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Abstract
A retrospective study of influenza-like illness (ILI) in Oman was completed to describe the epidemiology of
pandemic influenza A, subtype H1N1 activity (pH1N1). From June to December 2009, 8,941 specimens were
collected nationwide from patients that met the case definition for ILI, of which 6,547 (73%) were tested for pH1N1
by real-time polymerase chain reaction (RT-PCR). Out of these, 4,089 (62%) were found positive for pH1N1 and 712
(11%) were positive for seasonal influenza A. The mean age of patients positive for pH1N1 was 24 years (28
days-74 years). Out of the total patients who met the definition of severe acute respiratory illness (SARI) and
required hospitalization, 28.3% were positive for pH1N1. The overall case fatality rate was 1.1 deaths/100,000
populations. Two governorates, Muscat and Dhofar, witnessed the greatest intensity of influenza activity. Mitigation,
containment, pharmaceutical and non-pharmaceutical measures were engaged. Based on the experience and
lessons learned in Oman, some recommendations were sought in Oman.
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Introduction
The burden of infectious diseases is felt mainly because of their
dissemination in a short span of time resulting in epidemics or
outbreaks [1]. Globally, lower respiratory tract infections ranked as the
fourth leading cause of death in 2012 and are the most significant
infectious causes of death in the world.
Influenza is an acute and highly contagious viral respiratory
infection causing significant morbidity and mortality with worldwide
public health implications. Seasonal influenza viruses continually
circulate in yearly epidemics, while anti-genically novel strains, similar
to the re-assorted pandemic H1N1 (pH1N1), emerge sporadically
[2,3].
The pH1N1 virus rapidly travelled around the world. As of June 9,
2009, a total of 73 countries had reported more than 26,000
laboratory-confirmed cases, and the World Health Organization
(WHO) declared that the situation met the criteria for a phase 6
pandemic. By the time the pandemic had waned in August 2010,
virtually all countries had reported laboratory-confirmed cases. While
exact figures of the death toll from pH1N1 are unknown, estimates
range from 105,700 to 395,600 deaths [4]. The WHO provided early
recommendations on administering vaccine to target groups and
valuable field assistance to affected countries. WHO efficiently
distributed more than 3 million courses of antiviral drugs to 72
countries [4-6].
Surveillance and epidemiologic investigations are critical public
health functions during outbreaks, epidemics and pandemics. Thus,
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timely public health surveillance and epidemiologic investigations are
crucial for an effective public health response because they allow
public health officials to gather health information, prioritize response
activities, and make appropriate public health decisions [7].
Global influenza surveillance has been conducted through the
WHO Global Influenza Surveillance and Response System (GISRS)
since 1952. The current network is comprised of six WHO
collaborating centres, four essential regulatory laboratories and 136
institutions in 106 WHO member states, which are recognized by
WHO as national influenza centres [8].
Oman was not spared from the reaches of the pH1N1 and by June
2009 the first pH1N1 cases had been laboratory-confirmed. The
Ministry of Health of the Government of Oman stepped-up all the
activities related to pandemic influenza management.
This report highlights the 2009 pH1N1 outbreak characteristics and
epidemiology, national response and recommendations following
response evaluation and lessons-learnt.

Methods
Background information
An analysis was conducted to describe the epidemiology of the
pandemic, and included all cases reported under pH1N1 surveillance
in Oman during 2009.
The WHO case-definitions for influenza-like illness (ILI) and severe
acute respiratory infection (SARI) were used. ILI was defined as an
acute respiratory infection with measured fever of ≥38°C and cough
with onset within the last 10 days. SARI is an acute respiratory
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infection that met the case definition for ILI and required
hospitalization [9].
A communicable diseases case notification form was used to collect
the data. The following variables were recorded for each patient: age,
sex, clinical presentation, travel and treatment history, and laboratory
results [10].
The data were entered into a computerized database using Epi Info
2000. The data were analysed statistically using Statistical Package for
the Social Sciences (SPSS) version 19. Odds ratio with 95% CI was
calculated for signs and symptoms. Other parameters were expressed
in proportions. A P value of <0.05 was considered as significant.

