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Abstract

Background/Aim. Influenza A (H1N1) re-emerged in the
human population during 2009. The aim of this study was to
describe characteristics, laboratory findings, clinical presen-
tation and treatment outcome among patients with influenza
A (H1N1) infection. Methods. The study was performed at
the Institute for Pulmonary Diseases of Vojvodina including
all the patients hospitalized at the Intensive Care Unit or
High Dependency Unit with confirmed, probable or sus-
pected Influenza A (H1N1) infection between November
6th, 2009 and April 13th, 2010. Results. Among 64 patients
Influenza A (H1N1) infection was confirmed by rt-PCR in
50, defined as probable in 7 and as suspected in 6 patients.
There was an equal number of male and female patients.
Their mean age was 46 years (SD ± 12.1). None of the pa-
tients were vaccinated against influenza. Comorbidities were
present in 37 (58%) patients. There were 29 (45%) obese pa-
tients. Three patients were pregnant. The median time from
symptom onset to hospital admission was 5 days (IQR 4–7).
At admission, the median Modified Early Warning Score
(MEWS) was 4 (IQR 3–6). The most common presenting
symptoms were cough (100%) and fever (89%). The mean
oxygen saturation at admission was 85.3% (SD 9.0). Auscul-
tatory finding of wheesing in the absence of a chronic lung
disease was found in 10 (15.6%) patients. Leukopenia was

noted in 23 (35.9%) patients, and thrombocytopenia in 14
(21.9%) patients. Aspartate aminotransferase values were
elevated in 41 (64.1%) patients, alanine aminotransferase in
32 (50%) patients, and creatine kinase in 36 (56.2%) patients.
Opacities on an initial chest radiograph were predominantly
patchy and the median number of the lung fields involved
was 1 (IQR = 0–3). The non-survivors had statistically sig-
nificantly higher MEWS at admission (p = 0.0001), lower
oxygen saturation (p = 0.001), more lung fields involved on
an initial chest radiograph (p = 0.006), wheezing in the ab-
sence of chronic lung disease (p = 0.02) and elevated aspartat
aminotransferase (p = 0.02) and creatine kinase (p = 0.03).
Acute respiratory disstress developed in 21 (32.9%) patients,
and mechanical ventilation was required in 23 (36.1%) pa-
tients. Septic shock developed in 12 (18.7%) patients, and 19
(29.7%) patients had a multi-organ dysfunction. The overall
hospital mortality was high – 20.3% (95% CI, 11.3%–32.2%;
n = 13), and especially so among the patients who required
mechanical ventilation – 56.5% (95% CI, 36.8%–74.4%).
Conclusion. Timely initiation of antiviral therapy and early
recognition of critically ill are important factors for reducing
mortality.
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Apstrakt

Uvod/Cilj. Virus Influenca A (H1N1) ponovo se pojavio u
humanoj populaciji tokom 2009. godine. Cilj ove studije bio
je da se opišu osobine, laboratorijski nalazi, klini ka slika i is-
hod le enja bolesnika sa infekcijom virusa influenca A
(H1N1). Metode. Ovo istraživanje je sprovedeno u Institutu
za plu ne bolesti Vojvodine i uklju ivalo je bolesnike hospi-
talizovane u Jedinici intezivne nege ili Odeljenju poluinteziv-
ne nege sa potvr enom, verovatnom ili suspektnom infek-
cijom virusa influenca A (H1N1) u periodu od 6. novembra
2009. do 13. aprila 2010. Rezultati. Od ukupno 64 bolesnika
infekcija virusom influenca A (H1N1) potvr ena je meto-
dom rt-PCR kod 50 bolesnika, a definisana kao verovatna
kod sedam i kao suspektna kod šest bolesnika. Broj muška-

