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1. INTRODUCTION

Influenza viruses are recognized globally as persistent threats to 
human health. They are the primary respiratory pathogens that 
cause annual epidemics with high economic loss and approxi-
mately 250,000–500,000 deaths annually worldwide [1,2].

Influenza viruses are characterized by two mechanisms that direct 
the evolution of new variants; antigenic drift and genetic shift [3,4]. 
Genetic shift is a sudden, substantial change in the influenza A virus 

and related to the unexpected emergence of new subtypes, and 
occurrence of pandemics; however, earlier reports suggest that they 
do not play a role in the genetic variation of influenza B viruses [5,6]. 
Nevertheless, the antigenic drift through several mechanisms that 
include insertions, deletions, and substitutions are frequent among 
influenza A and different lineages of influenza B viruses [7–10].

Studies that aimed at comparing the epidemiological and clinical 
characteristics of influenza virus subtypes are limited and showed 
variant results [11,12].

In Saudi Arabia, reports on influenza viruses have focused on 
estimating prevalence and clinical outcomes among other causes 
of acute respiratory illnesses in young children [13,14] or among 
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A B S T R AC T
Introduction: Influenza infection poses a significant public health threat. The core for disease prevention and control relies on 
strengthened surveillance activities, particularly in Saudi Arabia, the country that hosts the largest annual mass gathering event 
worldwide. This study aimed to assess the molecular and seasonal pattern of influenza virus subtypes in western Saudi Arabia to 
inform policy decisions on influenza vaccine.
Methods: This cross-sectional study was conducted at King Abdulaziz Medical City, western Saudi Arabia. Medical records and 
surveillance database of laboratory-confirmed influenza cases were reviewed from October 2015 to 2019. A panel of real-time 
polymerase chain reactions was performed to detect influenza A and B. Extracted RNA from a subset of positive samples was 
used to determine influenza A subtypes and influenza B lineages.
Results: This study included a total of 1928 patients with laboratory-confirmed influenza infections. Influenza peaks were 
observed in October each season, with variant predominant strains. Influenza virus subtypes co-circulate with no reports of co-
infection. Influenza A(H3N2) was reported in 42% of the cases, then influenza B (30.7%) and influenza A(H1N1)pdm09 (27.3%). 
Healthcare workers represented 9.4% of the cases. One-third of the cases (30.4%) were admitted to the hospital with a median 
admission duration of 4 days. The influenza B viruses were subtyped in 218 cases. Victoria lineage was predominant (64.1%) 
in 2015 and 2016; however, Yamagata was predominant in the next two consecutive seasons (94.4% and 85.4%, respectively).
Conclusion: The burden due to influenza B may be underestimated with an observed vaccine mismatch. A quadrivalent 
influenza vaccine is recommended to reduce the health impact associated with influenza B infections. Molecular surveillance 
of the influenza viruses should be enhanced continuously for a better understanding of the influenza activity and assessment of 
vaccine effectiveness.
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pilgrims [15]. Data are limited on the isolation and partial identi-
fication of influenza subtypes, especially influenza B viruses [16].

Continued changes in Haemagglutinin (HA) and Neuraminidase 
(NA) genes of influenza A and B strains necessitate enhanced sur-
veillance and monitoring of emerging strains, particularly in Saudi 
Arabia, the country that hosts the largest religious mass gathering 
event throughout the year (Umrah and Hajj). This study was con-
ducted to identify influenza A subtypes and B lineages and their 
association with the clinical characteristics and outcomes among 
patients with laboratory-confirmed influenza infection in a tertiary 
care hospital located in western Saudi Arabia.

2. MATERIALS AND METHODS

This cross-sectional study was conducted at King Abdulaziz Medical 
City (KAMC), Jeddah, Saudi Arabia. KAMC-Jeddah is a referral 
tertiary care hospital located in western Saudi Arabia. This medical 
city and the three affiliated primary care centers in Jeddah provide 
care to the Saudi National Guard population and their families, in 
addition to the healthcare workers and their dependents. Data were 
collected as part of the routine influenza surveillance program.

