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ABSTRACT

Introduction: Patients with respiratory co-morbidities are the primary
target group for influenza vaccination as chronic respiratory diseases
pose a serious risk for unvaccinated individuals during influenza season.
According to Centers for Disease Control and Prevention (CDC) guidelines,
serum antibody titer of > 40 is associated with “at least a 50% decrease
in risk of acquiring influenza infection”.

Methods: A prospective, longitudinal study was conducted in 345
patients with chronic respiratory diseases (April 2014-August 2015).
Serum samples were tested for antibody levels against influenza A and
B viruses using hemagglutination inhibition assay as per WHO protocol.
These patients were followed up for one year and nasopharyngeal
swab was collected from any patient who reported Influenza-like iliness
symptoms and subjected to real-time PCR for influenza viruses.

Results: The seroprotective rates against influenza A (HIN1) pdmQ9,
influenza A(H3N2), influenza B (Victoria and Yamagata) were 61%, 94%,
61%, 68% respectively. During the follow-up period of one year, 5 cases
of influenza A/H3N2 and 7 cases of influenza B infection were identified
while there were no cases of influenza A(H1IN1)pdmQ9 infection. One
case of influenza A/H3N2 infection was observed in an individual who
had protective titers against the same virus while all 7 cases of influenza
B infection occurred in people with non-protective titers against both
the strains of influenza B viruses.

Conclusion: Based on the findings of this study, it is proposed that in
patients with chronic respiratory diseases influenza vaccination may be
considered after more concrete information is obtained on correlates
of protection against influenza subtypes.
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Introduction

Acute respiratory infections are a leading cause of
hospitalization of patients with underlying chronic
respiratory conditions like Bronchial Asthma (BA), chronic
obstructive pulmonary disease (COPD) and cystic fibrosis;
elderly; pregnant women; children; and obese individuals.
Infection with influenza is an important cause of excess
mortality and morbidity in these high-risk groups and
may affect the progression of the disease.! According to
CDC, the individuals in high-risk groups are more likely
to develop severe disease following influenza infection
leading to complications that necessitate hospitalization
and sometimes death.?

Globally, influenza is currently caused by three viruses
namely influenza A (HIN1), influenza A (H3N2) and
influenza B, of these, influenza A virus has potential to cause
pandemics like the novel 2009 influenza A (H1IN1) pandemic.
WHO declared post-pandemic period in August 2010.
However, reports of sporadic influenza cases associated with
mortality are still being documented across the country.
The currently available influenza vaccine affords protection
against all the three influenza viruses and is recommended
as an annual vaccine in western countries for the high- risk
groups.’

In India, there is a lack of consensus regarding the need for
annual influenza vaccination for the patients with chronic
respiratory diseases for several reasons - one of them being
a lack of reliable local data on the risk of influenza infection
among these individuals to inform policy making.* As per
Association of Physicians of India (API) guidelines, the use
of influenza vaccine is not recommended in India due to the
absence of epidemiological surveillance data on different
serotypes in the country. Additionally, it clarifies that “there
is no evidence to recommend the use of influenza vaccine
in patients with chronic health conditions”.®

Serological data may provide useful information
about influenza burden and population immunity.®
Haemagglutination Inhibition (HI Hemagglutination
inhibition assay (HAI) is one of the simple and inexpensive
serological techniques for measuring influenza-specific
antibodies in the serum and this antibody titer has been
correlated with protective immunity in humans. Serum
antibody titer of greater than or equal to 40 is associated
with “at least a 50% decrease in risk of acquiring influenza
infection” according to CDC guidelines, MMWR, 2009.”
However, there is no local data to correlate the protective
status obtained in the HAI studies and episodes of influenza
infection in these patients.

Hence, the objective of this study was to measure the
seropositivity rates to influenza A and B viruses in the
patients with chronic respiratory diseases. Additionally,
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these patients were followed up for a period of one year
to determine the proportion of patients (with or without
seroprotective status) who contract influenza during the
subsequent influenza season in order to obtain data which
would indicate the need for routine annual vaccination in
this group.