raca i žena bio je jednak. Prose no životno doba bolesnika
bilo je 46 godina (SD ± 12.1). Niko od bolesnika nije bio va-
kcinisan protiv gripa. Kod 37 (58%) bolesnika evidentirani
su komorbiditeti. Gojazno je bilo 29 (45%) bolesnika. Tri
bolesnice bile su trudne. Prose no vreme od pojave simpto-
ma do hospitalizacije bilo je pet dana (IQR = 4–7). Prose na
vrednost modifikovanog skora za rano upozorenje (Modified
Early Warning Score – MEWS) pri prijemu bila je 4 (IQR = 3–
6). Naj eš i simptomi bili su kašalj (100%) i febrilnost (89%).
Prose na saturacija kiseonikom pri prijemu bila je 85,3% (SD
9,0). Auskultatorni nalaz u vidu zvižduka u odsustvu hroni -
nog plu nog oboljenja bio je prisutan kod 10 (15,6%) boles-
nika. Leukopenija je bila evidentirana kod 23 (35,9%) boles-
nika, a trombocitopenija kod 14 (21,9%). Aspartat aminot-
ransferaza bila je povišena kod 41 (64,1%) bolesnika, alanin
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aminotransferaza kod 32 (50%), a kreatin kinaza kod 36
(56,2%) bolesnika. Zasen enja na prvom radiogramu bila su
u najve em broju slu ajeva mrljasta, a prose an broj zasen-
enih plu nih polja bio je 1 (IQR = 0–3). Bolesnici kod kojih

je došlo do smrtnog ishoda imali su stastisti ki zna ajno viši
MEWS skor na prijemu (p = 0,0001), nižu saturaciju
(p = 0,001), više zasen enih plu nih polja na inicijalnom ra-
diografu (p = 0,006), zvižduke u odsustvu hroni nog plu -
nog oboljenja (p = 0,02) i povišenu vrednost aspartat ami-
notransferaze (p = 0.02) i kreatin kinaze (p = 0,03) u serumu.
Akutni respiratorni distres razvio se kod 21 (32,9%) bolesni-
ka, a mehani ka ventilacija bila je neophodna kod 23 (36,1%)

bolesnika. Septi ni šok razvio se kod 12 (18,7%) bolesnika, a
19 (29,7%) njih je imalo multiorgansku disfunkciju. Ukupan
bolni ki mortalitet bio je visok – 20,3% (95% CI, 11,3–
32,2%; n = 13), a naro ito me u bolesnicima kod kojih je
bila neophodna mehani ka ventilacija – 56,5% (95% CI,
36,8–74,4%). Zaklju ak. Pravovremeno zapo injanje
antivirusne terapije i rano prepoznavanje kriti no obolelih su
važni faktori za smanjenje mortaliteta.

Klju ne re i:
influenca A virus, podtip H1N1; faktori rizika; znaci i
simptomi; dijagnoza; le enje, ishod.

Introduction

Although the year 2009 was largely marked by Influ-
enza A pandemic, this was not neither the first nor the most
serious manifestation of this communicable disease. During
the year 1918 Spanish flu infected one third of the world
population and took the toll of 40 million lives 1. The ex-
pected trend of three pandemics in one hundred years was
confirmed by the flu pandemics in 1957 and 1968 2. As for
Influenza A (H1N1) or the swine flu virus re-emergence
during the past 50 years, it first infected about 200 people in
New Jersey during 1976. The fear of pandemic resulted in a
rigorous vaccine campaign in the USA. Consequently, in
October of 1976 more than 40 million people were vacci-
nated against Influenza A-New Jersey-1976-H1N1 virus 3.
Then followed an epidemic caused by Influenza
A/USSR/90/77 (H1N1) virus in Russia during the flu season
1977–1978, when mostly people younger than 23 years of
age were infected. The explanation lies in the fact that simi-
lar virus subtype had circulated during 1947 flu season, thus
providing an acquired immunity for older people.4 Influenza
A (H1N1) re-emerged in the human population during 2009.
Patient zero is believed to be a six-month old girl from
northern Mexico, who was hospitalized on February 24. The
disease spread rapidly, so that on June 11, 2009 the World
Health Organization (WHO) declared phase 6 pandemic 5.