Medical records and surveillance database of all laboratory- 
confirmed influenza cases diagnosed at KAMC-Jeddah were 
reviewed. Data were collected throughout the four consecutive influ-
enza seasons from October 2015 to 2019. No specific sampling tech-
nique was applied because all the positive samples were included. 
The studied medical files represented patients who had flu-like ill-
nesses and visited the hospital outpatient department, primary health 
care centers, emergency department, or inpatient during the study 
period. Cases were managed according to the hospital’s influenza  
management protocol. The decision on hospital admission or emer-
gency department referral was based on the case clinical assessment.

Studied variables included: patient demographic data (age, gender, 
nationality and occupation being health care worker), clinical data 
(date of diagnosis, symptoms and signs, hospital admission and 
discharge, and associated comorbidities or complications), and 
influenza virus subtypes.

2.1. Clinical Samples

Nasopharyngeal Swabs (NPS) from patients with suspected influ-
enza infections were collected in viral transport media (Copan 
UTM 321c, USA) as part of the routine ongoing influenza diag-
nosis/surveillance program. These samples were initially screened 
for influenza A(H1N1)pdm09, influenza A/non-H1N1, and influ-
enza B using Xpert Flu kits (Cepheid, USA) at the molecular virol-
ogy laboratory in KAMC as per the manufacturer’s instructions. 
All patients with laboratory-confirmed samples during the study 
period from 2015 to 2019 were included. Samples were stored at 
−80°C for further nucleic acid extraction.

2.2.  Influenza A/2009 H1N1 and  
Influenza B Detection

A panel of Real-Time Polymerase Chain Reactions (RT-PCR) was 
performed to detect influenza A/2009 H1N1 and influenza B using 

Cepheid Xpert Flu Assay (Cat. No. GXFLU-10A) according to the 
manufacturer’s instructions (Cepheid) (Supplementary Material).

2.3.  Subtyping and Lineage Determination 
of Influenza A/non-H1N1 and  
Influenza B Viruses by RT-PCR

Nasopharyngeal samples are not usually stored at the main labora-
tory for a longer duration due to limited storage capacity; however, 
at the time of analysis, a subset of the stored laboratory-confirmed 
samples was available from three consecutive seasons (2015–2018). 
No samples were available for the 2018 and 2019 season. These  
samples were transported in dry ice containers for further virus  
subtyping and lineage determination at the Special Infectious 
Agents Unit at King Fahad Medical Research Center, King 
Abdulaziz University, Jeddah, Saudi Arabia.

Extracted RNA from positive samples was used to determine influ-
enza A/non-H1N1 subtype using primers and probes targeting 
haemagglutinin gene (HA) in H3, H5, and H7 subtypes in this 
sequential order (NIID-H3 TMPrimer-F1, NIID-H3 TMPrimer-R1 
and NIID-H3 Probe1, H5-1201F, H5-1387R and H5-1285P, NIID-
H7 TMPrimer-F1, NIID-H7 TMPrimer-R1 and NIID-H7 Probe1) 
according to WHO protocol [17].

Similarly, RNA from specimens that were positive for influenza B 
was used to determine influenza B lineages using influenza B prim-
ers (BHA-188F and BHA-270R) and probes specific for Victoria 
(Probe-VIC2) and Yamagata (Probe-YAM2) lineages according to 
WHO protocol [17] (Supplementary Material).

Stringent precautions were taken to avoid cross-contamination of 
samples during all steps, and all positive and some negative samples 
were re-extracted and retested independently to confirm the results.

2.4. Ethical Approval

This study was approved by the Institutional Review Board at King 
Abdullah International Medical Research Center. No informed 
consent was required for influenza detection, subtyping, and 
molecular characterization. The patient data were kept confidential 
and analyzed anonymously.

2.5. Statistical Analysis

Data were collected and analyzed using IBM SPSS software ver-
sion 26 (IBM, Armonk, NY, USA). Descriptive statistics, includ-
ing frequency, percentage, mean, standard deviation, median, and 
Interquartile Range (IQR) were used. The Chi-squared test was 
applied to compare the categorical variables of influenza subtypes 
and other demographic and clinical data. Epidemiological week 
and year were used to show the influenza peaks and seasonal varia-
tions. The level of significance was determined at p < 0.05.

