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Bone marrow Results: Peripheral cytopenias were common findings, particularly anemia, as seen in

Complete blood count almost all patients. No relationship was found between values of hemoglobin, neutrophils

and platelet count with fatal outcomes. The bone marrow was normocellular in 61.9% of
the cases. Dysplasia figures were frequent and 49.1% of the samples had dysgranulopoiesis.
Additionally, erythroid hyperplasia was found in 72% of the patients with severe anemia.
Patients with reduced bone marrow cellularity, erythroid hypercellularity and dyserythro-
poiesis seem to have a riskier disease.
Conclusion: The study results suggest that the bone marrow of patients with visceral leish-
maniasis manifests a reactional pattern to the inflammatory event, thereby modulating
cytokines and other colony growth factors. This compensatory response may be dysplastic
and ineffective and generate peripheral cytopenias of varying intensity. Further studies are
needed to clarify the signaling pathways involved, which may be used as therapeutic tools
in the future.
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Introduction

Visceral leishmaniasis (VL) or kala-azar is caused by the
intracellular Trypanosomatidae protozoa Leishmania infantum
and L. donovani. Both are transmitted by the bite of several
sandfly species and infect macrophages and monocytes,
principally in the spleen, liver, bone marrow, lymph nodes
and other organs. L. donovani is endemic throughout North-
east India, Bangladesh and Nepal, where it used to reach
the highest worldwide incidence, but it has also been
responsible for devastating epidemics in East Africa, espe-
cially in Ethiopia, Sudan and South Sudan. L. infantum has a
broader distribution, but a lower incidence, ranging from
China to the Middle East, the Mediterranean Basin and
Latin America, with the highest incidence in Brazil.
Another striking difference is that of the affected species;
the VL, caused by L. donovani, is found among humans,
while the L. infantum infects a broader range of mammals,
from humans to domestic and sylvatic canids, rodents and
lagomorphs.?

The disease starts with a high fever, anemia and wasting,
with hepatosplenomegaly developing quickly. Loss of appe-
tite, dyspnea, generalized edema, jaundice and diarrhea are
other important signs and symptoms that usually indicate a
poorer prognosis. The disease can sometimes run for months,
but some patients develop bacterial infections and hemor-
rhagic phenomena that quickly lead to death.’ Both parasites
cause important opportunistic infections in patients with
acquired immunodeficiency syndrome and other immuno-
suppressive conditions in endemic areas.*

The diagnosis is based on the identification of the para-
site and its products or through non-specific tests. Parasites
are identified by the bone marrow, spleen, or lymph node
aspiration, followed by direct observation and culture and
detection of Leishmania molecules by polymerase chain reac-
tion, or other techniques.” Antibody immunoassays are very
sensitive, but not as specific as parasitological or molecular
diagnosis, and are valuable in resource-deprived endemic
areas.®

Several observations suggest that most clinical and labo-
ratory findings are the result of systemic inflammation, in
which proinflammatory cytokines play important roles.”
Interleukin 6 (IL-6) increases the risk of bleeding by stimu-
lating tissue factor expression,® thereby initiating the coag-
ulation cascade, while another relevant role is to trigger
acute phase response (APR). The APR alters the hepatic syn-
thesis of many proteins, such as in the decreasing of albu-
min synthesis and the increasing of that of hepcidin.” The
complete blood count (CBC) in VL typically shows the so-
called pancytopenia, with red blood cell, hemoglobin, leu-
kocyte, neutrophil and platelet reduction. These changes
may not be due to the direct action on bone marrow
hematopoiesis, but to systemic inflammation, such as iron
deprivation, disseminated intravascular coagulation, or
hypersplenism.

Our study aimed to compare the CBC with bone marrow
cytomorphological features and their association with clinical
outcomes to clarify this relevant issue.