Materials and Methods
Study Design
Patients with Chronic Respiratory Diseases

A prospective, longitudinal study was conducted from April
2014-August 2015. Sample size of 345 was derived with
frequency of outcome factor 33% & absolute precision of 5%
and Cl of 95% using OpenEpisoftware (version 3.03a).2 more
than half of patients with chronic obstructive pulmonary
disease (COPD Adults (aged 18 years or more) with chronic
respiratory diseases such as bronchial asthma (BA), COPD,
bronchiectasis attending the respiratory clinic, Department
of Medicine, JIPMER hospital for a period of 1 year and
above were included. Patients on immunosuppressive drugs
such as systemic corticosteroids were excluded (although
inhaled steroids were not a basis for exclusion). All the
requisite samples were collected between April and August
2014. Each of these patients was followed up for a year
with the follow-up period coming to an end in August
2015. The study was approved by the Institute Human
Ethics Committee.

Data and Specimen Collection

After obtaining written informed consent, patient
information was recorded. By applying the tourniquet, 3-5
mL blood was collected using a 5 mL syringe. The collected
blood was kept in a test tube at room temperature for 30-
40 minutes. Blood samples were centrifuged to separate
the serum component. Until further testing, these serum
samples were stored at -80°C.

Laboratory Procedures
Antigens

WHO control antigens used in HAI on serum of patients
with chronic respiratory diseases:

e Influenza A (HIN1) pdm09 Control Antigen (A/
California/ 07/2009 NYMC X-179A), BPL-Inactivated

e Influenza A(H3N2) Control Antigen (A/Victoria/361/2011
IVR-165), BPL-Inactivated

e Influenza B Control Antigen, Yamagata Lineage (B/
Wisconsin/1/2010 BX-41A), BPL-Inactivated

e Antigens-Influenza B virus--Influenza B Control Antigen,
Victoria Lineage (B/Brisbane/60/2008), BPL-Inactivated

Hemagglutination Titration and Hemagglutination
Inhibition Assay

Serum samples were treated using RDE (Vibrio cholerae
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neuraminidase) to remove the non-specific inhibitors.
RDE-treated samples were subjected to HA titration and
hemagglutination inhibition assay as per WHO protocol.

Influenza Real-time PCR

As the part of the secondary objective of seroepidemiology
study in patients with chronic respiratory diseases, during
the one-year follow-up period, a nasopharyngeal swab was
collected from any patient among the study population who
reported Influenza-like illness symptoms and subjected to
real-time PCR for influenza A and B viruses.

Statistical Analysis

Data obtained from the questionnaire were loaded into

Results

diseases were enrolled in this study between April 2014
and August 2015 (Figure 1). Patients’ characteristics are
given in Table 1. Among 345 patients, 328 (95%) had
bronchial asthma and 17 (5%) had COPD. The mean age
of the patients = 50.64 years and more than 60% were
females and about 50% of the patients were in age group
of 41-60 years. Three-fourths of the patients were from
the rural part of Puducherry (75%). Only 2% of the patients
had taken influenza vaccination in the previous years. Most
of the patients (77%) had no contact with known cases of
influenza.
Table |.Characteristics of Patients with Chronic
Respiratory Diseases

% of patients

Microsoft Excel 2007 and then exported to SPSS version (n=345)
. o
17 for analysis. Association of seropositive status with Characteristics | n (%)
occupation, gender, age, vaccination status, history of Type of illness
influenza infection was tested using chi-square test. BA 328 (95)
Association between protective titres and lab-confirmed COPD 17 (5)
influenza was tested by chi-square test. P-value of less than -
0.05 was considered to be significant. Age group (in years)
18-40 95 (28)
41-60 173 (50)
Total patients enrolled = 345 61-90 77 (22)
Gender
—[ Lost to follow-up = 18% (62) ]
Female 228 (66)
— Total patients followed-up =283 Male 117 (34)
Residence
—{ Patients who developed ILI = 148 Rural 260 (75)
Urban 85 (25)
—[ Patients consented for sample collection=52 I Domestic fuel used for cooking
—[ Total samples collected for influenza PCR = 58 6 patients had 2 episodes of IL1 ] LPG 143 (41)
Bio- fuel 99 (29
Figure |.Flowchart for Enrolment and Follow-up of 10-mass fue (29)
Patients with Chronic Respiratory Diseases Both 103 (30)
EInfluenza A/HIN1 mInfluenza A/H3N2 #Influenza B/Victoria M Influenza B/Yamagata Usage Of inhaled steroids
Yes 60 (17)
No 285 (83)
Influenza vaccination
Yes 7 (2)
No 338 (98)
Family history of chronic illness
0 0 80 160 2320 Yes 78 (23)
Antibody titers NO 267 (77)
Figure 2.Seropositivity to Influenza in Patients with Occupation
Chronic Respiratory Diseases
. . . . . . Farmers 87 (25)
Seroepidemiology in Patients with Chronic -
Respiratory Diseases Housewives 114 (33)
Daily labourers 76 (22)

