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Objectives: Oman experienced the H1N1 pandemic in 2009 that initially started in
Mexico and the United States. We present the epidemiology, clinical features, and outcome
of cases admitted to Sultan Qaboos University Hospital. Methods: We retrospectively
reviewed all patients admitted with confirmed influenza A H1N1 infection from August
to December 2009. The study included adults and pediatric patients. We looked at the
clinical and laboratory factors associated with increased length of hospital stay. Results:
There were 68 patients admitted with influenza A H1N1 infection, and their median age
was 23 years. The most common symptoms were fever (100%) and cough (79.4%). The
most common reason for admission was the severity of illness (69.1%). Lymphopenia was
the most common hematological abnormality (41.8%). All patients received treatment
with oseltamivir. One patient died secondary to multi-organ failure. On multivariate
analysis, severity of illness, use of steroids, anemia, lymphopenia, and abnormal alanine
amino transferase levels were associated with increased length of stay. Conclusions:
The H1N1 pandemic in Oman followed the international trends in terms of clinical
presentation and laboratory values for patients admitted to the hospital.

Online:
DOI 10.5001/omj.2016.56
Keywords:
Influenza, Human; Influenza
A Virus, H1N1 Subtype;
Oman; Epidemics.

I

n March and April 2009, Mexico experienced
outbreaks of an influenza-like illness. By 23
April 2009, several cases in Mexico and the
United States (US) were confirmed to have
been caused by a new swine-origin H1N1 influenza
virus.1 The virus was spreading rapidly in Mexico and
to different states of the US. On 25 April 2009, the
World Health Organization (WHO) announced
the situation to be “a public health emergency of
international concern”.2 Soon, the virus spread to
different countries in different continents. On 11
June 2009, the WHO announced the emergence
of an influenza pandemic.3 By 14 February 2010,
laboratory confirmed cases of pandemic H1N1
influenza were reported in more than 212 countries
and overseas territories, with a death toll of at least
15 921.4
Influenza viruses belong to the family
Orthomyxoviridae. These are enveloped viruses, with
a segmented RNA genome. They are divided into
three types: A, B, and C. Influenza A viruses are
*Corresponding author: mujahidalbusaidi@gmail.com

further divided into subtypes based on their main
antigens: hemagglutinin (H) and neuraminidases
(N). Immune response to these two antigens provides
protection when the same virus is encountered again.
Major changes in these two antigens (antigenic shift)
produce a virus to which most of the population is
susceptible, and hence, a pandemic can result. Pigs
are considered “mixing vessels” for influenza virus.
Apart from getting infected by porcine types of
influenza virus, pigs can also get infected by avian
types and human types. When different virus types
infect one cell in a pig simultaneously, reassortment
of the viral genome segments can happen resulting
in a novel type of virus. If such virus is introduced
into the human population with sustained humanhuman transmission, a pandemic occurs.5
In Oman, the first reported confirmed case
of pandemic H1N1 influenza was in June 2009.
By January 2010, 7 040 cases and 31 deaths were
reported.6 Whether patients infected with pandemic
H1N1 influenza behaved similarly to those infected
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Table 1: Case severity definition in pandemic influenza, clinical management of human infection with
pandemic (H1N1) 2009: revised guidance. World Health Organization, November 2009.10
Severity
Uncomplicated
Clinical
features

Influenza-like illness
Diarrhea with no
signs of dehydration
No dyspnea

Severe
Presenting clinical or radiological evidence
of:
-- Lower respiratory tract infection.
-- CNS involvement.
Exacerbation of underlying chronic disease:
-- Asthma, COPD, bronchiectasis.
-- Congestive heart failure.
-- Hepatic or renal insufficiency.
-- Presentation with multi-organ failure of
septic shock.
-- Severe dehydration.

with seasonal influenza was a point of major interest.
This is why it was important that different medical
institutions reported their experience with the virus.
Few papers have come out from various hospitals in
Oman to describe clinical and laboratory features of
pandemic H1N1 influenza infection.7-9
We present the first description of clinical
features, laboratory findings, and outcomes of
pandemic H1N1-infected patients admitted to
the Sultan Qaboos University Hospital (SQUH).
SQUH is one of the main tertiary care hospitals in
Oman.

