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Abstract: Bothrops snakebite envenomation (SBE) is consider an important health problem in Brazil,
where Bothrops atrox is mainly responsible in the Brazilian Amazon. Local effects represent a relevant
clinical issue, in which inflammatory signs and symptoms in the bite site represent a potential risk
for short and long-term disabilities. Among local complications, secondary infections (SIs) are a
common clinical finding during Bothrops atrox SBE and are described by the appearance of signs such
as abscess, cellulitis or necrotizing fasciitis in the affected site. However, the influence of SI in the local
events is still poorly understood. Therefore, the present study describes for the first time the impact
of SBE wound infection on local manifestations and inflammatory response from patients of Bothrops
atrox SBE in the Brazilian Amazon. This was an observational study carried out at the Fundacao
de Medicina Tropical Dr. Heitor Vieira Dourado, Manaus (Brazil), involving victims of Bothrops
SBE. Clinical and laboratorial data were collected along with blood samples for the quantification
of circulating cytokines and chemokines before antivenom administrations (T0) and 24 h (T1),48 h
(T2), 72 h (T3) and 7 days after (T4). From the 94 patients included in this study, 42 presented SI
(44.7%) and 52 were without SI (NSI, 55.3%). Patients classified as moderate envenoming presented
an increased risk of developing SI (OR = 2.69; CI 95% = 1.08-6.66, p = 0.033), while patients with bites
in hands showed a lower risk (OR = 0.20; CI 95% = 0.04-0.96, p = 0.045). During follow-up, SI patients
presented a worsening of local temperature along with a sustained profile of edema and pain, while
NSI patients showed a tendency to restore and were highlighted in patients where SI was diagnosed
at T2. As for laboratorial parameters, leukocytes, erythrocyte sedimentation ratio, fibrinogen and
C-reactive protein were found increased in patients with SI and more frequently in patients diagnosed
with SI at T3. Higher levels of circulating IL-2, IL-10, IL-6, TNE, INF-y and CXCL-10 were observed
in SI patients along with marked correlations between these mediators and IL-4 and IL-17, showing
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a plurality in the profile with a mix of Th1/Th2/Th17 response. The present study reports for the
first time the synergistic effects of local infection and envenoming on the inflammatory response
represented by local manifestations, which reflected on laboratorial parameters and inflammatory
mediators and thus help improve the clinical management of SI associated to Bothrops SBE.

Keywords: snakebites; Bothrops; secondary bacterial infection; inflammation; cytokines; chemokines
Key Contribution: The study pioneers the description of inflammatory profile associated with

secondary infection related to snakebite envenomation; we have found that the wound infection
potentializes the inflammation signs of envenomation.

1. Introduction

Snakebite envenomation (SBE) represents a relevant public health issue among tropical
countries. Biologically active toxins from snake venoms are responsible for the disturbance
of several physiological events including hematoxic, neurotoxic, myotoxic, and target
organs disfunctions, promoting local and systemic damage to patients [1,2]. The role
of venom components and its mechanisms involved in envenomation pathophysiology
comprise the major efforts in the SBE research; however, other clinical complications aside
from the direct action of toxins, such as secondary infections (SI), are also associated with
SBE morbidity [3,4].

Bothrops genus is the major perpetrating group of snakes causing SBE in Brazil, and
Bothrops atrox (B. atrox) is responsible for most cases in the Amazon region [5-8]. The en-
venoming caused by this species is evidenced by several local manifestations comprised by
pain, edema, increased local temperature and erythema, and it may evolve to severe compli-
cations related to tissue injury with possible long-term disabilities [9,10]. The inflammatory
response secondary to the proteolytic effect of the toxins, especially metalloproteases, is the
major pathophysiological mechanism involved in local events, which is associated to the
recognition of the toxins by innate immunity and the releasing of damage-associated molec-
ular patterns (DAMPs) [9-13]. However, another indirect mechanism involves secondary
bacterial infections at the bitten site [14].

