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Objectives: To compare microscopic and immunologic features in the splens of
patients who died of pulmonary hemorrhage and shock caused ¥ leptospirosis (11
cases) or Gram-positive/-negative bacterial septic shocklO cases) to those from control
spleens (12 cases from splenectomy).

Methodology: Histological features in the red pulp and white pulp were arlgzed using
archived samples by a semi quantitative score. Immunohistthemistry was used for the
recognition of immune cell markers, cytokines, caspase-3ad Leptospira antigens.

Results: The control group differed signi cantly from the leptospiosis and septic shock
patients which demonstrate strong similarities: diffuse angestion in the red pulp with
a moderate to intense in Itration of plasma cells and polymmphonuclear cells; follicles
with marked atrophy; high density of CD2§ cells; low density of NK, TCD# and active
caspase-3 positive cells and strong expression of IL-10; jgtospirosis patients had higher
S100 and TNF-a positive cells in the spleen than the other groups.

Conclusion:  The results suggest that an immunosuppressive state devefis at the
terminal stage of severe leptospirosis with pulmonary henrchage and shock similar
to that of patients with septic shock, with diffuse endothdhl activation in the spleen,
splenitis, and signs of disturbance in the innate and adapte immunity in the spleen.
The presence of leptospiral antigens in 73% of the spleens dhe leptospirosis patients
suggests the etiological agent contributes directly to thgpathogenesis of the lesions.
Our results support therapeutic approaches involving artiiotic and immunomodulatory
treatments for leptospirosis patients and suggest that lefspirosis patients, which are
usually young men with no co-morbidities, form a good groupdr studying sepsis and

Indicate Cellular Immunosuppression
Similar to That Found in Septic Shock.
Front. Immunol. 10:920.
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septic shock.
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INTRODUCTION neutrophils, Treg, chemokines, IL-33, and IL-15 are beydral t

scope of this work.
Leptospirosis is the most widespread zoonosis in the world and

is caused by pathogenic species of ltleptospiragenus (). In
Brazil, leptospirosis is a re-emergent infectious disease avi NMATERIALS AND METHODS
growing incidence rate. In the city of Sao Paulo, the biggest
Brazilian metropolis, leptospirosis had an incidence rate.841  This study is a retrospective histological evaluation ofspkeen
2.73/100,000 inhabitants and a case-fatality of 8.863%i6 samples from three di erent groups of patients (leptospirosis,
the period of 2009-20172). sepsis and control) obtained by autopsy (leptospirosis and sepsis)
The clinical presentations of leptospirosis range from ar by surgery (control) from the Department of Pathology oéth
non-speci c febrile iliness to severe forms. Severe leptosi@r Medical School of the University of Sdo Paulo. The records of
has an estimated incidence of 5-15% and patients cahe Death Veri cation Service of the Department of Pathology
present jaundice, renal failure, myocarditis, meningigieyere were reviewed to identify all deaths due to severe leptosgirosi
pulmonary hemorrhage syndrome (SPHS), shock, and multiplgith both SPHS and shock during the period between January
organ failure g-5). Little is known about the histological features 1st 1988 and January 1st 2005. All autopsies were performed afte
of the spleens of patients with severe leptospirosis. written informed consent was given by next of kin according o
Describing brie y, the spleen is a secondary lymphoid orgarysual procedures.
organized in two morpho-functional compartments: thered pulp  The project was approved by the Ethical Committee and
and the white pulp. The red pulp is constituted by vasculaResearch board of the Clinical Hospital of the University of S&o
channels—the sinusoids—lined by endothelial cells andees  Paulo Medical School (registered by CAPPesq ICHO587/06).
macrophages which screen and remove pathogens and soluble
antigens from the systemic circulation. The white pulp repres . . . .
the lymphoid tissue, where the speci c immune response t§~ase De nition of Leptospirosis, Septic
pathogens/antigens occurs. It is constituted by the centrabhock, and Control
arteriole, lymphocytes, and antigen presenting cells (myainlThe de nition of leptospirosis was made by clinical-
dendritic cells and macrophages). The T lymphocytes are iepidemiologic criteria (exposure to soil and water contameaat
close contact with the central arteriole, forming the pei@aiolar ~ with urine from typical leptospirosis reservoirs or exposure
lymphoid sheath, and the B lymphocytes are more externatp ooding after rainfall and clinical features compatible tvit
forming follicles ¢, 7). leptospirosis) plus any of the following diagnostic con rmati
Cumulative evidence from experimental and human studieserologic diagnosis by Immunoglobulin M (IgM) enzyme-linked
show that septic shock develops into an immunosuppressive statamunosorbent assay (ELISA) or microscopic agglutination
(or sepsis-related immunosuppressisit evolves until the death test (MAT) (one single sample> 1:800; seroconversion or
of the host, with disturbances in the di erent components ofa 4-fold increase in two samples, one collected at the acute
innate and adaptive immunities3¢12). Circulating leukocyte phase and another collected at convalescence); positiveeultu
and cytokine levels indicate that there also are disturlbario  typical pathological features of leptospirosis in the necropsies
the immune response in severe leptospirosis, such as neutsoph(interstitial nephritis, acute tubular necrosis, disorgatian of
at low levels and with impaired antibacterial functioh3-15). the liver cell plates, pulmonary hemorrhage) accompanied or
Since features of the white pulp of the spleen can indicataot by positive immunohistochemistry to tHeeptospirantigen.
immunosuppression in cases of generalized infection withiseptAll leptospirosis cases had to ful Il the criteria of septic sko
shock @-10), and given thatLeptospiraare likely to behave (described below). We excluded cases of leptospirosis in which
similarly to Gram positive/negative bacteria, the aim ofsthi patients had acquired other bacterial infections duringeimgive
study was to determine if patients with severe leptospirosisare. Autopsies were carried with a median of 8 h after death
(Weil's disease with SPHS and shock) have a histologicfom 7-12 h).
pattern similar to those who die from septic shock caused by Septic shock patients were assigned according to the septic
Gram-positive/negative infections. To correlate thesedsith  shock de nition valid at admission1(9): presence of bacterial
Leptospirainfection, we analyzed the presence lddptospira infection (proven or not) with a systemic in ammatory respans
antigens in the spleens of the leptospirosis cases. syndrome (SIRS) associated with hypotension (mean arterial
Clinical trials for treatment of sepsis often exclude patsent pressure< 70 mmHg) requiring vasoactive drug infusion. The
with leptospirosis because this infection has so far not beecases included in this study also fulll SOFA and quick
characterized as septic. Our results should support the ialus SOFA criteria for sepsis de nition2(0). We excluded patients
of leptospirosis groups in clinical trials for drugs targetedreat ~ with immunosuppressive disease or taking immunosuppressive
sepsis, such as antibiotics. medication. Autopsies were carried out with a median of 8 braft
Table 1 was compiled based on three current referencegjeath (from 7-11).
describing the main components of the immune system The control group was composed of healthy portions of
associated with sepsis that were studied here and the malecuthe spleen of individuals who had abdominal trauma and
markers that identify them16-18). The discussion about other had undergone laparotomy with splenectomy. We excluded
mediators involved in the pathophysiology of sepsis, such gsatients who arrived at the emergency room with haemorrhagic
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TABLE 1 | Main components of the immune system associated with sepsignd the molecular markers that identify them.

Immune system component

General role in the immune system

Implicat

ed role in sepsis-related immunosuppression

Monocytes and macrophages

NK T cell

Dendritic cell

CD4C T helper cell

CD8C T cytotoxic cells

B-lymphocytes

TNFa"

IFN *

IL-1*

IL-2*

IL-6*

Monocytes can differentiate it macrophages or dendritic cells in
tissues to trigger the immune response. Macrophage functios
include: phagocytosis, antigen presentation to T cells and
dendritic cells, and cytokine release

Innate immunity

Macrophages express CD68 (present in all macrophages
phenotypes and other cells), CD14, 3A5, F4/80, CD206 (mediats
phagocytosis of pathogens)

Important against viral and intracellular pathogen cytotoxic
antibody-dependent activity. Essential for the initial pduction of
IFN in the immune response

Innate immunity. Express CD57, CD94, CD159c

Professional antigen presentation cell, litging innate to adaptive
immunity; drives the Th1 response through production of IL-2
and TNFa

Expresses S100 (dendritic cell types and other cell typesf;D1a,
CD11c/MHCI! (interdigitating dendritic cells), CD21 (specifor
follicular dendritic cells)

Can mature into Thl, Th2, or Th17 cell subsets geending on the
type of cytokine stimulation from APC, CD20 interaction, éblogic
pathogen and other factors. Thl cells produce more

pro-in ammatory cytokines, associated with pathogen eradtation.
Th2 cells produce more anti-in ammatory cytokines, leadingo
anergy and “immunoparalysis” in sepsis

Adaptive immunity

Express CD4, CD3, CD5, CD28, CD45, CD154

Cytotoxic activity
Adaptive immunity
Express CD8, CD3, CD45

Carry out antigen presentation to T lymphodgs and antibody
production to eliminate pathogens

Adaptive immunity

Express CD20, CD19, CD79

Potent pro-in ammatory cytokine released in the early phasef
sepsis by macrophages, NK cells and T cells. Involved in Thl
response. Induces activation of neutrophils, monocytes andther
effector immune cells; induces phagocytosis, synthesis adicute
phase proteins by the liver, activation of endothelial cell
(coagulation and in ammation), apoptosis and catabolism feer
Essential to eradicate pathogens. Excessive release in thaitial
phase of infection can cause a hyper-in ammatory (“cytokine
storm”) response with excessive tissue damage

