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Preamble

A poster of this work was presented at the 6" congress of the Austrian
society of infectious diseases and tropical medicine (OEGIT), April

2012, Saalfelden/ Austria- and won a poster prize (second place).
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Abstract

Aim

During the 2009 influenza A /H1N1 pandemic more than 18000 people lost their
lives worldwide. Reliable and rapid diagnosis is essential to initiate appropriate
antiviral therapy in influenza as treatment is most effective when initiated within 48
to 72 hours after the onset of symptoms. PCR is the gold standard to confirm
H1N1 but is expensive and results usually are not available in time for therapeutic
or preventive decisions within 72h after onset of symptoms. The currently available
antigen tests are fast but display low sensitivity.

The development of a clinical score for HIN1 influenza may facilitate the decision
whether or not to initiate antiviral treatment, improve outcome and reduce
morbidity and mortality. As a possible component of a proposed score in the future
we retrospectively analyzed the differences in laboratory values between patients
with PCR confirmed H1N1 influenza and patients with clinical suspicion but
negative PCR for influenza (=influenza-like illness [ILI]).

Methods

During Oct 2009 and Jan 2010 H1N1 PCR was performed in 1681 patients with
clinical suspicion of influenza. 624 patients had a positive and 1057 patients had a
negative H1N1 PCR result. Laboratory data sets were available from 221/624
(35%) H1N1 patients and 312/1057 (30%) ILI patients.

Differences in laboratory values between both groups and correlation of laboratory
values with underlying disease were calculated using the Mann-Whitney U test ,
and p<0.05 was considered significant.

Results

At initial presentation the median of the total white blood cell count (WBC) in the
H1N1 influenza group was 6.7 G/l (IQR, 5- 8.6 G/l) and therefore significantly
lower than in the ILI group (median 9.86 G/I [IQR, 7.35- 13.74 G/I]); p < 0.001). A
similar pattern was seen for day 3 and 5 values of leukocytes during
hospitalization. Also thrombocyte count at admission was significantly lower in
patients with PCR confirmed H1N1 infection than in patients with ILI (201 G/I [IQR,
156.5- 225 G/I] versus 232 G/I [IQR, 182- 288.5 G/I]; p < 0.001).

In the distribution of the WBC count only the relative eosinophil count showed
significantly lower values in patients with confirmed H1N1 infection (p= 0.006).
Comparison of C- reactive protein (CRP) values between PCR confirmed H1N1
influenza and PCR negative ILI demonstrated that CRP was significantly lower in
patients with H1IN1 (11 mg/I [IQR, 5- 64 mg/I] versus 23 mg/I [IQR, 7- 100.85 mg/I];
p < 0.001). Furthermore, also gamma-Glutamyl-Transferase (GGT) was
significantly lower in patients with confirmed H1N1 infection (p< 0.05).




Creatine kinase (CK) values were significantly higher in patients with PCR
confirmed H1N1 infection (113 U/l [IQR, 61.5- 192 U/I] versus 72 U/l [IQR, 48.5-
116.5 U/I]; p< 0.001).

Conclusion

The results revealed that there were significant differences in laboratory admission
values between people with PCR confirmed H1N1 influenza and those with PCR
negative influenza-like illnesses. Total white blood cell count, relative and absolute
eosinophil count, thrombocytes, CRP and GGT were significantly lower in patients
with confirmed H1N1 infection, while creatine kinase values were significantly
higher.

The results of this study might contribute to the implementation of a clinical score
for a more efficient and faster clinical diagnosis of a H1N1 infection.
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Zusammenfassung

Zielsetzung

Wahrend der Schweinegrippe-Pandemie 2009 (Influenza A/ H1N1) starben laut
Angaben der WHO mehr als 18000 Menschen an den Folgen der neuen Grippe.
Eine verfigbare und schnelle Diagnostik ist in solch einer Zeit essentiell, um eine
adaquate antivirale Therapie einleiten zu konnen. Diese sollte spatestens 72
Stunden nach dem Auftreten der ersten Symptome eingeleitet werden. Die PCR
stellt zwar den Goldstandard dar, um eine H1N1 Infektion zu bestatigen, aber sie
ist teuer und die Wartezeit bis zum Erhalt der Resultate nimmt zu viel Zeit in
Anspruch, um sie fur therapeutische oder praventive Entscheidungen nutzen zu
konnen. Es gibt auch Antigen- Tests, aber diese zeigen eine sehr niedrige
Sensitivitat.

Die Entwicklung eines Kklinischen Scores fur H1N1 Influenza koénnte die
Entscheidung erleichtern, ob man eine antivirale Therapie einleiten sollte, oder
nicht. AufRerdem konnte dadurch das Outcome der Patienten verbessert werden,
und sowohl die Mortalitat als auch die Morbiditat reduziert werden.

Eine mdgliche Komponente dieses Scores koénnten Unterschiede in den
Laborparametern sein. Deshalb analysierten wir die Unterschiede in den
Laborwerten von Patienten mit einer PCR gesicherten H1N1 Infektion mit den
Laborwerten von Patienten, die wegen des klinischen Verdachtes einer H1N1
Infektion kamen, aber bei denen die PCR negativ ausfiel (Influenza-like illness

[IL1]).

Methoden

Von Oktober 2009 bis Januar 2010 wurden bei insgesamt 1681 Patienten, welche
den klinischen Verdacht auf eine Influenza A/H1N1 Infektion hatten, eine PCR
durchgefuhrt.

Von diesen 1681 Patienten hatten 624 ein positives PCR Ergebnis bezuglich einer
H1N1 Infektion; sprich sie hatten tatsachlich eine ,Schweinegrippe®. 1057
Patienten wiesen ein negatives PCR Ergebnis auf (ILI). Anschliefend wurden die
Laborwerte von den PCR positiven und den PCR negativen Patienten ermittelt
und verglichen. Bei der PCR positiven Gruppe konnten von 35% (221/624) der
Patienten die Labordaten verwendet werden und von der PCR negativen Gruppe
30% (312/1057). Bei den restlichen Patienten waren die Labordaten unvollstandig.
Die Unterschiede bei den Laborparametern wurden mit dem Statistik Programm
SPSS analysiert. Die Berechnung erfolgte mittels Mann-Whitney U Test. Ein p <
0,05 wurde als statistisch signifikant erachtet.

Resultate
Bei der Erstprasentation betrug der Median der Leukozyten bei den Patienten mit
H1N1 6,7 G/I (IQR, 5- 8,6 G/l) und war somit signifikant niedriger als bei den ILI
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Patienten (Median 9,86 G/I [IQR, 7,35- 13,74 G/I]; p< 0,001). Ein a&hnliches Bild
zeigte sich bei den Leukozytenwerten am 3. und 5. Tag wahrend des
Krankenhausaufenthaltes. Auch die Thrombozytenwerte waren am Aufnahmetag
signifikant niedriger bei den Patienten mit einer H1N1 Infektion als bei den
Patienten mit einer ILI (201 G/l [IQR, 156,5- 225 G/I] versus 232 G/l [IQR, 182-
288,5 G/1]; p<0.001).

Im Differentialblutbild waren die eosinophilen Granulozyten signifikant niedriger bei
den Patienten mit einer H1N1 Infektion (p=0,006). Der Vergleich des CRP
zwischen der H1N1 Influenza Gruppe und der ILI Gruppe zeigte sigifikant
niedrigere Werte in der HIN1 Gruppe (11 mg/l [IQR, 5- 64 mg/l] versus 23 mg/l
[IQR, 7- 100,85 mg/l]; p<0,001). Des Weiteren war die GGT signifikant niedriger
bei den Patienten mit gesicherter H1N1 Infektion (p<0.05).

Die Kreatinkinase war in der H1N1 Influenza Gruppe signifikant héher als in der ILI
Gruppe (113 U/l [IQR, 61,5- 192 U/} versus 72 U/l [IQR, 48,5- 116,5 U/l]; p<
0.001).

Diskussion

Die Ergebnisse zeigten statistisch signifikante Unterschiede bei den Laborwerten
zwischen Patienten mit PCR gesicherter H1N1 Infektion und Patienten mit
klinischem Verdacht, aber negativer HIN1 PCR. Bei der Erstprasentation im
Krankenhaus zeigten Patienten mit einer gesicherten H1N1 Infektion signifikant
niedrigere Werte bei den Leukozyten, bei den eosinophilen Granulozyten, bei den
Thrombozyten, beim CRP und bei der GGT als Patienten mit einem negativen
PCR Ergebnis.

Die Kreatinkinase war in der Gruppe mit den H1N1 infizierten Patienten signifikant
hoher als in der ILI Gruppe.