3. RESULTS

This study included a total of 1928 patients with laboratory- 
confirmed influenza infections over four seasons from October 2015  
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to 2019. The average number of laboratory-confirmed cases per 
season was 482 (range 459–504) (Figure 1).

Influenza peaks were observed in October each season, with 
variant predominant strains. Except for a high peak of the influ-
enza B subtype in March 2016, a mild peak also appeared during 
summer months (June and July) coincided with Umrah/Hajj 
season. Throughout the studied seasons, influenza virus subtypes  
co-circulate with no reports of co-infection (Figure 2).

Influenza A(H3N2) was reported in 42% of the cases, then influ-
enza B (30.7%) and influenza A(H1N1)pdm09 (27.3%). Half of  
the patients were females (51.0%), and their median age was 31. 
Most of the cases (50.2%) were reported among adult patients 
(19–60 years old). The majority of the cases were Saudi (93.2%), 
and healthcare workers represented 9.4% of the cases with no pre-
dominance of one subtype (Table 1).

The most common symptoms and signs were fever (65.4%), cough 
(61.2%) and sore throat (41.6%), and the most common comor-
bidities were diabetes mellitus (10.4%), cardiovascular (10.6%) and 
chronic respiratory illnesses (8.0%) (Table 2).

One-third of the influenza cases (30.4%) were admitted to the 
hospital with a median admission duration of 4 days. The median 
age of the admitted patients was 40.5 years (IQR = 6–66.2 years). 
Among the influenza A(H3N2) patients, 34.7% were admitted, 
compared to lesser proportions among patients with influenza 
A(H1N1)pdm09 and Influenza B (27.9% and 26.7%, respectively). 
More than 40% of influenza A(H1N1)pdm09 patients were admit-
ted for more than 5 days, compared to 37.3% among influenza B 
and 28.9% among influenza A(H3N2) patients. Pneumonia, as 
a complication of influenza, was observed in 1.8%, and deaths 
occurred in 1.1% of the cases. Almost similar proportions of pneu-
monia and mortality were observed among patients with different 
virus subtypes (Table 3).

Figure 3 depicts hospital admission per influenza season. Admission 
due to influenza B infection was almost similar from 2015–2016 
to 2018–2019 (range between 23% and 33.1%); however, a vari-
ation was observed in the admission proportions due to influ-
enza A(H3N2) (range between 38.7% and 60.9%) and influenza 
A(H1N1)pdm09 (range between 16.1% and 31.9%) (Figure 3).

The influenza B viruses were subtyped in 218 cases only. Victoria 
lineage was predominant (64.1%) in 2015 and 2016; however, 
Yamagata was predominant in the next two consecutive seasons 
(94.4% and 85.4%, respectively). Also, co-circulation of both B lin-
eages was observed throughout the seasons. No samples were stored 
for further analysis of influenza A/non-H1N1 and influenza B  
during the season 2018 and 2019 (Figure 4).

4. DISCUSSION

This study investigated seasonality, subtypes, lineages, and clinical 
pattern of a relatively large number of laboratory-confirmed influ-
enza cases among Saudi and non-Saudi population with eligibility 
for medical service at KAMC in western Saudi Arabia, over four 
consecutive seasons. It added more evidence on the continuous 
co-circulation of influenza viruses throughout the years and vac-
cine mismatch for the influenza B lineages [18–20].

During the study period, influenza A(H3N2) was the most frequent 
circulating subtype (42.0%), followed by influenza B (30.7%) and 
influenza A(H1N1)pdm09 (27.3%). This finding was different from 
a previous study from 15 countries in the Eastern Mediterranean 
Region of confirmed influenza among patients with suspected 
severe acute respiratory infection, where influenza A(H1N1)
pdm09 was the frequent circulating subtype (41.7%); however, 
influenza B infections were the second (28.7%) [18]. Another study 
in the Middle East and North Africa (MENA) region (16 coun-
tries) from April 2009 to December 2017 (no data was reported 
from Saudi Arabia), showed that influenza A(H1N1)pdm09 was 
the most frequently circulating subtype (50.8%) followed by influ-
enza B (17.2%) and influenza A(H3N2) (15.9%) [21]. These data 
should be interpreted, taking into consideration the inclusion of 
data during the 2009 influenza A(H1N1)pdm09 pandemic.