Pro-in ammatory cytokine released in the early phase of iettion
and sepsis by Thi cells, CD§ T cells and NK cells. Essential for T
cell Th1 differentiation. Activates T cells and NK cells. Bmotes
phagocytosis, expression of MHC | and Il, antigen presentatig
pro-in ammatory cytokine secretion, production of 1gG, oxidtive,
and nitrosative stress

Pro-in ammatory cytokine released in the early phaser(hate
immunity) of infection and sepsis. Produced by broblasts,
hepatocytes, myeloid, endothelial and epithelial cells. tluces
endothelial and hepatocyte activation, in ammation, and feer

Pro-in ammatory cytokine released in the early phaser(hate
immunity) of infection and sepsis. Produced by T cells. Indes
proliferation and differentiation of T cells, proliferath and
activation of NK and B cells

Pro-in ammatory cytokine released in the early phase ahfection
and sepsis by myeloid and stromal cells. Promotes in ammatio,
synthesis of acute phase proteins by the liver and antibody
production by B cells. May induce Th2 response

Endotoxin tolerance #expression of TLR)#release of
pro-in ammatory cytokines, #HLA-DR expression causing#
antigen presentation), production of anti-in ammatory
cytokines (IL-10, IL-4)," susceptibility of the host to
secondary infections and worse outcome

Loss by apoptosis, altered cytotoxic function and cytokine
production in response to TLR #IFNg production). Low
numbers of NK cells are associated witH' mortality

Loss by apoptosis; inability to induce Th1 response (T cell
anergy), due to#HLA-DR expression," IL-10 secretion," Treg
proliferation,#antigen presentation to T and B cells); low
number is associated with" mortality

Massive loss by apoptosis, leading to anergy (Th2
polarization), adhesion molecule expressiorfCD28
expression,#TCR diversity

Loss by apoptosis, impairment of cytotoxic function,
#cytokine release #TCR diversity

Loss by apoptosis, exhaustion of B cells, compromised
antibody production

In the sepsis-related immunosuppression, it ig

#Release in the scenery of sepsis-related
immunosuppression

#Release in the scenery of sepsis-related
immunosuppression

#Release in the scenery of sepsis-related
immunosuppression

#Release in the scenery of sepsis-related
immunosuppression

(Continued)
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TABLE 1 | Continued

Immune system component

General role in the immune system

Implicat

ed role in sepsis-related immunosuppression

IL-8*

IL-12*

IL-4*

IL-10*

TGFo

Apoptotic cells

Pro-in ammatory cytokine released in the early phase dhfection
and sepsis. Induces in ammation, TNF production, recruitment
of neutrophils and myeloid cells

Pro-in ammatory cytokine released in the early phase fosepsis by
macrophages and dendritic cells after activation by pathogns.
Essential for inducing T cell Th1 differentiation. Induces @ells,
dendritic cells and NK cells to release IFYl " cytotoxic activity

Anti-in ammatory cytokine released by T CD# Th2 cells and
mast cells. Induces Th2 subset differentiation, inhibitioof
IFNg-mediated macrophage activation and isotype switch to IgE

Regulatory and Th2 cytokine released by Treg cells, nceophages,
dendritic cells and CD4 Th2 cells, with anti-in ammatory action.
Inhibits the T cell response

Anti-in ammatory cytokine released by Treg and Th2 cells (Tedls
and macrophages). Inhibits T and B cell proliferation and fution,
inhibits macrophage activation and function. Induces isofye
switch to IgA in B cells, and T cell TH17 and Treg differentiatn.
Increases collagen synthesis

Programmed cell death of immune cells (NK dis, CD4% and
CD8C T cells, B cells and dendritic cells in lymphoid tissues),
through both death receptor- and mitochondrial-mediated
pathways in sepsis

Express activated caspase 3, caspase 9, positive TUNEL

#Release in the scenery of sepsis-related
immunosuppression

#Production by dendritic cells and lymphocytes in scenery of
sepsis-related immunosuppression

Implied as a mediator to induce sepsis-related
immunosuppression

Implied as the main mediator of sepsis-related
immunosuppression; inhibits expression of I1L-12,
co-stimulators and MHC 11, negatively in uences monocyte
production of pro-in ammatory cytokines

(TNFa, IL-1b, and IL-6)

Implied as a mediator to induce sepsis-related
immunosuppression

Main mechanism of death of immune cells in sepsis;
phagocytosis of apoptotic cells by monocytes, macrophages
and dendritic cells induces an anergic CcD% Th2 response,
with " IL-10, compromising pathogen eradication

CD, cluster of differentiation; IL, interleukin; NK, natural kitt TLR, Toll-like receptor; TCR, T Cell Receptor; Th, helper T cells; Greegulatory T cell.

*The tissue expression of cytokines is detected by immunohistochemistrysing speci c monoclonal antibodies.

shock, patients with immunosuppressive disease or takingere incubated for 30 min, at 3Z. Antibody information is

immunosuppressive medication.

provided inTable 2 3,3-diaminobenzidine tetrahydroxychloride

used

We collected the following data from charts of all patients(Sigma-Aldrich/Merck, Darmstadt, Germany) was
age, gender, APACHEII score, intensive care stay duratiwh a as chromogen and the slides were counterstained with
peripheral lymphocyte count. For leptospirosis patients, wdaematoxylin. All reactions were performed with positive
collected data for aspartate aminotransferase (AST), radani and negative controls. Two antibodies (anti CD4 and CD8)
transaminase (ALT), total serum bilirubin, platelet count,required signal ampli cation using the CSAIl kit (Dako, catglo
leukocyte count, serum potassium, creatinine and urea. number K1497), according to the manufacturer's instruco

The APACHE Il is a score system that predicts prognosis of In the case of cytokine staining, the assay was modi ed as
patients in the general intensive care unit (ICU), by incluglage, follows: before blocking, slices were treated with 0.1% sSapon
previous health conditions and physiologic variables (tgal in PBS, for 10 min, and then rinsed with PBS. In addition, afte
signs and laboratory exams) and is calculated during the2dsh ~ secondary antibody incubation, another incubation witpsain
of hospitalization in the ICU21). was carried out, followed by rinsing and a second blocking of

Sections Bm thick of paran-embedded spleen endogenous peroxidase.
samples were stained with Haematoxylin-Eosin (HE) for The histological features of the spleens were analyzed as
morphological analysis. following: A—by the presence or absence [0 absence,

1 D presence of the event) of: pericapsular/subcapsular
hemorrhage, red pulp hemorrhage, red pulp necrosis, vessel
The assay was carried out onmh thick para n-embedded nhecrosis and thrombosis, central artery of the white pulphwit
spleen samples according to Hsu et aP2)( following a signs of endothelial activation, extra medullary hematesd,
procedure standardized by the Pathology Department of théepletion of T-zone and B-zone, atrophy or hyperplasia of
University of S&o Paulo Medical School. Briey, specimenéollicles. B—red pulp congestion type: focal or diuse. C—
were depara nized and hydrated in ethanol, the antigens weresubjective semi-quantitative score [0 normal, 1D discrete,
retrieved in TRIS/EDTA bu er pH 9.0, for 20 min, at 96. The 2 D moderate, and  intense) according to the presence of:
primary antibodies were diluted in 1% bovine albumin soluatio red pulp congestion, haemosiderin pigment, red pulp reticular
and incubated overnight at €. Afterwards, the biotinylated cells/macrophages, red pulp polymorphonuclear cells, red pulp
secondary antibody and streptavidin-peroxidase complex (Dak®lasma cells, red pulp lymphocytes. D—a quantitative analysis
Agilent, Santa Clara, CA, USA,) were applied and specimengas done using a grid-scale with 1010 subdivisions in an area

Immunohistochemistry
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TABLE 2 | Antibody information.

TABLE 3 | Clinical and laboratory ndings of 11 patients with severe lgtospirosis
with severe pulmonary hemorrhage syndrome and shock.

Antigen Provenance, Catalog number Dilution used in
immunohistochemistry Demographic and epidemiologic data

Leptospira University of S&o Paulo, Bral 1:400 Age, median (IR)* 40 (36-56)
CD4 Dako M834 1:1000 Male gender,n (%)** 9 (81.8%)
CD8 Dako M7103 1:30 Contact with rodents, n (%) 5 (45.4%)
CD20 Dako M0755 1:40 Contact with dirty water, n (%) 7 (63.6%)
CD45 Dako M742 1:100 Co-morbidities (arterial hypertension)y (%) 3 (27.27%)
cDes Dako M0876 1:30 CLINICAL SYMPTOMS ON ADMISSION
S-100 Dako Z311 1:100 Duration of symptoms, median (IR) 6 days (4.5-7.0)
IL1-b R&D System§J AF2001-NA 1:20 Fever,n (%) 11 (100%)
IL4 R&D Systems AF204-NA 1:40 Muscle pain, n (%) 1 (100%)
IL6 R&D Systems AF206-NA 1:20 Jaundice, n (%) 11 (100%)
IL10 R&D Systems MAB217 110 Altered mental state,n (%) 6 (54.5%)
IL12 R&D Systems MAB219 110 Pulmonary hemorrhagen (%) 11 (100%)
IFNg R&D Systems MAB285 1:30

Shock, n (%) 11 (100%)
TNF-a R&D Systems AF210MA 1:40

LABORATORY VALUES
CD57 Immunotectf 1166 1:100 i . .