Diese Daten konnten bei der Implementierung eines klinischen Scores helfen,
damit eine H1N1 Infektion schneller diagnostiziert und behandelt werden kann.
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1 Introduction

Influenza has been one of the most important infectious diseases of the last
century. The word “influenza” roots back to the Latin word “influere” and means “to
flow into”. There are three types of influenza viruses: A, B and C (1). Influenza A
viruses are the perpetual cause of perseverative human influenza pandemics.

In 2009 a new strain of influenza A appeared and spread all over the world.
Pandemic influenza A /[H1N1 (better known as swine flu“) lasted for approximately

one year and was responsible for over 18000 death cases worldwide (2).

1.1 Structure of the virus

Influenza A viruses are negative-sense, single-stranded RNA viruses and belong

to the family of the Orthomyxoviridae (3).

Figure 1: Structure of the virus: The virus is built up of a lipid bilayer envelope, a inner coat of

matrix protein and nucleocapsids of viral genome at the centre (adapted from [3, 4])

On the surface of the viruses are two different proteins -a hemagglutinin molecule
(HA) and a neuraminidase molecule (NA). Based on these proteins the viruses are
categorized into different subtypes. There are 16 hemagglutinin subtypes (H1-

H16) and 9 neuraminidase subtypes (N1- N9). These proteins are responsible in




large part for human infectivity, pathogenicity and transmissibility- but they are
admittedly poorly understood (5).

Another integral part of the viral envelope is the matrix protein (M2). Inside the
viral envelope the matrix protein M1 forms a coat and binds the viral RNA (6). In
the core there are the genome segments. Each of the eight nucleocapsid
segments consists of a genomic RNA, a nucleoprotein (N), and three polymerase
poly peptides (PB1, PB2 and PA) (1, 7). The polymerase poly peptides are
responsible for the transcription and replication of the viral RNA genome in
infected cells (8).

Influenza A viruses are pleomorphic and small (80 to 120nm in diameter) particles
that later become spherical.

Furthermore influenza A viruses are able to infect a number of host species,

including pigs, birds, horses, sea mammals and humans (3).

:

-
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Figure 2: The figure shows the reservoir of influenza A viruses. Wild aquatic birds are the

primordial reservoir of all influenza viruses (adapted from [3])

Influenza A viruses are capable to provoke pandemics’ (3, 9). Pandemics mostly
arise when new virus strains appear and people do not yet have any immunity
(10).

' A pandemic is the global spread of a disease (10).




1.2 Historical background

1.2.1 Emergence of Influenza A/ H1N1

The history of swine influenza A (H1N1) began in 1918. During this year the
human influenza A (H1N1) (better known as “Spanish Influenza”) killed about 40-
50 million people all over the world. At the same time herds of swine in lowa/
United States developed similar clinical symptoms like people who suffered from
human influenza A (H1N1) (11).

Only in 1931 the veterinarian Robert Shope discovered with his experiments that
swine influenza virus had his roots in the 1918 pandemic strain (12).

The Asian Flu (1957 pandemic A [H2N2]) and the Hong Kong Flu (1968 pandemic
A [H3N2]) resulted from a reassortment event, generating new subtypes (13).

In 1976 influenza A (H1N1) was isolated in European pigs for the first time. The
first case of a human infected with swine influenza A (H1N1) was reported in 1998
in Wisconsin. It was a 17 year old who had been exposed to pigs in a
slaughterhouse before.

Between 2005 and 2009 11 cases of an infection with swine influenza A (H1N1)
were recognized. Most of them had contact with pigs before (11).

The 2009 influenza A (H1N1) virus strain was a mixture of gene segments that has
never been seen in human or swine influenza viruses before.

It was a mixture of influenza viruses from pigs, humans and birds but it affected

only humans (11, 14).




Gene Segments, Hosts, and Years of Introduction

~1098 FBZ, PA
FEZ, PA '
Triple
PB1 ; Reassortant PE2
~1058 ~1908 FE PEi
PB1 _’ _' -
He,
NP
; NA
1918 HA, NP, NS Classical -
Hi, NP, NS ' Swine NS
~1979 NA, M Eurasian 2009 A(HIN1)
NA, M ' Swine

Figure 3: Origins for the gene segments of the pandemic H1N1 virus (adapted from [7])

1.2.2 Pandemic outbreak in 2009

On 17 April 2009 Centers for Disease Control and Prevention (CDC) reported the
outbreak of a novel triple -reassortant swine-origin influenza A (H1N1) among two
children in California.

Both of them had onset of fever and cough, but none of the children had direct
exposure to pigs. The transmission of the virus was unknown (15).

At the same time as the events with the two children in California became pubilic,
the Mexican Ministry of Health notified an increased number of hospitalizations on
the basis of severe pneumonia and a heaped number of unclear death cases.

An increased number of laboratory confirmed influenza was found. This was very
unusual because in Mexico seasonal influenza occurs normally from October to
March and especially elderly people are affected. Oddly, particular young people
between the ages 20 to 40 years showed symptoms.

Consequently, the ministry of health intensified the notification of people who were
hospitalized due to severe pneumonia.

During March 24 and April 29, 2009 8817 nasopharyngeal specimens were tested
for influenza A. 3664 of them were positive (42%) (16).

In 2009, 6945 cases of confirmed H1N1 infections were reported in Mexico
between April 28 and July 31 (17).




In late April 2009 the World Health Organisation (WHO) officially proclaimed the
appearance of a novel influenza A (H1N1) virus and raised the flu pandemic alert
level to five which meant human-to-human transmission of a novel influenza strain
in one WHO region of the world (18).

Six-phase approach by the
World Health Organisalion

Figure 4: WHO flu alert system (adapted from [14])

On 11 June 2009, WHO Director-General Dr. Margaret Chan made a press
statement about this special HIN1 strain. Up to this date there were reports from

almost 30000 confirmed H1N1 infections in 74 countries.

. | Cumulative cases
e 1-10 [ LT U
® 11-50 @ oo )

v b — Vb, 5
Q- ” g L ]
. i . b3 v
’.‘ ‘-/ gtﬂ,’“ Chinese Taipei has reported 36 confirmed cases &
501 and more gli - cases of influenza A (H1N1) with O deaths. Cases from .
- 144 deaths | Chinese Taipei are included in the cumulative totals.

Figure 5: Number of laboratory confirmed cases of influenza A (H1N1) infections; Status as of 11
June 2009 (adapted from [19])




According to experts and leading virologists criteria for a pandemic have been
met. WHO declared that “the world is now at the start of the 2009 influenza
pandemic”. WHO elevated the level of the new influenza in their alert system to
phase 6 (20). This meant that there were human-to-human outbreaks in different
WHO regions (18).

The new influenza infection differed from the seasonal infection with regards to the
fact that the majority of cases of severe infections were seen in people between
the age of 30 and 50. It was a warning sign that half of the cases of severe and

fatal H1N1 infections concerned healthy young and middle aged people (20).

1.2.3 Geographic spread of the pandemic

The rapid spread of the new influenza strain is depicted in Figures 6 and 7. On the
27" of July 2009 a total of 134503 cases of influenza A (H1N1) virus infections
were reported.

In only one month the number of confirmed cases had more than quadrupled.

e
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Figure 6: The figure shows the initial spread of influenza activity; status as of 20- 26 July 2009
(adapted from [21])

On the 31% July 2009 WHO announced that 168 countries had reported at least
one laboratory confirmed case of H1N1 infection. At that time the pandemic

influenza had already affected all continents. Only four days after the last WHO
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update of the new influenza another 30000 new cases of confirmed H1N1

infections were reported (22).

Il Videspread
Ragicral M b
Localized ! ;
Mo actvity
M infeemabon aailalde

Figure 7: In November 2009 (week 47) the influenza virus already emerged in the entire continent

of America, in Europe and in Asia (adapted from [23])

Controlling the spread of the pandemic became a demanding task for
governments worldwide. The propagation of the virus was enormous. In November
2009 a total of 622482 confirmed cases of pandemic influenza A were reported
from the WHO (24).

In reality the number of cases that have occurred was considerably higher than the
officially case count. However, many countries even stopped counting individual
cases, especially those that were not that serious (25).

In April 2010, one year after the outbreak of the pandemic more than 213
countries had reported laboratory confirmed cases of influenza A/ H1N1 infections.
At this time Southeast Asia, West Africa, and the tropical zone of the Americas
were the most affected areas of the pandemic. In Europe and in the northern
moderate climate zones of Americas a slowdown of the virus circulation was
already observed (26).

In summer 2010, pandemic influenza activity declined to very low levels, but
persisted in areas of the tropics, especially in Southeast Asia and the Caribbean
(27).




On the 10™ of August 2010 WHO Director General Dr. Margaret Chan declared
that the influenza A/H1N1 virus had moved into the post-pandemic period, which
meant that the virus had spread over the world and because people were immune
to it. However, there were localized outbreaks of H1N1 infections in different parts

of the world.