Methods
Study population

This study included patients admitted at the Instituto de
Doengas Tropicais Natan Portella in Teresina, Brazil, which is a
reference center for disease treatment. The study population
consisted of patients of both sexes and all ages, symptomatic,
untreated and with no VL history, who were submitted to
bone marrow puncture to search for Leishmania. Patients who
met the inclusion criteria were enrolled in the study on a
non-probabilistic and consecutive basis.

Patients with either serological or parasitological labora-
tory confirmation of VL were included. Only 118 of the 141
patients initially enrolled in the database were included in
the present study. Individuals whose slides could not be ana-
lyzed due to staining wear were excluded, as well as those
who received a substitutive diagnosis of another disease with
similar clinical manifestations. This study did not consider
the diagnoses by the PCR or immunochromatographic test
because they had not been authorized for VL diagnosis at that
time.

Procedures

All patients underwent anamnesis and physical examination
by physicians involved in the research within the first
48 hours of admission, regardless of previous disease confir-
mation. The blood count was requested upon admission and
bone marrow aspirate samples to complement the laboratory
investigation were provided after the blood count results
within the first 48 hours. Blood samples were collected by
peripheral vein puncture in sterile and dry bottles, or bottles
containing anticoagulants (ethylenediaminetetraacetic acid
and 3.2% sodium citrate). Screening for the human immuno-
deficiency virus (HIV) was requested after pre-test guidance
and obtaining verbal consent, following the proposed guide-
lines by the Ministry of Health.'°

The indirect immunofluorescence reaction for Leishmania
was performed with the indirect immunofluorescent test (IFI
Human Leishmaniasis Bio-Manguinhos, Rio de Janeiro, Bra-
zil). The parasitological evidence of VL was based on the visu-
alization of amastigote forms on a bone marrow smear or
promastigote form detection by cultured bone marrow or
blood. The slides were immediately sent to the laboratory
after each patient bone marrow aspiration, where they were
fixed and stained using the May-Grunwald-Giemsa or panop-
tic staining technique. Two independent hematologists
(MAFC and AMRDP) evaluated the bone marrow aspirate. All
slides were initially observed at lower power (10x objective)
to visualize the presence of particles, trails and cells in the
medullary smear. Subsequently, the most representative part
of the slide, with adequate staining, was selected for observa-
tion at higher magnification (40x and 100x objective) to guar-
antee a quality morphological assessment.**

The bone marrow biopsy histology was impossible
because the method is not routinely performed at the hospi-
tal, although it is the most recommended technique for
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confirming cellularity, instead of aspirates and smear, and the
study was retrospective in design.'? Thus, the observation of
precursors and other typical bone marrow cells in adequate
amounts for the age was considered normal cellularity. Addi-
tionally, descriptive analysis was performed based on the
presence or absence of morphological alterations in each
series. The presence of atypia was considered when 10% or
more of the lineage was in question. The number of megakar-
yocytes was evaluated at a lower power (10x objective), being
considered as normal (1 cell per 1 — 3 fields), increased (> 2
per field), or decreased (1 in every 5 — 10 fields)."

Data analysis

Data tabulation and statistical analysis were performed using
Epi Info® Version 7.1.4 (Division of Integrated Surveillance
Systems and Services, National Center for Public Health Infor-
matics and Centers for Diseases Control and Prevention) and
Stata R version 15.1, College Station, TX, USA. Quantitative
data were presented as absolute values, proportions, means
and confidence intervals.

The odds ratio (OR) was used to calculate the relationship
between variables. The chi-square test or Fisher’s exact test
was used to analyze the differences between dichotomous
variables when data were sparse. The Student’s t-test was
used to compare differences between means of continuous
variables of independent samples with normal distribution.
The One-way analysis of variance was used to test for differ-
ences in the means of normally distributed dependent varia-
bles versus categorical independent variables with two or
more categories.

Ethical considerations

The study was conducted following the fundamental precepts
of the National Health Council-CNS Resolution 196/96, which
deals with the Guidelines and Norms for Research Involving
Human Beings, which was still in effect at the time of the
data collection from the reference study for this research.