Concerning the predominant influenza subtype per season, influ-
enza A(H3N2) and influenza B were equally common in influenza 
season 2015 and 2016, influenza A(H3N2) was predominant in  
two influenza seasons (2016–2019), and during the season 2017 
and 2018, influenza B was the predominant subtype. These findings 
were different than those reported in the Eastern Mediterranean 
Region, where influenza B was the predominant circulating 

Figure 1 | Distribution of influenza A and B virus subtypes. *p < 0.05.
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Figure 2 | Seasonal pattern of influenza A and B subtypes.
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subtype in the influenza season 2016 and 2017, and influenza 
A(H1N1)pdm09 was predominant in influenza season 2017 and 
2018 [18,22]. Influenza A(H3N2) showed faster and more diverse 
antigenic drift than influenza A(H1N1)pdm09 [21]. This drift and 
the trend for more severe infection may be the reason for the pre-
dominance of influenza A(H3N2). Meanwhile, influenza B rep-
resented one-third of the cases in each season in this study. This 
observation was higher than the previously reported case, where 
nearly one-fourth of all cases were due to influenza B virus in the 
MENA region from 2011 to 2016 [23].

A primary high amplitude influenza peak was observed in October 
and November each year, earlier than most northern hemisphere 
countries in the region [19,21,23], and continued till March to April. 
However, a smaller secondary peak was found during March and 
April and/or June and July, which has also been reported by another 
study in the MENA region [23]. The secondary peak during June 
and July coincided with Umrah/Hajj season during the studied years, 
although these peaks and the most common influenza subtypes 
are usually unexpected [23]. For instance, a secondary high ampli-
tude peak due to the influenza B virus was observed during March 
and April in the season 2015 and 2016. Hajj represents the largest 
mass gathering event that occurs annually. Pilgrims visit the holy 
city of Makkah in the western region of Saudi Arabia throughout 
the year; however, number of pilgrims significantly increase during 
the Umrah season, and they reach the peak during the Hajj time, 
where almost 2 million pilgrims from over 180 countries gather over  
5–7 days [24]. Hajj time follows the lunar calendar, thus it circulates 
over different times of the Gregorian calendar. During the study 
period from 2015 to 2019, the Umrah peak season and Hajj were 
during the summertime (mostly from June to August). Pilgrims from 
the southern hemisphere are a potential source for spreading the 
influenza virus during their stay and travel from Makkah. According 

Table 1 | Demographic characteristics of patients with laboratory-
confirmed cases

Variables

Influenza subtypes

Total  
(n = 1928)

Influenza 
A(H3N2)  
(n = 810, 
42.0%)

Influenza 
A(H1N1) 

pdm09 (n = 526, 
27.3%)

Influenza B  
(n = 592, 
30.7%)

Gender
 Male 404 (49.9) 250 (47.5) 291 (49.2) 945 (49.0)
 Female 406 (50.1) 276 (52.5) 301 (50.8) 983 (51.0)
Age† (years)
 ≤5 167 (20.6)* 53 (10.1)* 105 (17.7)* 325 (16.9)
 6–18 104 (12.8) 37 (7.0) 125 (21.1) 266 (13.8)
 19–60 366 (45.2) 331 (62.9) 271 (45.8) 968 (50.2)
 >60 173 (21.4) 105 (20.0) 91 (15.4) 369 (19.1)
Nationality
 Saudi 755 (93.2) 485 (92.2) 557 (94.1) 1797 (93.2)
 Non-Saudi 55 (6.8) 41 (7.8) 35 (5.9) 131 (6.8)
Job category
  Health care 

worker
73 (9.0) 57 (10.8) 52 (8.8) 182 (9.4)

  Non-health 
care worker

737 (91.0) 469 (89.2) 540 (91.2) 1746 (90.6)

†Median age of all patients = 31 years, IQR = (11.0–55.0 years), median age of the  
admitted patients was 40.2 years (IQR = 6–66 years). *Significant association comparing 
each subtype to the others (p < 0.05). Column % was used to show distribution within 
each influenza subtype.