Although the H1N1 influenza virus is now in the post pandemic period, the WHO
with its global influenza program will continue to register the activity of the

influenza A (H1N1) virus all over the world (28).

1.2.4 Situation in Europe during the pandemic

In Europe, the 2009 influenza A (H1N1) pandemic lasted for 68 weeks (from April
2009 to August 2010).

According to the European Centre for Disease Prevention and Control (ECDC) the
influenza A (H1N1) virus entered Europe around week 16, 2009. Travellers
arriving from Mexico brought the virus to different European countries. The first
case describing an influenza A (H1N1) infection in Europe was reported on April
19™, 2009 (29).

5,000 r 60

Number of sentinel samples
4,500 — Percentage positive for influenza

--- 'Expected' pattern, based on the
4,000 previous season

3,000

s
2,500

2,000

Number of samples
anysod - BZUanpul 9

Date (week)
Figure 8: The division of the number of sentinel samples submitted and the percentage found

positive for influenza. The arrow marks the beginning of the pandemic in Europe (adapted from
[29])




In November 2009 very high activity of the pandemic was seen in Sweden,
Norway, Moldova and ltaly.

In Europe, over 99% of subtyped influenza A viruses transpired as H1N1 (24).

50
— A(H1)v and A(H1N1)v
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Figure 9: Distribution of virus subtypes during the pandemic in Europe (adapted from [29])

In December 2009 the pandemic activity already declined in North America, but
peaked in western and northern Europe (25). In April 2010 pandemic activity
declined in Europe and the virus circulated only across limited areas (26). The

H1N1 pandemic was responsible for almost 5000 deaths in Europe (30).

1.2.5 H1N1 associated Deaths

At the end of April 2009 WHO reported the first eight death cases, seven of them
in Mexico (31).
In July 2009 there were already reports of over 1000 deaths associated with H1N1
influenza (22).

Region H1N1 associated deaths
WHO Regional Office for Africa 0

WHO Regional Office for the Americas 1008

WHO Regional Office for the Eastern |1

Mediterranean




WHO Regional Office for Europe 41

WHO Regional Office for South-East-Asia | 65

WHO Regional Office for the Western | 39

Pacific

Total 1154

Table 1: Reported deaths worldwide; July 2009 (adapted from [22])

The number of deaths doubled within one month. In August 2009 already 2000

death cases were reported to WHO.

& - I
1 - & f
i A
p= = e ¥
& &3
iy 4 & 7.l o -
aly . i -
4 .
r
*
e : l' L 1 _1.‘-
i s *
% s L ] : A
: . G ) ' LI R 5
o [ Bt 1 LA
. P i
3 a L] T p 1] .
. 30 - o
o 4 Ny
. s
- * i
Cumulative deaths g !
q.4 M ™ y
& 1.10 i A H
* 1.5 ® - : 4
® 11w ® »
[ s 3§ .
.' 101 and more & ¥
Countryferiargfaded wih confirmed cases k Chineis Thips had reported oie deal sldodabed with pasderie (HIN1) 2000

Figure 10: Number of deaths as reported to WHO in August 2009 (adapted from [23])

When comparing figure 10 and figure 11 the development of H1N1 influenza
mortality within one year becomes evident. According to the WHO all in all over
18000 people died during that time (2, 30).
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Figure 11: Reported death cases published by the WHO in August 2010 (adapted from [23])

Region H1N1 associated deaths
WHO Regional Office for Africa 168
WHO Regional Office for the Americas At least 8532

WHO Regional Office for the Eastern | 1019

Mediterranean

WHO Regional Office for Europe At least 4879

WHO Regional Office for South-East-Asia | 1945

WHO Regional Office for the Western | 1855

Pacific

Total At least 18398

Table 2: Reported death cases with confirmed H1N1 infection during the pandemic (adapted from
[30])
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1.3 Clinical characteristics

Symptoms of pandemic influenza A /H1N1 include (32, 33):
e Fever
e Cough
e Sore throat
e Runny nose
e Body aches
e Headache
e Chills
e Fatigue
e Nausea
e Diarrhea

e Vomiting

Especially young people were affected by the pandemic influenza A -young people
with chronic conditions as well as healthy young people (10). The Novel Swine-
Origin Influenza A (H1N1) Virus Investigation Team 2009 showed in a study with
642 patients with confirmed H1N1 infection that 40 % of them were between the
ages of 10 and 18 years; only 5% were older than 51. The most frequent

symptoms included: fever, cough, sore throat, diarrhea and vomiting (34, 35).

Radiological findings were common in pulmonary manifestations, but showed a
wide variety of patterns and were not specific for the diagnosis (36). Exsudative
diffuse alveolar damage with alveolar and interstitial edema, alveolar fibrinous

exudate and reactive pneumocytes were the most frequent findings (37, 38).

1.3.1 High risk patients

In most cases, pandemic influenza A infections led to rather weak infections.
Patients recovered within a week and did not require antiviral drugs or medical
care (39). Severe illness and fatal outcome were associated with underlying

medical conditions, but did occur in previously healthy people too.
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Some patient groups, however, had a higher risk for developing severe
complications from H1N1 influenza A (40-45):
e Children younger than 5, in particular < 2 years
e Pregnant women
e Persons aged 65 years and older
¢ Persons with different medical conditions including
o chronic pulmonary diseases (e.g. COPD)
o asthma
o chronic cardiac diseases ( e.g. coronary artery disease, congestive
heart failure)
o endocrine disorders (e.g. diabetes mellitus)
o chronic renal diseases
o chronic hepatic diseases
o immunosuppression (e.g. HIV, immunosuppressive medication,
malignancy)
o metabolic disorders
o certain neurological conditions (e.g. seizure disorders)
o blood disorders

e People (<19 years) receiving long-term aspirin therapy

1.3.2 H1N1 related complications and bacterial coinfections

The most frequent H1N1 related complications included: Pneumonia, neurological
symptoms like seizures or confusion, respiratory failure, septic shock, renal failure,
worsening of chronic conditions, such as asthma or a heart disease (16, 33, 39,
46, 47).

Bacterial coinfections were not as rare as believed -especially older people were
affected. The coinfecting agents isolated most frequently were Streptococcus
pneumoniae, Staphylococcus aureus, Streptococus pyogenes, Streptococcus
mitis and Haemophilus influenzae. People with bacterial coinfections were more
likely to develop the already mentioned complications (48, 49).

Also fungal infections were observed in patients with H1N1 infection. The virus

seemed to predispose immunosuppressed patients to develop invasive pulmonary
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aspergillosis. Studies showed that the use of corticosteroids in critically ill patients

was a risk factor for fungal superinfection (50-52).

1.4 Transmission

1.4.1 Human-to-human transmission

The transmission of the pandemic influenza A /H1N1 virus occurred over droplets
from person to person through coughing, sneezing, talking or physical contact,
usually of the hands.

Sometimes people got infected by touching surfaces with virus on it and then

touching their own mucosal surfaces (e.g. mouth, nose) (32, 53).

Humans

~— Diroplet
= Influenza virus

Shared spaces

Listance

Figure 12: Droplet transmission (adapted from [54])

Shedding duration (i.e. = time in which a person might be infectious to another
person) of influenza A /[H1IN1 seemed to be similar to seasonal influenza viruses.
During the first three days of illness viral shedding had its peak. Virus shedding
started a day before symptoms onset and lasted approximately for five to seven
days (32, 55).

PCR Median (range) Culture Median (range)

Overall 6 (1-13) 5 (1-7)
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Age group

<5yr 6 (4-13) 5 (4-6)
5-9 yr 6 (2-10) 6 (2-6)
10-18 yr 5(1-11) 5 (2-7)
19-50 yr 4 (1-10) 4 (1-5)

Table 3: Viral shedding duration of pandemic influenza A (adapted from [55])

1.5 Diagnosis

Rapid confirmation of a H1N1 infection is important for appropriate management of
patients and is essential to implement infection control strategies. For detecting

H1N1 pandemic flu there are different laboratory diagnostic tests available.

1.5.1 Real-time polymerase chain reaction

With polymerase chain reaction (PCR) it is possible to amplify DNA sequences in
vitro. The DNA is separated into two strands and incubated with oligonucleotide
primers and DNA polymerase. PCR is able to amplify a specific sequence of DNA

by as many as one billion times (56).