All patients included in the study or their guardians signed
an informed consent form. This study made no changes in
therapeutic recommendations, causing no interference with
medical decisions, because all stages of the study were obser-
vational. Authorization was obtained for the use of the stored
biological material and database consultation generated by
the original study, considering the term of responsibility for
the information, which was assumed as a commitment by
the researcher. The original work on which this research was
based was submitted to the Research Ethics Committee of the
Federal University of Piaui and approved on December 14,
2005 under number 0116/05.

Results
Study population
This study analyzed bone marrow aspirates and blood counts

from 118 hospitalized patients, including 71 (60.2%) males
and 47 (39.8%) females. The mean age was 14 years (range: 3

months to 86 years). The presence of comorbidities was
observed in 63 (53.4%) patients. Bacterial infections were the
most common complication in 16.9% of the cases. Bleeding
alone was present in 13.5% of the individuals and is also
found in association with combined infection. The HIV co-
infection was observed in 5 (4.2%) patients and 8 (6.8%)
patients died in the hospital.

The blood cell count

Anemia was found in 97.5% of the patients. The mean hemo-
globin was 7.4 g/dL (range: 2.4 — 12.6 g/dL). Severe anemia,
characterized by hemoglobin levels of <7.0 g/dL, was observed
in 36.4% of the patients. Leukopenia, with a blood count of
<4.0 x 10%/L was seen in 80 (67.8%) participants. The mean
leukocyte count was 3.2 x 10%L (range: 0.54 x 10%L to
12.0 x 10%/L). Thrombocytopenia was seen in 73.7% of the par-
ticipants, and 27 (22.9%) of all the individuals evaluated in the
study evolved with counts of <50 x 10%L. The mean platelet
count was 109 x 10%/L (range: 14 x 10%L to 290 x 10%L). No
relationship was found between the hemoglobin, severe neu-
tropenia and platelet count with progression to a fatal out-
come (data not shown, p > 0.05).

Bone marrow

The bone marrow was normocellular in 61.9% of the patients,
reduced cellularity was observed in 31.4% and 8 had bone
marrow with increased cellularity. Regarding each cell line-
age, most patients had erythroid hypercellularity (67.0%).
However, this pattern was not detected in the myeloid and
megakaryocytic sectors, in which nearly half of the patients
had these hypocellular lineages (Table 1).

The most prevalently found changes were plasmacytosis
and multilineage dysplasia (Table 2). The presence of mild
degrees of hemodilution was verified in 22 patients, but that
did not compromise the slide evaluation as a whole. Figure 1
shows examples of the most typical aspects of the bone mar-
row of the participants.

Bone marrow and severe illness

The small sample size limited statistical power, while
increasing the probability of a type II error. Thus, patients
with reduced bone marrow cellularity were more likely to die,
(OR = 4.0) although the p-value was greater than the stipu-
lated value limit of 0.05. The same was repeated with

Table 1 - Distribution of bone marrow cellularity accord-
ing to the cell lineage of patients with visceral leishmani-

asis, Piaui, December 2006 to August 2007 (n = 118).

Cellularity =~ General Erythroid Myeloid Megakaryocytic

n % n % n % n %
Hypocellular 37 313 11 9.3 56 47.5 58 49.2
Normocellular 73 619 28 23.7 56 47.5 58 49.2
Hypercellular 8 68 79 670 6 50 2 1.6

Source: Prepared by the authors from study data.
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Table 2 - Cytomorphological changes of bone marrow in

patients with visceral leishmaniasis, Piaui, December
2006 to August 2007 (n = 118).

Changes N %
Dyserythropoiesis 41 34.7
Dysgranulopoiesis 58 49.1
Dysmegakaryopoeisis 41 34.7
Hemophagocytosis 07 6.0
Parasitized Macrophages 109 92.4
Plasmacytosis 79 66.9

Source: Prepared by the authors from study data.

erythroid hyperplasia (OR = 3.4), but with a much higher p-
value. Myeloid hypoplasia may have a protective effect, but
megakaryocytic hypoplasia was not related to death. Con-
versely, erythroid and myeloid dysplasia indicated the risk of
death more consistently with an OR of >3 and a p-value closer
to the conventional limit (Table 3).