Flu symptoms are well-known but non-specific: cough,
sore throat, fever, fatigue, headache, and sometimes nausea
and diarrhea. During the epidemic laboratory confirmation
by the real time polymerase chain reaction (PCR) test (rt-
PCR) was necessary only in severe forms of the disease,
while every patient with Influenza-like-illness who was
positive for Influenza A was considered a probable case of
novel Influenza A (H1N1) virus infection. A suspected case
of novel Influenza A (H1N1) included persons with an influ-
enza-like-illness who lived in a region with one or more con-
firmed or probable cases 6. The infection is airborne, and the
critical distance from the source to the potential recipient is
set at 1.83 m. Incubation period is from one to seven days. It
is believed that most of the infected people are contagious up
to seven days after the first symptoms, while some patients
remain contagious up to 10 days. Severe forms of infection
require hospitalization, and they are characterised by dysp-
nea, hypoxia, cyanosis, hemoptysis, chest pain and hypoten-

sion 7. In these patients respiratory insufficiency can progress
quickly, leading to acute respiratory distress syndrome,
which requires the use of mechanical ventilation.

The aim of this study was to describe characteristics,
laboratory findings, clinical presentation and treatment out-
come in hospitalized patients with Influenza A (H1N1) in-
fection.

Methods

The study was performed at the Institute for Pulmonary
Diseases of Vojvodina in the town of Sremska Kamenica.
Data were collected retrospectively or prospectively on all
patients with 2009 Influenza A (H1N1) infection hospital-
ized at the Intensive Care Unit (ICU) or High Dependency
Unit (HDU) between November 6, 2009 and April 13, 2010.
There was no need for a priori informed consent because of
the non-interventional study design.

Eligible patients included all the patients admitted to
the ICU or HDU with confirmed, probable or suspected in-
fection, according to the case definitions developed by
WHO 7. Nasopharyngeal swabs, that is tracheal aspirates in
the intubated patients, were taken upon admission and sent to
the referent national laboratory at the Serbian Institute for
Public Health “Dr Milan Jovanovi  Batut“. Laboratory con-
firmation was performed by the rt-PCR method.

The score used for a quick evaluation of disease sever-
ity at admission was modified early warning score (MEWS).
MEWS is a simple physiological score which includes all the
vital parameters (heart rate, respiratory rate, arterial blood
pressure, body temperature, consciousness level, diuresis). It
is accepted that the MEWS value above 4 at admission or an
increase by two points during the hospitalization demands
urgent physician’s attention 8.

All the patients uderwent chest radiography at admis-
sion. Patchy opacities were noted and their distribution re-
corded among the six lung fields: left and right basal, middle
and upper field, where an imaginary line is drawn along the
lower margin of anterior portions of the 2nd and the 4th rib.

In order to identify the risk factors for death, the pa-
tients were classified as “survivors” and “non-survivors” and
tested for the differences in the baseline characteristics: a 2-
sample t-test or the Mann Whitney test was used for continu-
ous variables as appropriate and the 2 test or Fisher exact
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test was used for discrete variables. Descriptive statistics in-
cluded frequency analysis (percentages) for categorical vari-
ables and means and standard deviations or medians and in-
terquartile ranges (IQRs) for continuous variables.

Results

This study included 64 patients. Influenza A (H1N1) in-
fection was confirmed by the rt-PCR in 50 (78.1%) patients,
7 (10.9%) patients had a probable infection and 6 (9.4%) pa-
tients suspected infection, according the the WHO case defi-
nitions 7. There was an equal number of male and female pa-
tients. Their mean age was 46 years (SD ± 12.1year). Age
distribution of the patients is shown in Figure 1.
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Fig. 1 – Age distribution of 64 patients with Influenza A
(H1N1) infection

At presentation, comorbidities were present in 37 (58%)
patients. Chronic lung disease was present in 15 (23.4%) pa-
tients, arterial hypertension in 22 (34.4%) patients and car-
diac disease in 7 (10.9%) patients. There were 4 (6.2%) pa-
tients with diabetes and 3 (4.7%) patients with malignancy.
Seventeen (27%) patients were smokers. None of the patients
were vaccinated against influenza.