Atotal of 345 consecutive patients with chronic respiratory
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Students 6(2) Duration of illness
Professionals 20 (6) 1-5 years 107 158 105 (63) | 107 (64)
Nil 42 (12) (167) (64) | (95)
Diabetes mellitus 16 (5) 6-20 years 95 (58) 152 98 (60) | 118 (72)
163 93
Hypertension 43 (12) (163) (93)
soth 2(2) >20 years (15) | 9 (60) | 14 (93) | 7 (47) 8 (53)
A
Smokers 42 (12) g¢ group
18-4
Patients with history of hospital 8-40 years 55(58) | 90 (95) | 62 (65) 68 (72)
. .. 106 (31) (95)
admission due to chronic illness
Patients with history of known (lab- 0 41-(6107y;<)aars (16152) (19631) 110 (64) | 112 (65)
confirmed) influenza infection
61-90 years
Table 2.Geometric Mean Titre and Seroprotection Rate (77) 44(57) | 73(95) | 38(49) | 53(69)
among Patients with Chronic Respiratory Diseases 3
Community
Patients with chronic respiratory diseases 156 244
Geometric mean titer Rural (260) (60) (94) 158 (61) | 177 (68)
A/California/07/2009 (H1N1) 39.04 Urban (85) |55(65)|80(94) | 52(61) | 56 (66)
A/Victoria/361/2011 (H3N2) 132.16 Gender
Influenza /Wisconsin/1/2010° 42.83
/ 1/ Female (228) | ** | 212 1 140 (61) | 150 (66)
Influenza /Brisbane/60/2008* 35.38 (63) (93)
Seroprotection rate (%) Male (117) |67 (57) (19162) 70(60) | 83 (71)
A/California/07/2009 (H1IN1) 61%
Influenza /Wisconsin/1/2010" 68% Diabetic/
Influenza /Brisbane/60/2008" 61% hype(r;‘;;‘s'on 42(63) | 64(96) | 37(55) | 37(55)
*Y, li #Vi ia li .
amagata lineage, #Victoria lineage Occupation
The seroprotective rates against pandemic influenza Housewives 70 (61) 105 71(62) | 70(61)
A(HIN1)pdmOQ9, influenza A (H3N2), influenza B/Victoria (114) (92)
and influenza B/Yamagata among patients with chronic Farmers (87) | 58 (67) | 84 (97) | 54 (62) | 61(70)
respiratory diseases were 61%, 94%, 61%, 68% respectively Usage of
(Table 2 & Figure 2). No association was found between the inhaled 38 (63) | 57 (95) | 39 (65) 40 (67)
antibody titres and type or duration of iliness, gender, age steroids (60)

groups, habit of smoking, diabetes mellitus/ hypertension,
residence (rural/ urban), occupation and use of inhaled
steroids (Table 3).
Table 3.Seropositivity to Influenza Antigens among
Patients with Chronic Respiratory Diseases

(n=345)
Seropositives, n (%)
Characteristics A A B B (Yama-
(HIN1) | (H3N2) | (Victoria) | gata)
Type of illness
BA (328) (26022) ?9‘13 202 (62) | 223 (68)
COPD (17) 9(53) | 15(88) | 8(47) 10 (59)
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*Chi-square - no significance observed between seropositive groups.
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Figure 3.Relationship between Serum Antibody Titers
and the Occurrence of Influenza A/H3N2 Infection in
Patients with Chronic Respiratory Diseases
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The bars indicates the number of patients with real-time
PCR-confirmed influenza A/H3N2 infection. Chi square p
value < 0.05, ODDs ratio for influenza A/H3N2 = 0.01 (95%
C1 0.0014-0.1242).
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Figure 4.Relationship between Serum Antibody
Titers and the Occurrence of Influenza B Infection in
Patients with Chronic Respiratory Diseases

The bar indicates the number of patients with real-time
PCR-confirmed influenza B infection. Chi-square p-value <
0.05, ODDs for Influenza B = 0.

