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Abstract

Introduction: The COVID-19 current pandemic disease differs from the HIN1pdm09 caused by Influenza
A virus HTN1 subtype, by how it induces a pro-inflammatory response in infected lungs.

Objective: Investigate the role of Th17 response in the pathogenesis of COVID-19 injury by analyzing the
tissue expression of interleukins 8 and 17A and the neutrophils in lung samples of patients who die of
COVID-19, comparing to HIN1pdm09. Study design and post-mortem results: Six lung samples from
patients SARS-CoV-2 infected (COVID-19 group), and ten lung samples from adults who died from
H1N1pdm09 (H1N1 group), were tested. A control group was also added to the study. H&E slides were
used for neutrophils scoring. The tissue expression of IL-8 and IL-17A was identified by
immunohistochemistry. Tissue expression increasing of IL-17A and IL-8 and a higher number of
neutrophils were identified in samples from the HIN1 group when compared to the COVID-19 group.

Discussion: It is suggested that the SARS-CoV-2 virus evokes an exacerbated response of the host's
immune system but differs from that observed in the HIN1pdmO09 disease because it may not be trigger
by Th17 response. With the low expression of IL-8, IL-17A, neutrophil recruitment to the site of infection
becomes impaired, resulting in viral persistence. On the other hand, in the COVID-19 disease, the immune
response by Th2 cells seems to be exacerbated, observed by the extent of the lung injury. This
uncontrolled response and, mainly, the lack of a therapeutic target, culminates in disease progression
and, consequently, in shorter survival time.

1 Introduction

At the end of 2019, a new strain of the respiratory coronavirus (SARS-CoV-2) emerged from China and
has spread rapidly around the world, causing a wave of infections and deaths. Until May 24 of this year,
the virus has infected more than 5,200,000 people, with over 337,600 deaths worldwide[1].

With the rapid worsening of symptoms in infected patients, clinicians have confronted a great challenge,
since there are still no specific therapies[2]. Without a specific antiviral agent to treat those infected
patients, numerous clinical trials are, in course, worldwide[3], such as antiviral and immunomodulatory
activity drugs[4,5].

SARS-CoV-2 infection, called COVID-19 disease, evolves an acute respiratory distress syndrome (ARDS)
with diffuse alveolar damage (DAD). The injury pattern of the infection seems to be a consequence of a
complement system activation described as cytokine storm[6]. This process is mediated by the
angiotensin-converting enzyme 2 (ACE-2) in lung tissue[7,8], but how this damage starts and
compromises the lung tissue needs to be better investigated.

DAD is characterized by the development of intra-alveolar pulmonary edema and hyaline membrane. This
is due to the increased permeability of the alveolar-capillary membrane triggered by SARS-CoV-2
pneumocytes infection[9], culminating in acute respiratory failure and the need for mechanical
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ventilation. This process is associated with a host defense response regulated by a complex interaction
of cytokines and inflammatory cells closely related to the activation of tissue macrophages that release
cytokines such as TNF-q, IL-1, and IL-6 that can recruit circulating neutrophils, amplifying the
response[10,11,12,13].

The pulmonary inflammatory reaction to infectious agents, in general, begins with a Th1/Th17 response,
producing IL-17 and stimulating pro-inflammatory cytokines (such as IL-8), with consequence increasing
vascular permeability allowing the intense neutrophilic infiltrates[12,13].

This study aims to investigate the role of Th17 response in the pathogenesis of COVID-19 lung injury by
analyzing the relationship between neutrophil recruitment and DAD in patients who died from COVID-19
and compare to patients who died of HIN1pdm0Q9 (the pandemic disease caused by the Influenza A virus
H1N1 subtype).

2 Study Design And Post-mortem Results
2.1 Post-mortem samples and methods

This present study was approved by the National Research Ethics Committee (Conselho Nacional de
Etica em Pesquisa — CONEP) by the numbers 3.944.734/2020 and 2.550.445/2018 and families
consented to the post-mortem biopsy.

The COVID-19 group comprises post-mortem lung samples of patients whose cause of death was DAD
caused by SARS-CoV-2 (n = 6, positive nasal swab RT-PCR for SARS-CoV-2 in more than one sample).
Clinical data of 6 cases were obtained from medical records during hospitalization in the ICU at Hospital
Marcelino Champagnat in Curitiba-Brazil.