Real-time PCR (RTPCR) includes oligonucleotide primers and dual-labeled
hydrolysis probes. With this assay an in vitro detection of influenza A (H1N1) virus
in respiratory specimens from people with suspicion of swine influenza A infection
is possible.
There are different primers, e.g. the InfA primer for universal detection of type A
influenza viruses; the swinfA primer for the detection of all swine influenza A
viruses; and the swH1 primer for the specific detection of swine H1 influenza (57).
According to CDC protocol acceptable specimens for PCR -testing include (57):

e broncheoalveolar lavage

e tracheal aspirates

e sputum

e nasopharyngeal or oropharyngeal aspirates or washes, and
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e nasopharyngeal or oropharyngeal swabs

Respiratory specimens should be collected as soon as possible after the onset of
symptoms. Specimens should be kept no longer than for four days and at 4° C
(58).

Reverse-transcriptase polymerase chain reaction (RT- PCR) is the gold standard
to confirm an influenza A (H1N1) infection. In 2009 CDC appealed clinicians to test
people with suspicion of H1N1 infection, especially those with severe illness.

A confirmed case of influenza A (H1N1) infection was a person with influenza-like
illness plus a positive real-time PCR or a positive viral culture (58).

Despite a relatively high sensitivity a negative H1N1 PCR does not exclude
influenza A (H1N1) diagnosis (59).

PCR has a high sensitivity and specificity, but it is expensive and needs trained
expertise. During the pandemic 2009/2010 there were an enormous number of
requests for RT-PCR testing. Resources have been exhausted which meant that
in some countries - not including Austria - only patients with severe illness were
tested (60, 61).

1.5.2 Rapid Antigen Test

Rapid influenza diagnostic tests (RIDTs) are tests for detecting influenza viral
nucleoprotein antigen.
The advantage is that the test is simple to perform and requires little time. Test
results are available within 30 minutes which is important for further clinical
decisions.
Available RIDTs may either:

e detect and distinguish between influenza A and B viruses or

e detect both influenza A and B viruses but cannot distinguish between the

two different types of virus

e detect only influenza A viruses

A handicap is that common RIDTs cannot distinguish between influenza A virus
subtypes (e.g. seasonal influenza A vs. pandemic influenza A/ H1N1) (62).
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Another disadvantage of the tests is the low sensitivity when compared with RT-

PCR or viral culture (62-64).

On the other hand, the tests show high specificity and may include useful

information for the patients care. The figure below demonstrates an algorithm to

support the interpretation of RIDTs results:

RIDT (+) for
Flu B

|

RIDT (+) for

Interpretation:
Influenza B virus
infection likely

|

Treat with antiviral
agents, if
appropriate.

Consider whether
additional
diagnostic testing
and/ or empiric
antibiotic therapy
for coinfecions is
indicated

Flu A

RIDT (-) for Flu
A and B

Interpretation:
Influenza A virus
infecion likely.
Could be novel
H1N1, seasonal
H1N1, H3N2, or,
rarely, an
influenza A virus
of animal origin

|

Interpretation: Can
not rule out
Influenza virus
infection

Il

|

Figure 13: RIDT and interpretation (adapted from [62])

Treat with antiviral
agents, if
appropriate.

Consider whether
additional
diagnostic testing
to determine
infleunza A
subtype and/or if
empiric antibiotic
therapy for co-
infections is
indicated

Use clinical symptoms,
severity, and underlying
disease to decide if antiviral
treatment is appropriate.

Do NOT use a negative
test to send a symptomatic
child back to school, to rule
out an institutional
outbreak, or to dictate
infection control measures.

Consider whether furher
influenza specific testing
usin viral culture or PCR is
necessary.

Consider whether
additional diagnostic
testing and/or empiric
antibiotic therapy for co-
infections is indicated.
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Vasoo et al compared three different antigen tests with the LuminexxTAGRVP RT-
PCR and concluded that the sensitivity of rapid antigen tests for diagnosis of

influenza A (H1N1) was low to moderate. All tests showed excellent specificity.

Test Sensitivity, % Specificity, %
BD Directigen EZ Flu | 46.7 (34.6-59.1) 100 (86.2- 100)
A+B

BinaxNOW Influenza | 38.3 (27.1-51.0) 100 (86.2- 100)
A&B

QuickVue Influenza A+B | 53.3 (40.9- 65.4) 100 (86.2- 100)
Test

Table 4: Analytic Performance of Rapid Influenza Antigen Tests, Compared with the Luminex

XTAG RVP (Luminex) Reverse-Transcriptase Polymerase Chain Reaction (adapted from [61])

Overall, the sensitivity of RIDTs for detection of influenza A/ H1N1 varies between
10% and 70% (65). Therefore patients with clinical suspicion of a H1N1 infection
but a negative result in a rapid antigen test should undergo further laboratory
testing (61, 66).

1.5.3 Viral culture

A viral culture can also be used for the confirmation of an influenza A/ H1N1
infection (58).

In this diagnostic test a fluid or a tissue sample of a contaminated person is
collected and put in a growing medium (= a container with a cell type the virus is
able to infect). If the virus grows the cells show changes which can be seen under
a microscope. Via this means, the virus can be identified. The test requires three
to ten days for results, however. That means that it takes too long for having a
clinical impact and is therefore done mostly for study purposes (58, 67, 68).

An advantage is that it is possible to assign the virus to the different strains of
influenza that are circulating in a community and therefore to identify the antiviral
agents that are effective in the treatment of the virus (67).
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1.5.4 Immunofluorescence (Direct- or indirect fluorescent antibody
tests)

These tests may distinguish between influenza A and B viruses, but they cannot
differentiate between pandemic influenza A and seasonal influenza A viruses.
Another drawback is the fact that the sensitivity and specificity of the test are
unknown for the new virus. Furthermore, the test result depends on the quality of
the specimen and on the operator skills. The test is usually performed in a
laboratory and not in a doctor’s office because special equipment is needed (58,
67).

1.6 Therapeutic options

1.6.1 Antiviral drugs and the H1N1 pandemic

The 2009 influenza A (H1N1) virus was susceptible to the neuraminidase inhibitors
oseltamivir and zanamivir, but showed resistance to the M2 inhibitors amantadine
or rimandatine (41, 69).

Oseltamivir and zanamivir were the drugs of choice for treatment of 2009 H1N1
influenza in both children and adults (70). These drugs inhibit the virus -encoded

neuraminidase (71).

Oseltamivir (Tamiflu ®): The neuraminidase inhibitor is formulated as capsules
or oral suspension (70). When administered early oseltamivir reduces the duration
of symptoms, the duration of viral shedding and the severity of influenza- related

symptoms (72, 73).

Zanamivir (Relenza ®): Zanamivir is formulated for oral inhalation (70).

Who should be treated with antivirals?
Antiviral treatment is approved for people with suspected or confirmed influenza
who had additionally:

e risk factors

e severe or progressive illness and/or

¢ illness requiring hospitalization (70)
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Mild or uncomplicated illness

No risk
factors

Risk factors

If within 48 hours of
onset may consider
antiviral; provide
instructions for
symptomatic care,
infection control, return
for care if no
improvement within 72
hours

Treat with antiviral,
provide close follow-up,
instructions for
symptomatic care,
infection control,
returnfor care if no
improvement within 72
hours

Figure 14: Clinical algorithm for consideration in the assessment of persons with mild or

uncomplicated influenza illness (adapted from [70])

Timing was also an important point in the treatment of 2009 H1N1 influenza

infection: Patients with severe and/ or progressive clinical symptoms should be

treated with oseltamivir as soon as possible (74).

Clinical trials show that antiviral treatment was most effective when initiated within

48 hours after the onset of typical influenza-like symptoms (33, 74, 75). Treatment

should therefore be started empirically before definitive test results from PCR or

viral culture are available (70).

Population

Pandemic influenza A
(H1N1) 2009 and other
Seasonal influenza

viruses

Influenza viruses
known or
suspected to be
oseltamivir

resistant

Uncomplicated clinical presentation
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Severe or progressive clinical presentation

All patients (including Treatment with Treatment with zanamivir
children and oseltamivir as as soon as possible
adolescents) soon as possible

(zanamivir should be
used if

oseltamivir unavailable)

Patients with severe Treatment with Treatment with zanamivir
immunosuppression oseltamivir as as soon as possible
soon as possible.
Consider

higher doses and longer
duration of treatment

Table 5: Therapeutical options in the case of a H1N1 infection (adapted from [74])

When oseltamivir resistance is suspected or proven zanamivir should be the
treatment of choice (74). Overall oseltamivir resistance was, however, rare during
the pandemic. Most patients with oseltamivir resistance had a severe
immunocompromising condition (e.g. immunosuppressive treatment,

chemotherapy, hematologic malignancies) (76).

1.6.2 Antibiotics

As mentioned before influenza A/ H1N1 infections were associated with a higher
risk for bacterial confections- especially with Staphylococcus aureus,
Streptococcus pneumoniae and Haemophilus influenzae. In case of bacterial

superinfection initiation of antibacterial therapy is necessary.
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1.7

Prevention

1.7.1 Everyday steps

With the outbreak of HIN1 public health care organisations like the WHO or the

CDC showcased orders how everyone can protect himself or herself against the

virus.