The bone marrow and the peripheral blood

Erythroid hyperplasia in the bone marrow was observed in
72.1% of the patients who developed severe anemia in this
sample. Individuals who had hemoglobin levels of >7.0 g/dL
at admission had this characteristic with a frequency of
64.0%. However, this finding was not associated with an
increased risk of mortality. No visible association was found
between myeloid cellularity and neutropenia. The mean
counts were higher in patients who demonstrated megakar-
yocytic hypercellularity among patients with thrombocytope-
nia. However, no statistically significant association was
found between bone marrow findings and platelet counts
(data not shown).

Discussion

This study mainly aimed to correlate the blood cell count
findings with those of the bone marrow. Almost all partici-
pants had some degree of anemia. Two-thirds had leukopenia
and one-quarter had marked thrombocytopenia. In general,
the bone marrow revealed normocellularity. Meanwhile,
most presented erythroid hypercellularity according to the
cell lineage. Almost half of the patients had myeloid and
megakaryocytic hypocellularity. No blood count was associ-
ated with mortality in the sample, but patients with reduced
cellularity in the bone marrow had a riskier disease, as were
those with erythroid hypercellularity, dyserythropoiesis and
dysgranulopoiesis. Interestingly, patients with myeloid hypo-
plasia and dysmegakaryopoiesis had a lower risk of death,
but this did not present statistical significance.

This study of patients admitted to a tropical disease refer-
ral hospital is representative of the population with VL caused
by L. infantum in Brazil. It affected more males than females
and more children than adults. The proportion of participants
with HIV was lower than that expected for Brazil and the mor-
tality was comparable to the national average.

Blood cells were in the same pattern routinely seen
in patients with anemia, leukopenia and thrombocytopenia.”****

Almost 100% had anemia, and a significant proportion had
severe anemia, with hemoglobin of <7.0 g/dL, indicative of
red blood cell transfusion. Kager and Rees carefully studied
the nature of VL anemia in 47 patients in Kenya'® and
described anemia as microcytic and hypochromic, with low
iron concentration, attributed to the concept of anemia with
chronic inflammation. Today, VL anemia is indeed mediated
by the hepatic hormone hepcidin, which acts by trapping iron
in splenic and hepatic macrophages and duodenal entero-
cytes, through the enzyme ferroportin inactivation.'” Hepci-
din is an acute phase protein secreted after the stimulus
conferred, mainly by IL-6, which explains the inexorable
improvement after treating this infectious and inflammatory
condition. Hence, iron supplementation is not necessary for
disease treatment, despite the slow recovery from anemia
after treatment."®

This study revealed no clear association between leukope-
nia and thrombocytopenia with VL anemia, despite being fre-
quent. The degree of the contribution of hypersplenism to VL
is unclear since other phenomena participate in the pro-
cesses, although its role in neutropenia and thrombocytope-
nia is recognized.”

The granulocyte colony-stimulating factor (G-CSF), which
exerts its effects through the G-CSF receptor, is the main
physiological granulopoiesis regulator. Neutrophils maintain
G-CSF receptors at high levels on the surface of immature
cells and the CXC chemokine receptor 4 (CXCR4) is also
expressed at low levels on the cell surface of mature neutro-
phils. The major ligand for the CXCR4 is stromal-derived fac-
tor 1 (SDF-1) and the CXCR4-SDF-1 signaling axis retains
neutrophils within the marrow environment.’® Animal model
studies revealed that the CXCR4 deletion in murine myeloid
cells results in an increased neutrophil release which reinfor-
ces the role of the CXCR4-SDF-1 interaction in regulating neu-
trophil exit from the bone marrow.?°

Systemic inflammation is associated with increased neu-
trophils and multiple mediator counts. However, acute neu-
trophil mobilization from the bone marrow may require the
coordinated actions of cytokines and chemokines.”® Other
authors revealed that patients with active VL have a higher
proportion of circulating CD4 T-cells expressing the CXCR4
than healthy controls.”* Thus, further studies are needed to
explain neutropenia and decreased cellularity of myeloid
lineage in VL. We hypothesize that alterations in the expres-
sion of G-CSF receptors and transcription factors associated
with the CXCR4-SDF-1 axis overexpression could explain this
finding.

