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1  | INTRODUCTION

The American tegumentary leishmaniasis (ATL) is caused pre‐
dominantly by L. (V.) braziliensis, a parasite that is associated with 
different clinical forms of the disease as cutaneous, mucosal and 
disseminated cutaneous leishmaniasis (DL).1,2 The cutaneous 
leishmaniasis (CL) is the most common presentation of the dis‐
ease occurring in over 90% of the cases and is characterized by 

a well‐limited skin ulcer with raised borders. Approximately 3% 
of CL patients develop concomitantly or months and sometimes 
years after the cutaneous disease, mucosal leishmaniasis (ML) that 
affect primarily the nasal mucosa.3 DL is an emerging clinical form 
of ATL defined by the presence of ten up to more than 1000 ac‐
neiform, papular and ulcerated lesions in at least two parts of the 
body.4 In the majority of the cases, DL patients present initially 
as a typical CL ulcer, and after 1 or 2 weeks or sometimes even 
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Summary
Aims: The polymorphism observed in Leishmania braziliensis is associated with differ‐
ent clinical forms of leishmaniasis. Neutrophils (PMNs) participate in the pathogene‐
sis of leishmania infection, and here, we evaluate neutrophil function after infection 
with isolates of L. braziliensis from cutaneous leishmaniasis (CL) or disseminated leish‐
maniasis (DL) patients.
Methods and results: Neutrophils from 30 healthy subjects (HS) were infected with 
isolates of L. (V.) braziliensis obtained from three CL and three DL patients. They were 
infected at the ratio of 3:1 parasites per neutrophil, and leishmania uptake was evalu‐
ated by microscopy. The neutrophil activation markers and oxidative burst by expres‐
sion of dihidrorhodamine (DHR) were evaluated by flow cytometry and cytokine 
production by ELISA. The frequency of infected cells and the number of amastigotes 
were higher in neutrophils infected with CL isolates compared to DL isolates 
(P < 0.05). The DHR and CD66b expression after infection with DL isolate was lower 
than with CL isolates. There was no difference regarding chemokine production.
Conclusion: The L. (V.) braziliensis isolates of DL induced lower respiratory burst and 
neutrophils activation markers compared with CL isolates which may contribute to 
parasite survival and dissemination in DL patients.
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during antimony therapy, patients suddenly develop multiple le‐
sions over the body. There are several indicators of the relevance 
to study this atypical presentation of ATL. DL is an emergent form 
of leishmaniasis as its prevalence increased 20‐fold from 1986 
to 2012,5 up to 40% of DL patients have ML 4,6 and the disease 
is associated with a high hate of failure to antimony therapy.7 
The pathogenesis of DL is not fully understood. Initial studies 
showed that DL patients have more negative leishmania skin de‐
layed type hypersensitivity test (LST) and an impairment in lym‐
phocyte proliferation and in the production of interferon‐γ and 
TNF	in	supernatants	of	mononuclear	cells	stimulated	with	soluble	
leishmania antigen (SLA) as compared to CL patients.8 However, 
more recently, we document that cell‐mediated immune response 
at the lesion site of DL patients is similar to what is observed 
in CL ulcers.6,9 We believe that there is no impairment in T‐cell 
response in DL patients and raised the hypothesis that the poor 
T‐cell response observed in cells from peripheral blood was due 
to the migration of the majority of to the antigen reactive cells to 
the great number of lesions observed in DL patients.6 Moreover, 
these data suggest that parasite, more than host factors, may be 
involved in the pathogenesis of DL.

It is known that L. (V.) braziliensis is polymorphic and genotypic 
differences intraspecies of L. (V.) braziliensis are associated with dif‐
ferent clinical forms of ATL.10,11 Specifically, it has been shown that 
there are six haplotypes presented in four loci of the chromosome 
28 of L. (V.) braziliensis that are associated with DL.10 It has been also 
documented that some haplotypes in the chromosome 28 are also 
associated with failure to antimony therapy, indicating the impor‐
tance of differences intraspecies not only in the presentation of the 
disease, but also in failure to therapy.12,13 However, there is a lack of 
data about the biological behaviour of isolates from DL on phago‐
cytic cells. Neutrophils migrate quickly to the sites of infection and 
are the main phagocytic cells in the initial phase of L. (V.) braziliensis 
infection.14 Studies in experimental models of leishmaniasis have 
shown that interaction of neutrophils with macrophage may deter‐
mine the control or progression of leishmania infection.15 In humans, 
we have previously shown that neutrophils from CL produce higher 
levels of reactive oxygen species and pro‐inflammatory cytokines 
than healthy subjects neutrophils upon L. (V.) braziliensis infection.16

To determine whether the behaviour of L. (V.) braziliensis isolated 
from patients with DL differs from that observed with parasites from 
CL patients, we evaluate in the present study the ability of L. (V.) bra‐
ziliensis isolates from DL and CL patients to penetrate or be up‐taken 
by neutrophils from healthy subjects, as well as whether the geno‐
typic differences among these isolates would influence the neutro‐
phil activation and leishmania killing.

