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The conclusions of the paper by Lim et al., in this issue
of Eurosurveillance, assessing the relevance of a per-
tussis cocoon immunisation strategy in Ontario, are
somewhat disappointing [1]. The authors estimate the
number of persons that need to be vaccinated (NNV) in
order to prevent an infant pertussis hospitalisation or
death at 12,000 t0 63,000 and 1.1 million to 12.8 million,
respectively and conclude to the ‘inefficiency inherent
to this approach’. These high NNV seem little debat-
able - the analysis is well conducted. Furthermore, the
authors have explored in their sensitivity analysis vari-
ous assumptions and values that could have led them
to overestimate the NNV in the base-case analysis.
Their conclusions are robust and in line with a similar
study conducted in Quebec and British Columbia for the
years 2005 to 2009, which also concluded that ‘in the
context of low pertussis incidence, the parental cocoon
strategy is inefficient and resource intensive’ [2].

The idea behind the cocoon strategy is attractive in
principle. Available pertussis vaccines and vaccination
strategies do not allow the elimination of pertussis.
Even a combination of very high vaccination coverage
in infants, with additional boosters later in life, does
not induce sufficient herd immunity to prevent the cir-
culation of the bacteria in adults. This leaves us with
a persisting burden of the disease and the resulting
mortality is almost exclusively concentrated in the first
weeks or months of life. This is due to a combination
of two factors. Firstly, even though pertussis can be
severe at all ages, it is most severe in infants and may
lead to pulmonary and neurological complications and
death. Secondly, newborns remain susceptible to per-
tussis until they receive at least the first dose of a per-
tussis-containing vaccine, which in all European Union
Member States is given at two or three months of age.
In the absence of pertussis vaccines for use in the neo-
natal period, young infants can thus only be indirectly
protected. This can be achieved through vaccinating
those who are most likely to contaminate them. This
seems to make sense, given that very young infants
have limited social contacts and the potential main
contaminators are probably not too numerous and
easy to identify. Indeed, countries having embarked
on such a strategy mainly target household members
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for vaccination and such choice is supported by data.
A recent review has concluded that, when the source of
pertussis transmission to infants less than six months
old is identified, parents contribute with between 39%
and 57% and siblings with between 16% and 42% [3].

In this context, what conclusions can be inferred from
Lim’s results? The answer is not straightforward and
needs further consideration.

Lim et al. cautiously point out that their conclusions
stand for Ontario, which has a very low burden of
severe pertussis in infants, and may not be relevant
to contexts with different pertussis epidemiology. In
addition to this, one needs to keep in mind the cycli-
cal pattern of pertussis epidemiology. What is true for
a period of low incidence may not apply during peri-
ods of resurgence of the disease. In France, 10 infant
deaths were registered in 2000 and 2005, at the peak
of epidemic cycles, and in the United Kingdom, 14
infant deaths were registered during the 2012 pertus-
sis resurgence, making protection of young infants
worth considering [4-5].

In their paper, Lim et al. measure the relevance of the
immunisation strategy through the NNV. This metric
represents the ratio of newly vaccinated individuals to
cases prevented. It is defined as the reciprocal of the
product of the vaccine effectiveness by the attack rate
in the unvaccinated. Putting aside the imperfect effec-
tiveness of a vaccine, the NNV is a reflection of the
risk of the disease in the absence of vaccination. While
this approach is definitively very informative, it only
reflects the epidemiological benefit of the vaccination.
Vaccination decisions usually also consider the risk-
benefit balance and the cost-effectiveness ratio. If a
vaccine is perfectly tolerated, with no detrimental indi-
rect effect, the risk-benefit balance may be in favour
of vaccination, even with a high NNV. In adults primed
with pertussis whole-cell vaccines, the addition of an
acellular pertussis component does not modify the
safety profile of the Tetanus-Diphtheria (Td) boosters,
at least for the first doses [6]. If a vaccine is cheap and
adds only little to the costs of a programme, the cost-
effectiveness ratio may again be favourable even with
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a high NNV. Two Dutch studies have looked at the cost-
effectiveness ratio of a pertussis cocooning strategy
[7-8]. They come to conflicting conclusions in the base-
case analysis with cost-effectiveness ratios of 4,600
and 89,000 EUR, respectively, per quality-adjusted life
year (QALY) gained as compared to the Dutch (unoffi-
cial) cost-effectiveness threshold of 20,000 to 50,000
EUR/QALY gained [7]. The differences mainly reflect
diverse assumptions regarding the level of underre-
porting and duration of the disease. However, in the
sensitivity analysis of the least favourable study, the
combination of the most favourable assumptions of
the variables leads to a cost-effectiveness ratio of only
21,000 EUR/QALY gained. In contrast to these positive
results, an Italian study has, similarly to Lim et al.,
concluded that cocooning would be poorly efficient,
based on costs of over 100,000 EUR per hospitalisation
avoided [9].

In addition to considering costs, it is important to look
at feasibility and acceptability of vaccination strate-
gies. The pertussis cocooning immunisation requires
administering unneeded diphtheria and tetanus boost-
ers, as there is no monovalent pertussis vaccine availa-
ble to date. Moreover, it does not easily fit into existing
vaccination practices as it cannot rely on an already
implemented vaccination strategy targeting members
of a family. One would imagine that the acceptability
of household members for a vaccination aiming at pre-
venting risk of a severe disease for the young infant in
the happy context of a future or recent birth, should
be high. However, such an optimistic view remains to
be confirmed in real life. The recommendation of an
adult pertussis booster dose that relies on the simple
substitution of a pertussis-containing vaccine (Tdap)
at the occasion of a planned Td, as implemented in
Ontario and elsewhere, appears easier to implement
than the cocooning strategy. However, had solely the
NNV to prevent a hospitalisation or a death been used
to decide on this strategy, it would probably not have
been implemented. Hospitalisations and deaths due to
pertussisin adults are respectively very rare and almost
inexistent. At the same time, such a strategy can only
impact on severe cases in infants when the vaccine
is given by chance to an adult who is or will be in the
next years in regular close contact with an infant. Only
if regular boosters were proposed, could a significant
impact on infant pertussis be expected through herd
immunity. Still, the NNV to prevent a pertussis case in
adults is currently challenged by the likely shorter than
expected duration of protection conferred by boosters,
as suggested by recent data in adolescents [10-11].

There are nevertheless some new approaches that
give hope for improving the protection of the very
young such as the promising preliminary results of
the temporary maternal pertussis immunisation strat-
egy implemented in England since 2012 [12]. Pertussis
is the single ‘old’ vaccine-preventable disease that
resists vaccination and even mocks us with its resur-
gence observed in many places in the recent years,
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despite high vaccine coverage in children and booster
doses added in the immunisation schedules at differ-
ent ages. Even if adults will probably continue to suf-
fer from exhausting coughs due to pertussis for many
more years, we may soon have new vaccination strat-
egies at hand, namely maternal or neonatal vaccina-
tions, to eliminate infant pertussis deaths. These are of
course subject to the absence of any safety issue and
to high acceptability of the strategy and to the various
NNV. New calculations, new debates to come...
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The 2013/14 influenza season to date in Canada has
been characterised by predominant (90%) A(H1N1)
pdmog activity. Vaccine effectiveness (VE) was
assessed in January 2014 by Canada’s sentinel
surveillance network using a test-negative case-
control design. Interim adjusted-VE against medically-
attended laboratory-confirmed influenza A(H1N1)
pdmog infection was 74% (95% Cl: 58-83). Relative to
vaccine, A(HiN1)pdmog viruses were antigenically sim-
ilar and genetically well conserved, with most showing
just three mutations across the 50 amino acids com-
prising antigenic sites of the haemagglutinin protein.

Background

Since the 2009 pandemic, influenza A(H1iN1)pfdmog
viruses have comprised a small proportion (<20%) of
seasonalinfluenza virus detections each yearin Canada
[1]. However, A(HiN1)pdmog activity has recently
resurged in North America, comprising more than 90%
of detected influenza strains in both Canada and the
United States (US) to mid-January of the 2013/14 sea-
son [1,2]. This profile is in contrast to that of the same
period last season in Canada, when 90% of detected
strains instead belonged to the A(H3N2) subtype [3].

The 2013/14 trivalent influenza vaccine (TIV) for the
northern hemisphere retains the same A(HiN1)pdmog
(A/California/o7/2009-like)  strain  recommended
since 2009 by the World Health Organization (WHO)
[4]. In response to substantial A(HiN1)pdmog resur-
gence, interim 2013/14 vaccine effectiveness (VE) was
assessed in January 2014 using Canada’s sentinel
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surveillance network. VE estimates are discussed in
the context of antigenic and genetic characterisation of
circulating A(H1iN1)pdmog viruses.

Estimating influenza vaccine effectiveness
As previously described [3,5-12], a test-negative case-
control design was used to estimate VE. Patients pre-
senting with influenza-like illness (ILI) and testing
positive for influenza viruses were considered cases,
and those testing negative were considered controls.

Community-based practitioners at sentinel surveil-
lance sites across participating provinces (British
Columbia, Alberta, Manitoba, Ontario and Quebec)
may offer nasal or nasopharyngeal swabbing to any
patient presenting within seven days of symptom onset
of ILI, defined as acute onset of respiratory illness with
fever and cough and one or more of the following: sore
throat, arthralgia, myalgia or prostration.

The analysis period included specimens collected
from 1 November 2013 (week 44: 27 October 2013-2
November 2013) to 23 January 2014 (week 4: 19-25
January 2014), selected to account for influenza activ-
ity beginning in early November (Figure 1) and immu-
nisation campaigns typically commencing in October.
Epidemiological information was obtained from con-
senting patients or their parents/guardians using a
standard questionnaire at specimen collection. Ethics
review boards in participating provinces approved this
study.
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FIGURE 1

Laboratory detection of influenza by week and virus subtype, 2013/14 sentinel surveillance system, Canada, 29 September

2013-23 January 2014 (n=918)*
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Of 1,200 nasal or nasopharyngeal specimens collected between 29 September 2013 (week 40: 29 September-5 October 2013) and 23 January
2014 (week 4: 19-25 January 2014), we excluded from the epidemic curve specimens from the following patients: those failing to meet the
influenza-like illness (ILI) case definition or for whom it was unknown (n=50), those whose specimens were collected more than seven days
after symptom onset or for whom the interval was unknown (n=169), those whose age was unknown or less than one year (n=10), those with
unknown comorbidity status (n=80), and those for whom influenza test results were unavailable or indeterminate (n=10). Specimens were
included regardless of the patient’s vaccination status or timing of vaccination. Excluded specimens may have more than one exclusion
criterion that applies. Counts for each criterion will sum to more than the total number of specimens excluded. Missing collection dates
were imputed as the laboratory accession date minus two days, the average time period between collection date and laboratory accession

date for records with valid data for both fields.

