Received: 20 July 2018

Revised: 10 December 2018

Accepted: 11 January 2019

DOI: 10.1002/jmv.25406

RESEARCH ARTICLE

| JovmsaLor |
WILEY MEDICAL VIROLOGY

Th17 serum cytokines in relation to laboratory-confirmed
respiratory viral infection: A pilot study

Emmanouil Antalis | Aris Spathis PhD? | Christine Kottaridi PhD? |

Athanasios Kossyvakis PhD® | Kalliopi Pastellas MD' | Konstantinos Tsakalos

*

Andreas Mentis MD, PhD® | Christos Kroupis PhD* | Sotirios Tsiodras MD, PhD*

14th Department of Internal Medicine,
University of Athens Medical School, Athens,
Greece

22nd Department of Pathology, University of
Athens Medical School, Athens, Greece

3National Influenza Reference Laboratory for
Southern Greece, Hellenic Pasteur Institute,
Athens, Greece

“Department of Clinical Biochemistry,
University of Athens Medical School, Athens,
Greece

Correspondence

Sotirios Tsiodras, MD, PhD, FIDSA, 4th
Department of Internal Medicine, Attikon
University Hospital, 1 Rimini Str, Athens
12462, National and Kapodistrian, University
of Athens Medical School, Athens, Greece.
Email: tsiodras@med.uoa.gr

Abstract

Background: Th17 cytokines are associated with modulation of inflammation and
may be beneficial in clearing influenza infection in experimental models. The Th17
cytokine profile was evaluated in a pilot study of respiratory virus infections.
Methods: Consecutive patients with symptoms of respiratory tract infection visiting
the emergency department of a tertiary care hospital during the winter influenza
season of 2014 to 2015 were evaluated. CLART PneumoVir kit, (GENOMICA,
Madrid, Spain) was used for viral detection of all known respiratory viruses. Th17
cytokine profile was evaluated with the MILLIPLEX MAP Human TH17 Magnetic
Bead Panel (Millipore Corp., Billerica, MA). Correlation of the TH17 profile with viral
detection was performed with univariate and multivariate analysis.

Results: Seventy-six patients were evaluated (median age 56 years, 51.3% female); a
respiratory virus was identified in 60 (78.9%) patients; 45% had confirmed influenza.
Influenza A (H3N2) correlated with higher levels of granulocyte-macrophage colony-
stimulating factor (GM-CSF), interleukin 18 (IL-1pB), IL-17A, IL-17E, IL-17F, IL-21,
IL-22, and IL-23 (P<0.05 by analysis of variance [ANOVA]) compared with
respiratory syncytial virus (RSV). Parainfluenza virus (P1V) similarly had higher levels
of GM-CSF, IL-1b, IL-17A, IL-22 compared with those detected in RSV, influenza B
and any other virus infection (P < 0.05; ANOVA). Increasing age (B-coefficient = 1.11,
95% Cl, 1.04-1.2, P<0.01) as well as IL-17A levels (B-coefficient =1.03, 95% ClI,
1.001-1.05, P = 0.04) predicted hospital admission.

Conclusion: Main Th17 cell effector cytokines were upregulated in laboratory-
confirmed A(H3N2) influenza and PIV. Excessive amounts of Th17 cytokines may be
implicated in the pathogenesis and immune control of acute influenza and PIV

infection in humans and may predict the severity of disease.
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1 | INTRODUCTION

A significant interplay between innate and adaptive immunity
controls the response to respiratory viral infections.! Influenza upon
infecting a human cell is recognized by pattern recognition receptors;
this leads to the mobilization of the innate immune system and the
secretion of chemokines and cytokine.l® Through a sequence of
events neighboring innate immune cells activate transforming growth
factor-g from its latent form and result in further secretion of
chemokines and interleukins from parenchymal and inflammatory
cells.? In the initial phase of the immune response, a crucial role is
contributed by proinflammatory cytokines, members of the inter-
leukin 1 (IL-1) superfamily, like cytokines IL-18 and IL-18 by infected
macrophages and dendritic cells (DCs). The activation of the pyrin
domain-containing protein 3 (NLRP3) inflammasome triggers this
cytokine production. In addition, type | and type Ill interferons are
secreted to block virus replication by infected as well as by
plasmatocytoid DCs. At the same time, B cells secrete antibodies
to mediate the adaptive immune response.? The end result is either
host resistance or tolerance promoting tissue repair.?

