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ABSTRACT
Background: Healthcare Workers (HCWs) constitute a major group exposed to influenza. Researchers
herein try to determine the influenza vaccine effectiveness (VE). Influenza VE depends on the vaccinated
personal characteristics and the closeness of matching between the vaccine and the prevalent strains of
the virus. The aim of our research was to identify the 2018–2019 seasonal influenza VE in HCWs.
Methods: a record-based study was carried out using the test-negative design from October 2018 to
September 2019 to calculate the influenza VE. HCWs with influenza like illness (ILI) were screened to
detect the positive cases, and the vaccination status was determined based on vaccination database. VE
was assessed from the ratio of the odds of vaccination among positive cases to the odds of vaccination
among negative controls. Statistical analysis Multivariable logistic regression was used to estimate
adjusted VE
Results: a total of 556 HCWs presented with ILI, 65.6% were females, and 54.1% were nurses, 152 HCWs
(27.3%) had laboratory-confirmed influenza, shows two peaks in January and March 2019. VE for all
types was 35.0% and rose to 42.0% after adjustment for HCWs age, gender, nationality, and job position,
influenza A (H3N2) VE was 78.0%. H1N1 VE was 55.0% but no significant VE for type B was found.
Conclusion: Our VE estimates are in agreement with VE estimates published for that season. The use of
quadrivalent vaccine with two stains of influenza B is recommended.
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Introduction

Influenza disease is primarily caused by influenza A and
B viruses that spread mainly by airborne droplets. The infec-
tion is repeatable and may have serious consequences.1,2

Although vaccination may provide some protection, annual
revaccination is required.3 Each influenza season researchers
try to determine how well influenza vaccines work as a public
health intervention. Influenza vaccine effectiveness depends
on the personal characteristics of the vaccinated individual,
specifically age and health status, as well as the closeness of
matching between the vaccine and the prevalent strains of the
virus. There is good consensus that VE is also determined by
the infection history of an individual. Vaccination provides
40% to 60% protection during influenza seasons when the
vaccine matches the season strains.4

Influenza vaccines are produced at different times yearly;
in the beginning of March in the southern hemisphere and of
September in the northern hemisphere include influenza
A (H3N2) and influenza A (H1N1), in addition to a strain of
influenza B.5 For influenza vaccines to be maximally effective,
the vaccine viruses have to be antigenically matched to the
influenza viruses circulating in humans.6 The effectiveness of

influenza vaccine is regularly assessed by the US, Centers for
Disease Control and Prevention (CDC) during each season.

Health-Care Workers (HCWs) represent a varied mix of
professional and assisting staff. They constitute one of the
major groups exposed to airborne infections including
influenza,7 and as well could be a source for such
infections.8 Hence, they should be an important target of
influenza vaccination.9 However, despite the evidence of the
positive impacts of influenza vaccination of HCWs and its
cost-effectiveness,10 still the vaccination coverage of this
group is low.11

Prince Sultan Medical Military City (PSMMC) is a Saudi
military medical city, it is located in the Saudi capital, Riyadh
founded in December 1978 with a capacity of 1134 beds for
admission with 15903 staff of multiple nationalities (6375
physicians and nursing in addition to 9528 other HCWs).
The services are provided to outpatients and inpatients in 23
medical and surgical specialties, the most prominent of which
are cardiology, Oncology, Neurology, Urology and
Hematology and Bone Marrow Transplant Unit. The aim of
this study was to identify influenza VE in HCWs of the
PSMMC.
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Subjects and methods

Study design: This record-based study was carried out using
the test-negative design, a variant of the case-control design.
VE is estimated as (1-OR) x100%, where OR is the ratio of the
odds of vaccination in HCWs with confirmed Influenza status
(cases) with the odds of vaccination in those not confirmed as
influenza positive (controls). Setting: The study was carried
out at PSMMC in Riyadh. The Preventive Medicine Division
(PMD) seasonal influenza vaccination database was used in
addition to the clinical and laboratory data of HCWs attend-
ing the influenza and Contact Screening Clinic (FCSC)/or
Emergency Room (ER) with ILI during the study period.

Study sample: The study included all the HCWs who
attended the FCSC, or the ER in weekends, complaining of
ILI and who had nasopharyngeal swabbing for detection of
influenza-viral RNA by reverse transcriptase-polymerase
chain reaction (RT-PCR) during the period from
October 2018 up to September 2019.

The minimum sample size needed was 144 cases and 144
controls for the study based on an alpha error of 0.05, a power
of 0.8, a detectable odds ratio of 0.6, and a vaccine coverage
50% among the source population.

Test-positive HCWs (n = 152) were identified as cases,
while test-negative (n = 404) were identified as controls.
Cases of Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) were excluded. Also, all asymptomatic HCWs
contact to confirmed positive influenza cases, who were
screened for infection control purposes either positive or
negative results, were excluded from the study.