SI are important local complications from SBE, and its diagnosis is described by
the appearance of signs as abscess, cellulitis or necrotizing fasciitis, along with other
manifestations also attributed to venom activity such as erythema, hotness, swelling,
and/or pain [14-16]. The incidence of this event varies by the aggressor species and
geographical localization, with frequencies up to 77% in some sites [17,18]. Among the
bacterial species, it has been reported that both Gram-positive and Gram-negative bacteria,
as well as anaerobic, were associated with this complication; infection is probably caused
by the inoculation of bacteria from the mouth, fangs, or venom microbiota [3,15,17]. The
SI treatment consists of the empiric use of antibiotics, such as amoxicillin/clavulanate or
ampicillin/sulbactam, and ciprofloxacin; however, resistance to this empiric strategy has
been reported [15,17,19]. Therefore, the treatment of wound infection is pivotal to avoid
extensive local tissue damage and sepsis [2,16].

Previous studies have shown that SI is an important complication resulting from
B. atrox SBE in the Brazilian Amazon, accounting for about 40% of patients. Among
clinical and laboratorial evaluation, SI was associated to increased levels of fibrinogen,
alanine transaminase and C-reactive protein, intense pain, and moderate SBE severity [14].
Moreover, clindamycin was the most prescribed antibiotic as the primary antibiotic regimen;
however, in 24.4% of the SI patients, this antibiotic regimen fails [20]. Although the
relevance of the inflammatory reaction on local effects during Bothrops SBE is clinically
recognized, studies on the repercussion of SI on the inflammatory response is still neglected.
The present study describes for the first time the inflammatory profile associated with SI
following Bothrops SBE.
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2. Results

From the 94 patients included in this study, 42 patients presented SI (44.7%) and 52 did
not present SI (55.3%) during the follow-up (Figure 1). From the 42 SI patients, 6 (14.3%)
were diagnosed at T1, 15 (35.7%) were diagnosed at T2, 8 (19.0%) at T3, and 13 (31%)
patients were diagnosed from T3 to T4. No patients were diagnosed with sepsis during
the follow-up.

Eligible patients
N=94
Patients with secondary infection (SI) Patients with no secondary infection (NSI)
n=42 n=>52
B;l;(())re T1 T2 T3 T4
. 24 hours 48 hours 72 hours 7 days
antivenom
Clinical parameters Laboratory parameters Inflammatory mediators
* Edema * Leukocyte and Neutrophil counting * Cytokines
* Local temperature « CK * Chemokines
* Pain « ESR
« LDH
* CRP
« ALT

Figure 1. Study flow chart. Assessed and eligible patients categorized in patients with (SI) or
without (NSI) secondary infection during the follow-up (T0-T4). Clinical, laboratory parameters and
inflammatory mediators were evaluated for both groups at each time period. CK: creatine kinase;
ESR: erythrocyte sedimentation rate, LDH: lactate dehydrogernase; CRP: C-reactive protein; ALT:
alanine aminotransferase.

2.1. Factors Associated to Secondary Infections

The epidemiological characterization showed a predominance of SBE in male patients
(85.1%), mainly from rural areas (92.5%), with the age group predominantly between 21
and 40 years (39.8%), and most were work-related accidents (47.3%). Although the most
frequent affected anatomical site was the lower limbs, specifically the feet (62.4%), bites in
hands showed a protection factor to develop SI with a 80% reduced risk compared to foot
(OR = 0.20; CI1 95% = 0.04-0.96, p = 0.045). The time elapsed from the bite to the medical
assistance was up to 3 h in 61.7% of the cases, and 14.0% of the participants reported a
previous history of SBE. In addition, 37.6% used traditional topical medications, 33.3% used
oral medications, and 8.5% reported comorbidities. Tourniquet was used in 23.7% of cases.
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Interestingly, patients classified as moderate were over two times more likely to develop SI
(OR =2.69; C195% = 1.08-6.66, p = 0.033) (Table 1).

Table 1. Clinical-epidemiological parameters from Bothrops snakebite patients.