Positive microagglutinationn (%) 7 (63.6%)
TGFb Santa Cru# SC-82 1:50
c 3 Cell Si linf 9661 S 1:100 Distribution of serovars diagnosed by MAT in

aspase ell Signalin§ : seven patients

IL2r Novocastra/Leicd CD25 1:20 Icterohaemorrhagiae 5 71%)
aThe polyclonal rabbit antibody was produced and validated by the Tropical Medine ~ Copenhageni 3 (43%)
Institute (University of Sdo Paulo, SP, Brazil) and was used to detelceptospira antigens in Hebdomadis 2 (30%)
the liver and kidney for post-mortem diagnosis according to previous putghed protocols i
@, 30). Canicola 2 (30%)
bR&D Systems Minneapolis, MN, USA. Autumnalis 2 (30%)
¢Immunotech Marseille, France. Javanica 1 (14%)
dSanta Cruz Dallas, TX, USA. ) .
eCell Signaling, Danvers, MA, USA. Australis 1 (14%)
fNovocastra/Leica, Wetzlar, Germany. Cynopteri 1 (14%)

Djasiman 1 (14%)

Positive ELISA IgMn (%) 5 (45.4%)
of 0.0625 mm to count the cell phenotypes and immune cellSposiive liver eptospiraantigen, n (%) 7 (63.6%)
expressing cytokines in their cytoplasm. Ten elds were cotinte psitive spleenLeptospira antigen, n (%) 8 (72.7%)
randomly at 400 times magni cation in the two compartments ,ematocrit %, median (IR) 28.79 (25.5-30.85)
of the spleen (red pulp and white pulp). Evaluations were carried, s, celisimn?, median (IR) 169 10° (12924 10%
outindependently by two pathologists. Platelets, cells/mn?, median (IR) 50 104 (4.0-63 10%)
Statistical Ana'ySiS Serum C|-'eiat|r-1|ne, mg/dL, me.dlan (IR) 6 (4.5-8)
The categorical data are expressed as percentages and SF™ Pilirubin, mg/dL, median (IR) 14 (7=27)
calculated the Pearson Chi-Square and Fischer's ExactTihest AST mg/dL, median (IR) 134 (44.5-294)
quantitative data are expressed as median and 25th or 75f#T. mg/dL, median (IR) 78 (25-114)
percentiles of cells per mfDi erences between the medians of CLINICAL COURSE
the three groups were analyzed using Kruskal-Wallis. Di eenc Use of vasoactive drugs,n (%) 11 (100.0%)
among two groups were analyzed by unpairetest and by  Mechanical ventilationn (%) 11 (100.0%)
nonparametric methods (Mann-Whitney test). Valuegpaf 0.05  Dialysis,n (%) 9 (81.8%)
were considered statistically signi cant. Duration of ICU hospitalization, median (IR) 2 days (1.5-9.5)

APACHE Il score, median (IR)*** 235 (21.0-27.5)

RESULTS
Patient Data

IR, Interquartile range; ELISA, enzyme-linked immunosorbent assapST, aspartate
aminotransferase; ALT, alanine aminotransferase; ICU intensicare unit; APACHE II,
Acute Physiology And Chronic Health Evaluation.

Table 3summarizes leptospirosis patient clinical and laboratorial eptospirosis group was older than control group (D 0.029, Mann-Whitney).
characteristics. The group was composed mainly by men (82%)eptospirosis group had more males than sepsis group (D 0.007, Pearson Chi-
which took 4.5-7 days to present to the hospital after symptomga-a)-

began and had a high APACHE Il score (21 to 28). The media

**APACHE Il score calculated for 8 patients.
Batient sera were analyzed by the microagglutination test (MAT) to identifptigens from

APACHE Il score was 23.5, which corresponds to a survival rat@e main pathogenic serovars of Leptospira sp. Assays were carried out by thastituto
of 30%, re ecting the Severity of the Ieptospirosis Ca%- ( Adolfo Lutz, Sdo Paulo, SP, Brazil, according to a published protoco?g).
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TABLE 4 | Clinical and laboratory ndings of 10 patients with septic sbck. for the rst time, that extramedullary haematopoiesis oczur
. , in leptospirosis. It occurred more frequently in leptospirosis
Age (y) Sepsis Diagnosis . . . .
patients than in the sepsis group and was not observed in cbntro
16-20 Bilateral pneumonia patients, as e_xpecte@igure 10. We believe this obsgrvation
2195 Bilateral pneumonia may be associated with theptospirairulent factors or with the
46-50 Pulmonary abscessipneumonia 1@t that leptospirosis patients were younger and may have had
5155 E. faccalissepsis more responsive precursor cc_slls._ _
51 55 Urinary infection The folllcl_es of the leptospirosis and sepsig(re 11) groups
5660 s . were atrophic, whereas those of the control group were normal
—! . aureussepsis F l
61-65 Purulent cholecystitis (Figure 1B). .
) . The T-cell and B-cell-dependent regions had a lower cellular
61-65 P. aeruginosaurinary infection . . . .
) ) density in the leptospirosis and sepsis groups as compared to the
61-65 Bilateral pneumonia control arou Q:i ures 1F)
66-70 Infected diabetic foot group €19 e

The endothelium of the central artery showed signs of
activation in the leptospirosis and sepsis groups in comparison
with the control group Figures 1F)). Artery activation is
In seven cases, the microagglutination test was positive, atharacterized by: tumefaction of the endothelial cell (cabi

the main serovars were thieterohaemorrhagiae (5 casesid  aspect as compared to normal at cells) and arterial wall oedema.
Copenhageni (3 cases).

Septic shock patient dataTdble 4 are as follows: 10
individuals with a median age of 57 years (minimum 19, mmunohistochemistry for Cytokines and
maximum 68;p D 0.02 compared to controls, not di erent from Cell Markers
leptospirosis), 20% male © 0007 compared to leptospirosis; The Leptospiraantigen was positive in the spleen of 8 out 11 of
p D 0.001 compared to controls). Main comorbidities wereithe |eptospirosis patients (72.79%)dure 1G).
systemic arterial hypertension (80%) and diabetes mellitd&o{7 NK cells (CD5%) were present at lower levels 20% of
The autopsy showed that sepsis cases had bronchopneumogigntrol) in the leptospirosis and sepsis groups as compared to the
(60%), skin and soft tissue infections (40%), pyelonephritigontrol group Figures 2A—Q.
(20%), and intra-abdominal infections (10%). Median intersiv  Dendritic S106 cells levels were increased more than 10-
care stay was of 7.5 days (1-30 days). All patients weredreat®|d in the red pulp of both leptospirosis and sepsis groups as
with vasoactive drugs and mechanical ventilation. The AREC  compared to control and the levels found in leptospirosis tissue
Il score was high, but calculated in only two cases (25 and 28) were higher than those in the septic tissues. However, in the
As for the control group, healthy portions of the spleen wergyhite pulp, $100 cells were higher only in the leptospirosis group
used from trauma patients. There were 12 individuals, with gFigures 2D-F. The changes in dendritic cell numbers were the
median age of 27 years (minimum 22, maximum 40), 92% maleaost extreme ndings regarding cell data in our study.
9 patients were admitted due to a motorbike or car collisiothwi Cleaved caspase 3 positive (apoptotic) cell levels were lower

alamppost and 2 cases resulted from falls. in the leptospirosis and sepsis groups than in the control group
in the white pulp Figures 2M-0Q. Indeed, no active caspase 3-
Spleen Morphology positive cells were found in the leptospirosis group (compared

Table 5 and Figures 1, 2 display the results of the histological to 62.4 cells/mrf in the control group). Apoptosis was also
parameters analyzed. The congestion in the red pulp was mosggni cantly lower in the leptospirosis group compared to the
intense and di use in the leptospirosis and sepsis groups thaeepsis group in the red pulp.
in the control group Figures 1A,)). Pericapsular or sub capsular ~ CD68" cells were found at higher levels in the sepsis group as
hemorrhages were more frequent in the control group than incompared to leptospirosis and control groups.
the leptospirosis and sepsis groups. Hemorrhages in the red pulp The TCD4 cells were in lower quantity in the leptospirosis
occurred equally among the grougsigure 1A). and sepsis groups than in the control groupidures 2G-).

In the leptospirosis and sepsis groups, the reticular cellslore TCD4 cells were found in the red pulp of the sepsis group
showed pronounced hyperplasia and hypertrophy and theréhan in that of the leptospirosis group.
was an increased number of macrophages in the red pulp TCD8® cell numbers in the red and white pulps were lower
(Figure 1D). in the sepsis group than in the leptospirosisigure 1H) and

In the cords, neutrophil, eosinophil, plasma cell andcontrol groups.
lymphocyte numbers were increased in leptospirosis and sepsis Both leptospirosis and sepsis groups had more Cbaélls
groups in comparison with the control group. than patients with control in the white pulpRigures 2J-). The

In response to stress, including bacterial infections,rstib  leptospirosis group had more CD2Ccells than the sepsis and
haematopoietic stem cells around the sinusoids of the splaen ccontrol groups in the red pulp.
be activated, enabling extramedullary haematopoiesis toroc ~ There was a minimum expression of Thl cytokines (IFN-
(7, 24). Although this observation is not directly associatedhwit g, IL-1, IL-2, and IL-6) in all experimental groups, with
the immune response, we would like to mention that we desgribeno  statistical dierence. An exception was IL-12, with
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TABLE 5 | Histological and immunohistochemical ndings in the spleerof patients with severe leptospirosis (with pulmonary henrohage and shock), sepsis or control.