2  | MATERIALS AND METHODS

2.1 | Subjects

Venous blood was obtained from 30 healthy volunteers from a 
nonendemic area of leishmaniasis. They denied previous history 

of leishmaniasis, and none of them have a scar of CL. The group 
was composed of 17 males and 13 females, and the mean age was 
27 ± 12 years. The participants did not have previous contact with 
Leishmania, and they did not present other infectious diseases 
and denied symptoms of viral infections and fever at the time of 
peripheral blood sample collection. The study was approved by 
Institutional	Review	Boards	(IRBs)	of	the	Federal	University	of	Bahia	
(Ethical Committee), and informed consent was obtained from all 
participants.

2.2 | Isolation of human peripheral blood 
neutrophils

Peripheral blood was collected in EDTA, and cells were isolated 
from the blood using PMN™ Isolation Medium (Axis‐Shield PoC 
AS, Oslo, Norway). The purity of granulocytes was always >97% 
as determined by microscopic evaluation after May‐Grunwald‐
Giemsa staining from cytocentrifuge preparations. The viability of 
cells was >98% as assessed by tripan blue dye exclusion. The time 
between bleeding and infection was about 50 minutes (30 min‐
utes of separation and 10 minutes for wash the cells twice with 
0.9% NaCl).

2.3 | Parasites

L. (V.) braziliensis genetically distinct10,17 isolated from CL and DL 
patients were used for neutrophil infection. The isolates were ob‐
tained from three CL patients, and three DL patients diagnosed in 
Corte	de	Pedra,	Bahia,	Brazil,	an	area	of	L. (V.) braziliensis transmis‐
sion. The CL was defined by an ulcerated skin well‐limited lesion 
with raised borders in the absence of mucosal involvement.9 DL 
was defined as the presence of 10 or more mixed acneiform, papu‐
lar and ulcerated lesions located in two or more different parts of 
the body.4 The diagnosis of leishmaniasis was confirmed by docu‐
mentation of DNA of L. (V.) braziliensis in tissue biopsy specimens.15 
Further	DNA	from	L. (V.) braziliensis was genotyped according to the 
nucleotide polymorphic alleles detected at the chromosome locus 
CHR28 at initial position 425451, previously shown to distinguish 
strains of L. (V.) braziliensis	in	Corte	de	Pedra‐BA.10	A	pair	of	5′‐prim‐
ers,	 TAAGGTGAACAAGAAGAATC	and	5′‐CTGCTCGCTTGCTTTC,	
was used to amplify a 621 nucleotide segment in CHR28 / 425451 
from L. (V.) braziliensis DNA.13

2.4 | Neutrophils infection

The isolates of 03 CL and 03 DL patients were used to infect PMNs 
of	30	healthy	subjects	participants	of	the	study.	For	each	experiment,	
neutrophils from one healthy subject were infected, separately, 
with	each	one	of	the	3	isolates	of	CL	and	DL.	Briefly,	promastigotes	
forms of L. (V.) braziliensis from CL and from DL patients were grown 
in Schneider axenic medium and were used in stationary growth 
phase. Suspensions from LIT/NNN were transferred to Schneider's 
medium with 10% heat‐inactivated foetal calf serum and 2 mM 



     |  3 of 8 CARDOSO et Al.

L‐glutamine, and incubated at 26°C until they reached a density of 
107 cells/mL. Neutrophils, 3 × 106 in 1 mL of RPMI 1640 medium 
(Gibco	 BRL,	 Grand	 Island,	 NY,	 USA),	 supplemented	 with	 50	μM 2‐
mercaptoethanol, 2 mM L‐glutamine, 10 mM HEPES, antibiotic and 
10%	of	foetal	bovine	serum	(Gibco	BRL)	and	were	incubated,	at	37°C,	
with L. (V.) braziliensis (promastigotes on stationary phase) at ratio of 
3:1 neutrophils for 30, 90 and 180 minutes. After these periods, the 
number of infected cells and the number of intracellular parasites were 
determined by microscopic in 200 cells stained with Grunwald‐Giemsa 
on cytocentrifuge microscopy slides preparations.