2 Week 4 is based on partial week.

Specimens were tested for influenza A (by subtype)
and B viruses at provincial reference laboratories
using real-time RT-PCR. Odds ratios (OR) for medically-
attended, laboratory-confirmed influenza were esti-
mated by multivariable logistic regression. VE was
calculated as (1-OR)x100%. Patients for whom comor-
bidity status was unknown or for whom the timing
of vaccination was unknown or less than two weeks
before symptom onset were excluded from the primary
analysis but explored in sensitivity analyses. Age-
stratified analysis and a study period beginning from
week 49 (1—7 December 2013) to allow for additional
vaccine uptake were also explored.

Genetic characterisation of sentinel
influenza A(HIN1)pdmO09 viruses

The haemagglutinin (HA) genes (HA1/HA2) from a
convenience sample of sentinel influenza A(H1N1)
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pdmog viruses from original patient specimens were
sequenced for phylogenetic analysis and pair-wise
amino acid (aa) identity based on antigenic maps span-
ning the 50 aa residues across HA1 antigenic sites Sa,
Sb, Ca1, Ca2 and Cb [12,13]. Findings were expressed
as percentage identity to vaccine, calculated as (1—
(number of aa substitutions in antigenic sites)/(total
antigenic site aa residues))x100%. After removal of
the signal peptide (residues 1-17), the approximate
likelihood method was used to generate the phyloge-
netic tree of aligned nucleotide sequences in FastTree
[14], visualised in FigTree [15], including reference HA
sequences shown in Table 1.

Interim estimates of influenza

vaccine effectiveness

A total of 1,091 specimens were submitted between 1
November 2013 and 23 January 2014. After exclusion



TABLE 1A

Reference haemagglutinin sequences obtained from the EpiFlu database of the Global Initiative on Sharing Avian Influenza
Data (GISAID) and used in phylogenetic analysis, 2013/14 sentinel surveillance network, Canada

Segment ID Country Collection date Isolate name glggé'rr;igrnyg lsaubzn:;gpyg Authors
National
Era.smu:s Institute
EPI499574 | Netherlands | 2013-Oct-14 A/Netherlands/2248/2013 University of for Medical
Rotterdam Research
. National
CRR virus . Institute
EPl499572 France 2013-Dec-02 A/Lyon/2899/2013 Influenza region for Medical
Sud Research
Eaen;?tsment Centers for
EPI498900 | United States | 2013-Dec-16 A/Kansas/13/2013 of E{ealth and Disease Control
Envi and Prevention
nvironment
Marshfield Centers for
EP1498897 | United States | 2013-Dec-17 A/Wisconsin/35/2013 Clinic Research Disease Control
Foundation and Prevention
Georgia Centers for
EP1498865 | United States | 2013-Dec-01 A/Georgia/14/2013 Public Health Disease Control
Laboratory and Prevention
Yu Lan,Xiyan
Li,Xiang Zhao,Yanhui
A/Chongging-Yuzhong/ WHO Chinese WHO Chinese Cheng,minju
EP1498639 | China 2013-Nov-15 SWL116gg/2go1 8 National National Tan,Weijuan
7 3 Influenza Center | Influenza Center | Huang,Dayan
Wang,Dexin Li,Yuelong
Shu
Yu Lan,Xiyan
Li,Xiang Zhao,Yanhui
A/Jiangsu-Qinhuai/ WHO Chinese WHO Chinese Cheng,minju
EPl498543 | China 2013-Nov-21 SWL11g 6/201 National National Tan,Weijuan
39 3 Influenza Center | Influenza Center | Huang,Dayan
Wang,Dexin Li,Yuelong
Shu
National
. .. Instituto de Institute
EPI498415 | Spain 2013-Nov-14 A/Galicia/1484/2013 Salud Carlos Il for Medical
Research
Montana Centers for
EPI498294 | United States | 2013-Dec-09 A/Montana/15/2013 Public Health Disease Control
Laboratory and Prevention
Arkansas Centers for
EPI498277 | United States | 2013-Nov-04 A/Arkansas/20/2013 Department of Disease Control
Health and Prevention
B‘:'Z?fmitstte Centers for
EPl498274 | United States | 2013-Dec-03 A/Indiana/30/2013 of IF-I)ealth Disease Control
. and Prevention
Laboratories
. Delaware Public anters for
EPI498269 | United States | 2013-Dec-02 A/Delaware/15/2013 Health Lab Disease Control
and Prevention
Arkansas Centers for
EPI498230 | United States | 2013-Dec-02 A/Arkansas/23/2013 Department of Disease Control
Health and Prevention
Alaska State Centers for
EPI498214 | United States | 2013-Nov-22 A/Alaska/30/2013 Virologv Lab Disease Control
gy and Prevention
State of Idaho Centers for
EPI498208 | United States | 2013-Dec-01 A/ldaho/08/2013 Bureau of Disease Control
Laboratories and Prevention

ID: identification number; WHO: World Health Organization.

We acknowledge the authors, originating and submitting laboratories of the sequences from GISAID’s EpiFlu Database on which this research
is based. All submitters of data may be contacted directly via the GISAID website: www.gisaid.org.




TABLE 1B

Reference haemagglutinin sequences obtained from the EpiFlu database of the Global Initiative on Sharing Avian Influenza
Data (GISAID) and used in phylogenetic analysis, 2013/14 sentinel surveillance network, Canada

Segment ID

Country

Collection date

Isolate name

Originating
laboratory

Submitting
laboratory

Authors

Southern Nevada Centers for
EPI499324 | United States | 2013-Dec-09 A/Nevada/18/2013 Public Health Lab Disease Control
and Prevention
New York State Centers for
EP1498191 United States | 2013-Nov-18 A/Mississippi/29/2013 Department of Disease Control
Health and Prevention
Takashita,Emi;
Tokyo National Fujisaki,Seiichiro;
Metropolitan Institute of Itoh,Reiko; Miura,Mai;
EPI497986 | Japan 2013-Nov-28 | A/TOKY0/32432/2013 Institute of Infectious Ejima,Miho;
Public Health Diseases (NIID) Tashiro,Masato;
Odagiri,Takato
Takashita,Emi;
Tokyo National Fujisaki,Seiichiro;
Metropolitan Institute of Itoh,Reiko; Miura,Mai;
EPI497984 | Japan 2013-Nov-20 | A/TOKY0/32417/2013 Institute of Infectious Ejima,Miho;
Public Health Diseases (NIID) Tashiro,Masato;
Odagiri,Takato
Swedish
Institute for
EPl497756 | Sweden 2013-Dec-06 A/Gothenburg/s5/2013 Infectious
Disease Control
Ostfold Hospital Norwegian
EPI497694 | Norway 2013-Nov-28 A/Norway/3230/2013 bl;retdrcl)lFstad, Institute of E}Jﬂr&ﬂr?nr,]:SG;(\;Vaalen,
=pt. O Public Health ’ gnes,
Microbiology
Oslo University Norwegian
EPl497692 | Norway 2013-Dec-04 A/Norway/3234/2013 ngzngi' glele\t/a(l)f Institute of Eyﬂzﬂ:nr,]:SD;\oNaalen,
Ospital, Uept. Public Health ’ gnes,
Microbiology
Texas
EPI497634 | United States | 2013-Oct-22 A/Texas/42/2013 Services. Disease Control
and Prevention
Laboratory
Services
Maine Health and
Environmental Centers for
EPl492859 | United States | 2013-Nov-01 A/Maine/o1/2013 Testin Disease Control
g and Prevention
Laboratory
New York State Centers for
EPl492816 | United States | 2013-Oct-23 A/New York/09/2013 Department of Disease Control
Health and Prevention
Texas
EPl492782 | United States | 2013-Nov-18 A/Texas/36/2013 Services- Disease Control
and Prevention
Laboratory
Services
Wyoming Centers for
EPlI492779 | United States | 2013-Nov-21 A/Wyoming/09/2013 Public Health Disease Control
Laboratory and Prevention
Elg”;riment Centers for
EPI492861 | United States | 2013-Nov-06 A/Florida/61/2013 of IF-I’ealth- Disease Control
Jacksonville and Prevention
Arizona Centers for
EPl492856 | United States | 2013-Oct-30 A/Arizona/o6/2013 Department of Disease Control
Health Services and Prevention

ID: identification number; WHO: World Health Organization.

We acknowledge the authors, originating and submitting laboratories of the sequences from GISAID’s EpiFlu Database on which this research

is based. All submitters of data may be contacted directly via the GISAID website: www.gisaid.org.




TABLE 1C

Reference haemagglutinin sequences obtained from the EpiFlu database of the Global Initiative on Sharing Avian Influenza
Data (GISAID) and used in phylogenetic analysis, 2013/14 sentinel surveillance network Canada

Segment ID

Country

Collection date

Isolate name

Originating
laboratory

Submitting
laboratory

Authors

EP1492852

United States

2013-Nov-06

A/lowa/o7/2013

lowa State Hygienic

Centers for
Disease Control

Laboratory and Prevention
Scs)lsopili;llvfjrlfelztvyal Norwegian Dudman SG,
EPI492244 | Norway 2013-Nov-12 A/Norway/3073/2013 Hospital, Dept. of InstiFute of Waalen K, Hungnes
Microbiology Public Health 0
California Centers for
EP1489358 | United States | 2013-Oct-23 A/California/25/2013 Department of Disease Control
Health Services and Prevention
Mississippi Public | CEnters for
EP1489328 | United States | 2013-Oct-12 A/Mississippi/o9/2013 PP Disease Control
Health Laboratory .
and Prevention
Indiana State Centers for
EP1489322 | United States | 2013-Nov-04 A/Indiana/23/2013 Department of Disease Control
Health Laboratories | and Prevention
Colorado Centers for
EP1486613 | United States | 2013-Oct-25 A/Colorado/o4/2013 Department of Disease Control
Health Lab and Prevention
South Carolina Centers for
EPI486607 | United States | 2013-Oct-10 A/South Carolina/o4/2013 Department of Disease Control
Health and Prevention
North Dakota Centers for
EPI486601 | United States | 2013-Oct-15 A/North Dakota/o4/2013 Department of Disease Control
Health and Prevention
Deparimentof | Centers for
EPI486407 | United States | 2013-Oct-07 A/Maryland/08/2013 Heglth and Mental Disease Control
. and Prevention
Hygiene
Utah Department of Centers for
EPI486401 | United States | 2013-Oct-06 A/Utah/o9/2013 Health Disease Control
and Prevention
Arizona Department Centers for
EP1486389 | United States | 2013-Oct-10 A/Arizona/03/2013 of Health Services Disease Con.trol
and Prevention
Washington State Centers for
EP1486379 | United States | 2013-Oct-07 A/Washington/09/2013 Public Health Disease Control
Laboratory and Prevention
Pennsylvania Centers for
EPI485754 | United States | 2013-Oct-02 A/Pennsylvania/o7/2013 Department of Disease Control
Health and Prevention
Mississippi Public Centers for
EPI485751 United States | 2013-Oct-02 A/Mississippi/08/2013 Health Laborator Disease Control
y and Prevention
National
Hong Kong Mar Government Virus Institute
EPI326206 (SAR) 2011-Mar-29 A/Hong Kong/3934/2011 Unit for Medical
Research
Stgvanger Norwegian Dudman, SG;
Universitetssykehus, .
EP1468476 Norway 2013-May-03 A/Norway/2417/2013 Avd. for Medisinsk Institute of Waalen, K;
L ] Public Health Hungnes, O
Mikrobiologi
National
. . Health Protection Institute
EPI466545 | Estonia 2013-Mar-13 A/Estonia/76677/2013 Inspectorate for Medical
Research

ID: identification number; WHO: World Health Organization.
We acknowledge the authors, originating and submitting laboratories of the sequences from GISAID’s EpiFlu Database on which this research

is based. All submitters of data may be contacted directly via the GISAID website: www.gisaid.org.