Pathologic ndings Leptospirosis Sepsis Control Overall p Leptospirosis x  Leptospirosis x Sepsis x
(n D 11) (n D 10) (n D 12) value2 sepsis p control p control p

Red pulp congestion*

Absence/discrete 1(9.1%) 0 (0.0%) 10 (83.3%) 0.0001 0.001 NS 0.0001

Moderate/intense 10 (90.9%) 10 (100%) 2 (16.7%)

Congestion type @

Focal 0 (0.0%) 0 (0.0%) 10 (83.3%) 0.0001 0.001 NT 0.0001

Diffuse 11 (0%) 10 (100%) 1(8.3%)

Peri/subcapsular 1(9.1%) 2 (20.0%) 8 (66.7%) 0.008 0.007 NS 0.038

hemorrhage

Red pulp hemorrhage 10 (90.9%) 10 (100%) 8 (66.7%) 0.075 NT NS 0.068

Red pulp necrosis 1(9.1%) 3 (30%) 0 (0.0%) 0.093 NT NS NS

Red pulp vessels

Necrosis and thrombosis 0 (0.0%) 2 (20.0%) 0 (0.0%) 0.093 NT 8l NS

Red pulp reticular cells/macrophages*

Normal/discrete 0 (0.0%) 1 (10.0%) 12 (100%) 0.0001 0.0001 NS 0.0001

Moderate/intense 11 (100%) 9 (90.0%) 0 (0.0%)

Red pulp polymorphonuclear cells*

Normal/discrete 0 (0.0%) 4 (40.0%) 12 (100%) 0.0001 0.0001 035 0.003

Moderate/intense 11 (1000%) 6 (60.0%) 0 (0%)

Red pulp plasma cells*

Normal/discrete 0 (0.0%) 1 (10.0%) 12 (100%) 0.0001 0.0001 NS 00001

Moderate/intense 11 (100%) 9 (90.0%) 0 (0.0%)

Red pulp lymphocytes**

Normal 0 (0.0%) 0 (0.0%) 11 (91.7%) 0.0001 0.0001 NT 0.0001

Discrete 11 (100%) 10 (100%) 1 (8.3%)

Red pulp extramedullary 11 (100%) 4 (40.0%) 0 (0.0%) 0.0001 0.0001 0.004 0.029

haematopoiesis

Red pulp haemosiderin pigments @

Normal 5 (45.5%) 6 (60.0%) 12 (100.0%) 0.064 0.012 NS NS

Moderate 1 (9.1%) 1 (10.0%) 0 (0.0%)

Intense 5 (45.5%0) 3 (30.0%) 0 (0.0%)

Follicle volume @

Normal 2 (18.2%) 0 (0.0%) 12 (100%) 0.0001 0.0001 NS 0.0001

Atrophied 9 (81.8%) 10 (100%) 0 (0.0%)

T-zone depletion 11 (100%) 6 (60.0%) 0 (0.0%) 0.0001 0.0001 035 0.003

B-zone depletion 9 (81.8%) 9 (90.0%) 0 (0.0%) 0.0001 0.0001 ] 0.0001

Central artery with signs of 11 (100%) 7 (70.0%) 3 (25.0%) 0.001 0.0001 NS 0.046

activated endothelium

TCD4C |H#*

Red pulp 78.4 (57.6-237.6) 185.6 (90.4-411.2)  624.0 (528:0846.4) 0.0001 0.0001 0.044 0.0003

White pulp 1835.0 1850.0 5118.0 0.0001 0.0001 NS 0.0001

(1367.0-2376.0) (1420.0-2307.0) (3925.0-6040.0)

TCD8C [H**

Red pulp 412.8 (260.0-1493.0) 70.40 (49.60-298.40) 583.2340.8-761.6) 0.0011 NS 0.0035 0.0008

White pulp 865.6 (509.6-1024.0) 148.0 (62.40-188.0) 835.Q (564.0-1268.0) 0.0001 NS 0.0002 0.0001

CD20C |H**+

Red pulp 0.73 (0.55-1.08) 0.30 (0.16-0.49) 0.14 (0.08-0.31L 0.0084 0.0082 0.0221 NS

White pulp 8.45 (7.81-9.82) 9.86 (8.13-11.84) 6.01 (5.01-46) 0.0001 0.0035 NS 0.0022

NK [H***

Red pulp 19.2 (16.0-26.4) 17.6 (2.4-73.6) 90.4 (73.6-173)% 0.0003 0.0001 NS 0.0062

White pulp 24.0 (18.4-61.6) 5.6 (0.0-32.8) 135.2 (92.8-198) 0.0005 0.0023 NS 0.0022

(Continued)
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TABLE 5 | Continued

Pathologic ndings Leptospirosis Sepsis Control Overall p Leptospirosis x  Leptospirosis x Sepsis x
(n D 11) (n D 10) (n D 12) value2 sepsis p control p control p

CDG68 [H***

Red pulp 598.4 (153.6-898.4) 1075 (712-1411) 308.0 (224.0850.4) 0.0007 NS 0.0184 0.0005

White pulp 192.0 (153.6-325.6)  547.2 (404.8-628.0)  148.068.8-184.0) 0.0001 NS 0.0001 0.0001

S100 |H***

Red pulp 686.4 (390.4-1040) 54.4 (12.8-125.6) 4.8 (6.4-8)0 0.0001 0.0001 0.0003 0.0001

White pulp 214.4 (81.60-288.8) 10.4 (0.8-19.2) 8.8 (1.6-20) 0.0001 0.0001 0.0001 NS

Cleaved caspase 3 IH***

Red pulp 4.8 (1.6-17.6) 15.2 (6.4-40.8) 37.6 (8.80-71.20) .029 0.016 NS NS

White pulp 0.0 (0.0-5.6) 3.2 (2.4-14.4) 62.4 (29.6-103.2) .0002 0.0006 NS 0.0011

TNF-a [H***

Red pulp 22.4 (12.8-32.4) 4.0 (0.8-17.6) 2.4 (0.0-5.6) 0.0 0.0014 0.0166 NS

White pulp 32.0 (0.0-100) 0.0 (0.0-0.8) 0.0 (0.0-2.4) 0.000 0.0011 0.0008 NS

IFN-g [H***

Red pulp 0.0 (0.0-4.0) 0.0 (0.0-1.60) 0.0 (0.0-3.20) 0.68 NS NS NS

White pulp 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.63 NS NT NT

L1 [H***

Red pulp 0.0 (0.0-0.0) 0.8 (0.0-2.40) 0.0 (0.0-0.0) 0.054 NS NS NS

White pulp 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.97 NS NS NS

IL2 [H***

Red pulp 0.0 (0.0-24.0) 0.0 (0.0-0.0) 0.0 (0.0-0.8) 0.515 NS NS NS

White pulp 0.0 (0.0-3.2) 0.0 (0.0-0.0) 0.0 (0.0-1.6) 0.15 NS NT NT

IL6 [H***

Red pulp 3.2(1.6-11.2) 0.0 (0.0-0.0) 1.6 (0.0-6.4) 0.0021 8l NT NT

White pulp 0.0 (0.0-4.0) 0.0 (0.0-0.0) 0.0 (0.0-1.6) 0.11 NS NT NT

1L12 [H***

Red pulp 8.0 (4.8-14.4) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0001 .0031 NT NT

White pulp 0.0 (0.0-2.4) 0.0 (0.0-0.0) 0.0 (0.0-1.60) 0.076 NS NT NS

L4 [H***

Red pulp 11.2 (0.0-49.6) 0.0 (0.00-0.8) 1.6 (0.0-12.0) 0.08 NS 0.035 0.044

White pulp 0.0 (0.0-24.8) 0.0 (0.0-0.0) 1.6 (0.0-5.6) 0.014 NS NT NT

IL10 IH***

Red pulp 33.6 (28.8-64.2) 83.2 (38.4-152.0) 0.0 (0.0-0.8) .0001 0.0006 0.024 0.0002

White pulp 20.8 (15.2-52.8) 32.0 (13.6-66.4) 0.0 (0.0-0.8) 0.0002 0.0006 NS 0.0009

TGFb [H***

Red pulp 83.2 (58.4-156.0) 212 (118.4-266.4) 32 (8.0-80.8) 0.003 NS 0.0184 0.0041

White pulp 86.4 (64.0-207.2) 117.6 (71.6-199.2) 81.6 (25:6124.0) 0.43 NS NS NS

@subgroups were added for statistical analysis.

*These parameters were regrouped in two categories (normal/discreter moderate/intense) to do the statistical analysis.

**The semi quantitative analysis of the lymphocyte number in the red pulpas regrouped in two categories (normal or discrete) to do the statistical analissas none of the patients had
moderate or intense cord lymphocytic in Itration.

***The data are expressed as median and (in parentheses) the 25th and 75th perctlies of the number of positive cells per square millimeter.

ap compares the three groups as determined by Pearson Chi-Square.

