors for death by New
World visceralleishmaniasis and establish a coherent pathogenic substrate of severe disease based on
clinical findings. Methods: Seventy-six deceased inpatients and 320 successfully treated inpatients
with VL were studied in a case control study. Results: Bacterial infection and bleeding were mutually
exclusive events leading to death. Five risk factors were unique for death by bacterial infection
(malnutrition, pulmonary rales, severe anemia, severe absolute neutropenia and higher neutrophil
count), while another six were unique for death by bleeding (jaundice, severe relative neutropenia,
severe thrombocytopentia, liver injury, kidney failure, higher bone marrow parasite load). Bacterial
infection, bleeding, severe anemia, diarrhea, dyspnea, edema, jaundice and bone marrow parasite
load were the main syndromes of visceral leishmaniasis among successfully treated patients.
Conclusions: The data support the idea that bacterial infections are due to immune paralysis.
Broad organ and system involvement is plausibly due to the high production of proinflammatory
cytokines, whose actions fit well with visceral leishmaniasis. The syndromes and causative mediators
are typical of a slowly developing systemic inflammatory response syndrome.

Key-words: Visceral leishmaniasis. Kala-azar. Severe inflammatory response syndrome.
AIDS. Bleeding.

RESUMO

Introdugao: O objetivo do estudo foi identificar os principais fatores de risco para morte na
leishmaniose visceral do Novo Mundo e estabelecer um substrato patogénico baseado nos
achados clinicos coerente para doenga grave. Métodos: Em um estudo caso-controle, foram
estudados 76 pacientes internados que faleceram e 320 pacientes internados tratados com sucesso.
Resultados: Infeccio bacteriana e sangramento foram eventos que levaram a morte, mutuamente
exclusivos. Cinco fatores de risco foram tinicos para morte por infecgao bacteriana (desnutrigao,
estertores pulmonares, anemia grave, neutropenia absoluta grave e nimero de leucdcitos
aumentados), enquanto outros seis foram exclusivos para morte por sangramento (ictericia,
neutropenia relativa grave, trombocitopenia grave, lesao hepitica, insuficiéncia renal, maior carga
de parasitas na medula 6ssea). Entre os pacientes tratados com sucesso, as principais sindromes de
leishmaniose visceral foram infec¢oes bacterianas, sangramento, anemia grave, diarreia, dispneia,
edema, ictericia e carga de parasitas na medula dssea. Conclusées: Os dados apoiam a ideia de
que as infecgOes bacterianas sio secunddrias aimunoparalisia. O amplo envolvimento de 6rgaos
e sistemas é de forma plausivel devido a elevada produgao de citocinas pré-inflamatérias, cujas
agoes se encaixam com a leishmaniose visceral. As sindromes e os mediadores causais sio tipicos
da sindrome de resposta inflamatdria sistémica, desenrolando-se lentamente.

Palavras-chaves: Leishmaniose visceral. Calazar. Sindrome da resposta inflamatdria sistémica.
AIDS. Sangramento.
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INTRODUCTION

Visceral leishmaniasis (VL), or kala-azar, is a
parasitic disease endemicto many temperate and tropical
countries. The clinical picture consists of a protracted
course of fever, pallor, wasting, hepatosplenomegaly
and pancytopenia. Thousands of deaths have occurred
in lethal epidemics and the disease is an important
opportunistic infection in patients with HIV'. The agent
ofthe anthroponotic disease is Leishmania donovani on
the Indian subcontinent and in East Africa. Leishmania
infantum (=Leishmania chagasi) has a zoonotic cycle
involving humans, dogs and wild canines in Asia, the
Mediterranean area and the New World. The organisms
are obligate intracellular protozoa, mostly found in the
spleen, bone marrow, liver and lymph nodes, and the
disease is transmitted by sand flies. Treatment is based
on pentavalent antimonials and amphotericin B'.