TABLE 1D

Reference haemagglutinin sequences obtained from the EpiFlu database of the Global Initiative on Sharing Avian Influenza
Data (GISAID) and used in phylogenetic analysis, 2013/14 sentinel surveillance network, Canada

Segment ID Country Collection date Isolate name Originating laboratory lsaubbor:;[zrnyg Authors
Institute of National
. . Epidemiology and Institute
EPl417158 Ukraine 2012-Dec-02 A/Ukraine/523/2012 InF:‘Iectiolus Dgi\ée:ses for l:ngdical
AMS of Ukraine Research
United Centre for Infections, | Health
EPI407291 . 2012-0ct-29 A/Scotland/124660532/2012 | Health Protection Protection Ellis, J
Kingdom Agency Agency
Public Health Public Health
Hong Kong Laboratory Services Laboratory
EPI382424 2012-May-21 A/Hong Kong/5659/2012 Services Branch, | Mak,G.C.;Lo,).Y.C.
(SAR) Branch, Centre for Centre for Health
Health Protection .
Protection
Stavanger Norwegian Kilander, A.;Khider,
EPl417552 Norway 2012-Nov-26 A/Norway/2362/2012 ;J\c('j\./igsrlﬁtesdsi\éli(;;kus’ InstiFute of m:mﬂiﬁﬁ;
Mikrobiologi Public Health S.;Hungnes, O.
. . Centers for
United . South Carolina :
EPI406039 States 2012-0ct-22 A/South Carolina/19/2012 Department of Health ;):]sdegfgvté?]?i:gl
National
WHO National Institute
EPI466588 | Norway 2013-Mar-06 A/Norway/1675/2013 Influenza Centre for Medical
Research
Enouf, V; Briand,
EPI418082 | France 2012-Nov-29 A/Paris/1878/2012 Institut Pasteur Institut Pasteur (D_;;ereaan.séﬁ\éib?qn;
A;
Centers for
EPI454436 Kenya 2013-Feb-22 A/Kenya/104/2013 CDC-Kenya Disease Control
and Prevention
National
. . Institute
EPI331061 Ghana 2011-May-13 A/Ghana/763/2011 University of Ghana for Medical
Research
National
Russian WHO National Institute
EPI319590 | £oderation 2011-Feb-28 A/Astrakhan/1/2011 Influenza Centre for Medical
Research
WHO
Collaborating Deng,Y-M;
New Canterbury Health Centre for lannello, P;
EPI278607 2010-Jul-12 A/Christchurch/16/2010 : Caldwell,N;
Zealand Services Reference and Leane.S-K:
Research on 8,>-1%
Komadina,N
Influenza
National
Czech . National Institute of Institute
EPI319447 Republic 2011-Jan-18 A/Czech Republic/32/2011 Public Health for Medical
Research
United Centers for
EPI239901 2009-Apr-09 A/California/oz/2009 X-181 Disease Control
States and Prevention
United Centers for
EPl257201 s 2009-May-01 A/California/o7/2009 X-179A Disease Control
tates and Prevention
United Centers for
EPl176470 States 2009-Apr-o1 A/California/o4/2009 Disease Control

and Prevention

ID: identification number; WHO: World Health Organization.

We acknowledge the authors, originating and submitting laboratories of the sequences from GISAID’s EpiFlu Database on which this research
is based. All submitters of data may be contacted directly via the GISAID website: www.gisaid.org.



criteria were applied (Figure 2), 792 specimens were
included in the primary analysis.

As in previous seasons, adults 20-49 years old con-
tributed the largest proportion of specimens (50%)
(Table 2) [3,6-12]. However, compared with the 2012/13
mid-season publication [3], a greater proportion of
cases in 2013/14 were adults aged 20-49 years (53%
versus 42%; p<0.01) or 50—64 years (22% versus 17%;
p=0.13) (p<0.01 combined); proportions were more
comparable among controls (48% versus 43%; p=0.17
and 20% versus 21%; p=0.86, respectively) (Table 2).
Conversely, individuals younger than 20 years (21%
versus 32%; p<o.01) and those 65 years and older (4%
versus 9%; p<0.01) comprised a smaller proportion of
cases compared with 2012/13 (Table 2) [3]. Adults aged
20-49 years and 50-64 years also comprised a greater
proportion of cases in 2013/14 compared with the 2009
monovalent influenza A(HiN1)pdmog VE analysis (53%
versus 46%; p=0.14 and 22% versus 10%; p<0.01,
respectively) [10].

Of the 792 specimens tested to date and included in
primary VE analysis, 325 (41%) were positive for influ-
enza, and 287 of 318 typed/subtyped viruses (90%)
were A(HiN1)pdmog (Table 3; Figure 1). Overall, 155 of
487 controls (32%) and 41 of 332 cases (12%) reported
receipt of 2013/14 TIV (p<o0.01). After applying exclu-
sions related to immunisation timing, 29% of con-
trols and 10% of cases were considered immunised
(p¢0.01) (Table 2). The proportion of controls reporting
TIV receipt in 2013/14 and earlier seasons was com-
parable to that reported in previous VE analyses and
other community-based surveys in Canada (ca 30%)
[3,7-9,11,12,16]. Proportions comparable to previous
community surveys were also observed in 2013/14 for
receipt of the 2009 monovalent A(HiN1)pdmog vac-
cine (43% versus 41%) [17]. The proportion of partici-
pants with co-morbidity was comparable to previous
Canadian estimates (15-20%) [3,6-12,18] (Table 2).

The majority of participants immunised in 2013/14 also
reported prior immunisation: 30 of 31 cases (97%) and
103 of 119 controls (87%) were immunised in 2012/13
(p=0.11); 26 of 29 cases (90%) and 89 of 116 controls
(77%) were immunised in both 2012/13 and 2011/12
(p=0.12); and 21 of 26 cases (81%) and 83 of 108 con-
trols (77%) received the 2009 monovalent A(H1iN1)
pdmog vaccine (p=0.67).

The adjusted VE estimate for any influenza, driven
predominately by A(HiN1)pdmog, was 71% (95% Cl:
54-81), and for A(HiN1)pdmog alone was 74% (95% Cl:
58-83) (Table 4). In sensitivity analyses, VE estimates
remained within 1-7% of primary analysis.

Virus characterisation

All A(HiN1)pdmog isolates from Canada this sea-
son through week 4 (n=473, including 84 sentinel
submissions) were identified by haemagglutination
inhibition (HI) assay as antigenically similar to the
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FIGURE 2

Specimen exclusion, interim 2013/14 influenza vaccine
effectiveness evaluation, Canada, 1 November 2013-23
January 2014 (n=1,091)

Specimens collected between 1 Nov 2013 and 23 Jan 2014

N=1,091

Excluded records (N=299)*

- ILI case definition not met or unknown (n=45)

- Specimen collection date »7 days since ILI onset or ILI onset
date unknown (n=156)

- Vaccination <2 weeks before symptom onset or vaccination
timing unknown (n=39)

- Vaccination status unknown (n=24)

- Age unknown or age <1 year (n=10)

- Co-morbidity status unknown (n=74)

- PCRresults indeterminate (n=9)

Specimens collected between 1 Nov 2013 and 23 Jan 2014 with data for
primary analysis of vaccine effectiveness

N=792
Cases Controls
N=325 N=467

ILI: influenza-like illness.

@ Excluded specimens may have more than one exclusion criterion
that applies. Counts for each criterion will sum to more than the
total number of specimens excluded. Missing collection dates
were imputed as the laboratory accession date minus two days,
the average time period between collection date and laboratory
accession date for records with valid data for both fields.

A/California/o7/2009 reference virus [1]. Only two
A(HiN1)pdmog isolates and none of the tested senti-
nel viruses, showed eightfold or higher reduction in
HI titres against the reference strain, signalling spo-
radic antigenic change in only a very small proportion
(¢<0.5%) [1,19].

HA1/HA2 sequences of a subset of 76 of 287 (26%)
sentinel A(HiN1)pdmog viruses were also assessed,
including four collected in November, 45 in December
and 27 in January (Figure 3; Table 5). All 76 sequences
clustered within the European Centre for Disease
Prevention and Control (ECDC)-described clade 6B
(Figure 3) [20], representing a switch from clade 6C
viruses that predominated among A(HiN1)pdmog
viruses during the 2012/13 season, albeit at substan-
tially lower levels than A(H3N2) viruses [21].

