Original Article

The role of initial radiologic and clinical manifestations in predicting
the prognosis for pneumonia caused by H1N1 influenza virus
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Objective: The aim of this study is to investigate the prognostic values of initial radiologic findings and
preexisting medical conditions in pneumonia caused by HINT1 influenza virus that were obtained during the
novel swine-origin influenza A (HINT1) virus (S-OIV) pandemic spread.

Methods: Thirty-nine patients hospitalized due to HINTI infection between September and December
2009 were retrospectively evaluated regarding the radiologic and clinical aspects. The thoracic computed
tomography (CT) findings of all patients were assessed and accompanying conditions that may raise the
morbidity were stated. The patients were divided into two groups as those who needed the intensive care unit
administration and those treated with brief hospitalization; initial radiologic findings and preexisting medical
situations of patients were compared among both groups respectively in terms of their prognostic value.
Results: In 39 patients with HINT1 infection (21 males and 18 females; mean age of 53.9+14 in range
between 19 and 99 years); the necessity of intensive care was significantly higher in patients with solely
chronic obstructive pulmonary disease (COPD) (P=0.008, Odds ratio: 27) or co-existence of COPD and
malignity (Odds ratio: 13); however, no statistically significant difference between two groups was observed
regarding the radiologic facts or other combinations of accompanying medical conditions in terms of any
effects to the prognosis.

Conclusions: In the HIN1 (S-OIV) pandemic, we observed that merely the contribution to the diagnostic
process; the radiologic features have no significance as being prognostic indicator. Additionally; the
superposition of HINT infection in patients with either COPD or COPD by malignity was stated to be a

potential risk factor in terms of increased morbidity.
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Introduction

The novel swine-origin influenza (H1N1) virus (S-OIV)
generally known as the “swine flu” was first identified in
Mexico in April 2009 (1). In 11 January 2009, the World
Health Organization (WHO) announced the novel
influenza virus (H1N1) global pandemic documented in
more than 70 countries. The first series of patients were

diagnosed in North America and the disease rapidly spread
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towards a pandemic (1-3). Similar to the seasonal influenza
virus, the virus is spread through hand contact, respiratory
tract and aerosol-generating procedures (4). The spectrum
of the pandemic influenza A (HIN1) virus infection ranges
between non-febrile mild upper respiratory tract disease to
severe and even fatal pneumonia. Generally, the condition
is often characterized by benign, self-limiting respiratory
symptoms; the disease is similar to the other frequently
observed viral infections of the respiratory tract and seasonal
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influenza that does not cause a more serious disease (5-8).

The aim of the present study is to evaluate the
radiological and clinical findings of the patients with HIN1
during the novel swine-origin influenza A (HIN1) virus
(S-OIV) pandemic. The radiologic aspects and variable co-
existing clinical conditions were quested in terms of being
indicators for increased morbidity.

Material and methods

Patients who presented with flu symptoms to our institution
in the city of Van in the Eastern Anatolian region of
Turkey between September-December 2009 and had to be
hospitalized were retrospectively evaluated. Patients who
were treated on an outpatient basis and those who did not
undergo diagnostic tests for HINT1 although they presented
with mild flu symptoms were excluded from the study.
Thirty-nine patients with the diagnosis of HIN1 infection
confirmed by fluorescent antigen-antibody testing and
polymerase chain reaction (PCR) tests were included in the
study. Radiography and thoracic computed tomography
(CT) examinations were performed; the demographic
characteristics, symptoms, laboratory findings and
radiological features of all the patients were evaluated. This
study was approved by the Institutional Ethics Committee,
and informed consents were obtained from all patients.

The CT imaging was carried out using a two cross-
sectional CT (SOMATOM Spirit Siemens, Erlangen,
Germany) device and at a cross-sectional thickness of
10 mm, at a 130 kV dose and between 50-130 mAs. The
images were assessed on the workstation, using the Nova
PACS viewer program and a 2.560x2.048 pixel monitor.
The CT images’ interpretations of all cases were performed
by a single radiologist with at least 5 years of thoracic
imaging experience.

