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TNF-o, IL-13 and IL-6 Levels in
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2009 Patients and Effect on
Mortality
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Throughout history, influenza virus pandemics have led to the death of millions of people. The virus sometimes
causes pathological changes that can lead to severe illness and death. Inflammatory cytokines and chemokines have been
shown to be involved in the pathogenesis of tissue damage in the lungs of animals and humans infected with influenza viruses.

The serum concentrations of tumor necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1B) and inter-
leukin-6 (IL-6) were determined with enzyme immunoassay (EIA) in 57 patients who were hospitalized with confirmed influenza
and a control group.

Fifty-seven patients with confirmed influenza A (H1N1) 2009 and 62 healthy subjects as the control group were includ-
ed in this study. Of these patients with influenza, 51 (89.4%) were discharged, and 6 (10.5%) died of influenza-related illness.
TNF-a levels were found to be 43.0 pg/mL in fatal patients, 20.9 pg/mL in non-fatal patients, and 4.1 pg/mL in the control group.
IL-6 levels were found to be 1074.12 pg/mL in fatal patients, 191.0 pg/mL in non-fatal patients, and 36.1 pg/mL in the control
group. The differences between groups were statistically significant (p= 0.003 and p< 0.001, respectively). IL-1B levels were
found to be 2.1 pg/mL in fatal patients, 7.1 pg/mL in non-fatal patients, and 7.5 pg/mL in the control group, and the difference
was not statistically significant (p= 0.657).

We found that TNF-a and IL-6 levels were significantly higher in patients who died. We suggest that higher levels
of pro-inflammatory cytokines may be used as an important marker of mortality.

Influenza A virus H1N1 subtype, tumor necrosis factor-alpha, interleukin-1beta, interleukin-6.
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Influenza virus tarih boyunca bircok pandemiler yaparak milyonlarca insanin dlumune yol agan dnemli bir hastalik etkenidir.
Akcigerde patolojik degisikliklere neden olarak agir hastalik ve dlume neden olabilir. Akcigerlerde olusan hucresel infiltrat ve doku
hasarinda dogal immunitenin bir pargasi olan sitokinlerin rolu bilinmektedir. Influenza virusun bazi hastalarda olusturdugu asiri
ve kontrolsiiz sitokin saliniminin (sitokin firtinasi), hastaligin agir seyrinden sorumlu olabilecegi dusunulmektedir.

Hastaneye pandemik influenza on tanisiyla yatirilan ve referans laboratuvarinda RT-PCR ile teyit edilmis
influenza A (H1N1) tanisi konan hastalar ve tamamen saglikli kontrol grubunun serumlarinda, enzim immunoassay (EIA) yonte-
miyle tumor nekroz faktoru-alfa (TNF-a), interlokin 1-beta (IL-1B) ve interlokin 6 (IL-6) calisild.

Calismaya 57 konfirme H1N1 hastasi, 62 kontrol grubu saglikh kisi dahil edildi. Hastalarin 6 (%10.5)'sI takipleri sonun-
da hayatini kaybederken, 51 (%89.4) hasta sifa ile taburcu edildi. TNF-a dlen hastalarda 43.0 pg/mL, yasayan hastalarda 20.9
pg/mL, kontrol grubunda 4.1 pg/mL odlgulurken, IL-6 degerleri dlen hastalarda 1074.1 pg/mL, yasayan hastalarda 191.0 pg/mL,
kontrol grubunda 36.1 pg/mL blguldu ve aradaki fark istatistiksel olarak anlamliydi (sirasiyla; p= 0.003 ve p< 0.001). IL-1f deger-
leri ise dlen hastalarda 2.1 pg/mL, yasayan hastalarda 7.1 pg/mL iken, kontrol grubunda 7.5 pg/mL dl¢uldlu ve aradaki fark ista-

tistiksel olarak anlamh degildi (p= 0.657).

TNF-a ve IL-6 duzeylerinin dlen hastalarda belirgin yuksek saptanmasi fatalite belirteci olarak kullanilabilecegini dusun-

durmektedir.

Influenza A virustt HIN1 alttip, tumbdr nekroz faktoru-alfa, interlokin-1 beta, interlokin-6
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Influenza is an important viral disease that spreads
through the respiratory tract and causes pandemics.
Although it generally leads to an iliness with signs and
symptoms like fever, headache, muscle pain, malaise,
and cough, and resolves spontaneously, it sometimes
causes pathological changes that can lead to severe
illness and death. It is known that seasonal influenza
pandemics affect about 3-5 million people every year
and cause the death of 250.000-300.000 people annu-
ally!"l. Antigenic drift in influenza A may result in new
viruses and may give rise to new pandemics due to
lack of immunity in the population. This can cause
infection and the death of many more peoplel?.