Basic principles of hywglena can ba cnecial in halping
1o hmit the spread of the vweres. Thesa ncluda:

1 \=/

Covering your nose Disposing of dirty
and mouth when bissues peoim prily
cowghing or sneezing and carcfulby

z &

Cleaning hard surfaces Mlaki i Siine Y oir
frequently using a nonmaal children follow
cheaning product this advice

- |

Washing hands freguenthy
1o reduce the spread
of the wires

Yol canmol ﬂﬂ{ sSwina
influenza from

aating porik

Figure 15: Everyday steps to protect the health and to limit the spread of the virus (adapted from

[771)

CDC advices contained:

You should frequently wash the hands with soap and water

You should avoid touching your mouth, eyes or nose

You should avoid contact with sick people

If you are sick you should stay at home for approximately 24 hours after

fever is gone

When you cough or sneeze you should cover your nose with a tissue

You should avoid crowds

You should follow public health advice (78)
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1.7.2 Vaccination

Vaccination was the best tool available to protect people from developing severe
disease from pandemic influenza A /H1N1 infection.

There were two main types of HIN1 vaccines. On the one hand a H1N1 “flu shot”.
This was a vaccine that contained killed virus and that was given with a needle in
the upper arm or in the thigh. On the other hand, there was a nasal spray flu
vaccine. This type of vaccine used living viruses.

After vaccination, antibodies developed in the body which protected against H1N1
infection (79, 80).

CDC advised vaccination especially to all high- risk individuals, like:
e Pregnant women
e Household contacts and caregivers for children younger than 6 months of
age
e Healthcare and emergency medical services personnel
e All people from 6 month through 24years of age
e Persons aged 25 through 64 years who have health conditions associated

with higher risk of medical complications from influenza (81)

Some people should not get influenza vaccination or rather should consult a
physician before getting flu vaccination. For example, people with a severe allergy
to chicken eggs, children younger than six month, people with a severe reaction to
a flu vaccination before or people who have an iliness with fever (they should wait
until they recover) (79).
Like any vaccination, these H1N1 pandemic vaccinations could cause side-
effects. The most common side- effects were (79):

e Fever

e Aches

e Soreness or swelling where the shot was given

e Headache

e Cough

e Vomiting
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If side effects occurred they were usually mild and lasted one to two days (79).

Name, Product Culture | Haemagglutinin | Adjuvant | Number of
producer description medium | content emulsion | doses
Celvapan, Inactivated, whole | Cell- 7.5ug None
Baxter wild-type virus | culture All> 6
A/California/7/2009 month
(HIN1)v 2x 0.5 ml
Pandemrix,GSK | Inactivated, split- | Egg- 3.75ug (per | ASO3 >10 years
influenza, culture adult dose) 2x 0.5ml
reassortant, 1.87ug (per 6 month- 9
A/California/7/2009 pediatric dose) years
(HIN1)v- like 2x0.25ml
strain
Focetria, Inactivated, Egg- 7.5ug MF59
Novartis surface- influenza | culture All> 6
antigens month
(haemagglutinin 2x 0.5ml
and
neuraminidase),
reassortant,
AJCalifornia/7/2009
(HIN1)v- like
strain
Fluval P. | Inactivated, whole | Egg- 6 pg (per adult | Aluminium | Adults and
Omninvest reassortant  virus | culture dose) phosphate | adolescents
A/California/7/2009 3 g (per > 12 years
(HIN1)v- like pediatric dose) 1x 0.5 ml
strain Children 3-
12 years
1x0.25 ml
Children 6
month — 3*
years
1x  0.25ml
(*decision
pending)

Table 6: Overview of vaccines against pandemic influenza A (H1N1) available in the European
Union in October 2009 (adapted from [82])
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An important fact was that the H1N1 pandemic vaccination did not protect against

other influenza viruses, such as the seasonal influenza (80).

1.8 Influenza-like illness

“Influenza-like illness” is a clinical definition that is very general but when
combined with the information about circulating viruses it gives a good overview of
influenza activity (83).

According to WHO'’s definition someone with “Influenza-like illness” is a person
with sudden onset of fever of >38 °C and cough or sore throat in the absence of
other diagnoses (84).

According to CDC ILI is defined as a person with following symptoms: temperature
> 37.8°C and either a cough or sore throat without a known cause other than
influenza.

In Europe there are also many different case definitions for the term “Influenza-

like illness”:

Surveillance Influenza-like illness

networks

Belgium Sudden onset of fever, with respiratory symptoms and
systemic symptoms

Cyprus Sudden onset of fever (38.5°C) of at least 2 days duration,
symptoms from the upper respiratory system, weakness,
muscular pains, and headache.

Denmark Sudden onset of disease with fever, myalgia and symptoms of
respiratory infection

England No case definition

Estonia Clinical picture compatible with influenza, e.g. sudden onset of
disease, cough, fever > 38°C, muscular pain and/or headache.

Greece Acute onset of iliness, cough, fever >38°C, muscle ache and/or
headache.

Ireland Sudden onset of symptoms with a temperature of 38°C or
more in the absence of any other disease with at least 2 of the
following: headache, myalgia, sore throat, dry cough

Italy Sudden onset of symptoms, with temperature >38°C, plus at
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least 1 systemic symptom and at least 1 respiratory symptom

Latvia Every illness characterized by sudden onset of fever (>38°C)
with respiratory symptoms (dry cough and sore throat),
headache and/or myalgia

Lithuania Sudden onset of fever (> 38°C ), cough, myalgia and/or
headache.

Luxembourg Sudden onset of fever (> or equal to 38°C), myalgia and
respiratory symptoms (e.g. cough or pharyngitis).

Malta Fever (>38°C) with cough and headache and/or muscular pain

The Pel criteria $

Netherlands

Northern Ireland | An acute respiratory illness accompanied by variable fever and

myalgia
Norway A patient with clear general symptoms, primarily acute fever
>38°C, headache, muscle ache, and in addition a dry cough
Poland No case definition
Portugal ICHPPC-2-D definition®®
Romania Every illness characterized by sudden onset, fever, myalgia

and respiratory symptoms (cough, coryza).

Scotland No case definition

Slovak Republic | Sudden onset and fever with (1) at least 1 respiratory
symptoms; cough, rhinitis, sore throat, and (2) at least 1
general symptoms: headache, joint ache, chills, malaise

Slovenia Sudden onset of fever (>38°C) with general weakness, muscle
and joint pain, dry cough and symptoms of upper respiratory
tract affection

Spain ICHPPC-2-D case definition?

Sweden No case definition

Switzerland Respiratory illness with fever >38°C, myalgia, general pain,
chills, anorexia. (optional symptoms are: cough, rhinitis and
arthralgia)

Wales Upper respiratory tract symptoms, fever, chills, myalgia, cough

S. Pel criteria: An acute onset (i.e. at most a prodromal stage of three to four days), accompanied
by a rise in rectal temperature of >38°C, and at least 1 of the following symptoms: cough, coryza,

sore throat, frontal headache, retrosternal pain, myalgia.
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$$: International Classification of Health Problems in Primary Care

ILI: at least one of the following characteristics:

1. Influenza virus culture positive or serological evidence of influenza virus infection
Context of influenza epidemic, plus 4 of the criteria in 3.
6 of the following criteria: sudden onset (within 12 hours), cough, fever, chills, prostration

and weakness, myalgia or general pain, rhinitis, pharyngitis, contact with a case.

Table 7: Different case definitions in Europe (adapted from [85])

During the influenza A (H1N1) pandemic in 2009 other respiratory viruses have co
-circulated in many countries and provoked respiratory infections and influenza-
like illness. The two most common viruses that were responsible for influenza-like
illness were the human rhinovirus and the respiratory syncytial virus (86). But also
other viruses can be responsible for ILI -e.g. adenoviruses, enteroviruses and
parainfluenza viruses (87-89).

Especially during a pandemic it is important to differentiate between infections

caused by influenza viruses from those caused by other viruses.

1.9 Usefulness of a clinical score

PCR is the gold standard to confirm H1N1 infection, but usually is time- consuming
and expensive. Moreover, PCR assays are not available in every clinical setting.
The currently available antigen tests are fast, but display low sensitivity. The
advantage is that the test is simple to perform and requires little time. However,
patients with clinical suspicion of H1N1 infection, but with a negative result in a
rapid antigen test should undergo further laboratory testing (61, 63, 66, 90-92).
The development of a clinical score for HIN1 influenza could be useful for a more
efficient and faster clinical diagnosis. This may help to improve decision making
regarding antiviral therapy, outcome, reduce mortality and morbidity (93).