M ET H O D S

Progressive disease

This is a retrospective study on patients admitted
with pandemic influenza A H1N1 during the first
wave of the pandemic in Oman in SQUH. Subjects
were admitted between August and December 2009.
The study included both adult and pediatric patients.
We reviewed the clinical and laboratory data
of H1N1-infected admitted patients from the
hospital track-care computer system. All patients
with positive ploymerase chain reaction (PCR)
from respiratory samples during the five months
period were included. These samples were tested for
influenza A, influenza A pandemic subtype H1N1,
and influenza B by real-time reverse-transcriptase–
PCR (RT-PCR) using the Fast-Track Diagnostic kit
(Fast-track Diagnostics, Junglinster, Luxembourg).
Respiratory samples submitted for testing were
mainly upper respiratory samples and included nasal/
throat swabs, nasopharyngeal aspirates, and sputum
samples. The samples were extracted manually
using the Qiagen kit (QIAamp Viral RNA kit,

Uncomplicated presentation with
progression of symptoms in the first 24
hours:
-- Worsening hypoxemia or dyspnea.
-- Signs of CNS complications like altered
level of consciousness, confusion or
seizures.
-- Evidence of sustained viral replication
or invasive bacterial infection.
-- Severe dehydration.

GmbH, Hilden, Germany) and amplified using the
Abbott m2000 real time system (Abbott Molecular,
Wiesbaden, Germany). Epidemiological measures,
clinical presentations, laboratory investigations,
medications received, and outcome were all included
in the data collection sheet. The severity criteria were
adopted from the WHO categories and included
mild, progressive, and severe [Table 1]. Ethical
approval was obtained from the ethics committee at
SQUH in 2009.
All frequency data on the clinical presentation,
reasons for admission, comorbidities, and
hematological abnormalities was recorded in
Excel. The R software package (www.r-project.
org) was used for chi-square analysis, which was
done to investigate the strength of association
between liver function tests and the category of
severity. Multivariable analysis was used to study
the relationship between the length of hospital stay
following H1N1 admission and certain clinical and
laboratory features. These variables were chosen using
an extensive literature search.11-13 The generalized
linear model, with Poisson distribution, was used
for multivariable analysis. Coefficients of the model
for each variable were calculated as [exp(βn)] and the
95% confidence interval (CI) levels were calculated
using the formula exp (βn±1.96 × SE).

R E S U LT S

During the study period, a total of 5109 patients
were screened for influenza virus, 1388 were positive
for influenza A H1N1 by PCR of whom 68 were
admitted. Clinical and laboratory data were collected
for the 68 admitted patients. This cohort included 41
O man m e d J, vol 3 1 , no 4, J uly 2016
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Figure 1: The (a) clinical presentation (b) reason for admission, (c) comorbidities, and (d) hematological
abnormalities in patients admitted with influenza A H1N1 infection.
(60.3%) females and 27 (39.7%) males. The average
time between onset of illness and admission to the
hospital was three days (1–14 days), and the average
length of stay was also three days. The ages of the
admitted patients ranged from 25 days to 67 years
(median = 23 years). There were 31 patients (45.6%)
< 18 years of age, and 11 (16.2%) patients were < 2
years old.
Patients presented with various clinical
manifestations [Figure 1a]. Fever was the most
common symptom and occurred in all the patients
included in the study. Other clinical manifestations
were cough (79.0%), rhinorrhea (50.0%), sore

throat (31.0%), shortness of breath (25.0%), and
myalgia (24.0%). Extrapulmonary symptoms such
as vomiting and diarrhea were present in 25.0%
and 15.0% of patients, respectively, in the adult
and pediatric age groups combined. The study also
looked at the reasons for admission to the hospital
among the patients with H1N1 infection [Figure
1b]. The most common reason for admission was the
severity of illness (69.1%) followed by the presence
of comorbidities (61.7%). The most common
comorbidities warranting admission were chronic
lung disease and hematological diseases (13 and 12
patients, respectively) [Figure 1c]. Out of the 13
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Table 2: Multivariable analysis of the length of
hospital stay of H1N1 cases between September and
December 2009.
Variable

Coefficient (95% CI)

Severe and progressive cases
(by category)

1.42 (1.06–1.91)

Presence of comorbidities

1.15 (0.86–1.57)

Steroid use

2.06 (1.55–2.73)

Presence of anemia

1.60 (1.11–2.27)

Presence of lymphopenia

1.72 (1.29–2.29)

Presence of thrombocytopenia

1.16 (0.87–1.53)

Abnormal ALT

1.83 (1.38–2.43)

ALT: alanine amino transferase.