2.5 | Assessment of respiratory burst of neutrophils

The production of reactive oxygen species (ROS) was evaluated by 
flow cytometry using the fluorogenic substrate dihydrorhodamine 
123 (DHR 123, Cayman Chemical Company, Ann Arbor, MI, USA) as 
an	 indicator	of	production	of	ROS.	Briefly,	5	×	105 neutrophils were 
incubated with 1 μM of DHR123 for 15 minutes and after infected 
with L. (V.) braziliensis promastigotes or PMA (10 ng/mL) plus ionomy‐
cin (500 ng/mL) or buffer was added. Control samples containing no 
stimulus were runs in parallel. After 15 minutes at 37°C, 5% CO2, cells 
were	washed	in	PBS	and	analysed	by	flow	cytometry.	The	neutrophil	
population was selected based on forward and side scatter followed by 
DHR123 fluorescence to determine the frequency and mean of fluo‐
rescence	intensity	(MFI)	of	double	positive	cells	CD15+DHR+. Separate 
controls verified of this population, corresponded to neutrophils ac‐
cording to CD15+	surface	stain.	The	FACS	strategy	to	assessment	of	
respiratory	burst	is	shown	in	Figure	2A.

2.6 | Assessment of neutrophils activation markers 
by flow cytometry analysis

CD62L and CD66b are known to be, respectively, downregulated 
and upregulated on PMNs upon stimulation/activation.18 PMNs 
uninfected and infected with L. (V.) braziliensis, or stimulated 
with ionomycin (500 ng/mL) plus 10 ng/mL of phorbol‐
myristate‐acetate (PMA), were cultured for 90 minutes at 37°C 
and 5% CO2. Cells were stained with PE‐conjugated MAb α‐
CD62L, APC‐conjugated MAb α‐CD66b and PE‐Cy7‐conjugated 
MAb α‐CD15	 (BD	 Pharmigen).	 PMNs	were	 stained	with	MAbs	
in diluent buffer (20 minutes at 4°C) washed two times with 
PBS	 1X	 and	 then	 fixed	 with	 2%	 formaldehyde.	 About	 20	000	
events	were	gated,	acquired	by	FACS	Calibur	(Becton	Dickinson	
and	Company,	Franklin	Lakes,	NJ,	USA)	and	analysed	by	Flow	Jo	
Software	(Becton	Dickinson).	The	frequency	of	double	positive	
cells CD62L+/CD15+ and CD66b+/CD15+, and the mean of 
fluorescence	 intensity	 (MFI)	 were	 determined	 followed	 FACS	
strategy	shown	in	Figure	3A.

2.7 | Evaluation of CXCL8 and CXCL9 production

The supernatants of uninfected neutrophils, cells infected with 
different L. (V.) braziliensis isolates or stimulated with ionomycin/

PMA	 were	 obtained	 after	 90	minutes	 and	 frozen	 at	 −20°C.	 The	
production	 of	 CXCL8	 and	 CXCL9	 was	 measured	 by	 enzymatic	
immune assay (ELISA) (R&D Systems, Minneapolis, MN, USA) 
according to the manufacturer's instructions.

2.8 | Statistical analysis

The	Friedman's	test	was	used	to	analyse	the	frequency	of	infected	
neutrophils as well as the parasite burden, obtained by count of two 
independent blind analysers. The frequency of cells expressing ac‐
tivation molecules (CD62L and CD66b) and the mean fluorescence 
intensity	(MFI)	were	analysed	by	Kruskal‐Wallis	followed	by	Dunn's	
post‐test. These tests were also used to evaluate the expression of 
DHR on CD15+ cells and IL‐8 production. Analyses were performed 
using Prism GraphPad software. The P‐value of <0.05 was consid‐
ered significant.

3  | RESULTS

3.1 | Frequency of infected Neutrophils and 
parasite load after infection with different isolates of 
L. (V.) braziliensis

The	 Figure	1A,B	 shows	 the	 frequency	 of	 infected	 neutrophils	 and	
the number of intracellular amastigotes per 100/cells and its point 
represents the mean of the data obtained with 3 isolates of CL and 
DL in cells of each participant of the study. The frequency of infected 
neutrophils at 30 minutes by DL isolates was lower (62.5 ± 17.4%) 
compared to CL isolates (82.0 ± 23.0%), at 90 minutes (68.5 ± 18.0% 
vs 79.0 ± 24.3%) and at 180 minutes (69.0 ± 16.8% vs 84.0 ± 21.8%) 
P	≤	0.01	 (Figure	1A).	 The	 parasite	 load	 of	 infected	 neutrophils	was	
expressed as number of internalized parasites per 100/cells. The 
number of amastigotes per 100 cells after 30 minutes of infection 
was lower with DL isolates (140 ± 38) than with CL isolates (200 ± 35) 
P	≤	0.01.	After	90	minutes	of	 infection,	 the	number	of	 amastigotes	
in cells infected with isolates from DL was 150 ± 26 vs 202 ± 35 in 
cells infected with the CL isolates, P	≤	0.001,	and	after	180	minutes,	
the parasite burden was 130 ± 30 vs 175 ± 30 respectively, P	≤	0.001	
(Figure	1B).