. Total (%) SI (%) NSI (%) o
Variables N =94 n =42 n=52 OR CI 95% p Value
Gender
Female 14 (14.9) 6 (14.3) 8 (15.4) 0.92 0.29-2.89 0.882
Male 80 (85.1) 36 (85.7) 44 (84.6) 1 - -
Age (years)
0-10 5(5.4) 4 (9.5) 1(2.0) 1 - -
11-20 11 (11.8) 5(11.9) 6 (11.8) 0.21 0.02-2.52 0.217
21-40 36 (39.8) 16 (38.1) 21 (41.2) 0.19 0.02-1.87 0.155
41-60 27 (29.0) 13 (31.0) 14 (27.5) 0.23 0.02-2.36 0.217
>60 13 (14.0) 4(9.5) 9(17.7) 0.11 0.01-1.34 0.083
Area of occurrence
Urban 7(7.5) 3(7.1) 4(7.8) 1 - -
Rural 86 (92.5) 39 (92.9) 47 (92.2) 1.11 0.23-5.24 0.899
Bite site
Lower limbs 18 (19.4) 10 (23.8) 8 (15.7) 1 - -
Upper limbs 2(2.2) 0 (0.0) 2 (3.9) - - -
Hand 15 (16.1) 3(7.1) 12 (23.5) 0.20 0.04-0.96 0.045 *
Foot 58 (62.4) 29 (69.1) 29 (56.9) 0.80 0.28-2.32 0.681
Work-related bite 44 (47.3) 18 (42.9) 26 (51.0) 0.72 0.32-1.64 0.435
Time to assistance (hours)
0-3 58 (61.7) 23 (54.7) 35 (67.3) 1 - -
4-6 17 (17.0) 10 (23.8) 7 (13.4) 1.96 0.64-5.99 0.240
>6 19 (21.3) 9 (21.4) 10 (19.2) 1.52 0.55-4.23 0.421
Pre"wl:‘.s snakebite 13 (14.0) 6 (14.3) 7 (13.7) 0.95 0.29-3.09 0.938
istory
Use of topical medicines 35 (37.6) 14 (33.3) 21 (41.2) 0.71 0.31-1.67 0.438
Use of oral medicines 31 (33.3) 13 (31.0) 18 (35.3) 0.84 0.37-2.02 0.8261
Use of tourniquet 22 (23.7) 11 (26.2) 11 (21.6) 1.29 0.50-3.36 0.602
Snakebite clinical
classification
Mild 36 (38.7) 11 (26.2) 25 (49.0) 1 - -
Moderate 48 (51.6) 26 (61.9) 22 (43.1) 2.69 1.08-6.66 0.033 *
Severe 9(9.7) 5(11.9) 4(7.8) 2.84 0.64-12.65 0.171
Antivenom vials
administrated
2-4 15 (15.9) 4 (9.5) 11 (21.1) 1 - -
5-8 59 (62.7) 27 (64.2) 32 (61.5) 2.32 0.66-8.13 0.188
9-12 19 (20.2) 11 (26.1) 8 (15.3) 3.36 0.79-14.25 0.100
Comorbidities * 8 (8.51) 3(7.14) 5(9.62) 0.72 0.16-3.22 0.670

SI = secondary infection; NSI = non-secondary infection; OD = odds ratio; CI 95% = confidence interval. Associa-
tion measurement not possible due to sample size. * p value using exact Fisher test. * In the SI, the comorbities
were hypertension (n = 1), diabetes (n = 1), and rheumatism (n = 1); In the NSI group, the comorbities were
hypertension (n = 4) and diabetes (1 = 1).

2.2. Local Clinical Manifestations Analysis

As observed in Figure 2A, both SI and NSI groups showed a sustained edema (edema
ratio above 1) from TO to T4. Although the SI group presented slightly higher values,
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there was no significant difference between groups. Regarding local temperature, the SI
group showed an increasing pattern in local temperature over time, which was significantly
higher at T3 and T4 (Figure 2B). In terms of pain intensity, an overall analysis shows a pain
decrease intensity during follow-up in both groups (Figure 2C). However, the frequency
of patients with intense/moderate pain was higher in the SI group compared to the NSI
group at T1, T2 and T4 (Figure 2C).

(A) (B) (€ e
1.5+ 4 - S| -O- NSI 100 Pain Intensity
- S| -O- NSI 5? M # ;\; 80 E ntense
g 23 -t E=1 Moderate
= . s =3 Mid
£ o e — 5 e ® £ Absent
g 10 T 2 @
E a-, £ 40
3 -2 g
w g 1 E 20
-
0.5 T T T T T 0 T T T T T 0 a2le aolg ale ole ol¢
TO T T2 T3 T4 TO T T2 T3 T4 0 T T2 T3 T8

Figure 2. Local clinical parameters profiles between SI and NSI during follow-up. (A) Evaluation
of edema (ratio affected limb vs. contralateral), (B) local temperature (A°C affected limb vs. con-
tralateral), and (C) frequency of individuals in different pain intensity (%) between patients with
secondary infection (SI—black circle) and no secondary infection (NSI—white circle). (A,B) were
reported as median values + interquartile range. * p < 0.05 when comparing the values between SI vs.
NSI at each time point (frequency between groups was compared considering moderated + intense),
and * p < 0.05 when comparing differences in time within the same group for SI..