NS, not signi cant; NT, not tested.

a signi cantly higher expression in the red pulp of the white and red pulps Kigures 2P-R. In fact, no TNFa-

leptospirosis patients as compared to the control group. We haveositive cells were found in sepsis and control patients

added immunohistochemistry positive controls presented irin the white pulp, whereas 32 cellsfmwere found in

Supplementary Figure 1o indicate that low expression was not leptospirosis samples.

a result of incomplete staining. Control and leptospirosis groups had similar distribution of
TNF-a levels were higher in the leptospirosis grouplL-4 in both white and red pulps and this expression was higher

as compared to sepsis and control groups in both thehan that of the septic group in the red pulp.
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FIGURE 1 | Histological and immunohistochemical ndings in the spleerof patients with severe leptospirosis with pulmonary hemohage and shock. Spleen from a
patient with leptospirosis with(A) congestion, hemorrhage and haemosiderin pigments (HEJB) acute splenitis with neutrophils, eosinophils, plasma ck, reticular
cells, and macrophages (HE)(C) extramedullary haematopoiesis (HE) an(D) hypertrophic and hyperplasic reticular cells and macrophges increased in the red pulp
(HE). Control patient with(E) adequate white pulp, with germinative center (HE); an¢F) normal T-zone and B-zone (HE)(G) Spleen from a leptospirosis patient with
positive IH forLeptospira antigens in the red pulp. Spleen from a bacterial septic pagnt with (H) white pulp with low TCDE density by IH stain and(l) red pulp
congestion and atrophic follicles with depleted T-zone and-zone(HE). Original magni cation 400 , except for (C) oil immersion (1000 ) and (E) 200 . HE,
Haematoxylin-Eosin; IH, Immunohistochemistry.

The number of cells expressing IL-10 was greater (more thaand because of changes in immune system response re ected in
10-fold, p < 0.0005, one of the greatest changes found in outhis organ.
study regarding cytokines) in leptospirosis and sepsis grosps a
compared to control in both red and white pulpBigures 2s-).  Patient Data
As for TGFb, its expression was similar in all three groupsLeptospirosis patients have a very characteristic demographic
in the white pulp, whereas levels were higher in the sepsis groupey are mostly young and male. We found it di cult to nd
compared to the other two groups in the red pulp. corresponding sepsis patients, that were older and only 20%
male, and controls, that were younger than the leptospirosis
group. The most common serovars identi ed in the present cases
were Icterohaemorrhagiaand Copenhageniof the Leptospira
DISCUSSION interrogansserogroup, which are the most prevalent in the
State of S&o Paulo and are associated with severe cases of
We compared severe leptospirosis with sepsis—infection witleptospirosisZ3).
Gram positive or Gram-negative bacteria—and control samples. Some authors believe that antibiotic treatment in sevesesa
This is the rst report to explore the immune aspects of sever®f leptospirosis is unnecessary because, at this stageikielis |
leptospirosis with shock and SPHS. that all bacteria have already been eliminated and that ocu
We focused our study on the spleen, where there is heawshould be on treating organ damage due overreacting immune
splenocyte death among the lethal cases of septic shé@ck @ndin ammatory responseZ5). We describe that theeptospira
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FIGURE 2 | Antigen expression for cell receptors, cytokines and apoptsis in the white pulp of the spleens from fatal cases of Lep&pirosis with pulmonary
hemorrhage and shock.(A—C) NK cells (CD5%) were present at lower levels in the leptospirosis and sepsigroups as compared to the control group. (D—F) The
S100 cells were higher in the leptospirosis group than the gsis and control groups. (G—I) The TCDA£ cells were in lower quantity in the leptospirosis and sepsis
groups than in the control group.(J-L) Both leptospirosis and sepsis groups had more CD2§ cells than patients with control in the white pulp(M-O) Cleaved
caspase 3 positive (apoptotic) cell levels were lower in thieptospirosis and sepsis groups than in the control group ithe white pulp. (P-R) TNF-a levels were higher
in the leptospirosis group as compared to sepsis and controin both the white and red pulps.(S—U) The number of cells expressing IL-10 was greater in leptospisis
and sepsis groups as compared to control in both red and whitepulps. Magni cation: 400 .

antigen is still present in the spleen at time of death, whictadmission was found to have a median of 5 days. It is likely
implies that early antibiotic treatment probably could haesed that this delay in treating patients with antibiotics (ceéixone)
some patients and should be prescribed in cases of severrd intravenous hydration was an important factor in mortgli
leptospirosis. However, we should point out that the time untilOur results indicate that health providers should be trairied
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recognize leptospirosis as early as possible and start amtibiotts availability and because it allows us to detect dercldélls

treatment to avoid sepsis. in both red and white pulp. We also believe a high number of
dendritic cells is possible in the leptospirosis group and can be
Spleen Morphology attributed to the virulence factors, young age and predomina

Our results demonstrate a strong similarity in histolodi@spects male gender.

between leptospirosis and septic spleens of patients, as opposed tdRegarding in ammation, we believe patients had su ered
controls, displaying a pattern of acute splenitis as found Imeot from an intense in ammatory response early during infection
authors @6-28). The endothelial cells of the central artery hadsince both leptospirosis and sepsis patients presented with
histological signs of activation in leptospirosis withoutnesis. severe tissue lesions including nephritis, interstitial ygmenitis,

In contrast, the sepsis group had endothelial activation plusgpulmonary hemorrhage, hepatopathy, and muscular lesions. As
in two cases, endothelial necrosis and thrombosis. Inetas mentioned above, histological analysis also indicated #fgen
plasma levels of sE-selectin and Von Willebrand factor, jpbgsi probably caused by an intensive in ammatory response to the
derived from endothelial cells, have been previously desdrib infective agents.

in leptospirosis patients and higher sE-selectin levels were

associated with lower mortality2Q). T and B Lymphocytes—Acquired Immune
] ) ) Response
Leptospira Antigen in Spleen Both leptospirosis and sepsis patients showed clear follicle

The Leptospiraantigen showed strong labeling in a granularatrophy in the white pulp, with low cellular density in the T-

pattern widely distributed in the red and white pulps, bothand B-cell dependent regions. This is a strong indication of

intracellularly (macrophages, reticular cells, endotil@ells) and  the inhibition of the adaptive immune response. TCD#vels

extracellularly, indicating that these bacteria probabdwéran in the leptospirosis and sepsis groups were signi cantly lower

important role in the pathogeny of severe leptospirosis. This ias compared to controls. The depletion of TCD4ells in

the rst study to show that the_eptospiraantigen is present in |eptospirosis appears to be essential for the hosts homesstasi

the spleen of patients with leptospirosis, although this amtige (42, 43).

has been previously found in the liver, kidneys, heart, lagsl We have no data to indicate how TCB4cells are lost in

skeletal muscle3( 30-32). leptospirosis, though it is likely by apoptosis, as found in adima
As discussed earlier, the presenceleptospiraand signs models ¢4) and in spleens of patients with septic shodk (

of immunosuppression in later and severe stages of infection0). However, we found alecreasetevel of apoptosis in the

corroborate that antibiotic treatment should occur at aiiges of sepsis and leptospirosis patients as compared to controls. It is

the disease as prescribed for other types of sepdisid proven  possible that our results are due to the methodological approach:

to be bene cial in animal models3¢). we used antibodies against activated caspase-3, whereaas oth
authors used anti-caspase 9 or the TUNEL assay, which may
Innate Immune Response label necrotic cells4). Another possibility is that there is a

Although our study was carried out evaluating immune resgonsmassive apoptotic event during earlier stages of infectidrighv
in both red and white pulps, we consider that the red pulp is s completed by the later stages—and cannot be detected—also
transition zone and will focus our discussion on resultsaibéd  suggesting that no new lymphocytes migrate to the spleen.rOthe
in the white pulp. forms of cell death or control of cell population by inhibitiorf o

We report, for the rst time, that patients with severe proliferation are other possible explanations for the low amoun
leptospirosis have a compromised innate immune responssfimmune cells found in sepsis and leptospirosis, especially since
associated with a decrease in NK cells and low levels ongFN-we found low levels of proliferation stimulants (i.e., NK celfsi
The decrease in NK levels was also found in sepsis. Low NK celftokines) ¢6).
count was previously found in aex vivoreport for leptospirosis Regarding CD2® B lymphocytes, they were found in
(39), althoughLeptospiraare known to stimulate these cells  increased numbers in both infectious groups as compared to
vitro; NK levels at early stages of the disease probably correlaéntrol which may be associated with a humoral response to the
with its outcome 86, 37), as found in sepsis3@). infectious agents.