The hospitalized patients were divided in two groups as
those who needed intensive care unit (ICU) administration
and those who were required brief hospitalization without
advanced mechanical ventilation; ICU management was
decided to be necessary for patients defined as the existence
of either one of two major, or two of three minor criteria.
While the major criteria include need for mechanical
ventilation and shock requiring vasopressors; the minor
criteria were respiratory rate > or =30 min™', PaO,-to-F,0,
ratio < or =250, multilobar infiltrates, confusion or delirium,
blood urea nitrogen (BUN) > or =20 mg/dL, leukopenia
(WBC count <4,000 cells/mm’), thrombocytopenia (platelet
count <100,000 cells/mm?), hypothermia (core temperature
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<36 °C), hypotension requiring aggressive fluid resuscitation
criteria for ICU administration were stated to be the
requirement of the invasive or non-invasive mechanical
ventilation support. In both groups, the radiological
features of pulmonary involvement such as extent
(>3 lobes or less); location (peripheral or central); and
pattern (ground glass opacity-GGO, consolidation,
peribronchial thickening, or embolism) were respectively
assessed as prognostic index. The pre-existing medical
conditions such as obesity, chronic obstructive pulmonary
disease (COPD), coronary artery disease and malignancies
with or without immunocompromised conditions; moreover
the patients’ age were considered respectively as if they have
significance affect to the prognostic process. The follow-up
results of the patients, particularly of the ICU administered
cases, were evaluated.

The statistical analysis was performed with the help of the
SSPS statistical software (v.16) and independent samples 7-test
and Pearson’s Chi-square test were employed. The logistic
regression test was used to provide multivariable analysis of
the co-existing risk factors and their combinations in terms of
significance for the prognostic process. Statistical significance
was based on a P value below 0.05.

Results

The mean age was calculated as 53.9+14 years (range,
19-99 years) among the patients, 21 (53.8%) were male and
18 (46.2%) were female. The mean age of the patients who
were admitted to ICU was 58.3£14, while the mean age of
those followed up on the ward was 52.7+20 years.

When the patients were classified according to their
body mass index (BMI), 35 patients (89.7%) were found to
be obese (BMI of 30 or greater, 2 were morbidly obese).
The independent distribution of risk factors among
patients was; coronary artery disease was present in seven
patients (17.9%, three patients were with previous coronary
by-pass surgery), COPD was present in 8 patients (20.5%),
and malignancy was present in three patients (7.7%, two
patients had esophageal and gastric cancer respectively; one
patient had lymphoma). In terms of the combinations of
risk factors that were co-existed with HIN1 pneumonia; the
distribution among included patients was summarized in
Table 1.

Thoracic CT examinations revealed that; unilateral
pulmonary involvement was observed in 6 patients (15%),
while bilateral pulmonary involvement was detected in
33 patients (85%). Only peripheral pulmonary involvement
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Table 1 The distribution of co-existing risk factors with HIN1

pneumonia was summarized

Co-existing conditions Briefly hospitalized  ICU administered

with H1N1 pneumonia group (n=33) group (n=6)
None 2 -
Obesity 18 -
PE* 1 -
Obesity + COPD** 3 2
Obesity + PE 2 -
Obesity + CAD*** 3 1
Obesity + Malignity 2 1
COPD + CAD 1 -
Obesity+ PE+ COPD - 1
Obesity + PE + CAD 1 -
Obesity + PE + COPD + _ 1
CAD

Total 33 6

*PE, pulmonary embolism **COPD, chronic obstructive
pulmonary disease; ***CAD, coronary artery disease.

Figure 1 A 60-year-old man with confirmed HINI influenza
associated pneumonia. Axial computed tomography (CT) image
showed ground glass attenuation spreading from perihilar area to

subpleural region.

was observed in 14 patients (35.9%), while only central
pulmonary involvement was observed in 2 patients (5.1%),
and the combination of central and peripheral pulmonary
involvement was observed in 23 patients (59%). The
involvement according to the lobes was as follows: upper
right pulmonary lobe, 20 (51.3%); middle right pulmonary
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Figure 2 A 57-year-old woman with confirmed HINT1 influenza
associated pneumonia. Axial computed tomography (CT) image
showed patch consolidations with concomitant peripheral ground
glass opacities and coarse reticulation on bilateral lungs at window

levels set for (A) mediastinum and (B) parenchyma.

lobe, 29 (74.4%); lower right pulmonary lobe, 28 (71.8%);
upper left pulmonary lobe, 19 (48.7%); lingula of the
left lung, 24 (61.5%); and lower left pulmonary lobe,
26 (66.7%). The numeric distribution of the pulmonary
patterns was as follows: ground glass in 38 patients (97.4%)
(Figure 1); consolidation in 24 patients (61.5%) (Figure 2),
peribronchial thickening in 33 patients (84.6%), tree-
in-bud sign in 18 patients (46.2%) (Figure 3), nodule in
18 patients (46.2%), pleural fluid in 3 patents (7.7%) (Figure 4),
mediastinal lymphadenopathy in 12 patients (30.8%),
atelectasis in 21 patients (53.8%), and pulmonary embolism
in 6 patients (15.4%). Embolic occlusions were limited to
sub-segmental range (Figure 4).