Results
The first 3 cases of confirmed pH1N1 cases occurred amongst
students returning from the USA on June 17 (Figure 1). There was

then a silent gap of nearly two weeks for other cases to appear. From
the first week of July onwards a number of suspect cases tested
positive. Almost all of these cases in July were reported from Muscat
Governorate and were associated with travel from the USA, Europe
and South East Asia. Although initially containment activities were
undertaken, by the end of July a transition to mitigation activities was
observed. Two governorates of Oman, Muscat and Dhofar, witnessed
intense influenza activity. Significant impact was observed in Dhofar
governorate closely following the tourist “Khareef season.” The
influenza A pH1N1 subtype spread rapidly in Dhofar during this
period leading to the first cluster of mortality amongst the population.
The diagnostic services at the central public health laboratory were
stretched to the limit leading to the first revision of criteria for testing
with an announcement that only limited cases within a cluster will be
tested.

Figure 1: Incidence of SARI admissions, Influenza like illness (ILI) and pH1N1 lab-confirmed cases, and pH1N1-related deaths, JuneDecember 2009, Oman.
In the ensuing weeks after July 2009, pH1N1 infections spread to all
geographical areas in the country. There was significant increase in the
number of cases due to focal outbreaks in expatriate schools in the
country. By August the disease was firmly established with widespread

distribution. By middle of December the number of cases tested
positive among hospitalized patients with SARI had dropped
significantly. The timelines for the pandemic in Oman and the actions
taken are summarized chronologically as follows Table 1.

Period

Description

Response

Apr 26-May 30, 2009

Preparatory phase

Containment measures adopted
Activation of plan
Preparation of action algorithms
Port of Entry (PoE) surveillance
National committee
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Infection control measures
Community education
Jun 1-Jun 30, 2009

Initial cluster investigation

Isolation
Antiviral use
Contact management
Case management protocol
Home quarantine

Jul 1-Jul 31, 2009

Travel associated cases (Muscat Governorate)

Transition to mitigation

Aug 1-Sep 30, 2009

Community spread.

Mitigation measures adopted

Cases reported from all regions

Stopped PoE surveillance

Most affected areas: Muscat and Dhofar Governorates

Infection control measures
Antiviral use liberalised
Selective diagnostic testing
Community awareness campaigns
Private school outbreaks

Oct 1-Dec 31, 2009

Geographically widespread disease

Mitigation
Vaccination of high-risk groups
Vaccine advocacy
Feedback system
Government school outbreaks
Restricted diagnostic testing

Jan 1- Apr 30, 2010

Downward trend

Reviewing
Planning of future Strategies

Table 1: Analysis of symptoms and signs, pH1N1 lab-confirmed cases, June-December 2009, Oman.
From June to December 2009, a total of 8,941 specimens from
patients that met the case definition for influenza-like illness (ILI)
were collected, of which 6,547 (73%) specimens were tested for pH1N1
by real-time polymerase chain reaction (RT-PCR) nationwide. Out of
these, 4,089 (62%) were found positive for pH1N1, 712 (11%) samples
were positive for seasonal influenza A, and 1% of samples tested were
inconclusive. The mean age of positive pH1N1 cases was 24 years (28
days-74 years).
The highest number of samples that tested positive for pH1N1
(June-December 2009) were collected in three major governorates in
the following order; Muscat 708 (50.4%), Dhofar 269 (19%) and North
Batinah 189 (13.4%).
The influenza A pH1N1 subtype reached Oman with the first
cluster of cases reported in week 25.Two governorates of OmanDhofar and Muscat-experienced the highest influenza activity and
severity. A significant increase in pH1N1 laboratory-confirmed cases
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was observed in Dhofar Governorate during the tourist “Khareef
season” (July-August 2009). Furthermore, the opening of private
schools in Dhofar governorate during week 32, facilitated rapid viral
spread in the community and led to the first clusters of mortality
amongst the population in weeks 34 and 35 Figure 1.
In July-August 2009, the second wave of outbreak was observed in
the large Indian schools in Muscat governorate. In response, some
schools decided to remain closed. During this period Muscat
governorate had the maximum number of cases reported.
Overall clinical symptoms were mild. An analysis of clinical signs
and symptoms of 290 patients during the initial period from Muscat
governorate was analysed and the analysis are as shown in Table 2.
Fever [OR 5.6 (2.9-10.8), p<0.01], headache [OR 1.8 (1.1-5.8), p=0.38]
and headache with fever [OR 3.3 (1.5-7.1), p=0.05] were the most
common significant symptoms.
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Analysis
Signs and Symptoms

RT-PCR Result

Univariate

Multivariate

Crude O.R.* (95% C.I.)