We found a> 10-fold increased number of dendritic cells in
leptospirosis and in sepsis patients. In leptospirosisgarvivo  Cytokine Expression in the Spleen
study found that dendritic cells proliferate and secrete ghhi We showed that TNFR levels are increased in leptospirosis in
quantity of Thl cytokines and a low quantity of IL-139). comparison with the sepsis and control groups, in spite of the lack
Reports for sepsisl(, 40) show a loss of dendritic cells in the of regulation of other Thl cytokines. TN&-is the most studied
spleen due to apoptosis as opposed to our results. This can bgtokine in leptospirosis and has been found to be a marker for
explained by our di erent methodology: we employed a broadclinical outcome 7, 48).
marker to detect dendritic cells—S100, while other authused We found that IL-1, IL-2, IL-4, IL-6, IL-12, and IFNr-
speci c tissue markers for follicular cells (CD21 and FDC-M1)levels were very low or undetectable, with no major changes
(10, 40). The S100 protein allows us to detect myeloid cellsamong patient groups, conrming previous studieg8(53).
including interdigitating dendritic cells, Langerhansllseand IL-12 levels were expected to be high in leptospirosis, based
follicular dendritic cells 41). We chose this marker because ofon in vitro and animal studies 39, 51, 54). Our results
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showed elevated expression of IL-12 in leptospirosis in thancreased, then they should have been able to stimulate tile
red pulp, but since it was absent from the white pulp, thecells 0.
overall result is probably of immunosuppression. The low We hypothesized that severe leptospirosis with shock has
secretion of IFNg during the immunoparalysis phase of sepsissome elements of immunosuppression-like septic shock as we
is a key aspect of this syndrome and is associated with itsave demonstrated in the spleen. Leptospirosis patients should
outcome £5). be included in clinical trials for sepsis treatment and biokear
We found increased levels of IL-10 in both sepsis andliscovery as well as sepsis caused by Gfam bacteria
leptospirosis  groups indicating an immunosuppressed?9, 71, 72).
environment and con rming previous studies in other tissues Our results indicate that an immunomodulatory treatment
(51, 56,57). may aid in patient recovery, controlling the initial immune
TGF-blevels were also increased in the spleens of leptospirosissponse in order to prevent immune system burnout or
and sepsis patients, as described in kidneys of hamsterd¢edfec stimulating the immune system at later stages {2, 793).
with Leptospia (57). Another practical aspect of our results is that it suggests$ tha
immunoparalysis markers can be useful in patient diagnosis and
to aid treatment 63).
Overall Thl vs. Th2 Response: Our study has some limitations: it was based on retrospective
Immunoparalysis in Severe Infections data recovered from patient les. This has drawbacks because
We conclude from our data and its corroboration by other segl  some clinical data was not collected at the time of admission
that there is immunoparalysis in leptospirosis as also ocaurs ior during treatment (especially for several sepsis cases)hwhic
sepsis. However, as our reviewers have pointed out, the dataréstricts our analysis. Also, because Brazilian law reguhat
restricted to a late time point (after death), a single tisgjpden) autopsies be carried out at least 6 h after death—the mediaen ti
and morphological analysis of preserved tissues—and threrefountil autopsy was 8 h in our study—some sample autolysis may
that it is hard to be certain of the immunological processeat th have happened, with loss of antigens, although HE staininggsho
occurred in the patients. Therefore, the following analys@sd  no signs of tissue degradation and staining controls werdipesi
be viewed with caution. Since we based our study on patients that died from leptospirosis
The in situ decrease (or lack of expression) in Thl pro-or sepsis, we do not have spleen data for mild cases, where there
in ammatory cytokines (IL-6, IFN-y, IL-b, IL-2r,and IL-12) and  was recovery. We also do not have spleen samples from severe
the increase in IL-10 indicate that there is an inhibitiontbe  cases before death (at earlier stages of the severe disea=@)l,O
innate and acquired immunity during the acute and severe phas we based our study on morphological aspects of the spleen and
of leptospirosis and sepsis. Previous data obtainedtro or in  do not have data relating to systemic immune response, such
patient serum indicate that there is an initial Thl response imas circulating immune cell types and circulating cytokinesl a
leptospirosis §6, 37, 39, 47, 58-62) as opposed to our ndingsin other in ammatory markers. We also designed our study based
later stages of the disease. This may indicate that in ledges of on broad cell markers and not on more speci c markers (for
severe leptospirosis there is an immune system burnout or sonexample, CD21 for dendritic follicular cells).
sort of inhibition of immune response triggered by bacteria.
Human patients and animal models show that sepsi
is associated with an immunosuppressive st&ig, (3-65)

corroborating that severe Ieptosp|r05|_s IS S|“r_n|lar {0 Sepsis. . . To the best of our knowledge, this is the rst study evalugtin
Overall, our study shows that there is an “immunoparalysis” in

severe leptospirosis and sepsis: low quaniiy of NK and 1ED4¢ 18 TESoree T B2uRre, 0 oReser e, B ok
cells, low expression of IFN; IL-12, IL-6, IL-1 and IL-2 and ptosp

high expression of IL-10. The successful immune response {ike septic_shock caused by Gra@/— bacteria regarding:
9 P ) P Sinical/biochemical presentation and spleen histopathimlalg

leptospirosis appears to depend on the secretion of Thl ro(E
ptosp pp P P characteristics. Given that we found an intense and diuse
Leptospira antigen distribution and an immune response

in ammatory cytokines 86, 37, 59, 61, 66). We believe that the
Characterized by a low Th1l/Th2 ratio in the spleen, patient

host's response to the infectious agent needs to hit a sweet sp
not too high (such as with cytokine storms) and not too lowims treatment should include antibiotics and immunomodulagdp
reduce mortality.

immunoparalysis§3, 64, 67). Immunoparalysis has been shown

in sepsis, where it favors the development of new infectiors an

morbidity (63, 68). Sepsis associated with septic shock has been

correlated with a Th2 responséX, 64, 69. Indeed, in hamster ETHICS STATEMENT

models ofLeptospiranfection, it has been shown that there is an

initial Th1 response followed by a predominance of high IL-10 aThis study is a retrospective histological evaluation ofghkeen

later stages of the infectioB®{, 56, 57). samples from three di erent groups of patients (leptospirosis,
We also found that there appears to be a lack of interactiosepsis and trauma) obtained by necropsy (leptospirosis and

between innate and adaptive immunity when comparing thesepsis) or by surgery (trauma) from the Department of Pathplog

increase in dendritic cells, but decrease in IL-2 and IL-12fthe Medical School of the University of Sdo Paulo. The records

expression—in dendritic cells. Had the levels of these ayésk of the Death Veri cation Service of the Department of Pathmfo

TONCLUSION
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were reviewed to identify all deaths due to severe leptospirosdesigned the analysis, collected the data, performed thgsisal
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low-expressing cytokines. Expression of the following cykines was found to be
very low in all groups (leptospirosis, sepsis and controll'his gure shows positive
staining in control spleen:(a) IL-1b; (b) IFN-g; (c) IL-2; (d) IL-6. Magni cation:

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
line at: https://www.frontiersin.org/articles/10.Z8nmu.
019.00920/full#supplementary-material

Positive immunohistochemical controls for

revised the paper. MD performed the autopsies, conceived ardo (a,c); 200 (b,d).

REFERENCES

10.

11.

12.

. Levett

PN. LeptospirosisClin  Microbiol
doi: 10.1128/cmr.14.2.296-326.2001

Rev. (2001) 14:296-326.

. Secretaria da Saude do Estado de S&o PRalios Estatisticos—Secretaria

da Salde—Governo do Estado de Sdo P&ilo Paulo, SP: State of Sao
Paulo (2018). Available online at: http://www.saude.sp.gowbrffentro-
de-vigilancia-epidemiologica-prof.-alexandre-vranjac/areasddgancia/
doencas-de-transmissao- por-vetores-e-zoonoses/agravosipise/
dados-estatisticos (accessed June 27, 2018).

. Nicodemo AC, Duarte MI, Alves VA, Takakura CF, Santos RT, Néoool EL.
Lung lesions in human leptospirosis: microscopic, immunohistochemicall6.

and ultrastructural features related to thrombocytopeniaAm
J Trop Med Hyg. (1997) 56:181-7. doi: 10.4269/ajtmh.1997.17.
56.181

. Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett Mg al.

Leptospirosis zoonotic disease of global importanicancet Infect Dig2003)
3:757-71. doi: 10.1016/S1473-3099(03)00830-2

. Chen HI, Kao SJ, Hsu YH. Pathophysiological mechanism of lung

injury in patients with leptospirosis. Pathology. (2007) 39:339-44.
doi: 10.1080/00313020701329740

. Junt T, Scandella E, Ludewig B. Form follows function: lymphoisués

microarchitecture in antimicrobial immune defendéat Rev Immunol(2008)
8:764-75. doi: 10.1038/nri2414

. Golub R, Tan J, Watanabe T, Brendolan A. Origin and immunological

functions of spleen stromal cellslrends Immunol.(2018) 39:503-14.
doi: 10.1016/}.it.2018.02.007

. Hotchkiss RS, Tinsley KW, Swanson PE, Chang KC, Cobb JRMBuchG,

et al. Prevention of lymphocyte cell death in sepsis improves survival i
mice. Proc Natl Acad Sci USA1999) 96:14541-6. doi: 10.1073/pnas.96.25.
14541

KC, et al. Sepsis-induced apoptosis causes progressive profoundiafeplet

of B and CD# T lymphocytes in humans] Immunol.(2001) 166:6952—-63. 22.

doi: 10.4049/jimmunol.166.11.6952
Hotchkiss RS, Tinsley KW, Swanson PE, Grayson MH, Osborne Bh&Y
TH, et al. Depletion of dendritic cells, but not macrophages, in patients

with sepsis.J Immunol.(2002) 168:2493-500. doi: 10.4049/jimmunol.168.23.

5.2493

Hotchkiss RS, Karl IE. The pathophysiology and treatment ofs@&p&ngl J
Med.(2003) 348:138-50. doi: 10.1056/NEIMra021333

Hotchkiss RS, Coopersmith CM, Karl IE. Prevention of lymphocyte
apoptosis—a potential treatment of seps®ih Infect Dis.(2005) 41 (Suppl.
7):S465-9. doi: 10.1086/431998

13.