Also, there were 29 (47.5%) obese patients. This num-
ber excludes three pregnant patients, since body mass index
(BMI) cut-off value is not applicable in pregnancy. One pa-
tient was in the fourth gestation week, and two were in the
33rd week.

The median time from symptom onset to hospital ad-
mission and antiviral therapy initiation was 5 days (IQR = 4–
7 days). At admission, the median MEWS was 4 (IQR =  3–
6). The most common presenting symptoms were cough
(100%) and fever (89%). Median body temperature of febrile
patients at admission was 39 oC (IQR 38.8 oC–40 oC). Mean
oxygen saturation at admission was 85.3% (SD ± 9.0).

The diverse auscultatory findings included: only crack-
les in 41 (53.1%) patients, crackles and wheezing in 10
(15.6%) patients, only wheezing in 5 (7.8%) patients, and
normal auscultatory finding in 8 (12.5%) patients. Out of the
15 patients with wheezing, only five had either asthma or a
chronic obstructive pulmonary disease.

The predominant radiographic findings on initial chest ra-
diographs were patchy consolidations, which were present in 45
(71.4%) patients. Other 18 (28.6%) patients only had marked
interstitium on initial chest radiographs. Patchy opacities were
noted and their distribution recorded among the six lung fields,
where the median number of the lung fields involved was 1
(IQR = 0–3). Figure 2 shows the initial chest radiograph of a
patient with acute respiratory distress syndrome (ARDS).

Fig. 2 – Initial chest radiography of a patient with acute
respiratory distress syndrome (ARDS) caused by Influenza

A (H1N1)

Leukopenia at admission was noted in 23 (35.9%) pa-
tients, and thrombocytopenia in 14 (21.9%) patients. Leuko-
cytosis was recorded in 10 (15.6%) patients, 9 of which also
had high procalcitonin and relative neutrophilia in differen-
tial blood count, which was interpreted as a marker of secon-
dary bacterial infection. Aspartate aminotransferase (AST)
values were elevated in 41 (64.1%) patients, alanine amino-
transferase (ALT) in 32 (50%) patients, while creatine kinase
(CK) was elevated in 36 (56.2%) patients.

Invasive mechanical ventilation was required in 23
(35.9%) patients. Non-invasive ventilation was attempted in
2 patients with ARDS, but these patients ultimately required
invasive ventilation. ARDS was noted in 21 (32.8%) pa-
tients, while 19 (29.7%) patients had a multi-organ dysfunc-
tion syndrome (MODS). Septic shock developed in 12
(18.7%) patients. High frequency oscillatory ventilation was
necessary in 9 (14.1%) patients. Continuous renal replace-
ment therapy was given to 2 (3.1%) patients. Overall hospital
mortality was high – 20.3% (95% CI, 11.3%–32.2%; n = 13),
and especially so among the patients who required mechani-
cal ventilation – 56.5% (95% CI, 36.8%–74.4%).

There were three pregnant patients with severe form of
the infection – one in the 4rth and two in the 33rd week. The
first pregnant patient died. Other two patients in the 33rd
week gave birth to healthy babies by Cesarean section. Ce-
sarean section was performed by obstetricians from Vo-
jvodina Clinical Center in an operation room of the Clinic for
Thoracic Surgery at the Institute for Pulmonary Diseases of
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Vojvodina. Both babies were born healthy. One patient died
nine days after the Cesarean section.