The H1N1 group comprises necropsies lung samples of patients whose cause of death was DAD caused
by HINpdmOQ9 (n = 10, pandemic Influenza A virus HIN1 subtype positive RT-PCR in fresh lung samples)
during the 2009 pandemic.

The CONTROL group (n = 11) was composed of lung samples from patients who died of cardiovascular
and neoplastic disease, not involving lung lesions.

The sample size was not determined statistically. The number of samples that comprised each group
was determined by the number of patients who died due to the disease, in the period of time in which the
research was carried out, and also according to those whose families accepted the use of a biopsy
sample for study.

Survival was defined as the period between diagnosis and death.

The immunohistochemistry technique was used to analyzed IL-8 and IL-17A tissue expression.
Monoclonal antibodies anti-IL-17A (rabbit polyclonal antibody, Abcam, Cambridge, UK, Cat# ab91649,
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RRID: AB_10712684,1:200 dilution) and anti-IL-8 (rabbit polyclonal antibody, Abcam, Cambridge, UK, Cat#
ab7747, RRID: AB_306040, 1:200 dilution) were used as the primary antibodies. The validation of the
antibodies, as well as the optimal dilution, was performed according to the manufacturer's instructions,
using the recommended positive control, in these cases, human samples. The secondary polymer was
Reveal Polyvalent HRP-DAB Detection System, Cat# SPD-125, Spring Bioscience, CA, USA. The result is
confirmed by the positivity of a positive control, that is, a sample known to be positive for a specific
antibody that is allocated together with the patient's samples.

The immunostained slides were scanned (Axion Scan.Z1 Scanner, Zeiss AG, Oberkochen, Germany), and
then ZEN Blue Edition (Zeiss, Germany) were used to ramdomly generate ten high-power fields per case
(HPF = 40x objective). The image analysis was performed (Image-Pro Plus 4 software). After that, a
percentage of IL-8 and IL-17A tissue expression per HPF was obtained in each case.

H&E slides high-resolution images were used to perform the neutrophil scoring in 30 HPF. The scoring
was made in hot spot areas, only in the septum or alveolar lumen.

The comparison of two groups, concerning quantitative variables, was performed using the non-
parametric Kruskal-Wallis test. Values of p <0.05 indicated statistical significance. The data were
analyzed using the IBM SPSS Statistics v.20.0 software. Armonk, NY: IBM Corp.

2.2 Histopathological and immunohistochemistry results

Clinical characteristics of the COVID-19 (n = 6), HIN1 (n = 10), and CONTROL groups as age, gender,
pathological patterns, survival, IL-17A and IL-8 tissue expression, and the neutrophils score are listed in
Table 1.

Table 1. Comparative table between COVID-19, H1N1, and CONTROL groups for gender, age, survival in
days, mechanical ventilation in days, IL-8 tissue expression, IL-17A tissue expression, and neutrophil
score.

Page 5/12



Data Variable COVID-19 H1N1 CONTROL

(n=6) (n=10) n=11)
Gender Male 66.6% 80.0% 62,5%

Female 33.3% 20.0% 37,5%

Age — 76.5/80.5 (53-87) 43.5/44 (23-61) 42.3/45 (18-60)
(vears)’
Survival — 12.8/10 (2-32) 4.70/1.5(1-19) —_
(days)’
mechanical 9.7/8 (0-21) 4.70/1.5(1-19) —_
ventilation’
Histological Interstitial pneumonitis Interstitial pneumonitis Normal septum
pattern DAD with scarce septal with high septal

neutrophils with hyaline neutrophils infiltration

membrane and micro and no micro

thrombosis thrombosis
IL-8 tissue — 0.79/0.19 (0.004-3.62) 4.15/4.13 (0.72-9.13) 0.00/0.00001(0-
expression 0.0001)
per HPF'2

0.0092* 0.0008**
IL-17A — 3.86/1.50 (0.55-14.63) 9.91/9.73 (4.34-15.44) 0.00/0.00 (0 -
tissue 0.003)
expression
per HPF'2

0.017* 0.0007**
Numberof  — 4.88/4.7 (1.50-8.80) 17.6/16.7 (11.4-25.8) 3.8/32(1.8-
neutrophils 10.5)
per HPF'3

0.0011* 0.1746**

Legend: '-Average/Median (Min-Max); 2- mean tissue expression percentage in 10 high power field (HPF).
3-mean number in 30HPF. DAD: diffuse alveolar damage. * = p-values obtained were compared between
COVID-19 versus HIN1. ** = p-values obtained were compared between COVID-19 and CONTROL group.
p-values were performed using the non-parametric Kruskal-Wallis test.