There is no known eftective strategy to reduce the
transmission of VL, although vaccines are still a hope.
Even with treatment, 5-10% of patients die”. In Brazil,
urbanization of the disease has been reported since
the early 1980s, progressively spreading throughout
the country. VL leads to about 240 deaths each year in
Brazil, a number much higher than that of malaria and
dengue hemorrhagic fever’. Guidelines for managing
severe disease have been developed*, but fatality rates
remain high. Previous studies demonstrated that
extremes of age, malnutrition, length of fever and
the presence of vomiting, diarrhea, severe anemia,
jaundice, enlarged spleen and thrombocytopenia are
risk factors for death® . Although bacterial infections
and bleeding account for most fatal complications®”?,
little is known about their pathogenic pathways.
However, disseminated intravascular coagulation'®,
liver failure'' and hemophagocytic syndrome have
been implicated.

A case-control study was therefore designed to
investigate the nature of VL deaths, especially those
associated with bacterial infections and hemorrhage.
The independence of these two outcomes was
evaluated, the risk factors associated with them were
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listed, and a coherent network of clinical and laboratory related data
was identified and discussed so that a logical hypothesis explaining
the pathophysiology of death from VL could be formulated.

METHODS

Study population

At a referral hospital for infectious diseases in Teresina,
northeastern Brazil, medical records from deceased inpatients and
survivors with VL from 1996 to 2005 were randomly selected.
Only patients with typical symptoms plus a positive direct bone
marrow (BM) smear, BM culture or indirect immunofluorescence
test (Biomanguinhos, Rio de Janeiro, Brazil) at dilution > 1:80 were
included. Records without proper data entries were excluded. The
Institutional Review Board of the Natan Portella Institute of Tropical
Diseases (Instituto de Doengas Tropicais) approved this retrospective
medical record review.

Exposure and outcome measurement

Only signs and symptoms present at hospital admission were
considered, as well as the initial laboratory results. Weighing of
patients was infrequently performed. The weight-for-age z-score was
calculated; patients <18 years-old were classified as malnourished if
the z-score was less than -1.95. The presence of bacterial infection
was determined mostly on clinical and radiological grounds and
a positive culture was not required. A positive BM smear defined
higher BM parasite load. The records of deceased patients with VL
were independently reviewed by two observers to determine the
causes of death.

Data analysis

Risk factors for all deaths were identified by univariate and
multivariate logistic regression and associations between variables
were expressed as odds ratios (OR) and respective 95% confidence
intervals (95%CI). Multivariate analysis was performed using a
step-by-step backward selection procedure and variables remained
in the final model if the association with the outcome was significant
at the 5% level.

The binomial test was applied to check whether the number
of dead patients with both bacterial infection and bleeding was
independent. Comparisons of the ORs between variables associated
with death by bacterial infection and by hemorrhage were performed
using seemingly unrelated estimation procedures. Among survivors,
risk factors for the main syndromes were investigated and Spearman
correlation coeflicients between the quantitative laboratory tests
were calculated. Analysis were conducted in Stata 9.0 (SataCorp,
College Station, TX).

Ethical

The Ethical Review Board of Federal University of Piaui granted
approval to the study.

RESULTS

Study population

Seventy-six deceased patients (cases) and 320 survivors (controls)
were studied. Sixty-eight were male. Twelve (16%) were under one year-
old, 118 (30%) were aged 1-4 years-old, and 216 (54%) were less than
15 years-old. Nine (2.3%) patients were HIV-positive (Table 1).

Causes of death

Thirty-one patients died from severe bacterial infection, 29 died
from bleeding and three died with simultaneous hemorrhage and
evidence of infection. The observed number of concurrent deaths
by bleeding and infection was significantly less than the expected
number (EN) of deaths by the two events if they were statistically
independent (EN = 14.3, p <0.001) (Table 2).