Figure 3. Phylogenetic tree of influenza A(H1N1)

pdmog viruses, 2013/14 sentinel surveillance network,
Canada, 1 November 2013-23 January 2014 (n=76)

www.eurosurveillance.org



TABLE 2

Profile of participants included in primary analysis, interim 2013/14 influenza vaccine effectiveness evaluation, Canada, 1
November 2013-23 January 2014 (n=792)

Test-positive: cases Test-negative: controls

Characteristics (n=325) (n=467) p value?
n (%) n (%)
Age group in years <0.01

1-8 39 (12) 44 (9) 83 (10)

9-19 30 (9) 50 (11) 80 (10)

20-49 172 (53) 224 (48) 396 (50)

50-64 71 (22) 95 (20) 166 (21)

265 13 (4) 54 (12) 67 (8)

Median age in years (range) 37 (1-81) 38 (1-93) 37 (1-93) 0.09
Female sex® 197 (61) 296 (64) 493 (63) 0.39
Co-morbidity® 0.09

No 263 (81) 354 (76) 617 (78)

Yes 62 (19) 113 (24) 175 (22)

Received 2013/14 TIVéefe
22 weeks before symptom onset 34 (10) 135 (29) 169 (21) <0.01
Among those
without co-morbidity 19 (7) 84 (24) 103 (17) <0.01
with co-morbidity 15 (24) 51 (45) 66 (38) <0.01

Among those

aged 1-8 years 3(8) 7 (16) 10 (12) 0.32

aged 9-19 years o (o) 8 (16) 8 (10) 0.02

aged 20-49 years 16 (9) 58 (26) 74 (19) <0.01

aged 50-64 years 10 (14) 34 (36) 44 (27) <0.01

aged 265 years 5 (38) 28 (52) 33 (49) 0.39
Received prior influenza vaccine

2012/13 TIVP 60/302 (20) 165/425 (39) 225/727 (31) <0.01

2011/12 TIV 60/284 (21) 159/41¢4 (38) 219/698 (31) <0.01

2009 A(H1iN1)pdmog vaccinel 91/265 (34) 156/366 (43) 247/631 (39) 0.04
Collection interval (days) <0.01

<4 264 (81) 329 (70) 593 (75)

5-7 61 (19) 138 (30) 199 (25)

Median interval in days (range) 3 (0-7) 3 (0-7) 3 (0-7) 0.04

TIV: trivalent inactivated vaccine.

2 Differences between cases and controls were compared using the chi-squared test, Fisher’s Exact test, or Wilcoxon rank-sum test.

b Patient’s sex was missing for four specimens.

¢ Chronic co-morbidities that place individuals at higher risk of serious complications from influenza as defined by Canada’s National
Advisory Committee on Immunization (NACI) [43], including heart, pulmonary (including asthma), renal, metabolic (such as diabetes),

blood, cancer, immune comprising conditions or those that compromise the management of respiratory secretions and increase the risk of
aspiration, or morbid obesity. Questionnaire was answered as ‘yes,’ ‘no,” or ‘unknown’ to any of these conditions without specifying.

¢ Vaccination status was based on self/parent/guardian report. Detail related to special paediatric dosing requirements was not sought.

¢ Immunised participants were predominantly offered split (non-adjuvanted) 2013/14 trivalent inactivated influenza vaccine during the
regular autumn immunisation campaign. In British Columbia and Quebec, influenza vaccine is provided free of charge to high-risk groups
[43]. Others are encouraged to receive vaccine but must purchase it. In Ontario, Alberta and Manitoba, the vaccine is provided free of
charge to all residents aged six months or older.

f In Canada, live-attenuated vaccine for nasal administration is approved for those aged two to 59 years [43] but its use remains infrequent.
For the 2013/14 season (as of 23 January 2014), of 169 participants reporting vaccine receipt at least two weeks before symptom onset in
this study, 149 reported this was given through muscular injection and five through nasal spray (of whom four were individuals younger
than 20 years); route of administration was unspecified for 15 participants.

& In Canada, MF59-adjuvanted vaccine is approved for people aged 65 years and older [43]. For the 2013/14 season (as of 23 January 2014), of
the 33 people aged 65 years and older who were immunised at least 2 weeks before symptom onset in this study, eight reported they had
received the adjuvanted vaccine and 13 did not know, while 12 received the non-adjuvanted formulation.

" Participants with unknown 2012/13 vaccine receipt and children younger than two years in 2013/14 were excluded from 2012/13 vaccine
uptake analysis. Children younger than two years may not have been eligible for vaccination during the fall 2012/13 immunisation campaign
on the basis of age under six months.

i Participants with unknown 2011/12 vaccine receipt and children younger than three years in 2013/14 were excluded from 2011/12 vaccine
uptake analysis. Children younger than three years may not have been eligible for vaccination during the fall 2011/12 immunisation
campaign on the basis of age under six months.

I Participants with unknown 2009 vaccine receipt and children younger than five years in 2013/14 were excluded from monovalent
A(H1N1)pdmog vaccine uptake analysis. Children younger than five years may not have been eligible for vaccination during the fall 2009
immunisation campaign on the basis of age under six months. More than 95% of the monovalent A(HiN1)pdmog vaccine administered in
Canada during the 2009 campaign was ASo3-adjuvanted product [10].
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TABLE 3

Laboratory profile of specimens included in primary analysis, interim 2013/14 influenza vaccine effectiveness evaluation,

Canada, 1 November 2013-23 January 2014 (n=792)

Alberta (n=256) British Columbia

Specimen included (n=149)
n (%) n (%)

Manitoba

(n=38) Ontario (h=187) Quebec (n=162) Total (h=792)

n (%) n (%) n (%) n (%)

Influenza-negative 166 (65) 95 (64) 25 (66) 113 (60) 68 (42) 467 (59)
Influenza-positive 90 (35) 54 (36) 13 (34) 74 (40) 94 (58) 325 (42)
A-positive 89 (99) 53 (98) 12 (92) 73 (99) 73 (78) 300 (92)
B-positive 1(1) 1(2) 1(8) 1 (1) 21 (22) 25 (8)

Influenza A-positive

(HiNypdmog 88 (99) 48 (91) 9 (75) 69 (95) 73 (100) 287 (96)
H3N2 1 (1) 4 (8) o (o) 1 (1) o (0) 6(2)
Subtype unknown o (o) 1(2) 3 (25) 3 (4) o (0) 7 (2

Two egg-adapted A/California/o7/2009 seed strains,
NYMC X-179A and X-181, have been available to man-
ufacturers for vaccine production since 2009, both
identical in their antigenic site aa sequence to the
WHO-recommended A/California/o7/2009 reference
strain (with a single substitution in a non-antigenic
site (N129D) in X-181). Of the publicly supplied TIV in
Canada, 70% was derived from X-179A and 30% from
X-181. Sentinel viruses shared 90%-94% aa identity
with the vaccine across antigenic sites, the majority
showing 94% identity with the vaccine. All 76 sentinel
sequences had the same three antigenic site muta-
tions: K163Q (site Sa), a clade 6B marker, as well as
51857 (site Sh) and S203T (site Ca1), both of which were
also identified among dominant circulating A(H1N1)
pdmog viruses of the past two seasons [12,21]. Five of
76 sequences bore a fourth aa substitution unique to
each virus, and one Quebec sequence bore five sub-
stitutions (Table 5). Other than S18sT, present in all
76 sequences, A186T, present in the single Quebec
sequence, and possibly N156K and Sis7L [22], each
present in a single and different Alberta sequence,
none of the other substitutions were located within or
adjacent to the receptor-binding site. With the excep-
tion of the single Quebec sequence, antigenic site
mutations R205K, A141T, and A186T, which are located
close to the receptor-binding site [22-25] and which
occurred in 37%, 30% and 14%, respectively, of senti-
nel sequences during the 2012/13 season [21], were not
evident in 2013/14.

Discussion

To date, the 2013/14 influenza season in North America
has been characterised by substantial A(HiN1)pdmog
activity. This dramatic resurgence after only low-level
circulation in the years since the 2009 pandemic has
raised questions about possible virus evolution (i.e.
antigenic drift) and reduced VE (i.e. vaccine failure).
Our interim 2013/14 virological and VE analysis pro-
vides timely reassurance against both of these con-
cerns. We show that circulating A(H1N1)pdmog viruses

12

are well-conserved based on genotypic and pheno-
typic characterisation, and that vaccine protection is
substantial, reducing the risk of medically-attended
laboratory-confirmed A(HiN1)pdmog illness by about
three quarters.

Our point estimate of ca 75% VE for the 2013/14 non-
adjuvanted TIV against influenza A(HiN1)pdmog is
comparable, if not exceeding, 2009 estimates for non-
adjuvanted formulations of the monovalent pandemic
vaccine used in the US (ca 60%) [26,27], albeit lower
than the 93% VE estimated by our sentinel system for
the 2009 ASo3-adjuvanted pandemic vaccine used
in Canada [10]. The 2013/14 mid-season VE estimate
against influenza A(HiN1)pdmog of ca 75% is in the
upper range of recent seasons’ VE estimates for non-
adjuvanted TIV against A(HiN1)pdmog reported since
2010 from Canada [11,12,21], Europe [28-32] and the
US [33-35], which span ca 60-80%. With several times
more influenza A(HiN1)pdmog cases already contrib-
uting thus far in 2013/14 than in previous seasons in
Canada, we are likely to converge upon a more stable
and accurate estimate of TIV protection against A(H1N1)
pdmog infection this season.

Although a switch from clade 6C to clade 6B* occurred
between the 2012/13 and 2013/14 seasons [21], A(H1N1)
pdmo9 viruses remain genetically and antigenically
similar to the A/California/o7/2009 vaccine strain, a
somewhat surprising finding given that this virus has
circulated globally since 2009. Historically, however,
HiN1 compared with H3N2 subtype viruses generally
have shown a slower pace of HA antigenic change,
judging at least by the recommended updates to vac-
cine composition made by the WHO between 1990/91
and 2008/09 (five HiN1 versus 11 H3N2 vaccine
strain switches), with two HiN1 (but no H3N2) strains
retained as TIV components for at least seven consecu-
tive years during that period [4,36]. Genetic conserva-
tion of A(HiN1)pdmog viruses may also be surprising
in the context of population-level immune pressure. A

www.eurosurveillance.org



TABLE 4

Interim 2013/14 influenza vaccine effectiveness evaluation, influenza A(HIN1)pdmo09 and influenza (any), Canada, 1

November 2013-23 January 2014 (n=792)

Analysis scenarios

A(H1N1)pdmog?