Previous animal model studies suggest that thrombocyto-
penia involves coordinated alterations in the megakaryocyte
demarcation membrane system, interferences in signaling
pathways of thrombopoietin possibly mediated for inflamma-
tory cells and increased levels of splenic clearance due to
platelet membrane changes.””

Several bone marrow morphology changes were observed
in this sample, but none are exclusive to the disease or
have not already been described in previous studies,
including  dyserythropoiesis,  dysgranulopoiesis  and
dysmegakaryopoeisis.”>**** Bone marrow biopsy evaluation
of patients with VL indicates erythroid hyperplasia as a very
common finding and is accompanied by frequent abnormal



Figure 1-Bone marrow changes seen under light microscopy (100x). A. Scarce bone marrow parasitism. B. Mott’s cell. C. Megakaryocyte dysplasia. D. Hemophagocytosis. E.
Heavy intracellular parasitism. F. Plasmacytosis.
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Table 3 -

death), Piaui, December 2006 to August 2007 (n = 118).

ne marrow characteristics of patients with visceral leishmaniasis according to clinical outcomes (survival or

Bone marrow characteristic With the characteristic Without the characteristic Odds ratio p-value*
Death (%) Survival (%) Death (%) Survival (%)
Global hypocellularity 5/37 (13.5) 32/37 (86.5) 3/81 (4.7) 78/81 (96.3) 4.06 0.11
Erythroid hypercellularity 7/79 (8.9) 72/79 (91.1) 1/39 (2.6) 38/39 (97.4) 3.41 0.43
Myeloid hypocellularity 2/56 (3.6) 54/56 (96.4) 6/62 (9.7) 56/62 (90.3) 0.35 0.28
Megakaryocytic hypocellularity 5/58 (8.6) 53/58 (91.4) 3/60 (5.0) 57/60 (95) 1.79 0.49
Dyserythropoiesis 5/41 (12.2) 36/41 (87.8) 3/77 (3.9) 74/77 (96.1 3.42 0.09
Dysgranulopoiesis 6/58 (10.3) 52/58 (89.7) 2/60 (3.3) 58/60 (96. 7) 3.34 0.12
Dysmegakaryopoiesis 1/41 (2.4) 40/41 (97.6) 7/77 (9.9) 70/77 (90.1) 0.25 0.16

Source: Prepared by the authors from study data. *Fisher’s exact test.

erythroblasts. Animal model studies suggest that anemia in
VL is associated with increased serum erythropoietin levels,
the erythropoiesis inhibition caused by the apoptosis induc-
tion of immature cells mediated by the expression of the
tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) and the erythroblast differentiation blockage due to
the decreased erythroid differentiation gene expression.?
The presence of plasmacytosis in two-thirds of the patients is
noteworthy, which might be due to the polyclonal hypergam-
maglobulinemia of VL that seems dependent on the B cell dif-
ferentiation and antibody production.?’

Severe anemia, neutropenia and thrombocytopenia were
revealed as risk factors for death in a meta-analysis, as well
as several other clinical and laboratory elements.?® However,
the present study did not identify any association between
peripheral blood counts and death, probably due to the lim-
ited statistical power, with only eight deaths. Additionally,
the analysis of the association between myelodysplasias and
death suggested substantial effect sizes, despite the lack of
statistical association.

The study had three main limitations, including the small
sample size, the subjectivity of interpreting bone marrow
smear slides and the variation in cell concentration due to
the bone marrow aspiration process, which is difficult to stan-
dardize and may have exaggerated the type II error.