Although some differences in local manifestations could be observed among all pa-
tients regarding SI vs. NSI, the onset of secondary infections was recorded at different days
during clinical evolution. Therefore, to evaluate patients from a particular perspective, the
SI group was segmented according to the time at which infection was diagnosed (T1 to
T3), and the local parameters profile was analyzed in every time. Considering that the
T4 group comprises patients with SI diagnosis in different times between T3 and T4, the
T4 group was not analyzed. As observed in Figure 3, edema at T3 and T4 was greater in
patients with SI diagnosed at T2 compared to the NSI group, which is in parallel with an
increase in edema in the SI group and decrease in the NSI group. As for temperature, we
also observed higher values at T1, T2 and T4 in patients with SI diagnosed at T2 compared
to NSI, which was accompanied by an increment at the times mentioned. The frequency of
intense/moderate pain was also found to be higher at T1, T2 and T3 in patients with SI
diagnosed at T2. No statistical differences were observed in patients with diagnosis at T1
and T3 in the NSI group.

2.3. Laboratory Parameters

Along with clinical manifestations, hematological and biochemical laboratory pa-
rameters were investigated (Figure 4). Blood leukocytes showed peak values at TO and
decreasing over time for both SI and NSI patients. Among the patient groups, SI individuals
presented higher counting at TO and T3 compared to NSI. As for neutrophils, a similar
pattern was observed during the follow-up, with the SI group presenting increased values
at T2 and T3. Erythrocyte sedimentation ratio (ESR) values exhibited a rising profile over
the days, peaking at T4 for both groups, with differences between SI and NSI at T3 and T4.
The frequency of patients with values of C-reactive protein (CRP) above 6.5 mg/dL was
higher in the SI group from admission (T0) and during all follow-up (T1 to T4). For both SI
and NSI groups, fibrinogen levels showed a rising during clinical evolution, with superior
levels in SI from T2 to T4. No significant differences among SI and NSI were found for
creatine kinase (CK), lactate dehydrogenase (LDH), and alanine aminotransferase (ALT)
(Figure 4).
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Figure 3. Local clinical parameters profiles between SI segmented on the day of diagnosis and NSI
during follow-up. Patients with SI were segmented in different groups based on the day of diagnosis
(T1, T2 or T3). (A) Evaluation of edema (ratio affected limb vs. contralateral), (B) temperature (A°C
affected limb vs. contralateral), and (C) frequency of individuals in different pain intensity (%)
between patients with secondary infection (SI—black circle) and no secondary infection (NSI—white
circle). (A,B) were reported as median values £ interquartile range. * p < 0.05 when comparing the
values between SI vs. NSI at each time point (frequency between groups was compared considering
moderated + intense), and * p < 0.05 when comparing differences in time within the same group
for SI.

When the SI group was segmented according to the day of infection diagnosis
(Figure 5), we observed that leukocytes were found higher at TO in patients with diag-
nosis of T1. As for neutrophils, the difference was noticed during all days of follow-up
(T0-T4) for patients with infection confirmed at T3. In a similar manner, patients diag-
nosed with SI at T3 presented increased values of ESR from TO to T4. Concerning CRP,
we observed that the frequency of patients with elevated values was higher at T3 and T4
when infection confirmation was at T2, and as for patients with SI confirmation at T3, the
difference was found from T2 to T4. No significant changes were found for CK, LDH,
fibrinogen and ALT (Figure 5).



Toxins 2023, 15, 524 7 of 20
20,000 20,000 500
= ' s & 4
2 15,000 . @ 15,000 & . 4004
8 * & 3 # &
g 4 o # a 3 3004 #
$ 10,000 @ 10,000 * * . =) &
'§. 'E. 5 200 # &
£ 50001 g 5000+ 300 #
(7] =
- [T}
0 T T T T =z 0 T T T T T 0 T T T T T
TO T T2 T3 T4 TO T1 T2 T3 T4 TO T1 T2 T3 T4
&
t * * * * *
1000 - 100 & = 100- 1 1 r— 1
B & 1007 CRP (mg/dL)
800 = 801 . g go- <65
3 T 4 g . s6s
= .
2 600 g 607 g 60
g & & E -o:: ]
QO 400 W P 40 € 40
w g |
200 20 g 50
& 4
0 1 1 1 T T 0 T T T T T [$) 0 - < > < > < > < > Y 9\
) ) ) 9 )
TO T1 T2 T3 T4 TO T1 T2 T3 T4 To‘\ T1\\ Tz\‘ 135 “14%
60 & 800 - : &
# g & * #
3 600 #
o
g 40 é *
2 c #
2 S 400
5 g
< 204 £
5 200
[T
0 1 T I 1 1 0 T T T T T
TO T™ T2 T3 T4 TO T™ T2 T3 T4