Data collection: The necessary data were obtained from the
PSMMC mainframe and PMD databases in the form of Excel
file covered the relevant clinical and laboratory information of
HCWs pertaining to vaccination status of participants
included the date of influenza shot to ensured that HCWs
developed protective antibodies and consider vaccinated and
immune 2 weeks after receiving the influenza vaccine and
nasopharyngeal swab results, in addition to basic personal
characteristics as age, gender, job position, nationality.

Ethical considerations: The study protocol was approved
by the PSMMC Ethics Review Board. The study was record-
based and any identifying information were replaced with
codes and the data were kept in secured files accessible only
to the research team.

Statistical analysis: influenza VE in HCWs is calculated by the
test-negative design as (1-OR) *100, and its 95% confidence
interval was calculated according to Orenstein et al. (1985).12

Analysis was carried out SPSS 21 software package. Descriptive
statistics included means and SDs for continues variables, and
frequencies and percentages for categorical ones. Chi-squared test
was used for comparisons of categorical variables, with calculation
of Odds Ratios (ORs) and their 95% confidence intervals. Logistic
regression “Entermethod”was used to calculate adjustedORs and
related VE for age, gender, nationality, and job with p=0.05.

Results

The study sample included 556 HCWs who attended to the
FCSC complaining of ILI, 191 males (34.4%) and 365 females

(65.6%), their mean age was = 34.3 years, SD = 7.86,
Minimum age = 21, Maximum age = 63 and age range = 42.
The professional job categories were nurses (54.1%), physi-
cians (16.5%), technicians (15.8%) and admin workers
(13.5%). The majority was Filipino (45.7%), Saudi (40.8%)
and other nationalities (13.5%) (Table 1). Out of 556 HCWs
who underwent nasopharyngeal PCR influenza screening
swabs between October 2018 and September 2019, more
than a half (58.3%) of these HCWs were vaccinated against
influenza at that time, and a total of 152 cases had laboratory-
confirmed influenza; influenza B (40.8%), influenza A H1N1
(38.2%) and influenza A H3N2 (21.1%)

There were two peaks in January and March 2019.
Meanwhile, no confirmed influenza cases were reported
from July to September 2019 (Figure 1).

There were no statistically significant relations between
confirmed influenza status and any of the HCWs’ personal
characteristics. Nonetheless, there is a trend toward more
positive cases among females (p = .099), and physicians in
comparison with administrative jobs (p = .065) (Table 1).
Results illustrated a statistical significant associations were
revealed between HCWs vaccination and confirmed influ-
enza status. This was noticed in type A (H3N2) (p < .001)
and H1N1 (p = .034), as well as all-type influenza
(p = .025).

In all these relations, higher vaccination coverage is shown
among influenza negative HCWs (Table 2).VE was 78.0%
(95% CI: 50.0–90.0%) for influenza A (H3N2), this VE was
sustained after adjustment for HCWs age, gender, nationality,
and job position. For all types, the VE was 35.0% and rose to
42.0% after adjustment. As regards influenza H1N1, the VE
was 55.0% and statistically significant only after adjustment.
Meanwhile, no significant VE could be revealed for type
B (Table 3).

In stratified analysis, there was a tendency of increasing VE
with increasing age until age group 40–49, and only in this age
group it was statistically significant (p = .021), with a VE 73.19
(95% CI: 14.43–91.60). The VE did not show statistically
significant differences by gender (Table 4).

Table 1. Relations between confirmed flu status and participants.’

Confirmed Flu status

Positive Negative

No. % No. %

Non vaccinated 75 32.3 157 67.7
Vaccinated 77 23.8 247 76.2
Age:
<30 57 27.1 153 72.9
30–39 66 28.4 166 71.6
40–49 18 24.3 56 75.7
50+ 11 27.5 29 72.5

Gender:
Female 108 29.6 257 70.4
Male 44 23.0 147 77.0

Job category:
Nurse 19 25.3 56 74.7
Physician 94 31.2 207 68.8
Technician 24 26.1 68 73.9
Administration 15 17.0 73 83.0

Nationality:
Filipino 78 30.7 176 69.3
Saudi 52 22.9 175 77.1
Other nationalities 22 29.3 53 70.7
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Discussion

Considering that the PSMMC recommends the annual man-
datory seasonal influenza vaccination of all their HCWs, the
study findings indicate a relatively low level of vaccination
coverage (66.2%). All HCWs are requested by regulations to
report to FCSC if they have ILI. As per PSMMC policy; the
management of HCWs with ILI, screening and investigating
the exposed HCWs to infectious diseases and the applica-
tion of the preventive measures is the responsibility of

FCSC. However, there is a good vaccine effectiveness for
type A (H3N2) influenza vaccine, a lower effectiveness was
observed regarding H1N1 type. Conversely, the vaccine has
no significant effectiveness against type B influenza. The
vaccination uptake in the current study is just above the
mid-range of reported rates worldwide, which varies
between <5% and >90%13 in a study of the related chal-
lenges and proposed solutions.