This cascade of cytokine secretion is responsible for several of
the clinical symptoms and signs associated with the influenza
syndrome. Besides the clinical syndrome, the duration and extent
of this inflammatory response may lead to further pathology at the
local tissue level. Although not clearly associated with viral
infections, Th17 cells may play an important role in maintaining the
mucosal barrier and contributing to pathogen clearance at mucosal
surfaces. There is limited available knowledge of the role of the
interleukin-17 pathway in the response of the human host to a
respiratory virus infection. In experimental models, Th17 cytokines
have been proposed to be associated with modulation of inflamma-
tion and may be beneficial in clearance of influenza infection.*
However, others have suggested a potential role in increasing disease
related severity in animal models.® Limited data have suggested an
association of an exaggerated systemic Thl and Th17 response in
severe disease with respiratory involvement in patients suffering
from pandemic influenza caused by the AHIN1pdmO9 strain.®

In the current study, we evaluated the Th17 cytokine profile in a
pilot study of respiratory virus infection where molecular testing was

used for virus identification.

2 | METHODS

Consecutive patients with symptoms of respiratory tract infection
visiting the emergency department (ER) of a Tertiary Care Hospital
were evaluated during the 2014 to 2015 winter season. Pharyngeal
swab specimens were taken from 76 consecutive patients (out-
patients) who presented to the ER, with symptoms of respiratory
tract infection (headache or malaise accompanied by either cough,
sore throat, or nasal congestion with or without fever). Samples were
collected on every call day of the hospital (every 4 days) during the
period of 24 October 2014 to 2 April 2015. Basic clinical and

epidemiological characteristics were collected through a structured
case report form. A nasopharyngeal swab was stored in Thin Prep
CytoL solution (Cytyc Corporation, Malborough, MA) and was
immediately sent to the laboratory for analysis. The CLART
PneumoVir kit, (GENOMICA, Spain) was used for viral detection of
all known respiratory viruses according to the manufacturer’s
protocol. Briefly, viral RNA was extracted from 400 puL of Thin Prep
CytoLyt (Cytyc Corporation, Boxborough, MA) solution using the
MagMAX Viral RNA Isolation Kit (Thermo Fisher, Foster City, CA)
and eluted in 50 plL elution buffer. The Thin Prep CytoL solution, from
each clinical sample, was centrifuged at 2000g for 5 minutes and 20
to 40 uL of the pellet was placed in Thin Prep PreservCyt vials before
the molecular testing for the respiratory viruses. The CLART
PneumoVir kit was used (GENOMICA) that is capable of detecting
and characterizing the presence of the 17 most frequent types of
human viruses causing respiratory infections, in the most common
clinical samples. Viruses analyzed include: influenza virus A, B, and C;
PIV 1, 2, 3, and 4 (subtypes A and B); respiratory syncytial virus type
A (RSV-A); RSV-B; rhinovirus; human metapneumovirus (hMPV;
subtypes A and B); enterovirus (echovirus); adenovirus; coronavirus;
and bocavirus. The molecular procedure was followed according to
the manufacturer’s instructions. Briefly, 200uL of Thin Prep
PreservCyt solution were used for viral DNA/RNA extraction. Virus
amplification was performed via two reverse transcriptase multiplex
polymerase chain reactions, and the detection/visualization was
performed based on the low-density microarrays. Negative controls
were included in each experiment. The point of care test mariPOC
(ArcDia International Oy Ltd, Turku, Finland) an automated, multi-
analyte antigen test was used in conjunction with our clinical arrays
system. The second test was used because it provided the results
within 2 hours of testing and thus assisted in management decisions
regarding the discharge of the patient from the emergency
department; in addition examined the presence of Streptococcus
pneumoniae antigen in conjunction. Positive results by any of the two
methods used were considered for the analysis. In five cases (three
influenza, one hMPV, and one bocavirus infections there was a
positive- point-of-care (POC) test with the negative array test.
Th17 cytokine profile was evaluated with the MILLIPLEX MAP
Human TH17 Magnetic Bead Panel a kit used for the simultaneous
quantification of the following cytokines known to be involved in the
Th17 pathway’: GM-CSF, IL-1, IL-6, IL-17A, IL-17F, IL-17E/IL-25, IL-
21, IL-22, and IL-23. These cytokines were chosen because they are
involved in the IL-17 cascade. Correlation of the TH17 profile with
viral detection and clinical characteristics (eg, age, sex, presence of
comorbidities like chronic obstructive pulmonary disease, cardiovas-
cular disease, diabetes or malignancy, history of vaccination, more
severe disease requiring hospitalization) as well as laboratory
parameters (eg, C-reactive protein levels, white blood cell counts
[WBCs])) of the participating subjects was performed with univariate
and multivariate analysis. Cytokine levels were further examined
from six healthy volunteers with no evidence of respiratory infection.
Comorbidities and virus positivity were correlated using