Figure 4. Laboratory parameters profiles between SI and NSI during follow-up. Evaluation between
patients with secondary infection (SI—black circle) and no secondary infection (NSI—white circle)
of total leukocytes, neutrophils, creatine kinase (CK), lactate dehydrogenase (LDH), erythrocyte
sedimentation ratio (ESR), alanine aminotransferase (ALT), and fibrinogen were reported as median
values + interquartile range, while C-reactive protein (CRP) was reported as the frequency of
individuals with values above (>6.5 mg/dL) or below (<6.5 mg/dL). * p < 0.05 when comparing the
values between SI vs. NSI at each time point; # p < 0.05 when comparing differences in time within
the same group for SI, and & p < 0.05 when comparing differences in time within the same group
for NSL

2.4. Soluble Immunological Molecules Profile

The detection of cytokines and chemokines in blood serum was also evaluated. As
demonstrated in Figure 6, cytokine IL-6 was found increased from TO to T3 in SI patients,
showing a gradual decrease over clinical evolution. As for IL-10, levels at TO were higher
in the SI group as well as chemokine CXCL-8 at T1. No significant changes were found for
IL-2, IL-4, IL-17, TNF-«, INF-y, CCL-2, CCL-5, CXCL-9 and CXCL-10 (Figure 6).

The evaluation of cytokines profile during follow-up based on the diagnostic day
(Figure 7) showed that patients with SI determined at T1 presented increased levels of IL-6
at TO and T2, which was accompanied by IL-10 at TO. As for patients diagnosed at T2, they
presented higher levels of IL-6 at T1. Diagnosis of SI at T3 was related to increased levels of
IL-6 from TO to T3. Others novel associations with SI were found, where patients with SI
determined at T2 presented augmented levels of IL-4 and TNF-« at TO compared to the
NSI group. As for patients with SI determined at T3, higher levels of IL-2 at T1, INF-y at
T2, and TNF-oc at T4 were observed. No significant changes were found for IL-17, CCL-2,
CCL-5, CXCL-9 and CXCL-10 (Figure 7).
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Figure 5. Laboratory parameters profiles between SI segmented on the day of diagnosis and NSI
during follow-up. Patients with SI were segmented in different groups based on the day of diagnosis
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(T1, T2 or T3). Evaluation between patients with secondary infection (SI—black circle) and no
secondary infection (NSI—white circle) of total leukocytes, neutrophils, creatine kinase (CK), lactate
dehydrogenase (LDH), erythrocyte sedimentation ratio (ESR), alanine aminotransferase (ALT), and
fibrinogen were reported as median values + interquartile range, while C-reactive protein (CRP) was
reported as the frequency of individuals with values above (>6.5 mg/dL) or below (<6.5 mg/dL).
* p < 0.05 when comparing the values between SI vs. NSI at each time point; # p < 0.05 when comparing
differences in time within the same group for SI, and & p < 0.05 when comparing differences in time
within the same group for NSI.

IL-2 IL-4 IL-6 IL-10
180 1 2,000 500
A o Sl O NsI ° *
400
180 1,500 * .
. 300
160 170 1,000 . N & & & &
: 200 # # M #
160 500 100
140 T T T T r 150 T T T T T 0 T T T T T 0 T T T T T
T0 ™ T2 T3 T4 T0 ™ T2 T3 T4 To ™ T2 T3 T4 To ™ T2 T3 T4
IL-17 TNF-a INF+y CCL-2
200 150 150 2,500
— 2,000
150
w # 1,500 &,
2 wi B—k— 5 5 5 w F % I =z 3 "
~— 1,000
T 100
S 500
2
50 T T T T T 50 T T T T T 50 T T T T T 0 T T T T T
= TO T T2 T3 T4 TO T T2 T3 T4 TO T T2 T3 T4 TO T T2 T3 T4
=]
-
(7]
[7,]
CCL-5 CXCL-8 CXCL-9 CXCL-10
300,000 1,200 10,000 6,000
250,000 *
800 s . a N M 4,000 &
#
200,000 # 5,000 & & #
# #
400 2,000
150,000
100,000 T T T T T 0 T T T T T 0 T T T T T 0 T T T T T
TO T T2 T3 T4 TO T T2 T3 T4 TO T T2 T3 T4 TO T T2 T3 T4