14.

15.

18.

19.

20.

21.
. Hotchkiss RS, Tinsley KW, Swanson PE, Schmieg RE Jr., Hui J¥g Cha

24.

De Silva NL, Niloofa M, Fernando N, Karunanayake L, Rodrigo €Silva

HJ, etal. Changes in full blood count parameters in leptospirosis: a pridgpec
study.Int Arch Med.(2014) 7:31. doi: 10.1186/1755-7682-7-31

Raray L, Giry C, Vandroux D, Kuli B, Randrianjohany A, PequitMA

et al. Major neutrophilia observed in acute phase of huntaptospirosis

is not associated with increased expression of granulocyte delbien
markers. PLoS ONE. (2016) 11:e0165716. doi: 10.1371/journal.pone.
0165716

Adiga DSA, Mittal S, Venugopal H, Mittal S. Serial changesimplete blood
counts in patients with.eptospirosi®ur experiencel Clin Diagn Re$2017)
11:ec21-4. doi: 10.7860/jcdr/2017/25706.9836

Abbas AK, Llchtman AH, Pillai SCellular and Molecular Immunology
(2012). Amsterdam: Elsevier.

Hotchkiss RS, Monneret G, Payen D. Sepsis-induced immunossppres
from cellular dysfunctions to immunotherapyNat Rev Immunol.(2013)
13:862—74. doi: 10.1038/nri3552

Tang BM, Herwanto V, McLean AS. Immune paralysis in sepsis: recent
insights and future development. In: Vincent J-L, editd®rigin and
Immunological Functions of Spleen Stromal Celham: Springer
International Publishing (2018). p. 13-23.

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA,
et al. Denitions for sepsis and organ failure and guidelines fbe t
use of innovative therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee American College of Chest Physicians/$ocfet
Critical Care MedicineChest.(1992) 101:1644-55. doi: 10.1378/chest.101.
6.1644

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Anriane
Bauer M, et al. The third international consensus de nitions &@psis and
septic shock (sepsis-3)AMA. (2016) 315:801-10. doi: 10.1001/jama.2016.
0287

Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a
severity of disease classi cation systedmit Care Med.(1985) 13:818-29.
doi: 10.1097/00003246-198510000-00009

Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidasmptex
(ABC) in immunoperoxidase techniques: a comparison between ABC and
unlabeled antibody (PAP) proceduresHistochem Cytochefi981) 29:577—
80. doi: 10.1177/29.4.6166661

Romero EC, Bernardo CC, Yasuda PH. Human leptospirosis: a twergy-nin
year serological study in S&o Paulo, Brdzdv Inst Med Trop Sao Pau{2003)
45:245-8. doi: 10.1590/S0036-46652003000500002

Burberry A, Zeng MY, Ding L, Wicks I, Inohara N, Morrison SJ, kt a
Infection mobilizes hematopoietic stem cells through cooperativeDNiRe
receptor and Toll-like receptor signalinGell Host Microbg2014) 15:779-91.
doi: 10.1016/j.chom.2014.05.004

Frontiers in Immunology | www.frontiersin.org

13

April 2019 | Volume 10 | Article 920



Duarte-Neto et al.

Leptospirosis Septic-Shock Like Immunosuppression

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Guidugli F, Castro AA, Atallah AN. Systematic  reviews
leptospirosis. Rev Inst Med Trop SAf£o Paulo(2000) 42:47-9.
doi: 10.1590/S0036-46652000000100008

Arean VMCP. The pathologic anatomy and pathogenesis of fatalah
leptospirosis (Weil's diseasé)m J Pathol(1962) 40:393-423.

Comby F, Gauthier R, Nazimo O. [New contribution to the studf
leptospirosis in Reunion. Il. Anatomopathology and histopatholofi/fatal
cases]Bull Soc Pathol Exot Filialg4969) 62:92—-101.

Muensoongnoen J, Phulsuksombati D, Parichatikanond Pgj&anN,

Pilakasiri C, Sripaoraya K, et al. A histopathological study of heartgi5.

and spleens of hamsters (Mesocricetus auratus) infected heghtospira
interrogans serovar pyrogenesoutheast Asian J Trop Med Public Health.
(2006) 37:720-8.

Goeijenbier M, Gasem MH, Meijers JC, Hartskeerl RA, Ahmed &isG
MG, et al. Markers of endothelial cell activation and immune attbraare
increased in patients with severe leptospirosis and associateddisitase
severityJ Infect(2015) 71:437-46. doi: 10.1016/.jinf.2015.05.016

Alves VA, Yasuda PH, Yamashiro EH, Santos RT, Yamamoto LU,
de Brito T. An immunohistochemic assay to localize leptospires in
tissue specimensRev Inst Med Trop Sao Pauld1986) 28:170-3.
doi: 10.1590/S0036-46651986000300006

de Brito T, Morais CF, Yasuda PH, Lancellotti CP, Hoshino-Shimiz
S, Yamashiro E, et al. Cardiovascular involvement in human and

experimental leptospirosis: pathologic ndings and immunohistochexhic 49.

detection of leptospiral antigenn Trop Med Parasito(1987) 81:207-14.
doi: 10.1080/00034983.1987.11812114

Uip DE, Amato Neto V, Duarte MS. Diagndstico precoce da leptopirose
por demonstracéo de antigenos através de exame imuno-histoquémico
musculo da panturrilhaRev Inst Med Trop Sdo Paul@992) 34:375-81.
doi: 10.1590/S0036-46651992000500001

Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschket R, 51.

al. Surviving Sepsis Campaign: international guidelines for mamagt of
severe sepsis and septic shock: 2@D& Care Med.(2008) 36:296-327.
doi: 10.1097/01.CCM.0000298158.12101.41

Spichler A, Ko Al, Silva EF, De Brito T, Silva AM, Athanazio D, et52.

al. Reversal of renal tubule transporter downregulation during severe
leptospirosis with antimicrobial therappm J Trop Med Hyg2007) 77:1111—
9. doi: 10.4269/ajtmh.2007.77.1111

De Fost M, Chierakul W, Limpaiboon R, Dondorp A, White NJ, var Poll
T. Release of granzymes and chemokines in Thai patients with lepde&pi
Clin Microbiol Infect(2007) 13:433-6. doi: 10.1111/j.1469-0691.2006.01640.x
Naiman BM, Alt D, Bolin CA, Zuerner R, Baldwin CLCP. Protectie#
Leptospira borgpetersemaccine induces potent Thl immunity comprising
responses by CD4 and gammadelta T lymphocytefect Immun.(2001)
69:7550-8. doi: 10.1128/1A1.69.12.7550-7558.2001

Klimpel GR, Matthias MA, Vinetz JM.eptospira interroganactivation of
human peripheral blood mononuclear cells: preferential expansion of TCR
gamma delt§ T cells vs TCR alpha bétar cells.J Immunol (2003) 171:1447—
55. doi: 10.4049/jimmunol.171.3.1447

Giamarellos-Bourboulis EJ, Tsaganos T, Spyridaki E, Mouktardid
Plachouras D, Vaki |, et al. Early changes of CD4-positive lymphoayigsIK
cells in patients with severe Gram-negative sef@is.Care.(2006) 10:R166.
doi: 10.1186/cc5111

Gaudart N, Ekpo P, Pattanapanyasat K, van Kooyk Y, Engerihgptospira
interrogansis recognized through DC-SIGN and induces maturation and
cytokine production by human dendritic celBEMS Immunol Med Microbiol.
(2008) 53:359-67. doi: 10.1111/j.1574-695X.2008.00437.x

Tinsley KW, Grayson MH, Swanson PE, Drewry AM, Chang KC, Karl

IE, et al. Sepsis induces apoptosis and profound depletion of splenig8.

interdigitating and follicular dendritic cells] Immunol.(2003) 171:909-14.
doi: 10.4049/jimmunol.171.2.909

Shinzato M, Shamoto M, Hosokawa S, Kaneko C, Osada A, Shivhizu
et al. Dierentiation of Langerhans cells from interdigitating llseusing
CDla and S-100 protein antibodieBiotech Histochen{1995) 70:114-8.
doi: 10.3109/10520299509108327

Yamashiro-Kanashiro EH, Benard G, Sato MN, Seguro AC, Duarte AJ.
Cellular immune response analysis of patients with leptospirdsisJ Trop
Med Hyg(1991) 45:138-45. doi: 10.4269/ajtmh.1991.45.138

on43.

44,

46.

47.

48.

50.

53.

54.

55.

56.

57.

59.

60.