VE
(95% CI)

Number
Total
(Cases; Vac)
[Controls; Vac]

Influenza (any)

VE
(95% CI)

Number
Total
(Cases; Vac)
[Controls; Vac]

Primary analysis®
Crude (unadjusted) 73 (59-83) 71 (57-81)
Age (1-8, 9-19, 20-49, 50-64, 265 years) 71 (55-82) 69 (53-80)
Comorbidity (yes/no 8-8 1(56-81
y (yes/no) 73 (58-83) 254 71 (56-81) 192
Province (AB, BC, MB, ON, QC) 72 (56-82) (287; 28) 68 (52-79) (3255 34)
Specimen collection interval (s4/5-7 days) 73 (58-82) [467; 135] 71 (56-80) [467; 135]
Week of illness onset 76 (62-85) 74 (61-83)
Age, comorbidity, province, interval, week 74 (58-83) 71 (54-81)
Sensitivity analysis©
Restricted to specimens collected from 1 Dec 2013 to 23 Jan 2014 (week 49, 2013 to week 4, 2014)
Crude 78 (65-86) 639 76 (63-84) 674
(279; 28) (3145 34)
Adjusted 76 (60-85) [360; 120] 73 (57-83) [360; 120]
Vaccination defined without regard to vaccination timing (i.e. any immunisation)
Crude 72 (58-81) 780 70 (56-79) 819
: (293; 34) (3325 41)
Adjusted 71 (56-81) [487; 155] 68 (52-79) [487; 155]
Restricted to patients with no comorbidities
Crude 79 (63-89) 8 75 (58-85) 617
(2353.71 ) (2635 19)
Adjusted? 81 (64-90) [354; 84] 76 (58-86) [354; 84]
Restricted to participants with specimen collection interval <4 days
Unadjusted 75 (58-85) 66 74 (58-84) 593
(2357. 21) (264; 24)
Adjusteds 76 (58-86) [329; 92] 74 (57-85) [329; 92]
Restricted to participants aged 20—49 years
Unadjusted 74 (50-86) 378 71 47-84) A
(154; 13) .
Adjusted’ 75 (51-88) [224; 58] 71 (46-85) [224; 58]
Restricted to participants aged 50-64 years
Unadjusted 73 (36-89) 156 71 (35-87) 166
(61: 8) (715 10)
Adjusted" 80 (49-92) [95; 34] 77 (45-90) [95; 34]
Restricted to participants aged 20-64 years
Unadjusted 73 (56-84) 70 (53-82) 562
(21553.421) (243; 26)
Adjusted 76 (59-86) [319; 92] 73 (55-84) [319; 92]

AB: Alberta; BC: British Columbia; Cl: confidence interval; MB: Manitoba; ON: Ontario; QC: Quebec; Vac: vaccinated, i.e. number of (cases) or
[controls] vaccinated; VE: vaccine effectiveness.

2 Those with influenza A of H3N2 or unknown subtype or with influenza B were excluded from the A(HiN1)pdmog analysis.

® For primary analysis, those with unknown comorbidity and those immunised less than two weeks before symptom onset or with unknown
interval between immunisation and symptom onset were excluded but explored in sensitivity analysis as shown.

¢ Adjusted for age, comorbidity, province, specimen collection interval, and week of illness onset, unless otherwise specified.
4 Adjusted for age, province, specimen collection interval, and week of illness onset.

¢ Adjusted for age, comorbidity, province, and week of illness onset.

f Adjusted for comorbidity, province, specimen collection interval, and week of illness onset.
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FIGURE 3

Phylogenetic tree of influenza A(HIN1)pdmO09 viruses, 2013/14 sentinel surveillance network, Canada, 1 November 2013-23

January 2014 (n=76)
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The phylogenetic tree was created by aligning the 76 Canadian sentinel sequences (colour-coded green for British Columbia, blue for Alberta,
purple for Ontario and red for Quebec) against sequences representative of emerging viral clades as described by the European Centre for

Disease Prevention and Control (ECDC) [20] (n=9), a random selection of A(H1N1)pdmog sequences collected globally between 1 October 2013
and 21 January 2014 and obtained from the Global Initiative on Sharing Avian Influenza Data (GISAID) (n=43), and recent vaccine reference and

egg-adapted seed strains (n=3).
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TABLE 5

Amino acid changes in the haemagglutinin (HA1) genes (antigenic regions)® of a subset of 2013/14 Canadian sentinel
influenza A(HIN1)pdmO09 strains relative to vaccine reference strains®, Canada, 1 November 2013-23 January 2014 (n=76)

Antigenic site Cb Sa Ca1 Sb Ca1
Amino acid number HA1 71 156 157 162 163 168 185 186 203
A/California/oz/2009 S N S S K D S A S
A/California/oz/2009 (X-179A) S N S S K D S A S
British Columbia n
A/British Columbia/42/2013 16 Q T T
A/British Columbia/43/2013 1 P Q T T
A/British Columbia/48/2013 1 Q N T T
A/British Columbia/o5/2014 1 N Q T T
Alberta n
A/Alberta/44/2013 20 T T
A/Alberta/49/2013 1 K T T
A/Alberta/62/2013 1 L Q T T
Ontario n
A/Ontario/48/2013 9 Q T T
Quebec n
A/Quebec/29/2013 25 T T
A/Quebec/17/2014 1 R Q T T T

2 Antigenic regions Sa, Sb, Ca1, Ca2 and Cb comprise 50 amino acid residues [12,13]. Only the nine positions in those 5o residues showing

mutations in the present study are displayed.

® The northern hemisphere influenza A(HiN1)pdmog vaccine reference strain since 2009, including the current 2013/14 season, is A/
California/o7/2009. The two egg-adapted seed strains available to manufacturers for vaccine production (NYMC X-179A and NYMC X-181) are
both identical in their antigenic site amino acid sequences to the A/California/o7/2009 reference strain recommended by the World Health

Organization.

Bold font signifies amino acid substitution compared with the 2013/14 northern hemisphere vaccine reference strain.

All sequences were deposited into GenBank (accession numbers: KJ395993-K)396037, KJ406381-K)406387, KJ406507-K)406528).

recent serosurvey conducted in May 2013 in Canada
showed that levels of seroprotective antibody to A/
California/o7/2009 were high among school-aged chil-
dren and the elderly; however, seroprotection was lower
among very young children and adults between 20 and
69 years of age [37]. These findings may explain why
conserved A(HiN1)pdmog viruses resurged in 2013/14
and why there has been an apparent shift in the age
distribution toward 20-64 year-old adults among med-
ically-attended laboratory-confirmed influenza cases
identified through the sentinel surveillance network
this season. Such a demographic shift in disease bur-
den toward adults following the 2009 pandemic was
previously predicted in mathematical models from
Canada [38] and warrants further empiric evaluation in
additional surveillance datasets.

www.eurosurveillance.org

Limitations of the Canadian sentinel surveillance net-
work for VE estimation have been described previously
[3,5-12]. Although the validity of VE estimates derived
by the test-negative approach has been demonstrated
theoretically and in relation to randomised clinical
trial analysis [39,40], the design remains observa-
tional, and bias and confounding cannot be ruled out.
VE estimates for 2013/14 may vary at the end of the
season, particularly since A(HiN1)pdmog activity is
still peaking in some regions of Canada [1]. However,
end-of-season estimates for the 2012/13 VE differed
by less than 5% from interim results presented in mid-
season, even though the number of contributing cases
increased by more than one third [3,21]. Ongoing moni-
toring is nevertheless warranted for changes in virus
and/or VE with further time across the season. Variable
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efficacy of repeated immunisation has previously been
described, with differential effects depending upon the
antigenic distance between successive vaccine compo-
nents and circulating strains [41]. In that context, as in
previous years, we emphasise that a substantial pro-
portion of our immunised participants are repeat recip-
ients of unchanged A(HiN1)pdmog vaccine antigen.
Generalisability to regions with a different profile of
vaccine uptake may be limited on that basis. In recent
analyses, we [12] and others [29,30,42] have noted a
trend toward improved VE with recurrent receipt of the
A(HiN1)pdmog antigen, although other studies have
reported contrary findings [28,31,35]. Assessment of
these effects may benefit from the additional power
available in end-of-season analysis.

In summary, our interim findings indicate that the
2013/14 TIV provides substantial protection against
resurgent but conserved A(HiN1)pdmog viruses circu-
lating in Canada during the 2013/14 season, reducing
the risk of medically-attended laboratory-confirmed
A(HiN1)pdmog illness by about three quarters. Neither
antigenic drift nor homologous vaccine failure can
account for resurgent A(HiN1)pdmog activity this sea-
son in Canada. Other factors involved in agent—host
interaction, including pre-existing antibody, should be
considered in explaining the current epidemiology of
this virus.
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The prevalence of influenza A and B virus-specific IgG
was determined in sera taken between 2008 and 2010
from 1,665 children aged o-17 years and 400 blood
donors in Germany. ELISA on the basis of whole virus
antigens was applied. Nearly all children aged nine
years and older had antibodies against influenza A. In
contrast, 40% of children aged 0—4 years did not have
any influenza A virus-specific 1gG antibodies. Eighty-
six percent of 0-6 year-olds, 47% of 7-12 year-olds
and 20% of 13-17 year-olds were serologically naive to
influenza B viruses. By the age of 18 years, influenza
B seroprevalence reached approximately 90%. There
were obvious regional differences in the seropreva-
lence of influenza B in Germany. In conclusion, sero-
prevalences of influenza A and influenza B increase
gradually during childhood. The majority of children
older than eight years have basal immunity to influ-
enza A, while comparable immunity against influenza
B is only acquired at the age of 18 years. Children aged
0-6 years, showing an overall seroprevalence of 67%
for influenza A and of 14% for influenza B, are espe-
cially at risk for primary infections during influenza B
seasons.

Introduction

Influenza is a major public health threats worldwide
with approximately 1 billion of the total population
infected annually, resulting in 5 million serious dis-
eases and 500,000 deaths [1]. Children are one of the
most vulnerable groups since they are often immuno-
logically naive when placentally transferred antibodies
have disappeared after ca one year of life [2], and the
contacts made by children favour infections by the res-
piratory route [3]. Thus, influenza has been shown to
be an important cause of morbidity during childhood,
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with attack rates ranging from 20% to 30% during
epidemics [4]. Furthermore, infants and children with
underlying disease are at increased risk of severe influ-
enza and influenza-associated mortality [5-7]. Several
studies have shown that influenza in childhood has
considerable socioeconomic impact on the children’s
households [4,8,9] because children are regarded as
the main and most efficient transmitters for spreading
influenza in the community.