Conclusion

In conclusion, the study results suggest that the bone marrow
of a patient with VL manifests a reactional pattern to the
inflammatory event, thereby receiving modulation of cyto-
kines and other colony growth factors. This compensatory
response may be dysplastic and ineffective and may generate
peripheral cytopenias of varying intensity. Further studies are
needed to clarify the involved signaling pathways that may
be used as therapeutic tools in the future.

Fundings

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflicts of interest

The authors declare no conflicts of interest

REFERENCES

10.

11.

. Ready PD. Epidemiology of visceral leishmaniasis. Clin Epide-

miol. 2014;6:147-54. https://doi.org/10.2147/CLEP.S44267. Pub-
lished 2014 May 3.

. Burza S, Croft SL, Boelaert M. Leishmaniasis. Lancet. 2018;392

(10151):951-70. https://doi.org/10.1016/S0140-6736(18)31204-2.
Epub 2018 Aug 17. PMID: 30126638.

. Costa DL, Rocha RL, Chaves EB, Batista VG, Costa HL, Costa CH.

Predicting death from kala-azar: construction, development,
and validation of a score set and accompanying software. Rev
Soc Bras Med Trop. 2016;49(6):728-40. https://doi.org/10.1590/
0037-8682-0258-2016. PMID: 28001220.

. Akuffo H, Costa C, van Griensven J, Burza S, Moreno ], Herrero

M. New insights into leishmaniasis in the immunosup-
pressed. PLoS Negl Trop Dis. 2018;12(5):e0006375. https://doi.
org/10.1371/journal.pntd.0006375. PMID: 29746470; PMCID:
PM(C5944929.

. Kumari D, Perveen S, Sharma R, Singh K. Advancement in

leishmaniasis diagnosis and therapeutics: an update. Eur ]
Pharmacol. 2021;910:174436. https://doi.org/10.1016/j.ejphar.
2021.174436. Epub 2021 Aug 21. PMID: 34428435.

. Elmahallawy EK, Sampedro Martinez A, Rodriguez-Granger J,

Hoyos-Mallecot Y, Agil A, Navarro Mari JM, Gutierrez Fernan-
dez J. Diagnosis of leishmaniasis. J Infect Dev Ctries. 2014;8
(8):961-72. https://doi.org/10.3855/jidc.4310. PMID: 25116660.

. Costa DL, Rocha RL, Carvalho RM, Lima-Neto AS, Harhay MO,

Costa CH, et al. Serum cytokines associated with severity and
complications of kala-azar. Pathog Glob Health. 2013;107
(2):78-87.  https:/doi.org/10.1179/2047773213Y.0000000078.
PMID: 23683334; PMCID: PMC4001482.

. Patel P, Walborn A, Rondina M, Fareed ], Hoppensteadt D.

Markers of inflammation and infection in sepsis and
disseminated intravascular coagulation. Clin Appl Thromb
Hemost. 2019;25:1076029619843338. https://doi.org/10.1177/
1076029619843338. PMID: 30991817; PMCID: PMC6714897.

. Markanday A. Acute phase reactants in infections: evidence-

based review and a guide for clinicians. Open Forum Infect
Dis. 2015;2(3). https://doi.org/10.1093/0fid/0fv098. ofv098PMID:
26258155; PMCID: PMC4525013.

Brasil. Ministério da Saude. Secretaria de Politicas de Saude.
Coordenacao Nacional de DST e Aids. Brasilia: Diretrizes dos
Centros de Testagem e Aconselhamento (CTA); 1999.