Pereira MM, Andrade J, Marchevsky RS, Ribeiro dos SantosrRhblogical
characterization of lung and kidney lesions in C3H/HeJ mice infotith
Leptospira interroganserovar icterohaemorrhagiae: defect of €Dand
CD& T-cells are prognosticators of the disease progressiom. Toxicol
Pathol.(1998) 50:191-8. doi: 10.1016/S0940-2993(98)80083-3

Isogai E, Isogai H, Kubota T, Fujii N, Hayashi S, Indoh T, akt
Apoptosis of lymphocytes in mice administered lipopolysaccharide
from Leptospira interrogangentralbl Veterinarmed B(1998) 45:529-37.
doi: 10.1111/j.1439-0450.1998.tb00824.x

Resendes AR, Majo N, Segales J, Espadamala J, Mateu E, iChianin
F, et al. Apoptosis in normal lymphoid organs from healthy normal,
conventional pigs at dierent ages detected by TUNEL and cleaved
caspase-3 immunohistochemistry in para n-embedded tissdet.Immunol
Immunopathol(2004) 99:203-13. doi: 10.1016/j.vetimm.2004.02.001

van der Poll T, Opal SM. Host-pathogen interactions in sepsiscet Infect
Dis.(2008) 8:32—43. doi: 10.1016/S1473-3099(07)70265-7

Tajiki H, Salomao R. Association of plasma levels of tumor necrasierf
alpha with severity of disease and mortality among patients with |ppioss.

Clin Infect Dis(1996) 23:1177-8. doi: 10.1093/clinids/23.5.1177

Athanazio DA, Santos CS, Santos AC, McBride FW, Reis M@&riBxental
infection in tumor necrosis factor alpha receptor, interferon gamnmal a
interleukin 4 de cient mice by pathogeniceptospira interroganécta Trop.
(2008) 105:95-8. doi: 10.1016/j.actatropica.2007.09.004

Opal SM, Fisher CJ Jr., Dhainaut JF, Vincent JL, Brase R, L®Wrgt

al. Con rmatory interleukin-1 receptor antagonist trial in severe sspa
phase I, randomized, double-blind, placebo-controlled, multiceritel.

The Interleukin-1 Receptor Antagonist Sepsis Investigator @r@iit Care
Med.(1997) 25:1115-24. doi: 10.1097/00003246-199707000-000

Delves PJ, Roitt IM. The immune system. Second of two peauEngl J Med.
(2000) 343:108-17. doi: 10.1056/NEJM200007133430207

Vernel-Pauillac F, Merien FCP. Proin ammatory and immunomodulatory
cytokine mRNA time course pro les in hamsters infected with a virdlen
variant of Leptospira interrogansinfect Immun (2006) 74:4172-9.
doi: 10.1128/1A1.00447-06

Wen H, Hogaboam CM, Gauldie J, Kunkel SLCP. Severe sepsishexese
cell-mediated immunity in the lung due to an altered dendritic cell &yte

pro le. Am J Pathol(2006) 168:1940-50. doi: 10.2353/ajpath.2006.051155
Wagenaar JF, Gasem MH, Goris MG, Lee ang M, Hartskeerl RA, van
der Poll T, et al. Soluble ST2 levels are associated with bleeding in
patients with severd_eptospirosisPLoS Negl Trop Dis(2009) 3:e453.
doi: 10.1371/journal.pntd.0000453

de Fost M, Hartskeerl RA, Groenendijk MR, van der Poll TCRerlatikin 12

in part regulates gamma interferon release in human whole blood stimulated
with Leptospira interrogan<Clin Diagn Lab Immunol.(2003) 10:332-5.
doi: 10.1128/CDLI.10.2.332-335.2003

Ertel W, Kremer JP, Kenney J, Steckholzer U, Jarrar D, Trentz @l. et
Downregulation of proin ammatory cytokine release in whole blood from
septic patientsBlood.(1995) 85:1341-7.

Marinho M, Oliveira-Junior 1S, Monteiro CM, Perri SH, Salomao R.
Pulmonary disease in hamsters infected witteptospira interrogans

histopathologic  ndings and cytokine mMRNA expressionsAm
J Trop Med Hyg. (2009) 80:832—6. doi: 10.4269/ajtmh.2009.
80.832

Lowanitchapat A, Payungporn S, Sereemaspun A, Ekpo P, Phulsuksomb
D, Poovorawan Y, et al. Expression of TNF-alpha, TGF-beta, IP-10
and IL-10 mRNA in kidneys of hamsters infected with pathogenic
Leptospira Comp Immunol Microbiol Infect Dis(2010) 33:423-34.
doi: 10.1016/j.cimid.2009.05.001

Cinco M, Vecile E, Murgia R, Dobrina P, Dobrina lkeptospira interrogans
and Leptospira peptidoglycaimsduce the release of tumor necrosis factor
alpha from human monocytesFEMS Microbiol Lett(1996) 138:211-4.
doi: 10.1111/j.1574-6968.1996.tb08159.x

Diament D, Brunialti MK, Romero EC, Kallas EG, Salomao RCP.
Peripheral blood mononuclear cell activation induced Iheptospira
interrogans glycolipoprotein. Infect Immun. (2002) 70:1677-83.
doi: 10.1128/1A1.70.4.1677-1683.2002

Dorigatti F, Brunialti MK, Romero EC, Kallas EG, Salomad.&ptospira
interrogans activation of peripheral blood monocyte glycolipoprotein

Frontiers in Immunology | www.frontiersin.org

14

April 2019 | Volume 10 | Article 920



Duarte-Neto et al.

Leptospirosis Septic-Shock Like Immunosuppression

61.

62.

63.

64.

65.

66.

67.

demonstrated in whole blood by the release of 1Bz J Med Biol ReR005)
38:909-14. doi: 10.1590/S0100-879X2005000600013
Tuero |, Vinetz JM, Klimpel GR. Lack of demonstrable memory T cell

responses in humans who have spontaneously recovered from leptospiro€9.

in the Peruvian AmazonJ Infect Dis.(2010) 201:420-7. doi: 10.1086/
650300
Reis EA, Hagan JE, Ribeiro GS, Teixeira-Carvalho A, Martins-

Filho OA, Montgomery RR, et al. Cytokine response signatures in70.

disease progression and development of severe clinical outcomes for
leptospirosisPLoS Negl Trop Di§2013) 7:€2457. doi: 10.1371/journal.pntd.
0002457

Rajan G, Sleigh JW. Lymphocyte counts and the development ot ommsal
sepsisintens Care Med1997) 23:1187. doi: 10.1007/s001340050482

Gogos CA, Drosou E, Bassaris HP, Skoutelis A. Pro- versus anfi2.

in ammatory cytokine pro le in patients with severe sepsis: a marker for
prognosis and future therapeutic optiond.Infect Dis(2000) 181:176-80.
doi: 10.1086/315214

Monneret G, Lepape A, Voirin N, Bohe J, Venet F, Debard AL, et
al. Persisting low monocyte human leukocyte antigen-DR expression
predicts mortality in septic shockntensive Care Med2006) 32:1175-83.
doi: 10.1007/s00134-006-0204-8

68.

71.

73.

Karp CL, Wysocka M, Ma X, Marovich M, Factor RE, Nutman T, etateft
suppression of IL-12 production from monocytes and dendritic cells rlyri
endotoxin toleranceEur J Immunol(1998) 28:3128-36.

Friedland JS, Porter JC, Daryanani S, Bland JM, Screaton Ny Wek et
al. Plasma proin ammatory cytokine concentrations, Acute Physiolagst
Chronic Health Evaluation (APACHE) Il scores and survival in patiin

an intensive care uniCrit Care Med(1996) 24:1775-81.

von Andrian UH, Mackay CR. T-cell function and migration —
two sides of the same coinN Engl J Med.(2000) 343:1020-34.
doi: 10.1056/NEJM200010053431407

Maciel EA, Athanazio DA, Reis EA, Cunha FQ, Queiroz A, Aladilet al.
High serum nitric oxide levels in patients with severe leptospir@sita Trop.
(2006) 100:256—60. doi: 10.1016/j.actatropica.20066.1.00

Andrade L, Cleto S, Seguro AC. Door-to-dialysis time and daitgddialysis

in patients with leptospirosis: impact on mortalitZlin J Am Soc Nephrol.
(2007) 2:739-44. doi: 10.2215/cjn.00680207

Kox WJ, Bone RC, Krausch D, Docke WD, Kox SN, Wauer H, et al.
Interferon gamma-1b in the treatment of compensatory anti-in ammatory
response syndrome. A new approach: proof of princiglech Intern Med.
(1997) 157:389-93.

Naiman BM, Blumerman S, Alt D, Bolin CA, Brown R, Zuerner Conict of Interest Statement: The authors declare that the research was

R, et al

Evaluation of type 1 immune response in naive andconducted in the absence of any commercial or nancial relatdps that could

vaccinated animals following challenge witheptospira borgpetersenii be construed as a potential con ict of interest.

serovar Hardjo: involvement of WE1 gammadelta and CD4T cells.
Infect Immun. (2002) 70:6147-57. doi:
2002

10.1128/1A1.70.11.6147-6157Copyright © 2019 Duarte-Neto, Croda, Pagliari, Soriano, Nicodend Duarte.
This is an open-access article distributed under the tdrine Greative Commons

Calandra T, Baumgartner JD, Grau GE, Wu MM, Lambert PH, Schellekenttribution License (CC BY). The use, distribution or rdpation in other forums

J, et al. Prognostic values of tumor necrosis factor/cachecttarléukin-
1, interferon-alpha, and interferon-gamma in the serum of patienthw
septic shock. Swiss-Dutch J5 Immunoglobulin Study Gradipnfect Dis.
(1990) 161:982-7.

is permitted, provided the original author(s) and the cgpyowner(s) are credited

and that the original publication in this journal is cited gccordance with accepted
academic practice. No use, distribution or reproductipernsitted which does not

comply with these terms.

Frontiers in Immunology | www.frontiersin.org

15

April 2019 | Volume 10 | Article 920