Six patients were admitted to ICU and thirty-three

patients who did not require mechanical ventilation were
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Figure 3 A 60-year-old man with confirmed HINTI influenza

associated pneumonia. Axial computed tomography (CT) image
showed tree-in-bud sign (arrow) with concomitant peripheral

ground glass attenuation at middle lobe of the right lung.
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Figure 4 A 63-year-old woman with confirmed HIN1 influenza
associated pneumonia. Axial computed tomography (CT) image
shows the emboli at lower lobe’s segmental branch of right
pulmonary artery (arrow). Bilateral pleural effusion and atelectasis

of adjacent lung parenchyma can also be determined.

Table 2 The statistical comparison among the patients’ ages and patients’ radiologic-computed tomography findings in terms of their

effects on prognostic process of Influenza A HIN1 pneumonia (P values were calculated by Pearson Chi Square Test)

Patients with ICU

Patients with brief

o P Value
management (n=6) hospitalization (n=33)

Mean age

58.33+14.28 52.79+20.44 0.530
Diffuse involvement
. 4 9 0.602
(involvement >3 lobes)
Peripheral pulmonary involvement 2 12 0.412
Central pulmonary involvement 0 2 0.536
Peripheral + central pulmonary involvement 4 19 0.677
GGO* 6 32 0.666
Consolidation 5 19 0.233
Peribronchial thickening 6 27 0.256
Pulmonary Embolism 2 4 0.185

*GGO, ground glass opacity; ICU, intensive care unit.

followed up on the ward. The statistical assessment revealed
a significant relationship between the co-existence of solely
COPD (P=0.008, Odds ratio: 27) or COPD by malignity
(Odds ratio: 13) and increased morbidity rate in the patients
with HIN1 pneumonia; besides, no statistically significant
correlation was observed between the incidence of
necessity of ICU administration and the other investigated
parameters including patients’ ages, the radiologic features
of pulmonary involvement such as extent, location or
patterns. The summary of statistical assessment among
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prearranged patient groups according to C'T manifestations
was demonstrated in Table 2. The co-existing situations such
as obesity, coronary artery disease and pulmonary embolism
were also considered. Even the combinations of the
co-existing factors among patients were included in
statistical analysis; no significance by them was revealed
that can affect the prognostic process. In the follow-up
period; while thirty-three briefly hospitalized patients were
discharged within the consequent 24 hours, six patients
who were administered in ICU had a mean ICU-stay-
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length of 12.67 days +5.32 (range, 7-21 days) and were
discharged without any permanent sequelae. No mortality
was occurred.

Discussion

The well described etiologic factor of seasonal influenza that
occurs as acute respiratory disease mostly in winter season
is an RNA virus from the orthomyxovirus family termed
as the “influenza”. In humans, the disease is frequently
caused by the type A and type B viruses (9). Novel HINI
influenza viruses are found in North America and Eurasia
(1,10). In some cases, the infection in the upper respiratory
tract may rapidly progress towards a fatal pulmonary
disease. Hospitalization and even mechanical ventilation
may be essential in these patients. Thoracic CT plays an
important role in characterising the lesions and establishing
the extent of the involvement, predicting the prognosis,
planning the treatment and following the patient up (11).
In the patients when the PCR is negative as the laboratory
marker; radiological findings can influence the definite
diagnosis and avoid any delays in the treatment protocol (9).
According to our experiences, it could not be possible
for each patient with suspected symptoms to confirm the
HINT infection by developed laboratory tests; especially in
hospitals located at cities with low socio-economic status.
The increased patient number during pandemic periods
could be another explanation of this unfortunate situation.
Therefore, the predomination about the knowledge of the
radiologic findings of the disease has an important role for
practical diagnosis to maintain the appropriate medical
approach promptly.