Symptoms and signs associated with death by all causes

In the univariate analysis, the risk of death was higher among
infants <1 year and among patients >40 years-old. Since only
60 persons had their weight measured, the well-known effect of
malnutrition on kala-azar mortality could not be determined with
certainty. However, malnutrition was remarkably associated with
death by bacterial infection (OR = 6.2). The following variables
were associated with death: vomiting, diarrhea, respiratory distress
(dyspnea and pulmonary rales), edema, severe anemia, hepatic
involvement (jaundice and elevated alanine amino transferase),
kidney syndromes (kidney failure and proteinuria), neutrophil
count abnormalities (absolute number > 5,000/mm?® and relative
count £10%), severe thrombocytopenia (£50,000/mm?), low serum
albumin, high BM parasite load, history of any sign of hemorrhage,
bacterial infection and HIV/AIDS (Table 3).

The following variables were associated with death by VL in the
multivariate analysis: age <1 year-old (OR=4.1; CI: 1.6, 10.6); age >40
years-old (OR =7.4; CI: 2.9, 18.9); vomiting (OR = 3.9; CI: 1.9, 8.2);

TABLE 1 - Overall characteristics of the patients with visceral leishmaniasis.

Patients

Characteristic n(%)
Cases and controls

survivors 320 (81.0)

dead 76 (19.0)
Sex

male 268 (68.0)

female 128 (32.0)
Age-groups (years)

<1 49 (12.0)

1<5 118 (30.0)

5<15 49 (12.0)

15 < 40 118 (30.0)

>40 61 (15.0)
HIV infection

yes 9(2.3)

no 387(97.7)

total 396 (100.0)

TABLE 2 - Causes of death attributed to 76 patients with visceral leishmaniasis.

Patients
Cause of death n (%)
Suspected bacterial infection 31 (41.0)
Bleeding 29 (38.0)
Infection and bleeding 3(4.0)
Respiratory failure 4(5.0)
Liver failure 2 (3.0)
Kidney failure 1(1.0)
Not determined 6(8.0)
Total 76 (100.0)
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history of bleeding (OR = 4.2; CI: 1.9, 9.4); dyspnea (OR =4.3; CI:
2.1,9.1); jaundice (OR: 2.7; CI: 1.1, 5.0); edema (OR = 2.4, CL: 1.1,
5.0); HIV infection (OR = 19.0; CI: 1.7, 211.3); leukocytes >7,000/
mm?® (OR =2.8; CI: 1.1, 7.1); neutrophils <10% (OR = 5.2; CL: 1.1,
25.2); and neutrophils >70% (OR = 3.5; CL: 1.3,9.1).

Symptoms and signs associated with death by bacterial
infection and by bleeding disorders in univariate analysis

Variables similarly associated with death by bacterial infection and by
hemorrhage: age <1 year-old and >40 years-old, vomiting, diarrhea,
dyspnea, edema, any bleeding, HIV/AIDS and relative neutrophilia
>70%. Variables associated with death by bacterial infection but not by
hemorrhage: pulmonary rales, bacterial infection at admission, severe
anemia, severe absolute neutropenia and higher neutrophil count.
Variables associated with death by hemorrhage but not by bacterial infection:
jaundice, severe relative neutropenia, liver injury, kidney failure, severe
thrombocytopenia and high BM parasite load (Table 4).

Multivariate analysis of death by bacterial infection and by
hemorrhage

Bacterial infection: vomiting (OR = 3.5; CI: 1.5, 8.5); dyspnea
(OR = 6.1; CI: 2.5, 15.1); bleeding (OR = 3.1; CI: 1.2, 7.9);
HIV/AIDS (OR = 15.5; CI: 1.1, 219.6); and relative neutrophil
count <10% (OR = 7.0; CI: 1.2, 41.0) or >70% (OR = 6.6;
CI: 2.3, 18.7). Bacterial infections were not included in the
model. Hemorrhage: age <1 year-old (OR = 4.9; CI: 1.3,19.1) and
>40 years-old (OR = 13.8; CI: 3.7, 50.9); vomiting (OR = 4.2;
CI: 1.4,12.4); diarrhea (OR=4.9; CI: 1.2,20.6); dyspnea (OR = 6.0;
CI: 2.1, 17.7); jaundice (OR = 12.2; CI: 4.0, 17.2); HIV/AIDS

(OR = 21.1; CI: 1.8, 251) and relative neutrophil count <10%
(OR 132 =; CI: 1.6, 111.6). Bleeding was not included in the model.