Fisher's exact test. Cytokine levels were correlated with the
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TABLE 1 Demographics of the study population

Any virus, n (%)

Variables, n (%), Total n=76 n=60/76 (78.9)

Age, 18-40y, n=21/76 (27.6) 17/60 (28.3) 10/34 (29.4)
Age, 41-65y, n=28/76 (36.8) 22/60 (36.7) 14/34 (41.2)
Age, >65y, n=27/76 (35.5) 21/60 (35.0) 10/34 (29.4)
Female sex, n=37/76 (48.7) 31/60 (51.7) 18/34 (52.9)
COPD, n=234/76 (44.7) 28/60 (46.7) 15/34 (44.1)
CVD, n=21/76 (27.6) 19/60 (31.7) 11/34 (32.4)
Diabetes, n=17/76 (22.4) 14/60 (23.3) 8/34 (23.5)
Malignancy, n=4/76 (5.3) 4/60 (6.7) 1/34 (2.9)
ESRD, n=2/76 (2.6) 0/60 (0)* 0/34 (0)
Allergy, n=8 (10.5) 7/60 (11.7) 4/34 (11.8)
Smoking, n=36/76 (47.4) 27/60 (45.0) 14/34 (41.2)
Influenza vaccine, n=25/76 (32.9) 21/60 (35.0) 10/34 (29.4)
Hospitalization, n = 37/76 (48.7) 31/60 (51.7) 17/34 (50.0)
Days of hospitalization, mean + SE 58+14 44+15

Influenza total, n (%)
n=34/76 (44.7)
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RSV, n(%) PIV, n(%) Mixed virus, (%)
n=9/76 (11.8) n=13/76 (17.1) n=28/76 (10.5)
0/9 (0) 3/13 (23.1) 2/8 (25.0)

2/9 (22.2) 5/13b (38.5) 2/8 (25.0)

7/9 (77.8) 5/13 (38.5) 4/8 (50.0)

5/9 (55.6) 4/13 (30.8) 4/8 (50)

6/9 (66.7) 5/13 (38.5) 4/8 (50.0)

3/9 (33.3) 3/13 (23.1) 4/8 (50.0)

3/9 (33.3) 2/13 (15.4) 2/8 (25.0)

0/9 (0) 2/13 (15.4) 0/8 (0)

0/9 (0) 0/13 (0) 0/8 (0)

2/9 (22.2) 0/13 (0) 1/8 (12.5)

6/9 (66.7) 8/13 (61.5) 5/8 (62.5)

5/9 (55.6) 4/13 (30.8) 3/8 (37.5)

8/9 (88.8)* 5/13 (38.5) 5/8 (62.5)
20.1+7.1 3.3+13 10+5.6

Abbreviations: COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; ESRD, end-stage renal disease.
Statistical significance for comparisons between groups with positive results and the rest of the group are flagged with an asterisk.
*Statistically significant associations (P < 0.05) for comparison with the rest of the study group are flagged.

detection of any virus positivity as well as the detection of specific
viruses (eg, influenza AH1IN1pdmQ9, influenza B) with nonpara-
metric tests (independent sample t test, Kruskal-Wallis). We also
performed analysis of variance (ANOVA) to compare cytokine
levels between the groups of no virus identification, A(H3N2)
influenza positive, A(HIN1)pdmQ9 influenza positive, RSV posi-
tive, PIV positive, and any other virus positive (least significant
ifference i.e. LSD and Games-Howell post hoc tests are reported as
appropriate according to the Levene’s homogeneity of variance
testing and Welch testing of equality of means). Mixed infections
were analyzed separately and not added in the individual virus
(contributing to the mixed infection) numbers. Further, we looked
for cytokine interrelations using Spearman’s correlation coeffi-
cient. Correlation between symptoms and virus detection was
performed with univariate analysis. We separately examined
influenza AH3N2, AH1N1pdmO09, influenza B, RSV, and PIV
infections compared with other or no virus detection. Multivariate
analysis examined factors associated with more severe disease and
need for hospitalization using logistic regression. More specifically
any factor with a statistical significance of P < 0.1 was included in
the multivariate analyses. In final models effects of potential
confounding variables in the association with IL-17 levels (eg,
WBC, the presence of comorbidities, fever, fever height, and other
clinical and laboratory parameters) as well as their interaction
terms were included in the statistical models. All statistical tests
were two-tailed. Data analysis was performed using the SPSS
program (version 25.0; SPSS, Chicago, IL).