In a previous study conducted for this purpose in
Mexico, the clinical and epidemiologic characteristics of 18
hospitalized patients due to the diagnosis of S-OIV were
described (1). In this study, it has been claimed that the S-OIV
infection may lead to severe medical conditions (12 of the
18 patients needed mechanical ventilation) and even death
(7 of 18 patients). Also, in contrast to seasonal influenza,
the swine flu affected young and middle-aged patients
(between 13 and 47 years; 90% of cases were <52 years).
The mean age of our cases was 53.9+14, which is higher
than such previous study. The mean age of the patients with
the requirement of ICU administration was 58.3 years in
our study. This evidence may be related to the 76 excluded
patients who were treated on outpatient basis without
further hospitalization. Among the hospitalized patients
who needed ICU administration, only one patient was
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32 years old.

In a study reported by Li er 4l. that was conducted on
106 patients (11), the median age was found as 31.7+15.7.
The characteristic imaging findings were ground glass
opacities (74.5%), consolidations (72.6%), nodular opacities
(3.7%), and the reticular opacities (1.6%). These findings
had shown similarity with previously reported study by
Agarwal er al. (12). In our study, there were 38 cases (97.4%)
of ground glass, 24 cases (61.5%) of consolidation, 18 cases
(46.2%) of nodules, 33 cases of (84.6%) peribronchial
thickening, and 18 cases (46.2%) with the tree-in-bud sign.
We observed that, the percentage of nodules and tree-
in-bud sign were higher. Again, Li er a/. declared higher
percentages of diffuse pulmonary involvement in patients
requiring advanced mechanical ventilation (63.3%), when
compared with patients lack serious conditions of the
disease (19.3%). Our study was also resulted with similar
ratios; diffuse pulmonary involvement rates were 66.6%
and 43.4% among ICU administered patients and non-ICU
patients; respectively. However, the incidences of central,
peripheral or both central and peripheral pulmonary
involvements among two groups of our study (were 33%
and 39%, 0% and 2%, 66% and 57% of 6 critically ill and
33 briefly hospitalized patients; respectively) had shown
disparities when compared with the report by Li et al.
(central involvements were in 63% and 4%, peripheral
involvements were in 100% and 8%, and both central
and subpleural involvement were in 86% and 29%
among 30 critically ill and 76 briefly hospitalized patients;
respectively).

From the aspect of the involvement of the lobes by
HINTI influenza pneumonia, the previous study by Li et al.
had pointed the upper zone in 45%, middle zone in 83%
and the lower zone in 96% of patients (11). In our study,
involvement in the upper lobes was observed in 51% (upper
right lobe: 51%, upper left lobe: 48.7%), involvement in the
middle lobes was 81.2% (middle right: 74.4%, left lingula:
71.8%), and involvement in the lower lobes was 89.7%
(lower right: 71%, lower left: 66.7%). Consequently, the
involvement in the middle and lower lobes were stated with
higher incidences in both studies.

Federal advisory committee on Immunization Practices
(ACIP) of the United States’ Centers for Disease Control
and Prevention (CDC) announced the obese and pregnant
patients as the emergency risk groups for severe HIN1
infection (13). Another study including ten patients with
novel influenza A (HIN1) virus infection and ARDS was
pointed out the increased rates for severe complications,
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particularly in extremely obese patients (14). Although
there was a higher prevalence of obesity in hospitalized
patients, no statistically significant difference was observed
by our study regarding the poor prognosis due to obesity.
The number of hospitalized patients due to HINT1 infection
was 39 in our study and interestingly; 35 of them were
obese (2 were morbid obese) which can deduce that; in
obese patients, HINT1 infection has a higher prevalence
for the requirement of hospitalization but no statistical
difference between the ratios for brief hospitalization and
most advance therapies such as ICU administration and
mechanical ventilation was determined.

Pulmonary embolism (PE) has not been reported to be
a frequently observed complication of influenza infection
(14,15). Among the patients clinically under the suspicion of
PE, van Wissen et 4l. have found lower rates of PE evidences
(1%) in the patients with influenza A infection (16), Thus,
the authors have concluded that the influenza infection was
not associated with an increased risk of acute pulmonary
embolism. In the study originated from Mexico where the
S-OIV (HIN1) was verified in the laboratory, similar result
as no higher incidence of PE in HINT infected patients
was reported (1). In our study, embolisms within segmental
branches of pulmonary artery were observed in 6 patients
(5.6%). Ohrui er al. reported of similar findings that were
concluded as pulmonary micro-thromboembolism in two
cases (17); thus knowing such particular complication is
important for the radiologists to diagnose the pulmonary
micro-embolic events when investigating the contrast
enhanced thoracic CT images.