Variables associated with the main syndromes among the
survivors

Bacterial infection: pulmonary rales, dyspnea, cough and age
<1 year-old. Bleeding: edema, dyspnea, palpable lymph nodes, low
serum albumin, fever >30 days and pulmonary rales. Severe anemia:
edema, high BM parasite load, children <1 year-old, vomiting, dyspnea
and cough. Diarrhea: children <1 year-old and vomiting. Palpable
spleen was protective. Dyspnea: pulmonary rales, cough, bacterial
infection, abnormal X-ray, edema, bleeding and severe anemia. Edema:
hemorrhage, severe anemia, dyspnea, hematuria and low serum
albumin. Jaundice: increased bilirubin, renal failure and male gender.
BM parasite load: neutrophil count >5,000/mm?, vomiting (low BM
parasite load) and severe anemia (high BM parasite load) (Table §).

Correlation among quantitative data

Hemoglobin level: negatively correlated with neutrophilia
(r= —0.15,p <0.01) and slightly with albumin (r=—0.21, p <0.1, with
72 observations). Liver biochemistry results were all positively correlated:
alanine amino transferase (ALT') with bilirrubin (r =0.56, p <0.0001)
and with alkaline phosphatase (r =0.31, p <0.05) and the latter with
bilirrubin (r = 0.36, p = 0.01). Renal lesions: alkaline phosphatase
correlated with serum creatinine (r = 0.55, p <0.001) and marginally
with proteinuria (r = 0.31, p <0.1, but with only 27 observations), and
urinary casts correlated with proteinuria (r = 0.47, p <0.0001) but not
with hematuria. Hematuria was slightly negatively correlated with
albumin levels (r = —0.31, p <0.1, with 34 observations).

TABLE 3 - Demographic data, clinical syndromes, symptoms, signs and laboratory tests associated with death of patients

with visceral leishmaniasis in the univariate analysis.

Proportion Proportion among 95%
among dead survivors Odds Confidence
Variables n(%) n(%) ratio interval p value
Age < 1 year-old 17/76 (22.4) 32/319 (10.0) 3.9 2.0-7.8 <0.001
Age > 40 years-old 25/76 (32.9) 36/319 (11.3) 5.1 2.7-9.6 <0.001
Malnutrition' 3/5 (60.0) 18/55(32.7) 3.1 0.5-20.1 0.239
Vomiting 48/75 (64.0) 89/289 (30.8) 4.0 2368 <0.001
Diarrhea 61/76 (80.3) 165/320 (51.6) 38 2.1-7.0 <0.001
Dyspnea 47/76 (61.8) 58/320 (18.1) 73 43126 <0.001
Edema 37/76 (48.7) 62/320 (19.4) 3.9 2.3-6.7 <0.001
Jaundice 32/76 (42.1) 62/320 (19.4) 3.0 1.8-52 <0.001
Pulmonary rales 23/76 (30.3) 37/220 (11.6) 33 1.8,6.0 <0.001
Severe anemia® 28/75 (37.3) 80/315 (25.4) 1.8 1.0-3.0 <0.05
Neutrophil count > 5,000/mm? 12/74 (16.2) 16/311 (5.1) 3.6 1.6-7.9 <0.01
Severe neutropenia® 6/74 (8.1) 6/311(1.9) 4.5 1.4-14.3 <0.05
Severe thrombocytopenia* 16/24 (40.0) 17/92 (18.5) 2.9 1.3-6.7 <0.05
Liver injury® 38/46 (82.6) 63/102 (61.8) 2.9 1.2-7.0 <0.05
Low seroalbumin® 21/30 (70.0) 33/73 (45.2) 2.8 1.1-7.0 <0.05
Kidney failure” 18/49 (36.7) 15/85 (17.7) 2.7 1.2-6.1 <0.05
Proteinuria 15/26 (57.7) 48/133 (36.1) 2.4 1.0-5.7 <0.05
Higher BM parasite load® 45/55 (81.8) 142/246 (57.7) 33 1.6-6.8 <0.01
Previous bleeding events® 33/76 (43.4) 40/320 (12.5) 5.4 3.1-9.4 <0.001
Bacterial infection at admission 29/76 (38.2) 62/320 (19.4) 2.6 1.5-4.4 <0.01
HIV/AIDS 6/76(7.9) 3/320(0.9) 9.1 2.2-37.1 <0.01