Written informed consent was obtained from all the participating
patients, while the study was approved by the Institutional Review
Board of the Hospital.

3 | RESULTS

Seventy-six patients were evaluated with a median age 56 years,
48.7% were female. A
respiratory virus was identified in 60 (78.9%) patients (Table 1).

(interquartile range [IQR] 39-78 years);

Thirty-four (45%) patients had confirmed influenza infection (seven
mixed with another virus and more specifically three with RSV, two
with adenovirus, one with PIV, and one with rhinovirus), 13 (17.1%)
PIV infection (one mixed infection with influenza A), and nine (11.8%)
had RSV infection (three mixed with influenza B). Overall eight
(10.5%) patients had a mixed viral infection. Regarding other viruses,
in four (5.3%) patients hMPV was detected, four (5.3%) patients had
rhinovirus, two patients (2.6%) had adenovirus, and one patient
(1.3%) had bocavirus infection. Patients diagnosed with RSV infection
were on average older than patients diagnosed with any influenza or
any other virus infection (P<0.05; ANOVA; Table 2).

patients (both types A and B) had more fever compared to patients

Influenza

with no virus detection or patients with RSV or PIV infections
(P<0.05; ANOVA). RSV-infected patients when admitted stayed
longer in the hospital compared with all other types of viruses
(P <0.01 for all comparisons; ANOVA).

Laboratory and cytokine data per specific virus infection for
patients in the study are depicted in Table 2. Data are additionally
shown for six healthy volunteers that had significantly lower cytokine
values from all the rest of the group (P < 0.01 for all comparisons;
Table 2). Elevated C-reactive protein levels values were noted for
most of the patients seen (Table 2; normal values less than 6 mg/L).
The highest C-reactive protein levels values were seen with PIV
detection that reached statistical significance when compared with
the levels seen with all other viruses including all types of influenza,
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RSV, and any other virus detection (P<0.01 for all comparisons;
ANOVA). PIV was additionally associated with higher WBCs and
polymorphonuclear cell counts (PMNs) compared with no virus
detection, A(H3N2) influenza, A(HIN1)pdm9, and influenza B
(P <0.05; ANOVA; Table 2; Figure 1). Influenza B had the lowest
WABCs overall and had lower WBCs and PMNs compared with RSV or
any other virus detection (P < 0.05; ANOVA; Table 2; Figure 1).

Any virus detection (n=60/76 patients [78.9%]) or influenza
detection (overall as a group, n=34/76 [44.7%]) was not associated
with Th17-related cytokines. Examining specific viruses, influenza A
(H3N2) was associated with higher IL-17A, IL-17E/IL-25, IL-17F,
IL-21, and IL-22 levels compared with people presenting with URI
symptoms but no respiratory virus detection (P < 0.05; ANOVA with
post hoc testing) while IL-23 (P =0.09) levels approached statistical
significance. Furthermore, influenza A(H3N2) infection was asso-
ciated with higher levels of GM-CSF, IL-1b, IL-17A, IL-17E/IL-25,
IL-17F, IL-21, IL-22, and IL-23 compared with RSV infection or any
other virus infection (all P<0.05; ANOVA with post hoc testing;
Table 2; Figure 1). In addition influenza A(H3N2) had higher levels of
several Th17 cytokines like IL-17A, IL-17F, IL-21, and IL-22
compared with B influenza (all P<0.05; ANOVA with post hoc
testing; Figure 1).

PIV similarly had higher levels of GM-CSF, IL-1b, IL-17A, and
IL-22 compared with those detected in RSV, influenza B, and any
other virus infection (P < 0.05; ANOVA with post hoc testing; Table 2;
Figure 1).

Increasing age correlated positively with hematological para-
meters including WBCs and PMNs (Spearman rho=0.34 and 0.4,
respectively; P < 0.01), lengthier hospitalization (Spearman rho = 0.6;
P<0.001), and negatively with fever, IL-17A and IL-17E levels
(Spearman rho=-0.3, -0.25, and -0.22, respectively; P<0.01);
IL-17A highly correlated with all other IL-17 cytokines (Spearman
rho = 0.73-0.95; P < 0.001).