Table 1 shows the differences between survivors and
non-survivors. The patients who died had a statistically sig-
nificant higher MEWS at admission, lower oxygen saturation,
more lung fields involved on a chest X-ray, wheezing in the
absence of chronic lung disease, elevated creatine kinase and
aspartate aminotransferase. As expected, a necessity for an in-
vasive mechanical ventilation, development of ARDS, MODS
or septic shock resulted in the increased mortality rate.

All the patients received oseltamivir. The dosage and
the length of therapy was doubled for the patients with
ARDS (150 mg twice a day for 10 days compared to 75 mg
twice a day for 5 days). Empiric antibiotic therapy for com-
munity acquired pneumonia included combination of a par-
enteral 3rd generation cephalosporin and azithromycin.
Moderate dose of parenteral corticosteroids was given to 18
patients with severe ARDS [partial pressure of oxygen /
fraction of inspired oxygen (PaO2/FiO2 < 120 on positive
end-expiratory pressure (PEEP  12)]. All the patients re-
ceived prophylactic doses of low molecular weight heparin
as well as stress ulcus prophylaxis.

Discussion

At the Institute for Pulmonary Diseases of Vojvodina,
Influenza A (H1N1) pandemics started on Nov 6, 2009,
when the first patient with a severe form of infection was
hospitalized. The first patient was young, which turned out to
be characteristic for novel swine flu, unlike the previous sea-
sonal influenza. The man age of the patients included in our
study was 46, since the Institute provides health care only for
adults over 18 years of age. In the study conducted by Da-
wood et al. 9 the mean age of hospitalized patients was 20,

and mean age of those who died 37. The ascceptable expla-
nation is that similar sub-types of viruses were circulating in
population until the year 1957, leaving the protective immu-
nity to the persons born before that time 10.

Obesity has been recognized as a risk factor for the se-
vere form of infection 11, 12. In our study 45% of the patients
had a BMI of over 30. Even though we have not been able to
prove statistical significance of obesity as a risk factor for
lethal outcome, Smith et al. 13 proved, using a rodent model,
that Influenza mortality was significantly higher among the

rats fed with high lipid diet. Our assumption is that abdomi-
nal type of obesity is a risk due to the presence of hypoven-
tilation syndrome. Similarly, late pregnancy has the same ef-
fect on lung mechanics as abdominal obesity. Of course,
further research is necessary to confirm this hypothesis.

WHO and Center for Disease Control (CDC) stated that
patients with chronic diseases have a higher risk of con-
tracting the novel flu. We had 58% patients with at least one
chronic condition, of which 41% had a chronic lung disease.
Jain et al. 14 studied 272 critically ill patients and found that
73% had a chronic condition, while 38% had asthma. Still,
the presence of comorbidities has not proven to be a risk
factor for death in our study, which is what made this flu dif-
ferent from the past seasonal flues.

The median MEWS score upon admission was 4
(IQR = 3–6). The score was significantly higher among the
non-survivors, which confirms that MEWS is a useful tool for
timely recognition of critically ill patients. This was especially
important during the pandemic, since our ICU has only five
beds, and all other patients had to be placed either in the HDU
or in the General Hospital Ward. At one point, there were 8
patients on mechanical ventilators at the same time. Thus, the
MEWS helps to identify patients at risk of deterioration who
require increased levels of care in the HDU or ICU 8.

Table 1
Comparison of survivors and non-survivors

 Parameters Survivors
(n = 51)

Non-survivors
(n = 13) p

Age (years), mean (SD) 45 (11.7) 49 (13.7) 0.33
Male sex, n (%) 25 (49) 7 (53.8) 1.0
Comorbidities, n (%) 31 (60.8) 6 (46.1) 0.36
Chronic pulmonary disease, n (%) 11 (21.6) 4 (30.8) 0.48
Ever smoker, n (%) 15 (29.4) 2 (15.4) 0.48
Obesity, n (%)§ 21 (41.2) 8 (61.5) 0.09
Duration of symptoms prior to hospital admission/antiviral
therapy initiation, median (IQR)