'not significant. See text. *hemoglobin <7g/100cm®. *percent neutrophil count <10%. *platelets <50.000/mm?. *alanine amino transferase >

standard value. ®seroalbumin < 3.2g/ 100cm?.’serum creatinine > 1.2mg/100cm’. 8amastigotes identified at bone marrow examination. 9history

of bleeding or the presence of petechiae.
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TABLE 4 - Demographic data, clinical syndromes, symptoms, signs and laboratory tests of patients with visceral leishmaniasis associated with death by suspected
bacterial infection and death by bleeding, and the p value of the comparison between the two odds ratios in the univariate analysis.

Death with suspected bacterial infection Death with bleeding p value of the
95% 95% difference
Odds  confidence Odds confidence between the
Variables ratio interval pvalue  ratio interval  Pvalue two OR

Variables equally associated to death with bacterial infection and with bleeding

Age < 1 year-old 2.9 1.1-74 0.027 S.7 2.1-15.2 0.001 0.284
Age > 40 years-old 2.9 12-72 0.019 8.2 3.4-19.8 <0.001 0.059
Vomiting 3.6 1.7-7.6 0.001 4.7 2.1-10.4 <0.001 0.599
Diarrhea 4.4 1.8-10.9 0.001 4.1 1.6-10.2 0.003 0.907
Dyspnea 8.3 3.9-17.7 <0.001 75 3.5-16.3 <0.001 0.846
Edema 4.2 2.0-8.6 <0.001 4.7 2.2-10.0 <0.001 0.791
Previous bleeding' 4.9 2.3-10.5 <0.001 10.2 4.7-22.3 <0.001 0.124
HIV/AIDS 6.6 1.1-41.0 0.043 10.9 2.1-56.6 0.004 0.594
Neutrophil count > 70% 6.0 2.6-13.8 <0.001 3.4 1.3-8.8 0.010 0.295
Variables associated only with death by bacterial infection but not with bleeding
Malnutrition 6.2 0.6-63.5 0.126 28! 0.12-34.8 0.618 0.505
Pulmonary rales 4.2 1.9-9.1 <0.001 2.1 0.9-5.3 0.099 0.225
Infection at admission* 5.3 2.5-11.0 <0.001 1.9 0.9-4.2 0.117 0.034
Severe anemia® 2.8 1.3-5.7 0.006 1.8 0.8-3.8 0.144 0.346
Neutrophil count < 200/pL 4.3 1.1-17.2 0.037 3.7 0.9-14.4 0.062 0.818
Neutrophil count > 5,000/uL 5.7 2.1-18.3 0.001 2.1 0.6-7.5 0.274 0.136
Variables associated only with death by bleeding but not with bacterial infection
Jaundice 2.0 0.9-4.3 0.080 78 3.6-17.3 <0.001 0.005
Neutrophil count <10% 4.9 0.9-25.8 0.062 8.8 2.3-33.7 0.001 0.519
Severe thrombocytopenia* 14 0.3-S.1 0.627 8.1 2.3-29.9  <0.001 0.011
Liver injury® 1.2 0.3-6.4 0.692 124 1.8-526.0 0.003 0.044
Kidney failure® 0.8 0.1-3.4 0.778 4.2 1.3-13.2 0.004 0.022
BM parasite load” 22 0.8-7.0 0.100 29 1.0-10.3 0.030 0.648