We did not identify a significant association of the IL-17 cascade
with specific clinical parameters like the presence of fever, the height
of fever (eg, >38.3°C), wheezing, myalgias, and the presence of a dry or
a productive cough. Presence of nasal symptoms showed a statistically
significant negative correlation with all studied cytokines except for
IL-6 (P < 0.05 for all comparison-independent samples t test).

A logistic regression model adjusting for age, the presence of any
comorbidity, and an interaction term for WBCs, CRP levels, and IL-
17A levels found that age (B-coefficient=1.11, 95% Cl, 1.04-1.2,
P <0.01) as well as IL-17A levels (B-coefficient = 1.03, 95% Cl, 1.001-
1.05, P=0.04) predicted severity of disease and hospital admission

correctly in 86.1% of cases.

4 | DISCUSSION

Increased levels of main Th17 cell effector cytokines were identified
in laboratory-confirmed A (H3N2) influenza compared with other
types of influenza, RSV, and other respiratory viruses in this pilot

study. These excessive amounts of Th17 cytokines may be implicated
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in the pathogenesis and immune control of acute A(H3N2) influenza
infection. Similar observations in PIV infection may indicate a role of
the Th17 pathway in parainfluenza infections.

It is unclear how IL-17 is involved in the immune response to
influenza or PIV infections. A crucial role for IL-17-mediated
inflammation has been found for microbial clearance®; on the other
hand, uncontrolled signaling has been associated with autoimmune
disease and even cancer progression.8 Specific family members have
discrete roles in human immunity eg, IL-17F is mainly involved in
mucosal host defense mechanisms, whereas IL-17E (IL-25) is an
amplifier of Th2 immune responses.”** Over the last few years very
few studies have examined the role of the Th17 pathway in human
influenza infections,*? and none to our knowledge in humans with the
respiratory infection, and in comparison with other viruses affecting
the respiratory tract. Recent literature suggests that Th17 adaptive
immunity may be involved in the clearance of influenza viruses from
the respiratory tract.

The immune system of patients suffering from influenza responds
with the release of several proinflammatory cytokines.'?"* Among
this cascade of cytokines,'® IL-6 appears to have a central role in
symptom generation and local inflammatory effects.*"*? The clinical
relevance of this cytokine storm is that it recruits neutrophils,
monocytes, and macrophages to the sites of infection,'® and may be
associated with more severe disease and outcomes that appear to
depend on the pathogenicity of the virus and the host response. The
role of IL-17 in this process has not been clearly delineated
yet although its importance is increasingly recognized.*%?20-23

Some studies have not shown a positive association with only
mild increases in IL-17 levels.t’ Two studies on patients severely
affected by the 2009 pandemic virus, higher IL-17A levels were
noted in milder cases, a finding consistent with enhanced-viral
clearance.®?? In one study, there was a marked suppression of the
adaptive Th1/Th17 immunity A(HN1)pdmO9 influenza compared
with the seasonal type A and type B influenza.'? In another study of
pediatric infections with the novel pandemic virus A(H1IN1)pdmO09
higher levels of interferon-a and IL-6 were seen in patients with the
pandemic infection compared to controls with pneumonia attributed
to other causes; moreover higher IL-6 correlated with disease
severity.?* Nevertheless, in that study, IFN-y and IL-17 did not differ
between mildly and severely affected patients.* An increase of IL-17
in patients suffering from diffuse alveolar damage was seen in one
experimental lung immunopathology autopsy study of patients
affected by the pandemic A (HIN1) virus.?® In patients with
pandemic influenza in Beijing, elevated levels of IL-17, TH17
mediators, and IL-17 responsive cytokines were detected; the same
authors performed A(HIN1)pdmO9 influenza experiments in mice
showing milder disease in IL-17 deficient animals or in animals
treated with IL-17 inhibitors.> On the other hand downregulation of
T-cell responses in severe influenza may lead to Th17 functional
impairment, delay in viral clearance, sustained proinflammatory
response, and further dysregulation of the adaptive immunity;
various factors affect this interplay such as virus pathogenicity and
host factors.!2
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and 3 SE of mean). PIV, parainfluenza virus; RSV, respiratory syncytial virus