Figure 6. Soluble immunological molecules profiles between SI and NSI during follow-up. Eval-
uation between patients with secondary infection (SI—black circle) and no secondary infection
(NSI—white circle) of cytokines and chemokines from blood serum, whose results are reported as
median values + interquartile range of median fluorescence intensity (MFI). * p < 0.05 when compar-
ing the values between SI vs. NSI at each time point; # p < 0.05 when comparing differences in time
within the same group for SI, and & p < 0.05 when comparing differences in time within the same
group for NSL

As for chemokines, patients with SI diagnosed at T1 presented increased levels of
CXCL-8 at TO compared to the NSI group. In patients with infection confirmed at T3, both
CXCL-9 and CXCL-10 levels were higher from T0 to T4. No significant changes were found
in patients diagnosed at T2 (Figure 8).
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Figure 7. Cytokine profiles between SI segmented on the day of diagnosis and NSI during follow-up.
Patients with SI were segmented in different groups based on the day of diagnosis (T1, T2 or T3).
Evaluation between patients with secondary infection (SI—black circle) and no secondary infection

(NSI—white circle) of cytokines from blood serum were reported as median values + interquartile

range. * p < 0.05 when comparing the values between SI vs. NSI at each time point; * p < 0.05

when comparing differences in time within the same group for SI, and & p < 0.05 when comparing

differences in time within the same group for NSL
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Figure 8. Chemokine profiles between SI segmented on the day of diagnosis and NSI during follow-

up. Patients with SI were segmented in different groups based on the day of diagnosis (T1, T2 or T3).

Evaluation between patients with secondary infection (SI—black circle) and no secondary infection

(NSI—white circle) of chemokines from blood serum were reported as median values + interquartile

range. * p < 0.05 when comparing the values between SI vs. NSI at each time point; * p < 0.05

when comparing differences in time within the same group for SI, and & p < 0.05 when comparing

differences in time within the same group for NSL



Toxins 2023, 15, 524

12 of 20

A network analysis of interactions between the immunological molecules, laboratorial
and clinical parameters was performed and compared between overall SI patients, patients
stratified by the day of SI diagnosis (SI segmented patients), and NSI patients. As illustrated
in Figure 9, a high number of correlations between clinical, laboratorial and inflammatory
mediators were observed from T2 onwards in each group of patients; several of them were
commonly found in all three groups, and most were between cytokines and chemokines.
However, SI overall and segmented groups presented an increased number of moderate
and strong positive correlations compared to NSI patients, and most were also between
cytokines and chemokines (Figure 9).

Secondary Infection overall

Figure 9. Network of soluble molecules, laboratory and clinical parameters interactions between
groups in the follow-up. Each color group was used to identify the chemokines and cytokines (dark
blue) and the laboratory and clinical parameters (light blue) between all secondary infection patients
(SI overall), secondary patients segmented by the day of diagnosis (SI segmented) and patients
without secondary infection (NSI). Dashed lines between molecules indicate a negative correlation
while solid lines indicate a positive correlation. The thickness indicates the correlation strength. The
correlation index (r) was used to categorize the strength of correlation into weak (r < 0.35), moderate
(r>0.36tor <0.67), or strong (r > 0.68).

As concerning the distinct correlations among the three groups of patients, the SI
overall group presented increased numbers of positive correlations predominantly in-
volving cytokines and chemokines, highlighting interactions between IL-2, IL-10, IL-6,
CCL-2, IL-17 and CXCL-10 to other cytokines and chemokines (Figure 9). In NSI patients,
a higher number of correlations were observed between laboratorial parameters and cy-
tokines/chemokines, among which ALT, VHS, LDH, neutrophil and leukocytes showed
more prominent positive correlations to IL-10 and CXCL-10