patients with chronic lung disease, 11 (84.6%) had
asthma and out of the 12 patients with hematological
diseases, nine (75.0%) had sickle cell disease. Five
(7.4%) patients were pregnant.
The severity of illness of the admitted patients
was classified based on WHO criteria. Sixteen
patients (23.5%) had the uncomplicated disease, 31
(45.6%) had progressive disease, and 21 (30.9%) had
a severe disease. Uncomplicated cases were admitted
mainly due to the presence of comorbidities.
Chest X-ray was performed in 56 patients, 12
patients had lobar consolidation whereas 16 patients
had bilateral consolidations. The rest were normal.
The laboratory findings of H1N1 infected
inpatients in the study are summarized in Figure
1d. The most common hematological abnormalities
were lymphopenia (41.8%), followed by neutropenia
(20.9%). Other hematological abnormalities
included anemia (17.9%), thrombocytopenia
(16.4%), neutrophilia (14.9%), and lymphocytosis
(6.0%). Liver function tests (LFTs) were measured
in 42 patients. Of those, 57.1% had a rise in their
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST). These results were
interpreted according to the normal reference ranges
used by the different laboratories at SQUH.
Regarding the treatment received, 66 (97.1%)
received oseltamivir alone. One patient received
oseltamivir and nebulized zanamivir. The median
time from illness onset to initiation of treatment
was 2.5 days (range = 1–14 days). Steroids were
administered to 11 patients in our study; all had
consolidation evident in their chest X-ray. Five
patients were admitted to the intensive care unit
(ICU) and required mechanical ventilation. One
patient who was admitted to the ICU with acute

respiratory distress syndrome died. This patient was
25 years old with no comorbidities and presented
with shock and multi-organ failure after three days of
febrile illness. He was started immediately on broadspectrum antibiotics and oseltamivir. Nebulized
zanamivir was added at a later stage; however, the
patient died after 20 days in the ICU.
A multivariable analysis was done to investigate
the relationship between the length of hospital stay
and clinical and laboratory features [Table 2]. The
sample size used for this analysis was 42 (excluding
all patients without ALT results). As would be
expected, we found that severe and progressive cases
(combined) stayed longer in the hospital than nonsevere (uncomplicated category) cases. Controlling
for severity, we also found that the presence of
anemia, lymphopenia, abnormal ALT, and the use of
steroids independently increased the length of stay.
On classifying ALT, comorbidities, lymphocytes,
and thrombocytes according to the category of
severity, we found that there was no statistical
association between the percentages [Figure 2].

DISCUSSION

This is the first study demonstrating the
epidemiological and clinical features of patients
admitted to SQUH for pandemic influenza A
H1N1 infection during the first wave in 2009. We
used multivariable analysis to investigate the factors
that influenced the length of hospital stay of these
patients. During the five month period of our study,
68 patients were admitted of whom five required
intensive care and mechanical ventilation. One
patient died. Most patients were young; the median
age was 23 years. Fever and cough were the main
clinical manifestations, and 61.8% of patients had
comorbidities predisposing them to severe infection
leading to hospital admission.
All patients were treated with oseltamivir with
variability in when treatment was started relative
to the illness’s onset. Patient’s hospital stay was
prolonged in severe cases, and in the presence of
anemia, lymphopenia, and abnormal ALT. The use
of steroids also independently increased the length
of stay. The most common clinical manifestation
observed in our cohort was fever. Similarly, fever was
the main symptom reported in hospitalized patients
in other hospitals in Oman (85–95%) and other
countries such as in the United Kingdom (81%),
O man m e d J, vol 3 1 , no 4, J uly 2016
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Figure 2: Classification of (a) ALT, (b) comorbidities, (c) lymphocytes, and (d) thrombocytes according
to the category of severity.
US (94%), and Japan (95%).7-9,14 Gastrointestinal
(GI) symptoms were seen in around 25.0% of our
patients. Similarly, vomiting (25%) and diarrhea
(25%) were the most common gastrointestinal
manifestations seen in infected patients in the first
wave of pandemic H1N1 in the US.15 GI symptoms
in influenza infections can be attributed to direct
viral effect on GI tract or systemic inflammatory
response.16
In general, complications related to influenza
infection are seen in the extreme age groups (adults ≥
65 and children < 2 years old), pregnant women (up
to two weeks postpartum), residents of long-term

care facilities, and in people with certain medical
conditions [Table 3].17
Among the 51% of patients who had
comorbidities, chronic lung disease or hematological
disease was the main comorbidity putting the
patient at risk of severe infection. This highlights
the importance of starting empirical treatment with
oseltamivir in such patients when presenting with
pneumonia especially during the influenza season.
The abnormal laboratory findings that we have
reported are consistent with the findings from
previous studies among hospitalized patients:
lymphopenia ranged between 20% and 68%
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Table 3: Medical conditions that put people at high
risk of developing influenza-related complications.
1.

Chronic lung disease (e.g. asthma, chronic obstructive
pulmonary disease)

2.

Heart disease (e.g. congenital heart diseases, congestive
heart failure)

3.

Hematological diseases (e.g. sickle-cell disease)

4.

Chronic neurological disease (e.g. epilepsy) and
neurodevelopmental conditions (e.g. mental retardation)

5.

Diabetes mellitus

6.

Chronic kidney disease

7.

Chronic liver disease

8.

Immunosuppression (due to disease or treatment)

9.