The mean duration of follow-up months was 13.79 months
(95% Cl=13.65-13.94). The influenza virus detection using
real-time PCR identified 5 cases of influenza A/H3N2 and 7
cases of influenza B infection while there were no cases of
influenza A(H1IN1)pdmO09 infection reported in this study
population. One case of influenza A/H3N2 infection was
observed in anindividual who had protective titers against
the same virus while all 7 cases of influenza B infection
occurred in people with non-protective titers against both
the strains of influenza B viruses (influenza B/ Victoria
and influenza B/ Yamagata) (Figures 3 & 4). The influenza
infections caused by both influenza A/H3N2 and influenza
B in these 12 patients were mild.

Discussion

Patients with respiratory co-morbidities are the primary
target group for influenza vaccination in the developed
countries as chronic respiratory diseases pose a serious
risk for unvaccinated individuals during influenza season.®
Influenza is known to create severe complications
in patients with bronchial asthma and COPD.**2in
population-based studies it has been difficult to separate
the effects of influenzavirus from those of respiratory
syncytial virus. Respiratory syncytial virus often circulates
with influenzaviruses and is the most frequent cause
of hospitalization for lower respiratory tract infections
in infants and young children. We studied the rates of
hospitalization for acute respiratory-disease among
infants and children during periods when the circulation
of influenzaviruses predominated over the circulation of

respiratory syncytial virus. For each season from October to
May during the period from 1992 to 1997, we used local viral
surveillance data to define periods in Washington State and
northern California when the circulation of influenzaviruses
predominated over that of respiratory syncytial virus. We
calculated the rates of hospitalization for acute respiratory
disease, excess rates attributable to influenzavirus, and
incidence-rate ratios for all infants and children younger
than 18 years of age who were enrolled in either the
Kaiser Permanente Medical Care Program of Northern
California or the Group Health Cooperative of Puget Sound.
The rates of hospitalization for acute respiratory disease
among children who did not have conditions that put them
at high risk for complications of influenza (e.g., asthma,
cardiovascular diseases, or premature birth In 2007, Plans-
Rubié et al. reported > 30% increase in case fatality in COPD
patients during influenza A epidemics.® More than half
of patients with chronic obstructive pulmonary disease
(COPD Influenza is also known to cause severe asthma
exacerbations, particularly in adults.®® Influenza virus is
a particularly important pathogen due to its enormous
morbidity and mortality in annual epidemics. The swine-
origin influenza A virus, designated as A(HIN1).*

In this study, conducted between April 2014 and August
2015, the seropositivity rates against influenza viruses
among patients with chronic respiratory diseases were
>60%. A pilot study conducted by us among health care
workers in the same geographical region showed >80%
seropositivity rates against influenza viruses.® High
seropositivity rates were observed in both these studies;
however this finding can have two possible interpretations.
On the one hand, it may indicate that these patients may
be protected against subsequent influenza infection due to
the pre-existing protective antibody levels. On the contrary,
higher rates of serum antibodies against influenza viruses
also indicate that this group is repeatedly exposed to these
viruses suggesting a greater risk of acquiring the infection
in case of an outbreak. Reports exist in literature to support
both points of view.%’

About 31% of the patients with chronic respiratory diseases
had been admitted in previous years due to worsening
of the chronic illness; there was no association of serum
antibody titers against any of the influenza viruses (p-value
>0.2) and no one reported a history of known influenza
infection. This shows probable absence of severe influenza
infection, although mild/ subclinical infection might have
occurred in these patients. Only 2% of the patients with
chronic respiratory diseases had received influenza
vaccination and it underlines the fact that despite the
high recommendation, the vaccination rate remains low in
these high-risk patients.® The reasons behind low vaccine
coverage could be the following: First, the study patients
had not been affected by severe influenza infection so as
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to become aware of the influenza-related complications;
second, there is a dilemma among physicians regarding the
efficacy and safety of influenza vaccines to mandate this
vaccination in patients with chronic diseases. Third, since
these patients were mostly from rural regions (75%), with
below poverty line status, their access and willingness to
spend on an expensive annual influenza vaccine each year
may be limited.