Adjusted O.R.*

95% C.I. for O.R.*

P-value

Positive (N=157)

Negative (N=133)

Lower

Fever

116

61

5.6 (2.9-10.8)

8.1

3.4

19

<0.001

History of fever

111

71

3.3 (1.5-7.1)

2.7

1

7.5

0.05

Sore throat

118

96

1.3 (0.6-2.5)

1

0.4

2.8

0.94

Rhinorrhoea

107

92

0.9 (0.5-1.7)

0.5

0.2

1.1

0.1

Dry cough

96

70

1.5 (0.9-2.6)

2.1

0.8

5.2

0.13

Productive cough

41

29

1.3 (0.7-2.4)

1.5

0.5

4.7

0.52

Nausea

26

18

1.2 (0.6-2.4)

0.9

0.3

2.8

0.83

Vomiting

19

12

1.2 (0.6-2.8)

0.9

0.2

3.9

0.89

Headache

81

52

1.8 (1.1-5.8)

1.5

0.6

3.7

0.38

Myalgia

71

51

1.2 (0.7-2.0)

0.5

0.2

1.5

0.2

Joint pain

40

24

1.6 (0.9-2.8)

1.9

0.6

6.5

0.3

*Odds

Upper

Ratio

Table 2: Analysis of symptoms and signs, pH1N1 lab-confirmed cases, June-December 2009, Oman.

Severe cases and hospitalization
Out of the total, 6,547 patients met the definition of severe acute
respiratory illness (SARI) and required hospitalization in the country.
Most of the cases were admitted in Muscat and Dhofar governorates as
shown in Figure 2. Patients less than 2 years of age represented the
largest group of cases, 2,029 (31%), followed by 12-45 years, 1,833
(28%). Pregnant women with SARI represented 176 (2.7%) of the
admissions. Around 25-40% of patients had known risk factors for
severe influenza complications and 262 (4%) of admitted cases
required ICU admission. The positivity for pH1N1 among admitted
cases was 1,833 (28%).

Figure 2: Number of SARI cases admitted in governorates, JuneDecember 2009, Oman.
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Figure 3: Case fatality rate of pH1N1 lab-confirmed cases, JuneDecember 2009, Oman.
Among the SARI cases, 33 deaths were pH1N1 viral infectionrelated. The overall case fatality rate (CFR) in the country was 1.1 per
100,000 population. The CFR varied significantly in the different
governorates: Dhofar governorate had the highest case fatality rate,
2.9/100,000, compared to other governorates as shown in Figure 3.
Nineteen (60%) of the deaths occurred in the 12-40 year age group as
in Figure 4. There were no gender differences in the mortality rates.
Fourteen (44%) of patients who died had co-morbidities including
diabetes 6 (45%), a history of transplantation 2 (10%) or, cancer 2
(18%), obesity 1 (6%), smoking 1 (8%) and pregnancy 2 (13%). Six
(21%) of the deaths occurred in non-Omani patients, which was
consistent with the non-Omani proportion in the population.
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deployment was developed. The vaccination campaign was launched
on the 25th of October 2009, prioritising Hajj pilgrims and healthcare
workers. The vaccination of other high-risk groups was expanded to
include those in essential services, people with chronic diseases,
pregnant women and children under five years old.
Non-pharmaceutical Measures: Though various measures such as
school closures, cancellation of mass gatherings, isolation and other
social distancing was implemented, the effectiveness of community
mitigation measures was difficult to measure and thus no definitive
conclusions could be ascertained.

Discussion

Figure 4: Age distribution of deaths among pH1N1 lab-confirmed
cases, June-December 2009, Oman.