The main histopathological and immunohistochemical results of COVID-19 and HTN1 groups are shown
in Figure 1. Regarding the neutrophils score, the HIN1 group presented statistically higher percentages
when compared to the COVID-19 group (p = 0.0011). The IL-8 and IL-17A tissue expression of the COVID-
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19 compared with the H1N1 group are also shown in Figure 1. IL-17A and IL-8 had significantly higher
tissue expression in the HIN1 group compared to COVID-19 (p = 0.017 and 0.0092, respectively).

The lung histopathological features of the COVID-19 group presented proliferative DAD, with type 2
pneumocyte hyperplasia, hyaline membranes with mild septal thickness, focal mild alveolar edema,
scarce septal lymphocytic infiltration, and also poor septal and intra-alveolar neutrophils recruitment. We
observed a variable number of small fibrinous thrombi in small and medium pulmonary arteries following
by neutrophilic endotheliitis in all cases. Endothelial tumefaction in the alveolar-capillaries is another
indicator of endothelial activation. Pulmonary infarctions were not observed. Signs of secondary
bacterial pneumonia were not observed.

The histopathological features of H1N1pdmO09 interstitial pneumonitis are different than observed in
COVID-19 cases. There are fewer hyaline membranes but higher septal thickness with massive setal
lymphocytic infiltration, and also, septal and intra-alveolar neutrophils recruitment. There is no significant
endothelial activation, fibrinous, and neutrophilic endotheliitis. Signs of bacterial co-infections were found
in 80% of cases, with the presence of Haemophilus influezae (60%), Streptococcus pneumoniae (10%),
and Mycoplasma pneumoniae (10%) being found in the post-mortem lung fresh samples by PCR
reactions with respective positive blood culture.

The data that support the findings of this study are available from the corresponding author upon
reasonable request.

3 Discussion

IL-17A/IL-8 tissue expression and neutrophils score were analyzed to evaluate the Th17 response
promoting antiviral activity, neutrophil-mediated lung injury, and, consequently, DAD. In response to a viral
infection, both IL-8 and IL-17A are secreted by macrophages and T lymphocytes to recruit mainly
neutrophils[14]. Other studies corroborated these data in Th17-mediated response with a serological
increase of IL-17 in patients with the HIN1pdm09[15,16]. HIN1 group features corroborate these findings,
as an increase of the IL-8 and IL-17A lung tissue expression and the neutrophils score were observed.
Although the presence of neutrophils is vital to the defense process, their excessive activation can
generate severe tissue damage. This pattern was not observed in the COVID-19 group, where IL-17A and
IL-8 tissue expression and neutrophil score were lower than the HIN1 group (but also higher than the
CONTROL group), indicating that there may be a reduction of Th17 response during the evolution of
COVID-19.

A recent study described that, although out of the expected patterns of viral lung infection, patients with
COVID-19 showed an increased Th2 response. The innate and Th1 responses, mediated by macrophages,
neutrophils, and T lymphocytes, are known to be more effective in controlling the viral infection, but for
reasons that are still unclear, this process seems to be inhibited in SARS-CoV-2 infection[17]. The innate
and adaptive Th1 response modulation occurs due to the presence of viral proteins and the consequent

activation of TCD8+ lymphocytes, which are remarkably reduced in infection by SARS-CoV-2. Another
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current work dedicated to SARS-CoV-2, reported the possible evasion of the immune system by the virus,
explained by the increased incubation time, in comparison with viruses such as Influenza[17,18,19].

Under normal conditions, after circulation for 6-12 hours, neutrophils undergo apoptosis, but in the
inflammatory state, apoptosis is inhibited, and the presence of IL-8 seems responsible for this
process[14]. Disturbances in the innate response mechanism observed in recent studies of SARS-CoV-2
infection may explain the low expression of IL-8, responsible, among others, for the chemoattraction of
neutrophils to the injury site[20,21].