The most effective existing intervention to prevent
morbidity and mortality of children due to influenza
is the annual vaccination against seasonal influenza
[10]. A study in Germany has shown that 50% of severe
influenza cases in paediatric intensive care units might
have been prevented if the current recommendations
for vaccination, which only include risk groups of chil-
dren, had been followed [6]. As demonstrated in several
randomised clinical trials, intranasal live attenuated
influenza vaccine has higher efficacy than the stand-
ard inactivated split vaccine and may improve vaccina-
tion in children [11,12]. However, owing to variations in
circulating virus strains and in children’s immune sys-
tems, current influenza vaccines are not fully protec-
tive [13]. Immunologically naive younger children may
be at increased risk of severe influenza disease and
will therefore benefit from vaccination more than older
children who have already had one or more influenza
virus infections. This may explain why hospitalisation
rates related to influenza virus infections are high in
young children and comparable to those observed in
adults over 60 years [14-16]. Therefore, seroepidemio-
logical data on influenza A and B during childhood as
a surrogate for type-specific priming are a fundamen-
tal prerequisite for the development of efficacious
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TABLE 1

Prevalence of IgG antibodies against influenza A virus in children (aged 0-17 years, n=1,664%) and adults (blood donors aged
18-65 years, n=400), Germany, 2008-11

Male Female Male and female

Age group  Number of positive Number of positive Number of positive

Percentage (95%

Percentage (95% Percentage (95%

in years samples/total on samples/total ) samples/total )
number number number
Infants, children and adolescents
0-2 71/150 47.3 (39.1-55.6) 55/121 45.4 (36.4-54.8) 126/271 46.5 (40.4-52.6)
3-4 81/104 779 (68.7-85.4) 59/71 83.1(72.3-91.0) 140/175 80.0 (73.3-85.7)
5-6 64/74 86.5 (76.6-93.3) 71/77 92.2 (83.8-97.1) 135/151 89.4 (83.4-93.8)
7-8 86/89 96.6 (90.5-99.3) 82/86 95.3 (88.5-98.7) 168/175 96.0(91.9-98.4)
9-10 95/97 97:9 (92.8-99.8) 95/95 100.0 (96.2-100.0) 190/192 99.0 (96:3-99.9)
11-12 100/100 100.0 (96.4-100.0) 101/101 100.0 (96.4-100.0) 201/201 100.0 (98.2-100.0)
13-14 112/112 100.0 (96.8-100.0) 111/112 99.1(95.1-100.0) 223/224 99.6 (97.5-100.0)
15—-17 113/113 100.0 (96.8-100.0) 162/162 100.0 (97.8-100.0) 275/275 100.0 (98.7-100.0)
Total 722/839 86.1(83.5-88.3) 736/825 89.2 (86.9-91.2) 1,458/1,664 87.6 (85.9-89.2)
Adults (blood donors)
18-29 78/79 98.7 (93.3-100.0) 72/72 100.0 (95.0-100.0) 150/151 99.3 (96.4-100.0)
30-45 67/72 93.1 (84.5-97.7) 52/52 100.0 (93.2-100.0) 119/124 96.0 (90.8-98.7)
46-65 71/78 91.0 (82.4-96.3) 45/47 95.7 (85.5-99.5) 116/125 92.8 (86.8-96.7)
Total 216/229 94.3 (90.5-96.9) 169/171 98.8 (95.8-99.9) 385/400 96.3 (93.9-97.9)

2 For one patient, there was only enough serum to perform the test against influenza B.

vaccination policies for children. To date, the available
data are scarce, and restricted to regional sampling
points [2] or virus strain-specific tests [17,18]. The
seroprevalence against influenza A and B, determined
by sensitive and specific type-specific ELISA, may be
a good surrogate marker for immunological priming
since strain-specific assays such as the haemagglu-
tination inhibition test depend on carefully selected
panels of virus antigens and may underestimate the
true seroprevalence.

Here, we describe a multicentre seroepidemiological
study to determine influenza A and B antibody preva-
lence in infants, children and adolescents in Germany.
Sera were obtained between 2008 and 2010 from nine
paediatric and diagnostic centres throughout Germany.
To compare these data with the influenza seropreva-
lence in adults, sera from blood donors were included.
For the determination of influenza A- and B-specific IgG
antibodies, type-specific ELISA with high sensitivity
and specificity was used.

Methods

Patients and serum samples

A total of 1,665 sera from children aged one month to
17 years and 400 sera from blood donors aged 18 to 65
years were included. Sera of children were collected pri-
marily between 2008 and 2010 from eight German pae-
diatric primary care hospitals (Bremen, Berlin, Krefeld,
Wuppertal, Erfurt, Wiirzburg, Mannheim, Munich) and
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one diagnostic institute (Ulm) for seroprevalence stud-
ies of pandemic influenza A [19]. Children with an ill-
ness impeding an adequate immune response were
excluded. Some 15.8% (220/1,396) of children had
been vaccinated against seasonal influenza and 7.1%
(99/1,396) against pandemic influenza A between
2008 and 2010, but the reasons were unknown. This
means that the vaccination was carried out in the same
year or one year before the sample was taken. Sera
of blood donors aged 18 to 65 years were collected
anonymously between 2010 and 2011 mainly in North-
Rhine Westphalia (German Red Cross blood donation
centre Muenster, 337/400, 84.3%) and in Lower Saxony
(German Red Cross blood donation centre Springe,
63/400, 15.7%) and there was no information about the
donors’ vaccination status against influenza. However,
an average vaccination rate of 15—-20% can be assumed
[20].

In accordance to recommendations of the Central
Ethical Committee of Germany [21], patient consent
is not required for studies on anonymised residual
samples. The Ethical Committee of the Jena University
approved the study protocol.

Testing of sera

Sera were stored in aliquots at —20 °C without interrup-
tion until testing. All sera were brought to room tem-
perature immediately before testing. Antibody testing
was carried out blindly in groups of 9o serum samples.
Sera were tested in parallel using influenza virus A IgG
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TABLE 2

Regional distribution of influenza A and B seroprevalence in children (aged 0-17 years, n=1,665) of nine German paediatric

or diagnostic centres, 2008-10

Center

(Number of sera) Mean age in years

Seroprevalence in percentage (95% Cl)

Influenza A

90.7 (87.3-93.5)

Influenza B

49.5 (44.2-54.7)

81.7 (76.6-86.2)

34.7 (29.0-40.7)

81.7 (76.6-86.2)

51.4 (45.4-57.5)

89.3 (84.6-93.1)

48.4 (41.8-55.2)

97.9 (93.9-99.6)

64.3 (55.8-72.2)

98.2 (93.6-99.8)

46.9 (37.3-56.6)

75.7 (66.5-83.5)

25.9 (18.0-35.3)

90.6 (82.3-95.9)

52.9 (41.8-63.4)

Wuppertal (366) 9.6
Bremen (268) 8.3
Ulm (278) 8.2
Mannheim (225) 8.4
Wiirzburg (140) 9.9
Krefeld (111) 11.2
Erfurt (108) 5.8
Berlin (85) 8.5
Munich (84) 9.1

89.3 (80.6-95.0)

50.0 (38.9-61.1)

ELISA (IBL International, Hamburg, Germany) and influ-
enza virus B 1gG ELISA (Euroimmun, Liibeck, Germany).
These two ELISAs had been selected as the most sen-
sitive and specific tests after comparing different com-
mercially available ELISAs for influenza A and B IgG.
Testing of defined serum samples from children [2],
newborns and their mothers [22] by several commer-
cial ELISAs, including the haemagglutination inhibition
assay [23], revealed sensitivities 297% and no cross-
reactivities between influenza A and B virus or to other
viral pathogens for the ELISAs used in this study. Both
ELISAs were carried out manually and used for quali-
tative and semi-quantitative antibody testing. All sam-
ples were tested twice on different days, and sera with
the same qualitative results were included in this study
without retesting. Samples with discordant qualitative
results were retested twice, and the most frequent
result, including the original test result, was accepted.

The influenza virus A 1gG ELISA used whole inac-
tivated influenza virus A Sydney/s5/97 (H3N2) and
Bejing/262/95 (H1N1), and the influenza B IgG ELISA
whole inactivated influenza virus B Hongkong/s5/72 as
antigens in pre-coated microtitration strips. The anti-
gen solutions contained high amounts of conserved
influenza type-specific nucleo- and matrix proteins.
Testing of sera was carried out at the dilution of 1:100
according to the manufacturer’s instructions. Results
were assessed on the basis of a standard curve calcu-
lated from three to four calibrators including positive
and negative controls. In the influenza A IgG ELISA,
samples were considered positive if the antibody
concentration was calculated as »12 U/mL, a range of
8-12 U/mL was considered equivocal and <8 U/mL was
interpreted as negative. For the influenza B 1gG ELISA,
samples were considered positive if the antibody con-
centration was calculated as 222 relative units (RU)
per mL, a range of 216 to <22 RU/mL was considered
equivocal, and <16 RU/mL was interpreted as negative.
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Statistical analysis

A sample size of about 150 subjects per pre-defined age
group was planned to assure that a single two-sided
95% confidence interval (Cl) for the prevalence of influ-
enza A and B IgG antibodies would deviate at most 8%
from the observed value for a prevalence range of 5%
to 95%. When regional differences were analysed, less
precise seroprevalences obtained from single paediat-
ric centres resulted from small sample size. Antibody
prevalence was calculated using the number of sero-
positive cases divided by the number of all subjects
tested. Assuming binominal distribution, the two-sided
exact 95% Cl was calculated. The Cochran-Armitage
test for trend [24] was used to examine the increase
of antibody prevalence by age. Age-adjusted sex differ-
ences in antibody prevalence were investigated by the
Mantel-Haenszel test [25]. Logistic regression odds
ratios evaluated by the Wald statistics were used to
compare age-specific prevalence of the children with
the prevalence of the adult group as the whole.

Age- and sex-specific antibody concentrations were
described by mean and standard deviation (SD). The
association of age and sex, and the concentration of
antibodies were analysed using linear multiple regres-
sion. Antibody concentrations of the different age
groups of children were compared with the correspond-
ing data of the whole adult group by the Dunnett test
[26]. For both analyses, antibody concentration was
transformed by the common logarithm. The level of sig-
nificance was 0.05 (two-sided). The SAS V9.2 software
was used for statistical analyses.

Results

Prevalence and concentrations

of influenza A virus IgG

The prevalence of IgG antibodies against influenza A
virus in the samples tested is shown in Table 1. The
overall prevalence of antibodies against influenza A
virus was 87.6% (95% Cl: 85.9-89.2) in the tested chil-
dren aged o-17 years; among the tested blood donors,
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FIGURE 1

Age- and sex-specific prevalence of IgG antibodies against influenza A and B virus in children (aged 0-17 years) and adults
(blood donors aged 18-65 years), Germany, 2008-11 (n=2,065)
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The bars show the 95% confidence intervals for the point of estimates.

the overall prevalence of influenza A IgG antibodies
was 96.3% (95% Cl: 93.9-97.9).

The regional distribution of the influenza A seropreva-
lence in children among the nine centres included in
this study is shown in Table 2. The prevalence of anti-
bodies ranged from 75.7% (Erfurt) to 97.9% (Wiirzburg);
mean age of the children differed between the centres.

Figure 1 shows the age- and sex-specific prevalence of
influenza A 1gG in the tested children and adults (blood
donors). Statistical analysis demonstrated that the anti-
body prevalence againstinfluenza Avirus increased sig-
nificantly with age in children (p<o0.001) and decreased
with age in adults (p=0.004). Adjusted to age, there
were no significant differences between the prevalence
of antibodies among boys and girls (p=0.576), but in
blood donors a significantly higher prevalence was
detected in women than in men (p=0.031). Children up
to the age group of five to six years had a significantly
lower prevalence of antibodies than the adult controls
(0-2 and 3-4 years: p<0.001, 5—6 years: p=0.003). In
children vaccinated against seasonal (p=0.002) or pan-
demic influenza (p=0.01), the number of positives was
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significantly higher (seasonal: 209/220, 95.0%; pan-
demic: 98/99, 99.0%) than in non-vaccinated children
(seasonal: 1,029/1,176, 87.5%; pandemic: 1,140/1,296,
88.0%).