3.2 | Reactive oxidants production by infected 
neutrophils with different L. (V.) braziliensis isolates

We also evaluated the capacity of different isolates of 
L. (V.) braziliensis to trigger oxidant production in neutrophils. 
Fluorescence	of	DHR‐123,	an	indicator	of	the	abundance	of	cellular	
reactive	oxidants,	was	measured	by	 flow	cytometry.	The	Figure	2	
presents	 the	 MIF	 of	 CD15+DHR+ uninfected cells (medium) and 
infected neutrophils. Ionomycin plus PMA was used as positive 
control. Uninfected cells expressed a little of ROS, and the median 
of	MIF	 of	 DHR	 expression	 was	 similar	 in	 uninfected	 cells	 and	 in	
neutrophils infected with isolates of DL (2274). In contrast to 
neutrophils infected with CL isolate, the median of DHR expression 
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was 8110 (P	≤	0.05).	 The	 reactive	 oxidants	 production	 measured	
by	 MIF	 of	 the	 median	 of	 DHR	 expression	 in	 cells	 infected	 with	
L. (V.) braziliensis from DL (2274) was similar to that detected in cells 
cultured with media and lower than that observed with isolates from 
CL (8110), P	≤	0.05	(Figure	2B).

3.3 | Neutrophils activation induced by 
L. (V.) braziliensis infection

The CD62L and CD66b expressions are widely used to detect 
neutrophil activation. CD62L is an integrin shed from neutrophil 

F I G U R E  1   Uptake of DL and CL L. (V.) braziliensis isolates by healthy subjects PMN's. Neutrophils from healthy subjects (n = 30) were 
incubated with stationary phase L. (V.) braziliensis isolates (three isolates from DL and three isolates from CL) at a 3:1 parasite/neutrophil 
ratio, under conditions that allow phagocytosis. After 30, 90 or 180 min of incubation at 37°C, 5% CO2, cytocentrifuge slides were prepared 
and	stained	with	Giemsa.	The	frequency	of	infected	neutrophils	(A)	and	the	number	of	intracellular	parasites	per	100	neutrophils	(B)	were	
determined microscopically, analysed by two double‐blind surveys. Each symbol represents the mean value of the infection observed with 
three	isolates	of	DL	(○)	or	CL	(■) in neutrophils from different subjects. Lines represent the median of the data. Statistical analyses were 
performed	using	the	Friedman's	test	(**P <	0.01,***P < 0.001)

(A) (B)

F I G U R E  2   Release of reactive oxidants by neutrophils from healthy subjects induced by phagocytosis of L. (V.) braziliensis. A, 
Representative	FACS	strategy	dot‐plots	indicating	the	SSC‐A	vs	FSC‐A	gated	population	and	purity	of	PMN	cells	based	CD15+ expression. 
Representative histograms showing DHR‐123 fluorescence due to reactive oxidants in unexposed neutrophils from a healthy subject, or the 
same neutrophils exposed to Ion/PMA and L. (V.) braziliensis	isolates.	B,	Graphical	presentation	of	the	MFI	of	DHR‐123	staining	in	neutrophils	
under	the	same	conditions.	Statistical	analyses	were	performed	using	the	Kruskal‐Wallis	test	followed	by	Dunn's	post‐test	(*P < 0.05, 
***P < 0.001). The values shown are representative of five independent experiments with 30 healthy donors and were express in median

(A) (B)
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surfaces upon activation,18‐21 and decreased expression of this 
molecule indicates neutrophil activation. We evaluate whether 
different isolates of L. (V.) braziliensis activate the neutrophils and 
the	Figure	2A	shows	the	MIF	of	CD62L	on	uninfected	and	infected	
neutrophils. Ionomycin plus PMA was used as positive control. There 
was no difference in the intensity of fluorescence expression of 
CD62L between neutrophils infected with DL isolate or CL isolate 
(Figure	2B).	 However,	 the	 frequency	 of	 CD15+CD62L+ cells was 
higher on neutrophils infected with DL isolate (38 ± 16%) than that 
observed with CL isolates (19 ± 14%), P	≤	0.05.

CD66b is neutrophil granule membrane proteins that mi‐
grate in the surface membrane upon granule exocytosis.22 
Neutrophils infected with DL isolates expressed less CD66b on 
cells surface than neutrophils infected with CL isolate, P	≤	0.001	
(Figure	3C).