Seropositivity rates to influenza viruses did not differ with
the type or duration of the chronic respiratory condition. In a
study from Spain, which assessed the risk factors associated
with influenza A(H1IN1)pdmOQ9 hospitalisation, the authors
found the manual workers and patients with COPD are
at increased risk of acquiring influenza complications.?®
However, in our study, no difference was found in the serum
antibody titers based on the type of chronic illness and
professional class. Occupational dust, chemicals and use
of solid fuels for cooking are considered as risk factors for
chronic lung diseases and biomass fuel exposure has been
associated with different respiratory disease particularly in
rural population.?® In our study, >50% of the patients in our
study used solid fuels for cooking, but the seropositivity
rates did not differ when with other patients. As systemic
steroids are known to restrain immune responses, including
antibody production, only patients on inhaled steroids were
included in the study; however, no difference was found
in the seropositivity levels among users and non-users of
the same.

Serum antibody titers against HA component of influenza
viruses has been demonstrated as a predictor of immune
protection against influenza infection.?! Determination
of the role of serum antibody levels in protection against
influenza in patients with chronic respiratory diseases was
complicated due to a small number of laboratory-confirmed
influenza cases during the study period. Due to an outbreak
of influenza A(HIN1)pdmQ9 in Puducherry during early
2015, influenza B and influenza A/H3N2 cases were low in
the general population and also in patients with chronic
respiratory diseases.?? There were 5 and 7 cases of influenza
A/H3N2 and influenza B infection respectively; all were mild.
One case of influenza A/H3N2 infection was observed in
an individual who had protective titers against the same
virus and 7 cases of influenza B infection in persons with
non-protective titers against both the strains of influenza
B viruses (influenza B/ Victoria and influenza B/ Yamagata).
Statistically, patients with protective titers against influenza
A(H3N2) and influenza B had low risk and no risk of acquiring
the respective infection respectively.

Although more than 30% of the patients with chronic
respiratory diseases were not protected against pandemic
influenza A(HIN1)pdmQ9 virus, during the follow-up of one
year, no influenza A(HIN1)pdmOQ9 cases were observed
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in the study population although there was an ongoing
outbreak in the general population.?? This is contradictory
to reports showing increased influenza A(HIN1) infection
in patients with lower serum antibody titers.? It is possible
that a few patients developed severe respiratory disease
caused by influenza and died without hospital care and
hence were lost to follow-up. Although we are yet to explore
it scientifically, the failure to report to the hospital with
the mild respiratory infection in these patients who suffer
from chronic respiratory illness for many years should be
considered.

The main limitation of this study is that there were only
few mild cases of influenza infections reported by patients
in the follow up of one year and it was not extended to
more years. However, this is one of the first prospective
Indian study which reported antibody titers and follow
up infection status of the all the three most common
influenza viruses, influenza A(HIN1)pdmO09, influenza A/
H3N2 and influenza B viruses among the patients with
chronic respiratory diseases. The correlations of yearly
analysis of antibody titers against influenza viruses with
infections at least in the high risk groups including patients
with chronic diseases, immunocompromised status, and
congenital disorders can be an effective data to decide on
the need of the influenza annual vaccination among these
high risk population.

Conclusion

Despite nearly 30% of the study population with chronic
diseases had non-protective serum antibody titers against
influenza A(H1N1)pdm09, none of the patients developed
the infection during the follow up period, however the
seroprotective rates correlated in case of influenza B
infection. The serum protective titers against influenza
subtypes were not linked to vaccination as only 2% of the
participants had taken prior annual influenza vaccination.
Hence it is proposed that in patients with chronic respiratory
diseases influenza vaccination may be considered after
a more concrete information is obtained on correlates
of protection against influenza using larger, community-
based studies.
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