Intervention activities adopted by the Ministry of Health,
Oman
Port of entry (POE) and airport surveillance: Self-declaration by
travellers entering Oman regarding influenza-like symptoms,
screening of incoming passengers using thermal scanners and
arrangement for isolation of suspect cases was initiated. In addition,
information on approaches for seeking medical assistance was
provided for travellers.
Quarantine: The initial plan involving isolation of patients in a
specific hospital was abandoned due to the rapidly evolving pandemic,
thus home quarantine procedures were established. Factors that
favoured this change were lack of community cooperation, cultural
resistance, stretching of limited human resources and rapid increase in
secondary cases.
Health Education and Awareness: Public awareness campaign
regarding various aspects related to the influenza pandemic was
deployed. Awareness focussed on the various issues related to the
influenza pandemic including symptoms, transmission, and treatment.
A hotline was established for responding to questions from the public
as well as to provide necessary directions for approaching the health
care system. Wide publicity through all available media was utilized
for awareness on prevention and steps to be taken if symptoms
develop as well as focusing on the message that simple hand washing is
useful enough to contain virus spread and prevention is better than
cure.
Pharmaceutical Measure: A plan using the antiviral drug
oseltamivir for treating cases based on clinical guidelines was
formulated to ensure rational and optimal use. The national
committee decided to involve the private sector and provided
oseltamivir free of cost for treating suspect cases in order to avoid
over-burdening government capacity. Free dispensing of drug from
the private sector with appropriate accounting further strengthened
the public-private partnership.
The process of acquiring 2.6 million doses of pH1N1 vaccines was
initiated to cover the entire population of Oman and a plan of
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This report summarizes the epidemiology and public health
responses to the first pandemic Influenza A (H1N1) outbreak ever
reported in Oman. The pandemic affected mainly those of younger
age, similar to the trend observed worldwide [11-13]. Prior studies
have shown a high susceptibility of young age groups to the virus
[14,15]. The infection caused severe illness that required ICU
admission in 4% and had an overall case fatality rate of 1.1 per 100,000
population. These patients were less likely to have received oseltamivir
within 48 hours as compared to those who survived and were not
admitted to the ICU (15.3% versus 32.1%) [16].
Fever was the most frequent symptom observed, similar to what has
been reported in a number of countries [16,17]. The prevalence of
associated medical conditions in our patients was as high (72%),
particularly among patients with diabetic mellitus and pregnancy,
previously reported in a number of countries [16,18-22].
The high case fatality rate observed in Dhofar governorate might be
attributed to late introduction of management interventions as well as
a huge load of cases that overwhelmed institutional capacity. Although
the cases trend was somewhat similar to seasonal influenza, the major
differences noted were the early onset of the pandemic during the peak
of summer and a decline earlier in the winter compared to seasonal
influenza. The laboratory data illustrate that the pH1N1 virus had
completely replaced the other strains of influenza during the
pandemic. After the decline, the typical seasonal influenza virus
infections started reappearing in the laboratory-tested samples. Similar
experiences of 2009 pH1N1 have been reported from several authors
around the world [23-27].
Based on the experience and lessons learned, the following
recommendations were made by the Ministry of Health and integrated
into the Oman pH1N1 Preparedness Plan. These recommendations
will be used to create policy and standards that will guide the response
to future influenza epidemics in Oman [11]:
More proactive decisions with the aid of a fully equipped command
centre and work pathways;
Development of protocol and algorithms to manage any crises and
ensure appropriate speed of communications;
Integrating the pandemic plan into the National Disaster
Preparedness Plan;
Strengthened disease surveillance with appropriate technological
incorporation in decision making;
Training of healthcare workers to understand and internalise
rational procedures of managing epidemics/pandemics;
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Regular simulations and drills to ensure a strict adherence to the
preparedness plan guidelines; and

11.

Strengthening of inter-sectorial co-ordination and international cooperation.

12.

The national data collection was not up to standard by end of
December 2009, by which time the number of cases drastically reduced
due to exhaustion of the cases and the effect of vaccination. Study
limitations encountered were the inclusion of mainly hospitalised
patients who may not be representative of patients in the community.
Additionally, we could not account for underreporting or differential
reporting in different governess.

13.
14.
15.

Conclusion
In response to the pandemic, mitigation, containment,
pharmaceutical and non-pharmaceutical measures were engaged.
Based on the experience and lessons learned, recommendations were
made in Oman for the future pandemic response.
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