Table 2 | Clinical characteristics and co-morbidities among the laboratory-
confirmed cases

Clinical 
manifestations and 
co-morbidities

Influenza subtypes

Total  
(n = 1928)

Influenza 
A(H3N2)  
(n = 810, 
42.0%)

Influenza 
A(H1N1)

pdm09  
(n = 526, 
27.3%)

Influenza B  
(n = 592, 
30.7%)

Clinical symptoms and signs
 Fever 564 (69.6)* 281 (53.4)* 415 (70.1)* 1260 (65.4)
 Cough 520 (64.2)* 268 (51.0)* 391 (66.0)* 1179 (61.2)
 Sore throat 350 (43.2) 190 (36.1)* 263 (44.4) 803 (41.6)
 Runny nose 342 (42.2)* 158 (30.0)* 227 (38.3) 727 (37.7)
 Shortness of breath 177 (21.9) 110 (20.9) 113 (19.1) 400 (20.7)
 Body aches 144 (17.8) 109 (20.7) 110 (18.6) 363 (18.8)
 Headache 87 (10.7) 77 (14.6) 76 (12.8) 240 (12.4)
 Vomiting 74 (9.1) 44 (8.4) 62 (10.5) 180 (9.3)
 Sneezing 67 (8.3) 48 (9.1) 41 (6.9) 156 (8.1)
 Diarrhea 45 (5.6) 21 (4.0) 42 (7.1) 108 (5.6)
 Nausea 37 (4.6) 30 (5.7) 25 (4.2) 92 (4.8)
Comorbidities
 Diabetes mellitus 86 (10.6) 59 (11.2) 56 (9.5) 210 (10.4)
 Hypertension 94 (11.6) 57 (10.8) 54 (9.1) 205 (10.6)
  Chronic respiratory 

disease
79 (9.8)* 31 (5.9)* 45 (7.6) 155 (8.0)

  Chronic kidney 
disease

26 (3.2) 13 (2.5) 13 (2.2) 52 (2.7)

 Immunosuppression 32 (4.0) 12 (2.3) 24 (4.1) 68 (3.5)
*Significant association comparing each subtype to the others (p < 0.05). Column %  
was used to show distribution of the clinical symptoms and comorbidities within  
each subtype.

Table 3 | Hospital admission and outcomes among the studied cases

Variables

Influenza subtypes

Total
Influenza 
A(H3N2) 
(n = 810, 
42.0%)

Influenza 
A(H1N1)

pdm09  
(n = 526, 
27.3%)

Influenza B  
(n = 592, 
30.7%)

Hospital admission
 Yes  

(n = 586, 30.4%)
281 (34.7)* 147 (27.9) 158 (26.7)* 586 (30.4)

 No  
(n = 1342, 69.6%)

529 (65.3) 379 (72.1) 434 (73.3) 1342 (69.6)

Duration of admission (days)
 1–2 99 (35.2)* 41 (27.9) 41 (25.9) 181 (30.9)
 3–5 101 (35.9) 47 (32.0) 58 (36.7) 206 (35.2)
 6–7 35 (12.5) 16 (10.9) 18 (11.4) 69 (11.8)
 >7 46 (16.4) 43 (29.3) 41 (25.9) 130 (22.2)
Pneumonia as complication
 Yes 15 (1.9) 11 (2.1) 8 (1.4) 34 (1.8)
 No 795 (98.1) 515 (97.9) 584 (98.6) 1894 (98.2)
Outcome
 Discharge 802 (99.0) 518 (98.5) 586 (99.0) 1906 (98.9)
 Death 8 (1.0) 8 (1.5) 6 (1.0) 22 (1.1)
*Significant association comparing each subtype to the others (p < 0.05). Column % was 
used to show distribution of hospital admission and outcomes within each subtype.
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to this potential risk, the Saudi Ministry of Health requires all inter-
nal pilgrims (from inside the country), healthcare staff, security, and 
food services personnel to receive the southern hemisphere influenza 
vaccine. So, both the Southern Hemisphere (SH) and the Northern 
Hemisphere (NH) influenza vaccines are distributed in Saudi Arabia. 
Yet, the currently observed influenza seasonality pattern supports to 
start the annual influenza vaccination campaign in Saudi Arabia at 
an earlier time to reduce the number of cases that start to increase as 
early as October [25].