In the present study sample of HCWs, around one-fourth
had laboratory-confirmed influenza, with the highest peak
during the month of March. This percentage is very close to
that reported by14 in a study in the United States during the
2018–19 season. The percentage of laboratory specimens test-
ing positive for influenza virus ranged between 25.1% and
26.2%, compared to our rate of 27.3%. Moreover, these
authors, and in agreement with our finding, noticed that the
confirmed influenza cases peaked during the month of March.

Concerning the type of influenza, our results indicate
higher rates of type B and H1N1, while type A was the lowest.
The study findings differ than that reported by a study in the
United States15 that demonstrated that type B was the least
detected among 3254 patients with ILI symptoms.

According to the present study results, the overall influ-
enza VE for all types was 35.0%, and it increased to 42.0
after adjustment for age, gender, nationality, and job posi-
tion. The figure is close to but slightly lower than the VE
reported by Doyle et al. (2019)16 where the overall VE
turned to be 47% during the influenza season 2018–2019.
However, their study had a number of limitations including
being an interim report, in addition to influenza diagnosis
based on self-reporting in some of the study sites.
Nonetheless, their research design used is similar to the
one used in the current study. In this respect, Mameli et al.17

clarified that VE may vary by season and location, and is
influenced by a number of factors such as age and vaccina-
tion history. Moreover, the surprisingly low VE of the influ-
enza vaccines is often attributed to the lack of antigenic
matching between the vaccine and the virus strains.18

However, even in case of high matching, the influenza VE
was reported to be unexpectedly low.15

Figure 1. Monthly distribution of flu positive cases from November 2018 up through September 2019.

Table 2. Vaccine effectiveness.

Vaccination status

Yes No

Flu status No. % No. %
p-value
(X2)

Flu a:H3N2
Positive (cases) 8 25.0 24 75.0
Negative (control) 247 61.1 157 38.9 <0.001*

Flu B:
Positive (cases) 42 67.7 20 32.3
Negative (control) 247 61.1 157 38.9 0.32

Flu H1N1:
Positive (cases) 27 46.6 31 53.4
Negative (control) 247 61.1 157 38.9 0.034*

Total:
Positive (cases) 77 50.7 75 49.3
Negative (control) 247 61.1 157 38.9 0.025*

Table 3. Crude and adjusted OR and vaccine effectiveness.

Vaccine
OR

(95% CI)
% Vaccine

Effectiveness (95% CI)

Flu a: H3N
Unadjusted 0.22 (0.10–0.50) 78.0 (50.0–90.0)
Adjusted 0.24 (0.11–0.55) 76.0 (45.0–89.0)

Flu B:
Unadjusted 1.56 (0.90–2.77) −56.0 (−1.77–0.10)
Adjusted – –

Flu H1N1:
Unadjusted 0.59 (0.34–1.02) 41.0 (−2.0–66.0)
Adjusted 0.45 (0.25–0.79) 55.0 (21.0–75.0)

Total:
Unadjusted 0.65 (0.45–0.95) 35.0 (5.0–55.0)
Adjusted 0.58 (0.39–0.86) 42.0 (14.0–61.0)

Adjusted for age, gender, nationality, and job.
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Concerning the effect of age and gender, the current study did
not show any statistically significant differences in VE. However,
the stratified analysis by age revealed a trend of better VE with
increasing age with a statistical significance at the third age cate-
gory (40–49 years). Meanwhile, the low VE with lack of statistical
significance at the age group 50+ might be due to the very small
number in this age group. Nonetheless, a similar trend of VE with
age was reported by Flannery et al. 4 with a drop by age 50 years
and older.

The current study design is more efficient than cohort studies
in estimates influenza VE and it minimizes the confounding
effects in health-care seeking between vaccinated and unvacci-
natedHCWs. The study limitation arises from self-reported of the
ILI manifestations by HCWs and occasionally due to data limita-
tions. Also results could not be generalized to the population.

Conclusion and recommendations

The results reveal a suboptimal influenza vaccination uptake
among the HCWs in the study setting, but the vaccine effective-
ness is close to universal figures. More endeavors are needed to
boost influenza vaccination rates through integrative approaches
and early September campaigns considering the related challenges
that may underlie resistance or reluctance among HCWs. The use
of quadrivalent vaccine with two types of influenza B vaccine is
recommended to overcome the low response against influenza B.
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