'History of bleeding or the presence of petechiae. *Clinically suspected. *Hemoglobin <7g/100cm’. *Platelets <50.000/mm’. *Alanine amino transferase > standard value. Serum creatinine >
1.2mg/100cm?. “Amastigotes identified at bone marrow examination.

TABLE $ - Clinical and laboratorial variables associated with the main syndromes of visceral leishmaniasis among successfully treated patients.’

Syndromes and variables Odds 95% Confidence Syndromes and variables Odds 95% Confidence
ratio interval p value ratio interval p value
Bacterial infection” Dyspnea
Pulmonary rales 8.9 4.0-20.0 0.0000 Lung rales 15.8 6.8-37.5 0.0000
Dyspnea 4.6 2.3-9.0 0.0000 Cough 5.6 2.8-11.4 0.0000
Cough 3Y 2.1-7.5 0.0000 Bacterial infection* 4.6 2.3-9.0 0.0000
Age < 1 year-old 2.3 0.9-5.3 0.0389 Abnormal x-ray 4.5 2.2-9.2 0.0000
Bleeding Edema 2.8 1.4-5.4 0.0013
Edema 39 1.8-8.2 0.0001 Bleeding 29 13-63 0.0031
Dyspnea 2.9 1.3-6.3 0.0031 Severe anemia* 2.0 1.0-3.8 0.0283
Palpable lymph nodes 3.0 1.1-7.3 0.0092 Edema
Low seroalbumin® 4.5 1.1-21.4 0.0141 Bleeding 3.9 1.8-8.2 0.0001
Duration of fever >30 days 2.4 1.1-5.7 0.0171 Severe anemia* 2.8 1.5-5.2 0.0006
Pulmonary rales 2.6 1.0-6.3 0.0207 Dyspnea 2.8 1.4-5.4 0.0013
Severe anemia* Hematuria® 3.5 0.9-13.2 0.0308
Edema 2.8 1.5-5.2 0.0006 Low seroalbumin? 2.8 0.9-8.6 0.0370
BM parasite load® 2.4 1.2-4.7 0.0051 Jaundice
Age < 1 year-old 2.7 1.2-6.2 0.0070 Hyperbilirrubinemia’ $.3 1.7-18.3 0.0011
Vomiting 2.0 lo1l=37/ 0.0110 Renal failure® 33 0.9-12.2 0.0351
Dyspnea 2.0 1.0-3.8 0.0283 Male gender 2.0 1.0-4.1 0.0383
Cough 1.7 1.0-2.9 0.0498 BM parasite load
Diarrhea Severe anemia* 24 1.3-4.7 0.0051
Age < 1 year-old 2.5 1.1-6.5 0.0207 Vomiting 0.46 0.25-0.85 0.0072
Vomiting 1.8 1.0-3.0 0.0302 Neutrophil count > 5,000/mm? 0.13 0.01-0.60 0.0020
Splenomegaly 0.2 0.02-0.98 0.0248

!Variables are ordered by p values. *Clinically suspected. *Seroalbumin <3.4g/100cm’. *Hemoglobin <7g/100cm’. SAmastigotes identified at bone marrow examination. *Mycroscopic hematuria.
7Total bilirrubin > 1.2mg/100cm’. 8Serum creatinine > 1.2mg/100cm’.
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DISCUSSION