3.4 | IL‐8 and CXCL9 production by PMNs after 
infection with different L. (V.) braziliensis isolates

The	cytokines	 IL‐8	and	CXCL‐9	were	measured	 in	 supernatants	of	
neutrophil 90 minutes after infection with L. (V.) braziliensis obtained 
from DL or CL patients. The production of IL‐8 did not differ in 

supernatants of PMNs infected with isolates of L. (V.) braziliensis from 
DL or CL patients (P	>	0.05).	Production	of	CXCL‐9	was	lower	than	
IL‐8 but follows the same pattern with no difference in supernatants 
of cells infected with DL or CL isolates (data not shown). There was 
no	 difference	 between	 IL‐8	 (Figure	4A)	 and	 CXCL‐9	 (Figure	4B)	
production in cultures infected with CL or DL isolates production 
of these cytokines were high and similar was observed in cells 
stimulated with Ion/PMA.

4  | DISCUSSION

DL is an emerging and severe form of L. (V.) braziliensis infection 
associated with a high rate of ML and failure to antimony therapy.4,7 
Substantial variability among the leishmania at the subgenus level has 
been described, and there are evidences that genotypic differences 
intraspecies may influence the presentation of the disease10 
and response to therapy.13 However, the biological behaviour of 
L. (V.) braziliensis isolates with distinct genetic characteristics in 
immune cells of the host is necessary to better understand how 
the parasites influence disease outcome. L. (V.) braziliensis from 
DL patients are less up‐taked and or penetrate less in neutrophils, 

F I G U R E  3   Effect of L. (V.) braziliensis	infection	on	expression	of	neutrophil's	activation	markers.	(A)	Representative	FACS	strategy	
dot‐plots	indicating	the	SSC‐A	vs	FSC‐A	and	purity	of	PMN	cells.	Histograms	demonstrating	neutrophils	CD15+CD62L+ and CD15+CD66b+ 
population under unexposed, stimulated with Ion/PMA and infected with L. (V.) braziliensis isolates. Collated results of surface staining 
for	activation	markers	by	flow	cytometry	expressed	in	MFI	of	CD62L	(B)	and	CD66b	expression	(C)	over	neutrophil's	surface.	Each	value	
represents	the	MFI	of	activation	markers	of	one	healthy	subjects’	neutrophils.	Statistical	analysis	was	performed	using	the	Kruskal‐
Wallis	test	followed	by	Dunn's	post‐test,	comparing	stimulated	to	infected	and	unstimulated	cells	(***P < 0.001). The values shown are 
representative of five independent experiments with 30 healthy donors and were express in median

(A) (B)

(C)
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induce lower respiratory burst as well cellular activation markers 
than isolates from CL.

The role played by neutrophils in the pathogenesis of leishmania 
infection has been only recently emphasized. We knew previously 
that PMNs may internalize and kill leishmania; however, as macro‐
phages are the host cells for this parasite, most of the studies have 
evaluated the consequences of the interaction of macrophages with 
leishmania.23,24 Neutrophils are the first cell type to migrate to the 
site of leishmania infection25 and the interaction of infected neu‐
trophils with macrophages may attenuate or worse the pathology in 
mice with different genetic background.26 Comparing the internal‐
ization of L. (V.) braziliensis in neutrophils from CL patients with cells 
from HS, we found that L. (V.) braziliensis is taken up by both CL and 
HS neutrophils at similar rates.16 Here using HS cells, we compared 
the internalization of L. (V.) braziliensis obtained from a DL patients 
with isolates from CL patients and found at all times points that the 
frequency of infected neutrophils was higher in neutrophils infected 
with parasites obtained from CL than parasite from a DL patients. 
The number of intracellular amastigotes of L. (V.) braziliensis from iso‐
lates of DL was also lower than that observed with isolates from CL 
patients. However, as the number of amastigotes was similar at all 
time points, apparently, there was no difference in parasite replica‐
tion between CL and DL isolates. This indicates that isolates from DL 
penetrate less efficiently in neutrophils than L. (V.) braziliensis from 
CL patients.

The phagocyted microbes are destroyed by oxidative and non‐
oxidative mechanisms inside the neutrophils cytoplasm. The uptake 
of microbes induces the oxidative burst, increases reactive oxygen 
species (ROS) production and this leads to parasites clearance.27,28 
Monocytes produce ROS after exposure to L. (V.) braziliensis, and 
in this cell, ROS contribute to control parasite multiplication.29,30 
In contrast to monocytes, the ROS generated by infected neutro‐
phils prevents parasite multiplication but did not decrease the num‐
ber of intracellular amastigotes.16 This may explain why despite the 

lower oxidative burst induced by isolates of DL in comparison with 
CL isolates, the number of intracellular parasites was similar at all 
time points with different L. (V.) braziliensis isolates. One limitation 
of the present study was the use of EDTA as anticoagulant. One 
previous study showed that the use of EDTA rather than heparin 
or citrate decreases neutrophil activation after stimulation with 
PMA.31 However, as in all experiments of our study, EDTA was used 
the differences observed were related in the source of L. braziliensis 
isolates rather than methodological aspects.