In the study group of children, the mean concentration
of antibodies against influenza A virus was calculated
as 59.95 U/mL (SD: 46.04), and the adult controls had
a mean antibody concentration of 72.02 U/mL (SD:
39.90). Figure 2 shows the concentrations of antibod-
ies against influenza A virus by age and sex of the
tested children and adults (blood donors). The anti-
body concentrations increased significantly with age
during childhood (p<o0.001) and declined with age in
adults (p=0.041). In young adults of 18-29 years, the
mean antibody concentration was 85.75 U/mL (SD:
40.33) compared with 66.06 U/mL (SD: 38.67) in older
adults of 46-65 years. Adjusted to age, no significant
differences could be found between boys and girls
(p=0.426) nor between men and women (p=0.300).
Children up to the age group of five to six years had
significantly lower concentrations of IgG antibodies
against influenza A virus than the control group of
adults (p<0.001), whereas the antibody concentrations
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FIGURE 2

Age- and sex-specific distribution of IgG antibody concentrations against influenza A and B virus in children (aged 0-17
years) and adults (blood donors aged 18-65 years), Germany 2008-11 (n=2,065)

160

— 160

—&— Influenza A male
140 —  — I - Influenza A female r 1 4o
) )
N
£ —&— Influenza B male / ~ £
s
2 10 L B / &
e /
£ — [ - Influenza B female , -+ 120 )
<< =
© — - @
N 1 \ 1 .
o 100 P ©
\ N
g /. 1 S
= + -+ 100 E
£ / ' =
E T / 7 7 7 ~ - .,3
5 et . _ »--u z
® N 5
1% 7/ 1 bt
2@ / s 80 ©
'g / V2 Q2
st 60 / 3
= / a
© 7 _ E
% N 7 B ©
L0 == -+ 60 o
u— = E L i L
o 40 L —
S o
g y :
g % s
o / 7 L + 40 Z
o 20 L — 5
oy
o 7 E
(] 7 8
o 1Mt | R | | | | | | 1%
P L
g 314 576 7-8 9 — 10 1 - 12 13 —14 15 - 17 18 - 29 30 — 45 46 - 65
-20 L - 0

Age (years)
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were significantly higher among the 11-12 (p<0.001),
13-14 (p=0.001) and 15-17 (p<0.001) year-olds than
among the adults. These data were not adjusted for
vaccination status.

Prevalence and concentrations

of influenza B virus IgG

Table 3 shows the prevalence of antibodies against
influenza B virus in the samples tested. In children, the
overall prevalence was 47.0% (95% Cl: 44.6-49.5), and
in the blood donors, it was 98.0% (95% Cl: 96.1—99.1).
The regional distribution of influenza B seropreva-
lence in the nine centres is shown in Table 2. The low-
est prevalence of antibodies was found with 25.9%
in the Erfurt group and the highest with 64.3% in the
Wiirzburg group, and these prevalences were related to
the mean age of the children in the different centres.
The age- and sex-specific prevalences of influenza B
IgG in the tested children and adults (blood donors) are
shown in Figure 1. Statistical analysis demonstrated
that the prevalence of antibodies against influenza B
increased significantly with age in children (p<o.001)
and adults (p=0.018). Adjusted to age, there were no
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significant differences between the prevalence of anti-
bodies as a function of sex for children (p=0.977) and
adults (p=0.635). In all age groups of children, signifi-
cantly lower prevalence of antibodies was measured
than in the adult controls (p<0.001). In the group of
children vaccinated against seasonal influenza, the
number of positives (146/220, 66.4%) was significantly
higher than in the group of non-vaccinated children
(497/1,176, 42.3%, p<0.001).

The mean antibody concentrations against influenza B
virus were estimated as 54.67 RU/mL (SD: 55.30) in the
study group of children and as 119.31 RU/mL (SD: 44.97)
in the control group of adults (blood donors). Figure 2
shows the concentrations of influenza B-specific anti-
bodies depending on age and sex of the tested chil-
dren and adults (blood donors). The concentrations of
antibodies increased with age up to the 15—-17 year-olds
(p¢0.001), but there were no significant differences
between the three age groups of adults (p=0.228).
The antibody concentrations were not dependent on
sex neither in the children (p=0.317) nor in the adults
(p=0.892). For all age groups of children, significantly
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TABLE 3

Prevalence of IgG antibodies against influenza B virus in children (aged 0-17 years, n=1,665) and adults (blood donors aged
18-65 years, n=400), Germany, 2008-11

Male Female Male and female
ﬁ]giegarrt;up Number of positive e Number of positive e Number of positive P
samples/total (95% CI) samples/total (95% CI) samples/total (95% Cl)
number number number
Infants, children and adolescents
0-2 18/151 11.9 (7.2-18.2) 6/121 5.0 (1.8-10.5) 24/272 8.8 (5.7-12.8)
3—4 13/104 12.5 (6.8-20.4) 11/71 15.5 (8.0-26.0) 24/175 13.7 (9.0-19.7)
5—6 19/74 25.7 (16.2-37.2) 15/77 19.5 (11.3-30.1) 34/151 22.5 (16.1-30.0)
7-8 35/89 39.3 (29.1-50.3) 30/86 34.9 (24.9-45.9) 65/175 37.1(30.0-44.8)
9-10 50/97 51.5 (41.2-61.8) 56/95 58.9 (48.4-68.9) 106/192 55.2 (47.9-62.4)
11-12 62/100 62.0 (51.8-71.5) 67/101 66.3 (56.3-75.4) 129/201 64.2 (57.1-70.8)
13-14 77/112 68.8 (59.3-77.2) 89/112 79.5 (70.8-86.5) 166/224 74.1(67.9-79.7)
15—-17 100/113 88.5(81.1-93.7) 135/162 83.3 (76.7-88.7) 235/275 85.5 (80.7-89.4)
Total 374/840 44.5 (41.1-48.0) 409/825 49.6 (46.1-53.0) 783/1,665 47.0 (44.6-49.5)
Adults (blood donors)
18-29 75/79 94.9 (87.5-98.6) 70/72 97-2 (903-99.7) 145/151 96.0 (91.6-98.5)
30-45 71/72 98.6 (92.5-100.0) 51/52 98.1(89.7-100.0) 122/124 98.4 (94.3-99.8)
46-65 78/78 100.0 (95.4-100.0) 47/47 100.0 (92.5-100.0) 125/125 100.0 (97.1-100.0)
Total 224/229 97.8 (95.0-99.3) 168/171 98.2 (95.0-99.6) 392/400 98.0 (96.1-99.1)

lower antibody concentrations were measured com-
pared with the control group of adults (p<o.001).

Discussion

In this study, it was of particular interest to determine
influenza seroprevalence of children up to the age of
17 years in Germany. To obtain data most widely rep-
resentative for the whole population of children in
Germany, nine different German regions were included.
A recently published study on the influenza seropreva-
lence in Germany included only sera from children who
lived in the German federal state Thuringia [2], and the
results were not regarded as representative for the
entire country. Furthermore, as that study used other
serological methods than ours, the results are only
comparable to a limited extent.

To date, the haemagglutination inhibition test or
microneutralisation assays are the gold standards to
determine IgG antibodies to influenza viruses in sero-
prevalence studies, and the only current correlate of
immunity to influenza A and B is based on haemag-
glutination inhibition titre [17,18,27]. However, these
assays are even virus strain- or lineage- and subtype-
specific, and studies carried out with a limited or poorly
chosen panel of viral antigens may underestimate the
true seroprevalence [28]. Furthermore, these assays
are not suitable for large-scale studies because they
are labour-intensive, time-consuming, not amenable
to automation and not commercially available. Thus,
sensitive and specific ELISAs mainly targeting con-
served type-specific antibodies against the influenza
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virus nucleo- and matrix proteins have been used suc-
cessfully in several studies for the determination of
influenza seroprevalence in humans as well as pigs
[2,22,28]. An essential prerequisite is, however, that
the ELISAs used are evaluated for their performance
characteristics. The ELISAs in the present study used
inactivated influenza A and B viruses containing high
amounts of conserved influenza type-specific nucleo-
and matrix proteins and were selected because of
their high sensitivity and specificity. Higher antibody
titres measured in the vaccinated group suggest that
the assays detected also IgG antibodies induced by
vaccination against seasonal and pandemic influenza.
That is why the vaccination coverage was analysed, but
the proportion of vaccinated children was equally low
in all regions, and the vaccination rate in adults could
be assumed to be low [20]. Vaccination coverage was
therefore not of significance for our findings. A limita-
tion of this study is that while the ELISAs indicate a
previous infection, they provide no information about
the time of infection. Antibodies to influenza virus
nucleo- and matrix protein antigens fail to contribute to
protection, but they indicate the presence of subtype-
independent T-cell-mediated protection [29].

In children, the overall prevalence of antibodies to
influenza A was 87.6%, reflecting the epidemiologi-
cal dominance of seasonal and pandemic influenza A
over influenza B between 2007 and 2010 in Germany
[30-32], and assuming that antibodies persist at least
six months after infection or vaccination [23]. The sero-
prevalence showed an age-dependent increase until
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the age of nine to 10 years, when nearly all children
had developed antibodies against influenza A virus.
These data correlate well with the results published
recently for children in the Netherlands [18]. The lat-
ter study was carried out with the haemagglutination
inhibition test and showed that all children seven years
and older had antibodies to at least one of six repre-
sentative influenza A(H3N2) and six representative
influenza A(H1N1) virus strains selected for serological
testing. Our data demonstrate that children, starting
with the age of nine years, have a good basal immunity
to influenza A. Thus, these children are at lower risk
for potentially severe primary influenza infections and
do not need a second dose of the vaccine against influ-
enza A as long as they have received the first vaccine
dose. This is in agreement with findings published pre-
viously [33]. In contrast to the influenza seroprevalence
in older children, nearly 40% of children under the age
of four years had no influenza A virus-specific IgG anti-
bodies. These children are immunologically naive, and
therefore have to be regarded as susceptible to poten-
tially severe primary influenza A infection. Accordingly,
Bodewes et al. [18] found the highest attack rates with
primary influenza A infections, calculated on the basis
of antibody prevalence, in children two and three years
of age. In addition, children up to the age of six years
in our study had a significantly lower influenza A sero-
prevalence and significantly lower antibody concentra-
tions against influenza A virus than adults. This is most
likely due to the lower number of boosting influenza A
infections in their lifetime [2]. Adolescents at the age
of 13 to 14 years had significantly higher influenza A
seroprevalence, and 11 to 17 year-olds had significantly
higher antibody concentrations to influenza A virus
than adults. These data, which correspond to results
reported previously [2], may suggest that these age
groups have the highest attack rates of influenza A re-
infections or more frequent silent boosting. However,
the lower seroprevalence in adults might also be due
to faster waning of immunity in older people. Among
the adults, the antibody prevalence against influenza
A virus was significantly higher in women than in men.
These findings may be associated with the high inci-
dence of influenza A during childhood since care of
children in Germany is generally undertaken by women
[34]. Since there was no information about the influ-
enza vaccination status of our study participants, it
remained unclear whether the higher prevalence of
anti-influenza A antibodies may reflect a difference in
vaccination status.