Age and comorbidities, but not sex, were relevant to death by
VL in this study. Children <1 year-old and adults aged over 40 years-
old were at an increased risk of death. Analysis of patient medical
records revealed that surviving very young children had a higher risk
of bacterial infections, diarrhea and severe anemia; these findings may
be relevant for therapeutic considerations. Analysis also revealed more
males with jaundice. Malnutrition also was not significantly associated
with death in general, but it showed a remarkable effect on death by
bacterial infection, though not on bleeding. Despite the small number
of patients with HIV infection, it was a serious threat to the survival of
patients with VL. However, it was not clear why coinfection increases
fatality: whether it worsens the risks associated with the disease itself
orifitleads to death by other opportunistic infections. In any case, the
data indicate that patients with VL should be routinely tested for HIV
and special attention should be provided for those infected.

Aside from bacterial infections and bleeding manifestations,
several distinct clinical syndromes were indicative of death:
adigestive syndrome composed of vomiting and diarrhea; a respiratory
syndrome with rales and dyspnea; an edematous syndrome;
a hepatic syndrome with jaundice and alterations in liver enzymes,
arenal syndrome with failure and proteinuria; a complex hematologic
syndrome with bipolar associations of neutrophils, anemia,
thrombocytopenia and hemorrhages; and an immune suppressive
syndrome with opportunistic bacterial infections and high BM parasite
load. Therefore, the key question is to determine whether any common
denominator exists in this spectrum of events that could serve as the
target for interventions to reduce lethality by VL.

Bacterial infections and bleeding were the two most prominent
outcomes associated with death by VL. Among the variables
determined as connected with death solely by bacterial infection,
anemia, pulmonary rales and neutrophilia were merely signs of current
infection. Therefore, aside from infrequent severe neutropenia, there
was no clinical clue predicting or explaining susceptibility to bacterial
infections. However, similar to that which occurs in sepsis'?, generalized
cytokine-mediated immune paralysis could also occur in VL and this
hypothesis should be investigated. In contrast, since other variables
were determined to be associated with death by both infection and
bleeding, the data seem to suggest that immune suppression coexists
with inflammation, with the balance between them determining patient
outcome: immune paralysis or severe inflammation. On the other hand,
the association of certain variables only with bleeding provides support
for the idea that hemorrhaging is part of the expression of a systemic
inflammatory response. Thrombocytopenia may be only an adjuvant
factor for bleedingin VL and notits cause, since it seldom reached levels
that would trigger bleeding on its own; indeed, platelet count has been
shown to be inversely correlated with megakaryocytic hyperplasia in
the bone marrow'?, which denotes consumption. The apparent cause of
bleeding is disseminated intravascular coagulation (DIC), as previously
described in VL. It is likely that DIC follows the same pathway as
in sepsis: inflammation causes DIC by activation of coagulation and
fibrinolysis triggered by the proinflammatory response'.

The hematological data were the most complex to interpret.
Analysis showed that severe anemia was associated with higher BM
parasite load and that it predicted death by bacterial infection but
not by bleeding. Moreover, it was related to inflammatory signs,

such as vomiting, edema and lung inflammation, suggesting that
bacterial infections and increasing parasite load might trigger anemia
via inflammation. Finally, it seems that bleeding was actually not the
cause of anemia in VL, because most patients with anemia did not
present hemorrhagic events. Even modest neutrophilia and extreme
neutropenia were determined to be associated with lethal infections,
together with severe anemia, which suggests that a prompt search
for infection should be conducted and empirical antibiotic usage
should be considered in patients with these blood counts. However,
since severe relative neutropenia was also strongly associated with
bleeding, neutropenia may be a consequence of inflammation.
The contrast of BM hypercellularity with neutropenia observed in
patients with VL' suggests that neutrophils are produced and then
sequestered from the peripheral circulation. Lastly, higher numbers
of neutrophils apparently reduced the BM parasite load.