Following	 infection	 or	 exposure	 to	 PMA	 neutrophils	 increases	
the CD66b expression and decreases CD62L expression, surface 
markers indicative of an activated phenotype.19,20 The CD66b ex‐
pression indicates exocytosis from specific granules, and the de‐
creased expression of CD62L is indicative of an increased ability 
of the cell to migrate out of the circulation.21 We have previously 
shown that neutrophils from both CL and HS infected with an iso‐
late of L. (V.) braziliensis obtained from a CL patient are similarly 
activated.16 Here, we showed that neutrophils infected with a DL 
isolate expressed less CD66b than cells infected with CL isolates. 
While we cannot ruled out that the lower number of intracellular 
parasites observed in neutrophils infected with DL isolates may have 
influenced a decreasing in the expression of neutrophils activation 
markers and in the oxidative burst, these data clearly indicate that 
genotypic differences among L. (V.) braziliensis isolates modify neu‐
trophil function.

The CD66b is endogenous in specific granules, and its increased 
appearance on the neutrophils surface indicates exocytosis from 
specific granules.19 The release of proteolytic enzymes, defences 
and myeloperoxidase from intracellular granules into phagosomes 
independently cooperates with neutrophil function to enhance 
microbicidal activity.14,32 Our observation that isolates from DL 
induced less CD66b expression on PMN than isolates from CL in‐
dicates that parasites from DL decrease the release of granules de‐
creasing neutrophil function.

F I G U R E  4   Chemokines produced by healthy subjects PMNs after infection with DL and CL L. (V.) braziliensis isolates: PMNs culture 
supernatants	(n	=	30)	were	submitted	to	ELISA	for	CXCL8	(A)	and	CXCL9	(B)	measurement.	The	concentrations	of	chemokines	were	
evaluated	and	analysed	using	the	Kruskal‐Wallis	test	followed	by	Dunnn's	post‐test	(*P < 0.001). Each symbol represents mean values from 
different subject neutrophils, and lines represent the median of each group

(A) (B)
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The CD62L is a homing receptor that is cleaved from neutrophils 
surface upon activation, and its loss facilitates cell migration out of 
the circulation.21 Neutrophils are the first cell to arrive in the leish‐
mania	 penetration	 site.	 The	MFI	 expression	 of	CD62L	was	 similar	
in neutrophils infected with a CL and DL isolates. However, as the 
frequency of cells infected with DL expressing CD62L was lower 
than the frequency of cells infected with a CL isolate, we cannot 
ruled out that L. (V.) braziliensis from DL patients by decreasing the 
number of cells expressing CD62L decrease neutrophil migration to 
the lesion site. If this is the case, it may facilitate the penetration of 
L. (V.) braziliensis in macrophages that is the most important host cell 
for leishmania.

Neutrophils produce a variety of cytokines and chemokines in‐
cluding	 IL‐12,	 CXCL‐8,	 CXCL‐9,	 CXCL‐10,	 CCL‐3,	 CCL‐4,	 IL‐23	 and	
IFN‐γ.33 We have previously shown that neutrophils from CL pa‐
tients upon L. (V.) braziliensis	 infection	 produce	 more	 CXCL‐8	 and	
CXCL‐9	than	neutrophils	from	HS.16 Here using HS neutrophil, we 
observed	that	 IL‐8	and	CXCL‐9	production	did	not	differ	 in	super‐
natants from cells infected with isolates of CL or isolates of DL 
patients. These data indicate that although L. (V.) braziliensis from 
a DL patient penetrate less in neutrophil and decrease neutrophils 
activation markers, these isolates did not impair chemokine produc‐
tion. This observation also argues against the possibility that para‐
site from DL induced lower respiratory burst and lower neutrophil 
activation than isolates from CL because they are less internalized 
by PMNs.

DL is a very severe form of L. (V.) braziliensis, and studies have 
already clinically defined the disease. However, little is known 
about how parasite may disseminate. We have previously found 
no impairment in the T‐cell response of DL patients. Here, we 
show that isolates from DL behaved differently than CL isolates 
in neutrophils. This find gives support to the hypothesis that ge‐
notypically different isolates of the same leishmania species in‐
duce different immune responses which may influence disease 
expression.

ACKNOWLEDGMENTS

We thank Dr. Ricardo Oliveira and Dr. Luciana Cardoso for their sup‐
port	 in	the	development	of	this	work,	and	Cristiano	Franco	for	his	
assistance in the preparation of the manuscript.