In the fight against influenza, vaccines and protec-
tive measures are used to prevent transmission of the
disease, and antiviral drugs are used for treatment. In
addition to antiviral drugs, immunosuppressive drugs
have been used to halt excessive and uncontrolled
cytokine secretion (cytokine storm) that influenza virus
causes in animal models'®.

The aim of this study was to determine the effects
of proinflammatory cytokines on mortality in patient
with influenza A (H1N1) 2009 infection.

Among the patients who received inpatient treat-
ment at Diskapi Yildirim Beyazit Training and Research
Hospital with the preliminary diagnosis of pandemic
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influenza A (H1N1) 2009 infection, those with laborato-
ry-confirmed influenza were included in this study. The
hospitalization criteria for the patients with preliminary
diagnosis of pandemic influenza included body tem-
perature = 38.3°C and one of the following symptoms:
shortness of breath and respiratory distress, oxygen
saturation <= 92% measured by pulse oximeter, and
changes in vital signs (arterial hypotension, increase in
respiration rate, increase in heart rate, impaired con-
sciousness, severe dehydration, abnormal chest radi-
ography, or fever ongoing more than three days in
spite of treatment with analgesics). High fever was not
a requisite in patients older than 65 years, immunosup-
pressed patients and primary immunocompromised
patients. The laboratory diagnoses of the patients were
confirmed by the influenza reference laboratory in
Refik Saydam Hifzissihha Institute, Ankara. The naso-
pharyngeal and nasal samples taken within two hours
after hospitalization were examined for influenza A
virus (H1N1) 2009 by real-time-polymerase chain reac-
tion (RT-PCR).

All patients with influenza A virus (H1N1) 2009 infec-
tion received oseltamivir on admission. The standard
dose (150 mg/day) was administered for patients with
mild disease, and a higher dose (300 mg/day) was used
for critical patients. Empirical antibiotic therapy was
given to all patients with pneumonia, and secondary
bacterial pneumonia was not diagnosed in any patient.
The study protocol was approved by the Ethics
Committee for Clinical Research of Diskapi Yildirim
Beyagzit Training and Research Hospital, Ankara, Turkey.



Sixty-two blood donors with normal physical exam-
ination and with no known disease were included in the
study.

The blood samples of the patients hospitalized with
preliminary diagnosis of pandemic influenza were
taken within two hours after admission. After coagula-
tion of the samples, they were centrifuged, and sera
were separated immediately and stored at -70°C until
use. Cytokine levels were measured with commercially
available enzyme immunoassay kits (EIA) (tumor
necrosis factor (TNF)-a-EASIA KAP1751, interleukin
(IL)-1B-EASIA KAP1211, IL-6-EASIA-CE KAP1261,
Diasource, Belgium). With zero attachment, and within
2 standard deviations of average OD values, the lower
limits of detection of the tests were as follows: TNF-a.:
0.7 pg/mL, IL-1B: 0.35 pg/mL and IL-6: 2 pg/mL.

The Statistical Package for the Social Sciences
(SPSS) 15.0 package program was used for statistical
analysis. ANOVA, chi-square and Mann-Whitney U
tests were used for comparisons. A value of p< 0.05
was accepted as statistically significant.

Fifty-seven patients (29 males, 28 females) and 62
healthy controls (31 males, 31 females) were included
in the study. The average age of the patients was 44.7
(SD= 17.8; min= 18, max= 83) and of the control group
was 42.3 (SD= 9.1). No significant difference existed
between the two groups according to gender and age
(p= 0.924, p= 0.750, respectively). Six of the patients
(10.5%) died during follow-up, and 51 patients (89.4%)
were discharged with full recovery. Demographic char-
acteristics and underlying comorbidities of the patients
are shown in Table 1 and the clinical characteristics of
the patients are shown in Table 2.

Measured TNF-a, IL-1B and IL-6 levels of the
patients and control group are given in Table 3.
Levels of TNF-o and IL-6 were higher in H1N1
patients than in the control group and were higher in
patients who died during follow-up than in surviving
patients, and the difference between them was statis-
tically significant (Table 3, Figures 1,2). While IL-1B
levels were higher in the control group than in H1N1
patients, they were at the lowest level in exitus
patients, but the difference was not statistically sig-
nificant (Table 3, Figure 3).
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Sex, n (%)
Male
Female
Age (years + SD)
Age group, n (%)
18-40
41-65
> 65

Duration of symptoms before admission,
median days

Diabetes mellitus
Chronic obstructive pulmonary disease

Asthma

Fatigue

Cough

Sore throat

Myalgia

Headache

Nasal discharge
Shortness of breath
Nausea and/or vomiting
Chest pain

Diarrhea

Temperature
36-37.9°C
38-38.9°C
>39°C
Pharyngitis
Tachypnea
Rhonchi
Cyanosis
Of patients needing intensive care
CPAP (continuous positive airway pressure)
Mechanical ventilation