In our study, coexisting of HIN1 influenza pneumonia
with COPD had an unfavourable prognosis; 4 of 6 patients
(66.6%) with the necessity of ICU administration were also
suffering from COPD while only 4 of 33 briefly hospitalized
patients (12.1%) were with COPD and influenza infection
coexistence and the statistical difference between groups
was significant (P=0.008). According to our knowledge, this
correlation of unfavourable prognostic process of HINI
influenza pneumonia with accompanying COPD (Odds
ratio: 27) or COPD and malignity (Odds ratio: 13) has
not previously been reported; and should be confirmed by
further studies. We also investigated the prognostic role of
coronary artery disease coexistence with HIN1 influenza
infection but no relation was determined.

There are a few studies investigated the prognosis of
HINT infection in patients, especially in children, with
co-existing malignant circumstances. Tran et al. reported
the common interruption of cancer treatment by pHI1N1
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infection among children with cancer and stem cell
transplant recipients (18) and Shah ez /. declared that the
prevention of severe complications of influenza virus can
be possible by initiation of antiviral therapy promptly in
children with cancer (19). Increased morbidity and mortality
in immunocompromised patients with solid tumors was
documented by Chemaly er 4/. and immediate antiviral
therapy was also suggested to decrease the complication
rates (20). Moderate or severe parenchymal involvement
mostly without association of bronchiolitis was reported
as an indicator of severe viral infection in neutropenic
cancer patients (21). In our study; three patients with pre-
diagnosed malignancy including the esophageal and gastric
cancer in two cases and lymphoma in one case had shown
no statistically significant difference when compared with
the other patients in terms of prognosis. Only 32-year-old
male with co-exiting lymphoma had to be managed in ICU.
The explanation of this dilemma when compared with
previous studies could be; two patients with esophageal and
gastric cancers were in their remission period when referred
with influenza infection and no abnormalities in complete
blood count including the rough immunity parameters
were noticed; besides, slight immunocompromised situation
was present in case with lymphoma. However; in our
study, the malign situations when combined with COPD
had shown statistically significant effect on impoverishing
the prognostic process (with an odds ratio of 13). Because
of previous studies were mostly included the pediatric
population; projected future studies including higher
number of HINI infected adult patients with coexisting
malignancies are necessary to clarify the effects of
immunocompromised situations to the prognosis of entity.
The observed radiological findings such as ground
glass opacity, consolidation, nodular lesions, tree-in-bud
sign, and peribronchial distribution were considered to
be non-specific to influenza pneumonia. The radiological
differential diagnosis must be based on cryptogenic
organizing pneumonia (COP) and chronic eosinophilic
pneumonia (CEP) or other viral, fungal and bacterial
infections. The radiologic imaging results may be
contributory to the laboratory tests especially in cases
with reminiscent clinical symptoms and anamnesis of
doubtful contamination (22). Additionally, the sudden
onset of the HINT infection symptoms should be respected
as an important factor when distinguishing from other
diseases. However, unusual imaging findings such as
pleural effusion, lymphadenopathy and lobar consolidation
besides the clinical and laboratory results may help in
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eliciting the accurate diagnosis (23). The patterns and
distribution of the ground glass opacity, consolidations and
peribronchovascular or subpleural involvements were found
to be highly correlated with HINT1 infection by Aviram
et al. (24); but we revealed that none of these radiologic
features can be considered in estimating the prognosis.

Our study had certain limitations such as the total
patient number was limited. We also did not verify S-OIV
among the patients who were treated in an outpatient
setting. Since we excluded these patients from the study, the
demographic and radiological statistics of the patients could
be affected by selection bias. No additional comparison of
the severity of the disease among ICU administered patients
was performed that can be provided by evident predictive
scoring systems such as Acute Physiology, Age and Chronic
Health Evaluation (I-IV) (APACHI) or Sequential Organ
Failure Assessment (SOFA).

Conclusions

Radiologic manifestations and clinical parameters such
as age, obesity, co-existence of coronary artery disease
or malignancy (with normal immunological parameters
in general) does not affect the prognosis of patients with
HINT influenza pneumonia; besides, the clinicians should
be on the alert of unfavourable and rapid progression when
considering patients of HINI infection with co-existence of

solely COPD or COPD by malignity.
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