A clinical score could be used in clinical settings where diagnostic resources are
limited. Particularly for resident doctors a clinical score for detecting H1N1
influenza A could be very useful. Depending on the test results they can decide
faster whether a patient needs antiviral treatment or not. The main antivirals for the

treatment against H1N1 influenza A infection are oseltamivir and zanamivir (71).
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Nevertheless there are reports of oseltamivir resistance (94, 95). Particularly
among patients with severe immunocompromising conditions (chemotherapy or
immunosuppressive treatment) oseltamivir resistance was observed frequently
during the pandemic (76, 96, 97).

The incidence of oseltamivir resistance is higher among patients with H1N1
subtype than among patients with the seasonal flu (95).

1% to 1.5% of patients are resistant against oseltmamivir (98).

Although oseltamivir is a successful drug there are reports of possible serious
harms especially in people younger than 20 years. These adverse effects include
abnormal behaviour, convulsion, delirium, hallucinations, diarrhea, nausea,
headache and many others (99).

Therefore, it may be very important to avoid unnecessary treatment with
oseltamivir.

Besides a clinical score may facilitate and accelerate the decision whether a
patient has to be transferred into hospital or not.

A clinical score would be easy to use and quick to carry out. Another economic

advantage is that a highly sensitive and specific score may help to save costs.
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2 Materials and Methods

2.1 Study objectives

e To compare the laboratory values between patients with PCR confirmed

H1N1 infection and those with ILI in which PCR turned out negative.

e To analyze the development of laboratory values during the first seven days

of disease of PCR confirmed H1N1 influenza cases and cases with ILI.

2.2 Study Design

This is a retrospective survey of patients with PCR confirmed H1N1 infection or
PCR negative influenza-like illness.

During 1%' October 2009 and 19" January 2010 polymerase chain reaction (PCR)
assays were performed in clinical samples from 1681 patients with clinical
suspicion of influenza A, H1N1 infection presenting to hospitals of south east
Austria (Styria). 624 of them had a positive H1N1 PCR test result which confirmed
H1N1 influenza.

1057 people had negative H1N1 PCR result (ILI). From these 1681 people
laboratory data was searched and completed with the use of the database
“MEDOCS” which include patient’s records. This is the electronic network at the
Medical University Hospital Graz and other Hospitals of South East Austria.
Finally, we compared the laboratory values between patients with confirmed H1N1
influenza A infection and those with clinical suspicion of H1N1 infection, but in
which PCR turned out negative.

The study was initiated and conducted by the Section of Infectious Diseases,
Medical University of Graz.

Participating hospitals were the University Hospital Graz and the State Hospitals of
Leoben, Bruck, Graz-West, Feldbach, Judenburg, Hoérgas-Enzenbach,
Rottenmann, Deutschlandsberg, Wagna and Bad Aussee.

The Institute for Hygiene, Microbiology and Environmental Medicine, Medical
University of Graz and the Institute for Hospital Hygiene and Microbiology,

University Hospital of Graz carried out the RT-PCR testing for the study.
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Local ethic committee granted to conduct the study also because of the non-

interventional study design.

2.3 Data collection

Data was collected by reviewing medical reports within the database “MEDOCS”.
All the information was collected anonymously in an electronic database. Data was
collected between October 2011 and January 2012.

Laboratory data sets were available from 221/624 (35%) patients with PCR
confirmed H1N1 infection and 312/1057 (30%) of patients with clinical suspicion of
H1N1 infection, but in which PCR turned out negative.

2.4 Inclusion criteria

All patients tested for influenza A, H1IN1 by PCR of respiratory tract specimens at
the Institute of Hygiene, Microbiology and Environmental Medicine, Medical
University of Graz and the Institute for Hospital Hygiene and Microbiology,
University Hospital of Graz from October 2009 to January 2010 were included in
the study.

Laboratory values had to be available for at least one day. At given time points
(first day, second or third day, fourth or fifth day, sixth or seventh day) some
laboratory values were not available for all patients.

Influenza A (H1N1) virus infection was confirmed with a positive PCR result.
Specimens were taken from nasopharyngeal swab, pharyngeal lavage or

bronchoalveolar lavage.

2.5 Analysis

We collected the laboratory values from the first seven days of clinical admission
and analyzed them.
Laboratory values, analyzed from the first day, second or third day, fourth or fifth
day and sixth or seventh day included:

e White Blood Cell count (WBC)

30



e Thrombocyte count

¢ Neutrophils

e FEosinophils

e Absolute eosinophil count
e Monocytes

e Lymphocytes

e C-reactive protein

e Procalcitonin

Hemoglobin and hematocrit were analyzed only on the first day.

Creatinine, GGT, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), CK, lactate dehydrogenase (LDH), Troponin, International Normalised Ratio
(INR), Bilirubin and Lipase were analyzed from the first day of hospitalization.
Additionally the maximum of these laboratory values was notified during the
disease.

For time calculation, the day of presenting to the emergency unit/ hospitalization

was considered to be day 1.

Laboratory values have been calculated using the standard values of the Clinical
Institute of Medical and Chemical Laboratory Diagnostics, Medical University
Hospital of Graz, Austria (Table 8).

Laboratory values Normal range
WBC 44 -11.3 G/l
Thrombocyte count 140- 440 G/I
Haemoglobin 12.0- 15.3 g/dI
Haematocrit 35.0-45.0 %
Absolute eosinophil count -0.7 G/l
Neutrophils 50- 75 %
Eosinophils -5.0 %
Monocytes 2.0-12.0%
Lymphocytes 20.0- 40.0 %
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Absolute lymphocyte count 1.0-4.8 G/l

C- reactive protein -5.0 mg/l
Procalcitonin -0.5 ng/ml
Creatinine 0.5- 1.00 mg/di
GGT -38 U/l

AST -30 U/

ALT -35 U/
Creatine kinase -145 U/

LDH 120-240 U/
INR -

Bilirubin 0.10-1.20 mg/dI
Lipase -60 U/l

Table 8: Laboratory standard values

2.6 Statistical analysis

We calculated the medians and interquartile ranges (IQR) of the different
laboratory values for PCR confirmed H1N1 cases and the cases with clinical
suspicion but negative PCR result.

Analysis was carried out with the use of the statistical program SPSS (Statistical
Package for the Social Sciences).

We compared the laboratory values between patients with PCR confirmed H1N1
virus infection and those with clinical suspicion but negative PCR result.
Differences in laboratory values between both groups and correlation of laboratory
values with underlying disease were calculated using Mann-Whitney U test.
P-value <0.05 was considered statistically significant.

The study protocol has been approved by the local ethics committee, Medical

University Graz, Austria.

32




3 Results

3.1 Demographic data

During the study period 624 patients in South East Austria had positive and 1057
patients had negative H1N1 PCR. Laboratory data sets were available from 221
patients with PCR confirmed H1N1 infection and 312 patients with ILI. Influenza
A/H1N1 was more repeatedly diagnosed in men (58.4%) than in women (41.2%).

Gender distribution in patients with PCR negative ILI was close-to- balance. 51.3%

were male and 48.7 % were women.

Gender distribution
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20

10
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% male female

Figure 16: Gender distribution in patients with H1N1 infection and in patients with ILI

The age of patients with confirmed H1N1 infection ranged from one month to 79
years. The mean age was 23 years. In patients with ILI age ranged from one day
to 92 years. The mean age was 33 years.

Children and young adults between 0 and 20 years of age showed the highest
number of confirmed H1N1 cases (139 out of 221). Half of patients with ILI were
between 0 and 30 years of age.

During the pandemic 2 out of 207 (1%) of H1IN1 cases were confirmed in October,
116/207 (56%) in November, 84/207 (40.6%) in December and 5/207 (2.4%) in
January. The situation for patients with ILI looked similar. 17/311 (5.5%) of ILI
patients were confirmed in October, 166/311 (53.4%) in November, 100/311 (32%)
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in December and 21/311 (6.8%) in January. The peaks of PCR confirmation were

in November and December 2009 for both groups.

PCR confirmation among months
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Figure 17: Epidemiologic curve of PCR confirmed H1N1 cases and cases with ILI from October,
2009 to January,2010

3.2 White Blood Cell count at presentation

At the time of admission 203 leukocyte measurements were available from
patients with PCR confirmed influenza A/ H1N1 infection (n=221).

The median of this group was 6.7 G/l (IQR, 5- 8.6 G/l). 24 out of 203 (11.8%)
patients who were tested had leucocytosis and 32 out of 203 (15.7%) presented
with leukopenia.

In the group of patients with ILI in which PCR turned out negative initial WBC
count was available from 283 data sets. Median was 9.86 G/I (IQR, 7.4- 13.7 G/I).
105/283 (37%) patients with ILI had leucocytosis and 20/283 (7%) presented with

leukopenia.