Length of stay in intensive care unit (day)

Sayfa 3/6

29 (50.8)
28 (49.3)
447 +17.3

22 (38.6)
26 (45.6)
9(15.8)
42+29

12(21.1)
9(15.8)
9(15.8)

66 (89.2)
68 (91.9)
27 (36.5)
50 (67.6)
34 (45.9)
15(20.3)
47 (63.5)
25(33.8)
12(16.2)
6(8.1)

21(28.3)
41 (55.4)
12(16.3)

34 (45.9)
45 (60.8)
43 (58.1)
10(13.5)
14 (18.9)
4(5.4)
10 (18.9)
11.3+8.8

Page 3 of 6



http://www.mjima.org/

Tablo 3. TNF-q, IL-1f and IL-6 levels in patients and control group

Control group p
TNF-a. (pg/mL) 20.9 (47.8) 43.0(43.2) 41(2.3) p=0.003
IL-1B (pg/mL) 7.1(18.6) 2.1(1.9) 7.5(8.8) p=0.657
IL-6 (pg/mL) 191.0 (507.9) 1074.1 (918.8) 36.1(34.2) p<0.001

TNF: Tumor necrosis factor, IL: Interleukin.

DISCUSSION

Influenza pandemics are one of the most serious
viral diseases that affect the whole world, and can cause
important mortality and morbidity. The disease can affect
anyone without discrimination of gender or agel®.
Similarly, there were patients of all ages in our study, and
no significant difference between genders was present.

The role of inflammatory cytokines and chemokines
in the pathogenesis of influenza was shown in human
and animal experiments®?. The role of cytokines in
human H5N1 influenza disease accompanied by high
mortality is well known, and it was also suggested that
an increase in cytokine levels might have been respon-
sible for the high mortality rate in the 1918 H1N1 pan-
demic!®3l,

During experimental influenza infection in animals
models, it was shown that while IFN-o., IL-6, and TNF-a

levels increased significantly correlated with disease
severity, increases in IL-8 and IL-1 levels were less obvi-
ous!”. In other studies with mice, although the protective
role of TNF-o was shown, a significant increase in
TNF-o. was determined as a sign of fatal disease and
poor prognosis®?. Moreover, it was shown in patients
with influenza that especially TNF-a. and IL-6 levels were
related to the clinical findings of the diseasel'® ™.

Similarly, in our study, TNF-o and IL-6 levels were
found to be higher in patients with influenza than in the
control group and were even higher in fatal patients.
IL-1B levels were found to be lower in fatal patients. In
the study carried out by Giamarellos-Bourboulis et al.,
it was suggested that a decrease in IL-1 level was
related to the anti-inflammatory effect of IL-6!"2.,

Hagau et al. performed a study during the 2009-
2010 influenza season with 21 patients with influenza
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A (H1N1)-related acute respiratory distress syndrome
(ARDS), 11 patients with influenza A (H1N1) mild dis-
ease, and 15 healthy volunteers as a control group!'l.
They found that the levels of IL-6, IL-8, IL-9, IL-12,
IL-15, IL-10 and TNF-a were significantly increased in
critically ill patients versus the control group. When
mild and critical cases were compared, IL-6, IL-8,
IL-15, and TNF-a were significantly higher in critical
ARDS patients as hallmarks of disease severity. The
higher levels of IL-6 and TNF-a in critically ill patients

were similar to our results in fatal patients. Another
study conducted by To et al. demonstrated that IL-6
levels were higher in those patients with more severe
disease throughout the disease period, whereas IL-1a
and TNF-a levels were higher only in the later phase of
the disease!'. In contrast to that study, we found
higher TNF-a. levels in the early phase of the disease,
especially in the fatal patients.

The influenza A (H1IN1) 2009 pandemic caused
serious morbidity and mortality. Unlike the seasonal flu,

Mediterr J Infect Microb Antimicrob 2013;2:2
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the pandemic influenza A (H1N1) 2009 caused mortal-
ity in patients without underlying risk factors. Therefore,
it is important to predict in which patients the disease
may be fatal. The significant increase in TNF-a. and
IL-6 levels in patients who did not survive demonstrat-
ed these markers to be useful as indicators of fatality.
This study conducted among patients with H1N1 influ-
enza is important in this respect, and we suggest that
it could be important for the prediction of fatality.

Due to limited resources during the pandemic, only
hospitalized patients were sampled for RT-PCR test for
the definitive diagnosis of influenza. Since there was
no possibility for definitive diagnosis of the influenza,
outpatients with mild disease were not included in this
study.

This study was supported by grants from the
Scientific Studies Grants Evaluation Commission of
Diskapi Yildirim Beyazit Training and Research
Hospital. It was presented as a poster in the 15%
Turkish Clinical Microbiology and Infectious Disease
Congress, 23-27 March 2011, Antalya.
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