DISCLOSURES

All authors of this manuscript deny any conflict of interest.

DATA AVAILABILITY

The data that support the findings of this study are openly available 
in figshare at https://figshare.com/s/db4f2afd54d0c7e95a79]. Data 
citation: Thiago Cardoso; 2019; Leishmania braziliensis Isolated from 
Disseminated leishmaniasis Patients Down Modulate Neutrophil 
Function.

ORCID

Thiago Cardoso  https://orcid.org/0000‐0002‐0074‐9789 

REFERENCES

 1. Marsden PD. Leishmaniasis. BMJ. 1990;300(6725):666‐667.
	 2.	 Sgarbi	 IM,	Santos	FD,	Monteiro	VE,	Fonseca	SN,	Bernardes	Filho	

F.	Disseminated	cutaneous	leishmaniasis:	ulcerovegetative	and	ul‐
cero‐crusted lesions. Braz J Infect Dis. 2017;21(2):201‐202.

 3. Lessa HA, Lessa MM, Guimaraes LH, et al. A proposed new clinical 
staging system for patients with mucosal leishmaniasis. Trans R Soc 
Trop Med Hyg. 2012;106(6):376‐381.

	 4.	 Turetz	ML,	Machado	PR,	Ko	AI,	et	al.	Disseminated	leishmaniasis:	a	
new and emerging form of leishmaniasis observed in northeastern 
Brazil.	J Infect Dis. 2002;186(12):1829‐1834.

 5. Jirmanus L, Glesby MJ, Guimaraes LH, et al. Epidemiological and 
clinical changes in American tegumentary leishmaniasis in an area 
of Leishmania (Viannia) braziliensis transmission over a 20‐year pe‐
riod. Am J Trop Med Hyg. 2012;86(3):426‐433.

 6. Machado PR, Rosa ME, Costa D, et al. Reappraisal of the immu‐
nopathogenesis of disseminated leishmaniasis: in situ and systemic 
immune response. Trans R Soc Trop Med Hyg. 2011;105(8):438‐444.

 7. Machado PR, Rosa ME, Guimaraes LH, et al. Treatment of dissem‐
inated	leishmaniasis	with	liposomal	amphotericin	B.	Clin Infect Dis. 
2015;61(6):945‐949.

	 8.	 Carvalho	EM,	Barral	A,	Costa	JM,	Bittencourt	A,	Marsden	P.	Clinical	
and immunopathological aspects of disseminated cutaneous leish‐
maniasis. Acta Trop. 1994;56(4):315‐325.

 9. Dantas ML, Oliveira JM, Carvalho L, et al. Comparative analysis of 
the tissue inflammatory response in human cutaneous and dissem‐
inated leishmaniasis. Mem Inst Oswaldo Cruz. 2014;109(2):202‐209.

 10. Queiroz A, Sousa R, Heine C, et al. Association between an 
emerging disseminated form of leishmaniasis and Leishmania 
(Viannia) braziliensis strain polymorphisms. J Clin Microbiol. 
2012;50(12):4028‐4034.

 11. Schriefer A, Guimaraes LH, Machado PR, et al. Geographic clus‐
tering	 of	 leishmaniasis	 in	 northeastern	 Brazil.	 Emerg Infect Dis. 
2009;15(6):871‐876.

 12. Guimaraes LH, Queiroz A, Silva JA, et al. Atypical manifestations of 
cutaneous leishmaniasis in a region endemic for Leishmania brazil‐
iensis: clinical, immunological and parasitological aspects. PLoS Negl 
Trop Dis. 2016;10(12):e0005100.

 13. Silva SC, Guimaraes LH, Silva JA, et al. Molecular epidemiology and 
in vitro evidence suggest that Leishmania braziliensis strain helps 
determine antimony response among American tegumenary leish‐
maniasis patients. Acta Trop. 2018;178:34‐39.

 14. Nathan C. Neutrophils and immunity: challenges and opportunities. 
Nat Rev Immunol. 2006;6(3):173‐182.

	15.	 Novais	 FO,	 Santiago	 RC,	 Bafica	 A,	 et	 al.	Neutrophils	 and	macro‐
phages cooperate in host resistance against Leishmania braziliensis 
infection. J Immunol. 2009;183(12):8088‐8098.

 16. Conceicao J, Davis R, Carneiro PP, et al. Characterization of neu‐
trophil function in human cutaneous leishmaniasis caused by 
Leishmania braziliensis. PLoS Negl Trop Dis. 2016;10(5):e0004715.

	17.	 Medina	LS,	Souza	BA,	Queiroz	A,	et	al.	The	gp63	gene	cluster	is	highly	
polymorphic in natural Leishmania (Viannia) braziliensis populations, 
but functional sites are conserved. PLoS One. 2016;11(9):e0163284.