Lee SH, Erber WN, Porwit A, Tomonaga M, Peterson LC. Inter-
national Council for Standardization in Hematology. ICSH


https://doi.org/10.2147/CLEP.S44267
https://doi.org/10.1016/S0140-6736(18)31204-2
https://doi.org/10.1590/0037-8682-0258-2016
https://doi.org/10.1590/0037-8682-0258-2016
https://doi.org/10.1371/journal.pntd.0006375
https://doi.org/10.1016/j.ejphar.2021.174436
https://doi.org/10.1016/j.ejphar.2021.174436
https://doi.org/10.3855/jidc.4310
https://doi.org/10.1179/2047773213Y.0000000078
https://doi.org/10.1177/1076029619843338
https://doi.org/10.1177/1076029619843338
https://doi.org/10.1093/ofid/ofv098
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0010
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0010
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0010
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0010
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0010
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0010
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0010

HEMATOL TRANSFUS CELL THER. 2024;46(S6):541—547

S47

12.

13.

14.

15.

16.

17.

18.

19.

20.

guidelines for the standardization of bone marrow specimens
and reports. Int ] Lab Hematol. 2008;30(5):349-64. https://doi.
org/10.1111/j.1751-553X.2008.01100.x. PMID: 18822060.

Bain BJ. Bone marrow aspiration. J Clin Pathol. 2001;54(9):657-
63. https://doi.org/10.1136/jcp.54.9.657. PMID:  11533068;
PMCID: PMC1731527.

Muhury M, Mathai AM, Rai S, Naik R, Pai MR, Sinha R. Mega-
karyocytic alterations in thrombocytopenia: a bone marrow
aspiration study. Indian J Pathol Microbiol. 2009;52(4):490-4.
https://doi.org/10.4103/0377-4929.56132. PMID: 19805953.
Varma N, Naseem S. Hematologic changes in visceral leish-
maniasis/kala azar. Indian ] Hematol Blood Transfus. 2010;26
(3):78-82.  https://doi.org/10.1007/s12288-010-0027-1.  Epub
2010 Sep 30. PMID: 21886387; PMCID: PMC3002089.

Ramos JM, Clavijo A, Moral L, Gavilan C, Salvador T, Gonzélez
de Dios J. Epidemiological and clinical features of visceral
leishmaniasis in children in Alicante Province, Spain. Paediatr
Int Child Health. 2018;38(3):203-8. https://doi.org/10.1080/
20469047.2018.1468585. Epub 2018 May 23. PMID: 29790825.
Kager PA, Rees PH. Haematological investigations in visceral
leishmaniasis. Trop Geogr Med. 1986;38(4):371-9. PMID: 3810841.
Sangkhae V, Nemeth E. Regulation of the iron homeostatic
hormone hepcidin. Adv Nutr. 2017;8(1):126-36. https://doi.org/
10.3945/an.116.013961. PMID: 28096133; PMCID: PMC5227985.
Lima SS, Braz DC, Silva VC, Farias TJC, Zacarias DA, da Silva JC,
et al. Biomarkers of the early response to treatment of visceral
leishmaniasis: a prospective cohort study. Parasite Immunol.
2021;43(1):e12797.  https://doi.org/10.1111/pim.12797. Epub
2020 October 20. PMID: 32984951.

Boyer TD, Habib S. Big spleens and hypersplenism: fix it or for-
get it? Liver Int. 2015;35(5):1492-8. https://doi.org/10.1111/
1iv.12702. Epub 2014 Nov 7. PMID: 25312770.

Summers C, Rankin SM, Condliffe AM, Singh N, Peters AM,
Chilvers ER. Neutrophil kinetics in health and disease. Trends
Immunol. 2010;31(8):318-24. https://doi.org/10.1016/j.it.2010.
05.006. PMID: 20620114; PMCID: PMC2930213.

21.

22.

23.

24.

25.

26.

27.

28.

Hailu A, Pater JM, Kager PA, van der Poll T. Increased expres-
sion of HIV co-receptor CXCR4 on CD4+ T-cells in patients
with active visceral leishmaniasis. Scand ] Infect Dis. 2004;36
(1):56-8. https://doi.org/10.1080/00365540310017546.  PMID:
15000561.