Recent studies demonstrate that Influenza A variants can trigger the more severe neutrophilic response
that appears to be determinant of the severity of lung injury and the tragic outcomes. It also has shown
that these cytokines and neutrophils chemoattraction may be associated with the pathogenesis of
respiratory diseases by exacerbating the inflammatory response[17,22]. In our study, the COVID-19 lower
tissue expression of IL-17A and IL-8 accompanied by lower neutrophil score may demonstrate that the
SARS-CoV-2 inflammatory response's pathogenesis differs from that observed in the HIN1pdmQ09
disease[23]. One study described neutrophils with possible antiviral potential, and neutrophil depletion
observed in SARS-CoV-2 may be associated with the virus immune evasion capacity[24,25].

Five out of the six patients in the COVID-19 group have received mechanical ventilation, and all ten
patients in the HIN1 group underwent this same intensive care procedure. We can also observe that the
average time of mechanical ventilation in the COVID-19 group was higher than HTN1 group, however,
when the range of mechanical ventilation of both groups is compared, we see that they are very close (0-
21 and 1-19 days for COVID-19 and HT1N1 groups, respectively). Besides, we can also see that both IL-
17A/IL-8 tissue expression and the neutrophils score remain low in almost all COVID-19 group patients
regardless of survival time, which is a very close mechanical ventilation time of almost all patients.
Furthermore, COVID-19, unlike HIN1pdmO09 patients, underwent gentle mechanical ventilation to avoid
angering the alveolar injury by barotrauma with a consequent increase of cytokine release. With these
observations, we may assume that, in this study, perhaps the gentle mechanical ventilation may not
aggravate the DAD in COVID-19. However, we must take into account that data from post-mortem
samples reflect only the time of death and fail to predict the evolution of the disease[26].

Our study has some limitations, and the small sample is the major one since we studied only six patients.
Another one is that this autopsy data also represent static information at the time of death, and they
cannot reconstruct the disease evolution. We also compare the inflammation process caused by two
different virus families, such as the pandemic Influenza A virus H1N1 subtype, and SARS-CoV-2 [26].

Innumerable therapies have been proposed to prevent the evolution of SARS-CoV-2 infection and
consequent lung damage. The use of off-label drugs occurs as immediate alternatives in pandemic
cases|[2]. In this context, remdesivir, a promising antiviral against RNA virus, has been proposed as an
emergency therapy without definitive results. According to the data obtained in this study, a monoclonal
antibody that binds IL-17A (secukinumab) or IL-17RA (brodalimab) may not be a useful alternative, since

Th17 does not seem to be the main pathway of lung injury induced by SARS-CoV-2.
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Our findings showed that 80% of the H1N1 group tested for the presence of bacteria in fresh lung
samples by PCR had positive results. These bacterial types are commonly found in infectious processes
and may be secondary after viral infection. However, we did not find bacterial co-infections in the COVID-
19 group lung samples, and the blood culture of these patients was negative. Some authors have
reported that IL-17A deficiency might protect from bacterial lung infection because some type of bacteria
might drive IL-17A functions during pulmonary infection. Furthermore, reducing the release of IL-17A
might be a therapeutic option in some bacterial pneumonia, a common co-infection in viral lung
injury[27].

Based on this information, SARS-CoV-2 appeared to promote injury by different mechanisms, evading an
adaptive Th1 response and inducing a Th2 response, ineffective against viral agents. In contrast,
H1N1pmd09 demonstrated an intense innate response Th1/Th17, responsible for severe lung injury
mediated by increased neutrophils recruitment. In both cases, the induction of an exacerbated immune
response, either via Th1 or Th2, can result in a worsening of the clinical condition and survival time.
Lastly, the search for efficient therapies that decrease viral replication or block the inflammatory response
seems to be the key to restabilizing infected patients.
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Figure 1

The comparative graphic between COVID-19 and H1N1 groups for the neutrophil score. H&E stain on lung
tissue neutrophilic infiltration. The COVID-19 and H1N1 with the black arrows pointing neutrophils.
Comparative graphs between the COVID-19 and HT1N1 groups regarding IL-8 and IL-17A tissue
expression. Black arrows show septal lymphocytes expressing IL-8 and IL-17A in both groups, scarce in
the COVID-19 group, and numerous in the H1N1 group. In H1NT, it observed nhumerous lymphocytes
expressing IL-17A intermixed with numerous neutrophils.
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