Comparison of the PCR positive and the PCR negative group showed that total
white blood cell count was significantly lower in patients with PCR confirmed H1N1
infection (p < 0.001).
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Figure 18: WBC count on admission

The number of patients where laboratory values were available (ni) decreased

during the first week. On day 4/5 of hospitalization no more than 60 data sets from

the PCR positive group and 154 data sets from the PCR negative group were

available.
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Figure 19: Development of WBC count
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In the first seven days of hospitalization WBC decreased slowly but there was
constantly a significant difference between the two groups.
WBC count was always significant lower in patients with PCR confirmed H1N1

infection- p value was permanently lower than 0.001.

PCR positive | PCR negative | p-value
group (n=221) group (n=312)

Laboratory values

WBC count (G/l) day 1 6.74* (ni=203) |9.86* (ni=283) | p<0.001
WBC count (G/l) day 2/3 505 (ni=103) | 8.72  (ni=185) | p <0.001
WBC count (G/l) day 4/5 518  (ni=60) |7.66  (ni=154) | p <0.001

* Median displayed

ni= number of patients where laboratory values were available

Table 9: WBC development during hospitalization

3.3 Thrombocytes

Normal range of thrombocyte count was between 140 G/l and 440 G/I.

On admission to hospital 175 out of 201 patients with H1N1 infection (87%) and
234 out of 281 patients with ILI (83%) had normal levels of platelets.

22 out of 201 (11%) patients with H1N1 infection and 28 out of 281 (10%) patients
with ILI suffered from thrombopenia. 4/201 (2%) H1N1 patients and 19/281 (6.8%)

ILI patients presented with thrombocytosis.
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Figure 20: Platelet levels in patients with H1N1 infection at time of admission
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Figure 21: Platelet levels in patients with ILI at time of admission

At admission median thrombocyte count was 201 G/l (IQR, 156.5- 225 G/I) in
patients with PCR confirmed H1N1 infection. In patients with ILI median was 232
G/l (IQR, 182- 288.5 G/I).

PCR positive | PCR negative | p-value
group (n=221) group (n=312)
Laboratory values
Thorombocyte count (G/l) day | 201* (ni=201) | 232* (ni=281) | p <0.001
1
Thorombocyte count (G/I) day | 181 (ni=102) | 228 (ni=186) | p <0.001
2/3
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Thorombocyte count (G/l) day | 182.5  (ni=61) | 213 (ni=154) | p <0.001
4/5

Thorombocyte count (G/l) day | 173.5  (ni=47) | 244 (ni=101) | p =0.001
6/7

* Median displayed

ni= number of patients where laboratory values were available

Table 10: Thrombocyte counts

Similar to WBC, comparison of thrombocyte counts demonstrated that they were
significantly lower in patients with PCR confirmed H1N1 infection than in patients
with ILI (p< 0.001).

Furthermore the development of thrombocyte levels during the first seven days

showed significant lower values in patients with H1N1 infection.
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Figure 22: Thrombocyte counts on the first day
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3.4 Eosinophils

At first presentation to the hospital the median of the absolute eosinophil count
was 0 G/l (IQR, 0- 0.04 G/l) in the PCR positive group. In contrast the median in
the PCR negative group was 0.015 G/l (IQR, 0- 0.125 G/I).

PCR positive | PCR negative | p-value
group (n=221) group (n=312)
Laboratory values
Eosinophils day 1 (G/l) 0* (ni=185) |0.015* (ni=256) |p =
0.002

* Median displayed

ni= number of patients where laboratory values were available

Table 11: Eosinophils day 1

Eosinophils were significant lower in patients with PCR confirmed H1N1 infection

than in patients with ILI.
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3.5 Distribution of the White Blood Cells

PCR positive | PCR negative | p-value
group (n=221) group (n=312)
Laboratory values
Neutrophil % day 1 73" (ni=187) 74* (ni=252)
Eosinophil % day 1 0 (ni=185) 0.2 (ni=256) | p=0.006
Eosinophil % day 2/3 0 (ni=94) 1 (ni=151)
Eosinophil % day 4/5 0.13 (ni=52) 2 (ni=117)
Monocyte % day 1 9.1 (ni=186) 8 (ni=260)
Monocyte % day 2/3 10 (ni=95) 8 (ni=151)
Lymphocyte % day 1 16 (ni=192) |15 (ni=261)

* Median displayed

ni= number of patients where laboratory values were available

Table 12: Distribution of the White Blood Cells

The table above shows the distribution of the White Blood Cells in patients with

H1N1 infection and patients with ILI. At the first presentation in hospital the

median of the relative neutrophil count was 73% (IQR, 60-81%), of the relative
eosinophil count 0 % (IQR, 0-1%), of the relative monocyte count 9.1 % (IQR, 7-

13%) and of the relative lymphocyte count 16% (IQR, 9-26%).

Distribution of the White Blood Cells on

the 1st day
Lymphocyte%
16% PCR positive
Monocyte% group
9% \

Eosinophil%
0%

Neutrophil®
75%

Figure 24: Distribution of the White Blood Cells in the PCR positive group
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In patients with ILI the distribution looked similar. At time of admission the median
of the relative neutrophil count was 74% (IQR, 63.3- 84%). The median of the
relative eosinophil count was 0.2% (IQR, 0-2%), of the relative monocyte count 8%
(IQR, 7-13%) and of the relative lymphocyte count 15% (IQR, 9-26%).

Distribution of the White Blood Cells on

the 1st day
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Monocyte% group
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76%

Figure 25: Distribution of the White Blood Cells in the PCR negative group

In the distribution of the WBC count only the relative eosinophil count showed

significantly lower values in patients with confirmed H1N1 infection (p= 0.006).
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Figure 26: Comparison of eosinophils % on the 1% day
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3.6 C-reactive protein

At first presentation to hospital CRP was elevated in both groups, in patients with

PCR confirmed H1N1 infection and in patients with ILI.

PCR positive | PCR negative | p-value
group (n=221) group (n=312)

Laboratory values

C-reactive protein (mg/l) day | 11* (ni=199) | 23* (ni=280) | p <0.001

1

* Median displayed

ni= number of patients where laboratory values were available

Table 13: C-reactive protein

Patients with ILI had higher CRP values than patients with H1N1 infection.
The median in the PCR positive group was 11 mg/l (IQR, 5- 64 mg/l). In the PCR
negative group the median was 23mg/I (IQR, 7-101 mg/l).
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Comparison between PCR confirmed H1N1 influenza and PCR negative ILI

demonstrated significantly lower CRP values in patients with H1N1 infection (p<

0.001).

3.7 Creatine kinase at presentation

At the time of admission 37/91 (41%) of patients with H1N1 infection and 33/166
(20%) of ILI patients had elevated creatine kinase levels.
The median in patients with PCR confirmed H1N1 influenza was 113 U/l (IQR,
61.5- 192 U/l) and 72 U/l (IQR, 48.5- 116.5 U/l) in patients with ILI.

PCR positive | PCR negative | p-value
group (n=221) group (n=312)

Laboratory values

Creatine kinase (U/l) day 1 113 (ni=90) 72 (ni=166) p <0.001

* Median displayed

ni= number of patients where laboratory values were available

Table 14: Creatine kinase
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Comparison showed that creatine kinase values were significantly higher in
patients with PCR confirmed H1N1 infection (p< 0.001).

3.8 Liver parameters at presentation

3.8.1 AST and ALT at time of admission

On admission 58/121 (48%) of patients with H1N1 infection and 106/226 (46%) of
patients with ILI had elevated levels of AST. 27/121 (22%) of patients with H1N1
infection and 69/227 (30%) of patients with ILI showed elevated levels of ALT.

Levels of AST and ALT were comparable in the PCR positive group as in the PCR
negative group. There were no statistically significant differences in laboratory

values between both groups.

PCR positive | PCR negative | p-value
group (n=221) group (n=312)

Laboratory values

GGT (U/l) day 1 23* (ni=119) | 30* (ni=225) | p <0.05
AST (U/l) day 1 29 (ni=121) | 29 (ni=226)
ALT (U/l) day 1 19 (ni=121) | 22 (ni=227)

* Median displayed

ni= number of patients where laboratory values were available

Table 15: Liver parameters at presentation

3.8.2 GGT at presentation

39/119 (33%) of patients with H1N1 infection who were tested when presenting to
the hospital had increased GGT counts ranging from 39 U/l to 552 U/I.

Patients with ILI 94/225 (42%) had increased GGT counts ranging from 39 U/l to
2319 U/I.