5 (4–7) 7 (5.5–8) 0.03*

Involved lung fields, median (IQR) 1 (0–3) 3 (1–4) 0.006*
MEWS at admission, median (IQR) 4 (3–5) 6 (5–7) 0.0001*
Initial O2 saturation, mean (SD) 87 (7.9) 78 (9.8) 0.0008*
Wheezing, without chronic pulmonary disease, n (%) 5 (9.8) 5 (38.5) 0.02*
Leukopenia, n (%) 16 (31.4) 7 (53.8) 0.19
Thrombocytopenia, n (%) 11 (21.6) 3  (23.1) 1.0
Elevated AST, n (%) 29 (56.9) 12 (92.3) 0.02*
Elevated CK, n (%) 26 (50.9) 11 (84.6) 0.03*
ARDS, n (%) 8 (15.7) 13 (100) 0.0001*
Mechanical ventilation, n (%) 10 (19.6) 13 (100) 0.0001*
Septic shock, n (%) 2  (3.9) 10 (43.5) 0.0001*
MODS, n (%) 6  (11.7) 13 (100) 0.0001*

*Statistically significant; §Three pregnant patients excluded; IQR – interquartile ranges; MEWS – modified early warning; AST – aspartat
aminotransferase; CK – creatine kinase; ARDS – acute respiratory distress syndrome; MODS – multi-organ dysfunction syndrome
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As for the initial chest radiographs, our study showed
that non-survivors had significantly higher number of the in-
volved lung fields than survivors, proving that the initial
chest radiographs have significance in predicting clinical
outcome, similar to the study results of Aviram et al. 15.

The median time from the onset of symptoms until hos-
pitalization and initiation of antiviral therapy was 5 days, and
there was a statistically significant difference between survi-
vors and non-survivors. Jain et al. 14 found that the only fac-
tor related to positive outcome was the initiation of antiviral
therapy within 48 hours of symptoms onset. However, only 5
of our patients received antiviral treatment in the mentioned
period, and all survived. On the other hand, the use of corti-
costeroids in severe ARDS is a moot topic. They were re-
comended in low to moderate dosage regimens in a recent
study 16. However, this remains a contraversial issue.

The only therapy that has proven beneficial for patients
with ARDS is “lung protective”, mechanical ventilation. Out
of 21 patients with ARDS, non-invasive ventilation was ini-
tially attempted in 2, but these patients ultimately required
invasive ventilation. In a Canadian study of critically ill pa-
tients with H1N1 infection, non-invasive mechanical venti-
lation was atempted in 55 patients, while 85% of them ulti-
mately required invasive ventilation 17. The use of non inva-
sive mechanical ventilation in ARDS may be an option for
conscious patients with hemodynamic stability, but this is a
moot topic and further research is warranted.

Conclusions

The patients with severe forms of 2009 influenza A
H1N1 infection in Vojvodina were younger than the pa-
tients with severe forms of influenza infection during the
previous years. Chronic pulmonary diseases and obesity
were predominant among the hospitalized patients. None of
the patients with a severe form of the disease were vacci-
nated against influenza. Non-survivors had a significantly
higher MEWS score at admission, lower oxygen saturation,
more lung fields involved on an initial chest radiograph,
wheezing in the absence of a chronic lung disease and ele-
vated serum levels of AST and CK. ARDS, MODS or sep-
tic shock were frequently observed. The overall hospital
mortality was high. Timely initiation of antiviral therapy
and early recognition of critically ill are important factors
for reducing mortality.

Comment

The pandemic was declared over on Aug 10, 2010. It is
expected that the same virus will continue to circulate in the
upcoming flu seasons. However, thanks to the newly ac-
quired protective immunity in the majority of population, the
percentage of severe forms of the disease should be smaller,
and the age pattern of critically ill is expected to return to the
previous seasonal flu range.
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