Rani GF, Preham O, Ashwin H, Brown N, Hitchcock IS, Kaye
PM. Dissecting pathways to thrombocytopenia in a mouse
model of visceral leishmaniasis. Blood Adv. 2021;5(6):1627-37.
https://doi.org/10.1182/bloodadvances.2020004082. PMID:
33710338; PMCID: PMC7993103.

Daneshbod Y, Dehghani SJ, Daneshbod K. Bone marrow aspi-
ration findings in kala-azar. Acta Cytol. 2010;54(1):12-24.
https://doi.org/10.1159/000324961. PMID: 20306983.

Idris M, Farid J, Gul N. Morphology of bone marrow in visceral
leishmaniasis. ] Ayub Med Coll Abbottabad. 2018;30(3):342—4.
PMID: 30465362.

Kumar PV, Vasei M, Sadeghipour A, Sadeghi E, Soleimanpour
H, Mousavi A, et al. Visceral leishmaniasis: bone marrow
biopsy findings. ] Pediatr Hematol Oncol. 2007;29(2):77-80.
https://doi.org/10.1097/MPH.0b013e31803076a8. PMID:
17279002.

Lafuse WP, Story R, Mahylis ], Gupta G, Varikuti S, Steinkamp
H, et al. Leishmania donovani infection induces anemia in
hamsters by differentially altering erythropoiesis in bone
marrow and spleen. PLoS One. 2013;8(3):€59509. https://doi.
org/10.1371/journal.pone.0059509. Epub 2013 March 22. PMID:
23533629; PMCID: PMC3606219.

Rodrigues V, Cordeiro-da-Silva A, Laforge M, Silvestre R, Esta-
quier J. Regulation of immunity during visceral leishmania
infection. Parasit Vectors. 2016;9:118. https://doi.org/10.1186/
513071-016-1412-x. PMID: 26932389; PMCID: PMC4774109.

Belo VS, Struchiner CJ, Barbosa DS, Nascimento BW, Horta MA,
da Silva ES, et al. Risk factors for adverse prognosis and death
in American visceral leishmaniasis: a meta-analysis. PLoS
Negl Trop Dis. 2014;8(7):e2982. https://doi.org/10.1371/journal.
pntd.0002982. PMID: 25058582; PMCID: PMC4109848.


https://doi.org/10.1111/j.1751-553X.2008.01100.x
https://doi.org/10.1136/jcp.54.9.657
https://doi.org/10.4103/0377-4929.56132
https://doi.org/10.1007/s12288-010-0027-1
https://doi.org/10.1080/20469047.2018.1468585
https://doi.org/10.1080/20469047.2018.1468585
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0016
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0016
https://doi.org/10.3945/an.116.013961
https://doi.org/10.1111/pim.12797
https://doi.org/10.1111/liv.12702
https://doi.org/10.1111/liv.12702
https://doi.org/10.1016/j.it.2010.05.006
https://doi.org/10.1016/j.it.2010.05.006
https://doi.org/10.1080/00365540310017546
https://doi.org/10.1182/bloodadvances.2020004082
https://doi.org/10.1159/000324961
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0024
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0024
http://refhub.elsevier.com/S2531-1379(23)02601-9/sbref0024
https://doi.org/10.1097/MPH.0b013e31803076a8
https://doi.org/10.1371/journal.pone.0059509
https://doi.org/10.1186/s13071-016-1412-x
https://doi.org/10.1186/s13071-016-1412-x
https://doi.org/10.1371/journal.pntd.0002982
https://doi.org/10.1371/journal.pntd.0002982

	Association between clinical outcomes, peripheral blood and cytomorphologic features of bone marrow in visceral leishmaniasis
	Introduction
	Methods
	Study population
	Procedures
	Data analysis
	Ethical considerations

	Results
	Study population
	The blood cell count
	Bone marrow
	Bone marrow and severe illness
	The bone marrow and the peripheral blood

	Discussion
	Conclusion
	Fundings
	Conflicts of interest
	References