Regarding our RSV observations, limited literature suggests a role
for IL-17 cytokines in RSV pathogenicity.?6*° In one infant study,
IL-17A and IL-23 levels were associated with a reduction in clinical
symptoms of respiratory distress.3! Lower levels of IL-17 cytokines in

patients with RSV in our study might have contributed to an inability
to properly control the host inflammatory response leading to a more
serious disease pattern and sicker patients with RSV that were

hospitalized longer.
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FIGURE 1 Continued

Regarding the association of clinical symptoms with the cytokine
profile, we did not observe any significant association except for the
negative correlation with the presence of nasal symptoms, probably
indicating the presence of other than influenza viruses. Nevertheless,
AH3N2 or PIV positive subjects with nasal symptoms did not differ as far
as their cytokine profile with those without symptoms suggesting that the
observed effects on cytokines were independent of local symptomatol-
ogy. It is possible that our low sample size did not permit us to find any
other significant cytokine effects related to clinical parameters.

Strengths of our study include the first in the literature testing of
several Th17 family cytokines across a spectrum of viral infections.
We further showed a clear increase in the levels of several of the
cytokines belonging to this family in association with AH3N2
influenza and PIV infections. Findings from our study can assist in
developing and testing hypotheses regarding the use of this family of
cytokine as a therapeutic target in influenza or PIV respiratory
infections or about specific cytokine use as a biomarker regarding the
severity of disease in certain viral infections.

Limitations of our study include its pilot nature and the small
amount of observations; for example, the fact that we could not
verify -as seen by others- a stronger—compared with other viruses—
in the A(H1N1)pdmO09
infection, may be due to a limited number of observations in patients

inflammatory response influenza virus
affected by the pandemic virus. Furthermore, we did not study the
dynamic evolution of these markers over the course of the viral
infection; thus our study is just a snapshot of mild to moderately ill
patients showing up in the emergency department of a tertiary care

center. It is possible that we have missed patients with milder
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pictures that quickly cleared the virus from their systems (like some
of the patients with no virus detection in our study) thus missing the
full spectrum of Th17 response in respiratory viral infections.
Sampling from other sites, for example nasal sampling or BAL (in
severe cases), would assist in better understanding the difference/
synergy between local compared with systemic cytokine effects. In
addition, although we carefully recorded and analyzed data on
variables potentially adversely affecting an effective immune
response we could not account for residual confounding in this
study. We can only hypothesize about the mechanism behind the
difference in the cytokine profile observed between influenza A and
B in our effort. Influenza B infection remains less studied than
influenza A both in humans and animals despite the fact that it is
associated with a significant number of respiratory infection cases
during winter.®2 Contrary to our findings, in a study of 72 patients
comparing cytokine levels in type A vs type B influenza, IL-17A (the
hallmark cytokine of the TH17 cell subset) along with IL-6 levels
were significantly higher in type B influenza.®® A less virulent
circulating B strain could explain our findings. In an animal study that
used an immunosuppressed-mouse model of influenza B infection
and a cytokine panel that included IL-17, there was no evidence of an
important contribution of Th17 in the pathogenicity.>* Moreover
different degrees of immunopathology was caused by two different
influenza B viruses; the Victoria lineage virus was more virulent and
was associated with greater morbidity and 100% lethality in these
experiments.3* Interestingly, during the period of our study the main
influenza B strain across Europe and in Greece belonged to the

Yamagata lineage.>® Due to the small sample of this study, this
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difference will have to be verified in other studies that would
specifically examine different lineages of the virus. Finally, the role of
Th17 in the effects of influenza on other systems was not assessed in
this effort. For example, in a mouse model of respiratory influenza a
significant Th17 response in the intestine that was associated with
immune intestinal injury and development of diarrhea was noted;
furthermore neutralizing IL-17A reduced intestinal injury.®® Intest-
inal microbiota changes and their relation to influenza or other virus-
mediated cytokine changes, which is an interesting field for further
human research; it could not be assessed in the current effort.3®

In conclusion, we described IL-17 family cytokine level associa-
tions with respiratory viral infections confirmed by a molecular
method in a pilot study. A large-scale study of patients with
respiratory viral infections would further assist in concurring and
understanding the observed upregulation of main Th17 cell effector
cytokines in relation to specific types of respiratory viruses. This
association and especially the one observed for influenza AH3N2 and
PIV is novel and merits consideration even if the finding comes from
a small pilot. Future verification of our study results as well as further
exploitation of this cytokine pathway for diagnostic, therapeutic, and
prognostic purpose that may greatly assist in the management of
common but potentially serious viral respiratory infections is

necessary.
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