Morbid obesity (body Mass Index ≥ 40 kg/m2)

10. Metabolic disorders (e.g. inherited metabolic disorders or
mitochondrial disorders)
11. People < 19 years old on long-term aspirin therapy

anemia, and thrombocytopenia was noted in 37%
and 14% of patients, respectively.9,11,12 Patients with
severe disease had profound abnormal laboratory
findings compared to mild cases, although it was
not statistically significant [Figure 2]. For example,
lymphopenia and thrombocytopenia were noted
in 50% and 23%, respectively, in the severe disease
compared to 36% and 14%, respectively, in the mild
cases. Elevated ALT was also seen more in severe
cases compared to mild cases (40% vs. 28%). This
supports what has been observed in a larger study
on 511 hospitalized patients in India where patients
with severe H1N1 disease were more likely to have
lymphopenia, thrombocytopenia, and transaminitis
compared to hospitalized patients with the nonsevere disease.13 These laboratory markers might aid
in identifying patients who can be at a higher risk of
developing complications.
Among the 56 patients who had a chest X-ray on
admission, 50.0% had abnormal findings including
lobar or bilateral consolidations. Other health
institutions reported similar radiological findings
in Oman (58–65%).7–9 A larger study conducted
on 833 hospitalized infected patients in California
in 2009, demonstrated that 66% had infiltrates
suggestive of pneumonia or acute respiratory stress
syndrome (ARDS).18 These data show that the
majority of infected admitted patients have abnormal
chest X-ray findings compatible with pneumonia as
a result of a direct viral effect or secondary bacterial
infection.
The US Centers for Disease Control and
Prevention (CDC) recommends empirical

treatment for people with suspected or confirmed
influenza and illness requiring hospitalization,
progressive/severe or complicated illness regardless
of previous health status, and/or patients at risk of
severe disease. All of our patients were treated with
oral oseltamivir. One patient had both oseltamivir
and nebulized zanamivir. This patient had severe
ARDS and multi-organ failure and eventually
died. The median time of treatment initiation was
2.5 days after disease onset. However, our patients
were still offered treatment even when patients
presented up to 14 days after the onset of illness.
The administration of oseltamivir more than 48
hours after the onset of illness was associated with
reduced mortality among 2009 H1N1 virus infected
hospitalized patients.19 In addition, a meta-analysis
of 29,234 patients found that administration of
neuraminidase treatment, irrespective of timing,
was associated with a reduction in mortality risk
when compared to a group of patients who had no
treatment.20 This might help reduce the burden of
the virus in the respiratory tract and therefore the
outcome. The rapid introduction of the influenza
A H1N1 PCR test into SQUH enabled the quick
identification and management of infected patients.
However, antiviral treatment should not be delayed
while awaiting laboratory confirmation for patients
presenting with acute respiratory illness who are at
risk of developing complications.
Corticosteroids have been used in the
management of severe influenza A H1N1 infection.
It is given mainly to control the inflammatory process
and cytokine dysregulation causing lung injury and
multi-organ dysfunction.21 However, there are mixed
results about its effectiveness, and therefore, its role
is unclear due to lack of randomized controlled
trials. However, a meta-analysis review, looking at
the efficacy of corticosteroids for the prevention
of mortality in H1N1 infection, concluded that
use of corticosteroids has negative or no effects on
H1N1 treatment. Its use has been associated with
increased mortality, increased risk of developing
critical illness and secondary bacterial infection,
and ICU admission or more prolonged ICU stays.22
Among our cohort, 11 patients received steroids and
five were in the ICU. Here we have shown that the
use of corticosteroids was significantly associated
with a longer hospital stay (95% CI 2.06). The
effect on mortality cannot be concluded due to the
small size of our cohort and one death. Moreover,
O man m e d J, vol 3 1 , no 4, J uly 2016
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our multivariable analysis demonstrated that the
severity of illness, presence of anemia (95% CI 1.60),
lymphopenia (95% CI 1.72), and abnormal ALT
(95% CI 1.83) increased the length of hospital stay.
The limitations of our study were mainly due to
the small sample size included and its retrospective
nature resulting in missing some clinical and
laboratory details of some patients. However,
the findings are in line with other published data
worldwide. Also, we demonstrated that, in all cases,
the length of hospital stay in patients taking steroids
was significantly increased

C O N C LU S I O N

The majority of our hospitalized patients were
young and had comorbidities leading to complicated
influenza infection requiring hospitalization. This
highlights the importance of annual seasonal
influenza vaccination to patients at high risk of
influenza-related complications. However, this will
always be challenged by the possible emergence
of a novel influenza virus. The role of steroids in
the management of severe influenza infection
(including influenza A H1N1) is controversial.
Further controlled studies are needed to make a
recommendation on the use of such adjunctive
therapy in the management of influenza infection.
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