	18.	 Berg	 M,	 James	 SP.	 Human	 neutrophils	 release	 the	 Leu‐8	
lymph node homing receptor during cell activation. Blood. 
1990;76(11):2381‐2388.

 19. Uriarte SM, Rane MJ, Luerman GC, et al. Granule exocytosis con‐
tributes to priming and activation of the human neutrophil respira‐
tory burst. J Immunol. 2011;187(1):391‐400.

https://figshare.com/s/db4f2afd54d0c7e95a79
https://orcid.org/0000-0002-0074-9789
https://orcid.org/0000-0002-0074-9789


8 of 8  |     CARDOSO et Al.

 20. Luerman GC, Powell DW, Uriarte SM, et al. Identification of 
phosphoproteins associated with human neutrophil granules 
following chemotactic peptide stimulation. Mol Cell Proteomics. 
2011;10(3):1‐12:M110 001552.

	21.	 Zarbock	A,	Kempf	T,	Wollert	KC,	Vestweber	D.	Leukocyte	integrin	
activation and deactivation: novel mechanisms of balancing inflam‐
mation. J Mol Med (Berl). 2012;90(4):353‐359.

	22.	 Schröder	AK,	Uciechowski	 P,	 Fleischer	D,	 Rink	 L.	 Crosslinking	 of	
CD66b	 on	 Peripheral	 Blood	 Neutrophils	 Mediates	 the	 Release	
of Interleukin‐8 from Intracellular Storage. Human Immunol. 
2006;67:676–682.

	23.	 Carson	 DA,	 Chang	 KP.	 Selective	 killing	 of	 Leishmania	 infected	
mouse	macrophages	by	6‐methylpurine	2′‐deoxyriboside.	Life Sci. 
1981;29(16):1617‐1621.

 24. Pearson RD, Steigbigel RT. Phagocytosis and killing of the proto‐
zoan Leishmania donovani by human polymorphonuclear leuko‐
cytes. J Immunol. 1981;127(4):1438‐1443.

 25. Peters NC, Egen JG, Secundino N, et al. In vivo imaging reveals an 
essential role for neutrophils in leishmaniasis transmitted by sand 
flies. Science. 2008;321(5891):970‐974.

	26.	 Afonso	L,	Borges	VM,	Cruz	H,	et	al.	Interactions	with	apoptotic	but	
not with necrotic neutrophils increase parasite burden in human 
macrophages infected with Leishmania amazonensis. J Leukoc Biol. 
2008;84(2):389‐396.

	27.	 Falcao	SA,	Weinkopff	T,	Hurrell	BP,	et	al.	Exposure	to	Leishmania 
braziliensis triggers neutrophil activation and apoptosis. PLoS Negl 
Trop Dis. 2015;9(3):e0003601.

	28.	 Carlsen	ED,	Jie	Z,	Liang	Y,	et	al.	 Interactions	between	neutrophils	
and Leishmania braziliensis amastigotes facilitate cell activation and 
parasite clearance. J Innate Immun. 2015;7(4):354‐363.

	29.	 Novais	 FO,	 Nguyen	 BT,	 Beiting	 DP,	 et	 al.	 Human	 classical	
monocytes control the intracellular stage of Leishmania bra‐
ziliensis by reactive oxygen species. J Infect Dis. 2014;209(8): 
1288‐1296.

 30. Carneiro PP, Conceicao J, Macedo M, Magalhaes V, Carvalho EM, 
Bacellar	O.	The	role	of	nitric	oxide	and	reactive	oxygen	species	in	
the killing of Leishmania braziliensis by monocytes from patients 
with cutaneous leishmaniasis. PLoS ONE. 2016;11(2):e0148084.

	31.	 Freitas	M,	Porto	G,	Lima	JL,	Fernandes	E.	Isolation	and	activation	
of human neutrophils in vitro. The importance of the anticoagulant 
used during blood collection. Clin Biochem. 2008;41(7–8):570‐575.

 32. Nathan C. Role of iNOS in human host defense. Science. 
2006;312(5782):1874‐1875; author reply ‐5.

	33.	 Lopes	 MF,	 Costa‐da‐Silva	 AC,	 DosReis	 GA.	 Innate	 immunity	 to	
Leishmania infection: within phagocytes. Mediators Inflamm. 
2014;2014:754965.

How to cite this article:	Cardoso	T,	Bezerra	C,	Medina	LS,	
et al. Leishmania braziliensis isolated from disseminated 
leishmaniasis patients downmodulate neutrophil function. 
Parasite Immunol. 2019;41:e12620. https://doi.org/10.1111/
pim.12620

https://doi.org/10.1111/pim.12620
https://doi.org/10.1111/pim.12620