This study analyzed subsets of nasopharyngeal samples from three 
seasons (2015–2018). Both B/Victoria-lineage and B/Yamagata-
lineage were co-circulating. However, B/Victoria-lineage was 
predominant during influenza season 2015 and 2016, and B/
Yamagata-lineage was predominant in the seasons 2016–2018. 
Nasopharyngeal samples were stored for the season 2018 and  
2019. Data on influenza B sequences are very scarce from the 
region. A literature review of published influenza sequences in 
the Eastern Mediterranean Region since 2012 showed only 49 
influenza B sequences, compared to 1036 influenza A sequences 
[19]. The trivalent influenza vaccine, the only vaccine used in this 

region over consecutive seasons, contained B/Victoria-lineage with 
an increased probability of vaccine mismatch. Simultaneously, the  
current data did not show an increased admission during the sea-
sons with vaccine mismatch, which may be associated with the 
severity of the infections. Despite its relatively small sample size, 
this is the first study, to the best of our knowledge, to identify influ-
enza B lineages in Saudi Arabia. It provides the need for regular 
investigation of Influenza B lineages on yearly basis. By contrast, 
our findings highlight the need for a shift from the trivalent into 
quadrivalent influenza vaccine, especially in consideration of the 
difficulty of predicting the dominant influenza B lineage each 
season [6,23]. Cross-protection studies of trivalent vaccine con-
taining B/Victoria-lineage or B/Yamagata-lineage strain among 
middle-aged and elderly persons [26] or immunologically naïve 
children [27] did not show consistent findings.

Limitations of the current study included being a single-center 
experience and the relatively small number of influenza B posi-
tive samples analyzed for specific lineages. This also includes lack 
of sequence data on influenza A strains. This surveillance infor-
mation is essential in studying virus evolution and assessing the  

Figure 3 | Hospital admission distributed per influenza season.

Figure 4 | Influenza B lineages from 2015 to 2018.
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effectiveness of both influenza vaccines and neuraminidase inhib-
itors that are used for the treatment of influenza infections (e.g. 
Oseltamivir and Zanamivir). Potential for selection bias is possible 
related to the inclusion of patients with moderate to severe symptoms 
who require physician consultation, making the study findings lim-
ited to a similar population. Accordingly, a community-based influ-
enza surveillance program all year-round at the national level with 
a standard molecular detection assay for influenza viruses’ subtypes 
and lineages will provide in-depth information about the circulating 
influenza strains nationwide. This information will significantly con-
tribute to the influenza vaccine decision and preparation in collabo-
ration with the WHO. Another potential selection bias is related to 
the molecular subtype analysis of a subset of samples for influenza B  
lineages. However, the current findings may pave the way for further 
studies, especially with the lack of data on influenza B subtypes. The 
potential of selection bias in the current study makes it difficult to 
compare with other studies and more evidence is required to build 
up conclusions based on the current findings.

The similarity of the study sample with the general population 
and the longitudinal study over four-season period are considered 
among the study strengths.

In conclusion, few studies have been conducted in this region 
related to the influenza seasonality pattern and circulating influ-
enza viruses, especially the influenza B lineages. Yet, understanding 
the impact of climatic factors such as absolute humidity and tem-
perature and variations linked to Umrah and Hajj seasons requires 
further investigation. The current study monitored the activity of 
circulating influenza viruses in a tertiary care hospital in Jeddah city 
the main destination of the international pilgrims and the major-
ity of the local pilgrims from inside Saudi Arabia). Data showed 
the co-circulation of influenza virus subtypes throughout the study 
years. The burden due to influenza B needs to be monitored regu-
larly as it used to be underestimated compared to the influenza A 
virus. Besides, a quadrivalent influenza vaccine is recommended to 
reduce the burden of the disease associated with influenza B infec-
tions. The unique situation of Saudi Arabia related to the Hajj and 
Umrah is a trigger for continuous strengthened influenza surveil-
lance, which will impact the global surveillance and public health 
preparedness against influenza virus spread.
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