On admission to the hospital the median of GGT was 23 U/l (IQR, 15- 56.5 U/l) in
patients with H1N1 influenza and 30 U/l (IQR, 14.5- 68.5 U/l) in patients with ILI.
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PCR positive | PCR negative | p-value
group (n=221) group (n=312)

Laboratory values

GGT (U/l) day 1 23* (ni=119) | 30* (ni=225) | p <0.05

* Median displayed

ni= number of patients where laboratory values were available

Table 16: GGT at time of admission

Comparison of the median between PCR confirmed H1N1 influenza and PCR
negative ILI illustrated that GGT was significantly lower in patients with confirmed
H1N1 infection (p< 0.05).
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Figure 29: GGT on 1% day

3.9 Creatinine at presentation

Normal range of creatinine is between 0.5 mg/dl and 1 mg/dl. At presentation half
of patients with H1N1 infection showed normal creatinine levels. 46/123 (37%) had
increased counts with highest level of about 4.87 mg/dl. 15/123 (12%) presented

with decreased levels.
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In patients with ILI 112/234 (48%) showed normal creatinine levels. 91/234 (39%)
had increased counts with highest level of about 17.51 mg/dl. 31/234 (13%)

presented decreased levels.

Creatinine at time of admission
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Figure 30: Creatinine at time of admission

Median was 0.87 mg/dl both in the PCR positive group (IQR, 0.6- 1.2 mg/dl) and in
the ILI group (IQR, 0.6- 1.3 mg/dI).
Comparison between the two groups revealed no statistically significant

differences.

PCR positive | PCR negative | p-value
group (n=221) group (n=312)

Laboratory values

Creatinine (mg/dl) day 1 0.87* (ni=123) [ 0.8* (ni=234)

* Median displayed

ni= number of patients where laboratory values were available

§ statistically significant difference, p<0.05

Table 17: Creatinine at time of admission

The other laboratory values we analyzed (procalcitonin, hemoglobin, hematocrit,
LDH, troponin, INR, bilirubin and lipase) showed no statistically significant

differences between the two groups.
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4 Discussion

During the 2009 influenza A/ HIN1 pandemic more than 18000 people lost their
lives worldwide (30).

During a pandemic, but also during seasonal influenza reliable and rapid diagnosis
is essential to initiate appropriate antiviral therapy in influenza.

Therefore, the implementation of a clinical score for the rapid identification of
H1N1 cases could be helpful.

Up to the present published clinical diagnostic criteria for influenza A (H1N1)

infection revealed, however, low to moderate sensitivity and specificity (100).

Sudden onset of fever > | Fever (greater than | Fever (238°C) or a
38°C and cough or sore | 37,8°C) plus one or more | history of fever , and

throat in absence of |of the following :|influenza-like illness (two
other diagnoses rhinorrhoea or nasal | or more of the following
congestion; sore throat; | symptoms: cough; sore
cough throat; rhinorrhoea; limb

or joint pain; headache;
vomiting or diarrhea) or

severe and/or life-
threatening illness
suggestive of an

infectious process

Table 18: Clinical diagnostic criteria for patients with suspected influenza A (H1N1) (adapted from
(100])

A study from Scotland revealed that most clinically diagnosed H1N1 infections in
2009/2010 did in fact not suffer from H1N1. The West of Scotland Specialist
Virology Centre in Glasgow tested more than 16,000 samples from patients who
were clinically diagnosed with H1N1 influenza using real time reverse
transcriptase polymerase chain reaction (rtRT-PCR) assays. Only 9% of the
16,000 samples were confirmed as H1N1 infection. The rest was misdiagnosed as
H1N1/2009.

This finding has serious consequences. Many people were unnecessarily treated
with oseltamivir. Health costs were higher and people may have been exposed to
the side- effects of antiviral treatment (101).
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Other studies showed that during the pandemic accurate clinical diagnosis of
H1N1 infections was difficult and not improved significantly (102).

A score that combines clinical and laboratory parameters may overcome these
limitations and exhibit higher sensitivity and specificity than the currently proposed
case definitions.

Until now there are only a few studies that deal with this topic and compare the
clinical symptoms together with laboratory values between people with influenza
A/H1N1 and people with ILI.

Implementation of a clinical score for diagnosing H1N1 infection could also help to
reduce unnecessary antibiotic use.

Overuse of antibiotics is a problem worldwide. It is costly and especially broad-
spectrum antibiotics rear bacterial resistance. In many countries antibiotics are
prescribed for viral ilinesses. Hebert et al. demonstrates in a study that during the
H1N1 pandemic 2009 physicians were less likely to prescribe antibiotics for
patients with febrile respiratory illness than in other years. Instead of that, they
were more likely to prescribe antivirals. The conclusion of the study was that
epidemiologic context and number of cases of febrile respiratory illnesses a
physician had recently seen were associated with the number of prescriptions of
antibiotics (103). Thus, the prescription of antibiotics and antivirals during a
pandemic is not dependent on the random occurrence, it is important that
especially resident doctors have the necessary information about the clinical

symptoms and the typical laboratory changes.

As a possible component of a proposed score in the future we retrospectively
analyzed the laboratory values of patients with PCR confirmed H1N1 influenza
and patients with clinical suspicion, but negative PCR in South East Austria. We
found that there are statistically significant differences in laboratory values
between patients with PCR confirmed H1N1 infection and patients with ILI.

Total white blood cell count, relative and absolute eosinophil count, thrombocytes,
C-reactive protein and GGT were significantly lower in patients with confirmed
H1N1 infection.

On the other hand, creatine kinase values were significantly higher in patients with
PCR confirmed H1N1 infection.
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Just as in our study Zarogoulidis et al. as well as Karplus et al. were able to show
that patients with confirmed H1N1 infection had significantly lower white blood cell
count, absolute lymphocyte counts and C-reactive protein levels on admission to
hospital than patients with clinical suspicion but negative H1IN1 PCR (104, 105).
Furthermore, Kumar et al. demonstrated in a survey that creatine kinase levels
were elevated over the first week of illness in patients with severe H1N1 infection
(106).

In an interesting study comparing hospitalized patients with H1N1 infection and
those infected by other viruses Chan and colleagues revealed that patients with
H1N1 were more likely to have lower WBC counts, potassium and platelet counts,
but higher hemoglobin, hematocrit and albumin levels (107).

A study from Mexico which compared clinical characteristics on admission
between patients who were positive for HIN1 and those who were negative
showed that tested patients with H1N1 infection had elevated Ilactate
dehydrogenase levels and increased creatine kinase levels. Further they were
more likely to have lymphopenia, thrombocytopenia and elevated creatinine levels
(35). In contrast to these two previous publications we did not observe higher
levels of hemoglobin, hematocrit, lactate dehydrogenase or creatinine in patients
with H1N1.

A study by Hoenigl et al. demonstrated the clinical differences between PCR
confirmed H1N1 influenza and PCR negative ILI. Interestingly there were
significant clinical differences between the two groups.

Fever above 38°C, cough, fatigue, rapid onset, rhinitis, wheezing and pharyngitis
were significantly more frequent in patients with confirmed H1N1 infection

compared to patients with ILI (108).

[PCR positive group (n=221)|[PCR  negative  group

(n=312)

Age § 23.1* 32.88 *

Hospitalization (days) § 6.68 9.9

Days onset symptoms to|1.74 4.18

hospitalization

Prodrome  before fever23/215 (11%) 50/300 (17%)

onset §

Fever>38°C at home § 191/196 (97%) 226/306 (74%)

Dyspnea 44/206 (21%) 59/307 (19%)

Rhinitis § 48/209 (23%) 44/307 (14%)

Cough § 155/216 (72%) 158/307 (51%)
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Pharyngitis § 70/209 (33%) 63/300 (21%)
Fatigue § 124/219 (57%) 69/307 (22%)
Headache § 66/209 (30%) 71/307 (23%)
Wheezing § 29/209 (14%) 17/299 (6%)

Chronic renal insufficiency §[10/209 (5%) 38/206 (12%)

* Mean displayed, § statistically significant difference, p< 0.05

Table 19: Clinical differences between patients with confirmed H1N1 infection and patients with ILI
(adapted from [108])

Perez-Padilla et al. demonstrated that patients with H1N1 infection presented
more likely fever, with temperatures higher than 38°C, cough, dyspnea or
respiratory distress (35). Also other studies present similar results (109-111).

Our study has several limitations. Data sets were incomplete for 65% of patients
with confirmed influenza A/H1N1 infection and for 70% of patients with ILI.

We analyzed only patients who required medical care at hospitals. This means
that laboratory data may not be representative for all patients, as those with mild

illness may not have sought medical care.

To conclude, we found differences in laboratory values between patients with
H1N1 infection and patients with ILI which may help to develop a simply and quick
to perform clinical score for rapid diagnosis of suspected H1N1 infection.

Our study also may contribute a better understanding about influenza infections

and may be beneficial for appropriate pandemic management in the future.
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