Analysis of other syndromes that composed the clinical picture of
severe VL also offered interesting insights. The association of edema
with severe VL might be a consequence of three mechanisms acting
together: a) capillary leakage due to systemic endothelial activation;
b) low oncotic pressure due to low serum albumin, a feature of acute
phase reaction observed in VL; and c) increased hydrostatic pressure
led by glomerulonephritis, as detected by hematuria. Analysis verified
that serum creatinine was a risk factor only for death by bleeding and
that it was correlated with elevated alkaline phosphatase, suggesting
the presence of interstitial nephritis, as previously described'¢, and
that it is part of the general inflammation status. Moreover, the
presence of proteinuria should alert clinicians to the additional risk
of glomerulonephritis to previously established interstitial nephritis.
Dyspnea was associated with lethal bacterial infections and bleeding.
Respiratory injury was demonstrated by the presence of lung sounds,
coughing and x-ray infiltrates. The association with bleeding and
edema, evidence of inflammation, suggests that acute respiratory
distress syndrome following interstitial pneumonia occurs in severe
human VLY. The questions that arise from the association of liver
involvement with patients who died from bleeding include why
hepatitis occurs in VL and what the nature of its relationship with
hemorrhaging is. Since no hepatocyte parasitism occurs in VL',
pathogenesis is probably also due to inflammation. The relationship
with bleeding might give the impression that absolute liver failure
is frequent in VL. However, although hepatitis is common in VL,
death by fulminant hepatitis is unusual'. Thus, the role of the liver
in bleeding in VL is probably restricted to a relative deficiency of
coagulation factors during established DIC. Finally, analysis of the
data showed that diarrhea and vomiting are interconnected. Of note
is the negative association of splenomegaly with diarrhea.

Certain other findings offer additional clues concerning the
evolution of severe disease. Interestingly, BM parasite load was
associated with fatal bleeding and severe anemia. Additionally, the
longer the disease was active, the more the survivors bled, which is
an indication of progressive inflammation in VL. This last finding
indicates that bacterial infections follow a different pathogenic
pathway compared to bleeding, though leading to it, and that negative
feedback mediators might exist that oppose the two outcomes.

Some weaknesses concerning data collection in this retrospective
hospital-based case-control study should be highlighted: the quality
of data recorded on medical charts may not have been uniform
throughout the study period; bacterial infections were diagnosed
by clinical suspicion as a result of early antibiotic usage; BM parasite
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load was coded as a binary variable. However, these problems mostly
likely led only to random misclassification bias, which may actually
have contributed to underestimate some of the associations.

This diversity of pathogenic associations with VL severity is the
most striking result of this study. These findings are similar to sepsis
and malaria, suggesting the same underlying mechanism, which
is systemic inflammatory response with multiorgan failure®. The
main difference is time; while these are acute diseases, VL develops
over a protracted course and possibly because of this, patients do
not present with acute hemodynamic changes. L. chagasi is an
intracellular parasite restricted to the macrophage lineage, dendritic
cells, neutrophils, eosinophils and fibroblasts*, no parasitism of
hepatocytes, pneumocytes, glomerular or tubular cells or epithelial
or glandular intestinal cells occurs'”'®***}, and no toxins are released
by Leishmania. Therefore, the absence of parasite actions or products
that would harm the host cells or tissues is one more indication that
the systemic pathogenicity of VL is dependent on the host response.
Although inflammatory tests were not evaluated in this study,
inflammation is an ordinary feature of VL, as indicated by increases
in erythrocyte sedimentation rate and acute phase proteins***.
Moreover, the proinflammatory cytokines interferon-y, TNF and
IL-6 and the chemokine IL-8 are elevated in VL as part of a broad
and sustained innate response*”*>¥, Indeed, the clinical actions of
these cytokines in humans fit very well with the status seen in VL
in this study: wasting, vomiting, fever, thrombocytopenia, diarrhea,
hepatotoxicity, coagulopathy, alterations in leukocyte trafficking
and release and acute phase response®’. Therefore, the hypothesis
that these cytokines mediate the pathogenesis of severe VL is very
consistent and should be considered for future investigations.
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