A different pattern was observed for the seropreva-
lence of influenza B. The overall prevalence of antibod-
ies to influenza B in children was 47%. Approximately
60-70% of all children up to the age of 12 years were
serologically naive and have to be considered suscepti-
ble to influenza B. By the age of 18 years, an influenza
B seroprevalence of approximately 90% was reached.
The considerably lower seroprevalence rate of 25%
among 12 vyear-old children reported in our recent
study [2], can only be interpreted in the context of the
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single test population from Thuringia and the differ-
ent serological method used. In the present study, the
group of all children and adolescents had significantly
lower influenza B seroprevalences and significantly
lower antibody concentrations against influenza B than
adults. They seem to have had fewer infections dur-
ing their lifetimes than adults [2]. It can be concluded
from the current study that a natural immunity against
influenza B at a level comparable to influenza A, is only
established around the age of 18 years. Since children
with incomplete specific immunity may be at risk for
severe courses of influenza B [35,36] a seasonal vac-
cination against influenza B could benefit all children.
In Germany, there are obvious regional differences in
seroprevalences of influenza B. As the present study
shows, the influenza B seroprevalences of distinct
German regions differ in children with a mean age of
eight to 10 years between approximately 35% and 65%,
i.e. by as much as 30%. By contrast, the overall values
of influenza A seroprevalence varied by as much as
approximately 16% (range: 82-98%). This means that
influenza B outbreaks, contrary to influenza A epidem-
ics, may often be restricted to certain local regions.
Multicentre studies are required to obtain representa-
tive seroprevalence data. Different rates of influenza
vaccination may be of importance, but data on this are
not available. Interestingly, the lowest seroprevalence
of influenza B of this study was observed with 25.9%
in the child population with a mean age of six years,
recruited from the paediatric clinic in Erfurt, the capi-
tal of the German federal state Thuringia. Sera from
children 18 years and younger in this region had been
included in our previous study resulting in an overall
influenza B seroprevalence of 9.6% [2]. Reasons for
this variation can be differences between the serologi-
cal methods used and the test populations. This means
that the methods used in seroprevalence studies must
be validated thoroughly.

In conclusion, this study provides representative data
of influenza A and B seroprevalences in children aged
up to the age of 17 years in Germany. They may have
implications for the development of vaccination strate-
gies to protect children against influenza A and B.
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Pertussis deaths occur primarily among infants who
have not been fully immunised. In Ontario, Canada, an
adult booster dose was recently added to the publicly
funded immunisation programme. We applied num-
ber-needed-to-treat analyses to estimate the number
of adults that would need to be vaccinated (NNV) to
prevent pertussis disease, hospitalisation and death
among infants if a cocoon strategy were implemented.
NNV=1/(Py X R) + 1/(P¢ X R), where Py,P; (proportion
of infants infected by mothers, fathers) were sourced
from several studies. Rates of disease, hospitalisa-
tion or death (R) were derived from Ontario’s report-
able disease data and Discharge Abstract Database.
After adjusting for under-reporting, the NNV to prevent
one case, hospitalisation or death from pertussis was
between 500-6,400, 12,000-63,000 and 1.1-12.8 mil-
lion, respectively. Without adjustment, NNV increased
to 5,000-60,000, 55,000-297,000 and 2.5-30.2 mil-
lion, respectively. Rarer outcomes were associated
with higher NNV. These analyses demonstrate the rela-
tive inefficiency of a cocoon strategy in Ontario, which
has a well-established universal immunisation pro-
gramme with relatively high coverage and low disease
incidence. Other jurisdictions considering a cocoon
programme should consider their local epidemiology.

Introduction

Pertussis is an infectious respiratory disease caused
by Bordetella pertussis, typically presenting with a par-
oxysmal cough followed by a characteristic ‘whoop’
sound. Young infants, adolescents and adults are less
likely to present with typical symptoms, which leads
to under-diagnosis by physicians, who may fail to con-
sider the diagnosis [1]. While disease occurs in all age
groups, complications occur most frequently in infants
too young to have begun or completed their primary
immunisation series, particularly among those under
four months of age [2]. The case-fatality ratio (CFR)
among infants under one year of age is estimated to be
0.2% [3] in countries with low mortality, though it can
reach 3% [4].

In Ontario, Canada, pertussis vaccines have been
available since 1943 and are currently offered as
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combination vaccines. Diphtheria and tetanus tox-
oids, acellular pertussis, inactivated poliomyelitis and
Haemophilus influenzae type b (DTaP-IPV-Hib) is admin-
istered as a primary series at 2, 4 and 6 months with
a booster dose at 18 months of age. A second booster
of DTaP-IPV is administered at 4—6 years. Since 2003,
an adolescent acellular pertussis booster dose using
the adolescent/adult formulation (Tdap) has also been
offered at 14-16 years, with coverage among 17-year
olds estimated at 67.7% [5]. On 8 August 2011, a sin-
gle dose of Tdap vaccine (Adacel by Sanofi Pasteur or
Boostrix by GlaxoSmithKline) was publicly funded for
adults aged 19 to 64 years who had not previously
received an adolescent booster.

Parents, siblings and other household contacts are
frequently identified as the primary source of infec-
tion among infants with pertussis [6-16]. Cocooning
refers to the vaccination of mothers and other con-
tacts of newborns and infants in order to prevent the
transmission of pertussis to infants who may not have
completed their primary vaccination series. Since 2012
in the United States (US), the Advisory Council on
Immunization Practices (ACIP) has recommended a dose
of Tdap during every pregnancy, irrespective of previ-
ous vaccination history [17]. In Canada, the National
Advisory Committee on Immunization (NACI) recom-
mends a universal adult immunisation programme)
[18]. New Brunswick is the only Canadian jurisdiction
to recommend and to have implemented a cocoon pro-
gramme where parents are entitled to receive publicly-
funded Tdap vaccine since 1 January 2011.

We applied the concept of ‘number needed to treat’ to
estimate the number of adults that would need to be
vaccinated (NNV) to prevent one case of disease, hos-
pitalisation and death among infants if a cocoon strat-
egy were implemented in Ontario.

Methods

The number of mothers and fathers that would need
to be vaccinated to prevent one case, hospitalisation
or death due to pertussis among infants (defined as
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children less than one year of age) was estimated using
the following formula:

NNViotar = NNVipother + NNVfather

_ 1 1
ARmotherXVE ~ ARfqtherXVE
_ 1
" {Incidencex%Infectedmoiher}XVE
1

{Incidencex%Infectedfqher}XVE

where
e AR = attributable risk due to the mother or father,
as specified

e VE = vaccine effectiveness

e incidence = rate of disease, hospitalisation or death
among infants aged under one year

* % infected = the proportion of infants aged under
one year who were infected by their mother or
father, as specified.

Vaccine effectiveness (VE) was generally assumed to
be 85% except where noted. Estimates of incidence
varied depending on the outcome of interest. Rates of
disease were based on confirmed cases of pertussis in
infants under one year of age, as reported in Ontario’s
integrated Public Health Information System (iPHIS)
between 1 January 2005 and 31 December 2009. In
2009, the case definition was changed so that clinically
compatible illness, in addition to laboratory detection
of pertussis, was required to meet the definition for a
confirmed case. This more specific definition will have
resulted in fewer confirmed cases. Mortality rates were
determined by applying the CFR of 0.2% [3] to the rates
of disease. Hospitalisation rates were determined
using data from the Discharge Abstract Database main-
tained by the Canadian Institute for Health Information.
Infants who were discharged between 2005 and 2009
were included in this analysis. Patients for whom per-
tussis was determined to have contributed most sig-
nificantly to their hospitalisation (i.e. most responsible
diagnosis) were identified by selecting a code of A37.0
under the Canadian Enhancement to the 1oth revi-
sion of the International Statistical Classification of
Diseases and Related Health Problems (ICD-10-CA) [19].
Using methodology consistent with the Ontario Burden
of Infectious Diseases (ONBOIDS) report, rates of dis-
ease (and consequently death) were inflated by a fac-
tor of 9.4 to adjust for the under-reporting of cases [4].
Since hospitalised cases and deaths were less likely to
be under-reported, hospitalisation and mortality rates
were only inflated by factors of 4.7 and 2.35, respec-
tively (i.e. multiplying the original inflation factor of 9.4
by 0.5 and 0.5%). To account for yearly fluctuations in
incidence, the minimum, maximum and average rates
during the study period were used. Demographic data
from Statistics Canada, accessed through intelliHealth,
were used to calculate incidence. As denominator data

www.eurosurveillance.org

by month were not available for infants under one year
of age, we assumed equal population distribution over
the first year of life to calculate rates among infants
less than four months of age. The introduction of real-
time PCR testing in 2005 may have contributed to the
increase in cases observed in subsequent years.

To determine the proportion of infants who were
infected by their mother or father (% infected), sev-
eral studies were reviewed. While numerous stud-
ies have been conducted to explore the role of adults
and siblings in transmitting infection to infants in
Australia [6,7], the Netherlands [8], Canada [9], the
US [10-12], England [13] and France [14,15], including
a recent review [16], only a few studies published the
data necessary to determine the proportion of infants
(including those for whom the source of infection was
unknown) who were infected by the mother or father
[6,8,10]. In an additional study [13], the required data
were obtained from the author (data not shown). Table
1 presents the range of mother- and father-specific
estimates from these studies, and shows the impact of
including and excluding cases whose source of infec-
tion was unknown. When cases with unknown sources
of infection were included, the proportion of infants
who were infected by their mother and father ranged
between 14% and 21%, and 6% and 11%, respectively.
When unknowns were excluded, the proportion infected
by their mother and father ranged between 20% and
41%, and 12% and 18%, respectively. Estimates from
the Dutch study were excluded since the methodology
used to determine sources of infection was not com-
parable to the other studies (no determination of a
unique source of infection was made, whereas this was
defined in the other studies).

Results

Between 2005 and 2009, 844 confirmed cases of
pertussis among infants less than one year old were
reported through iPHIS in Ontario. Of these, 49.2%
(n=415) of cases occurred in infants less than four
months old. The unadjusted incidence of disease
ranged between 46.4 and 186.9 cases per 100,000
infants per year, while the hospitalisation rate ranged
between 9.4 and 17.2 cases per 100,000 infants per
year (Figure 1). Fluctuations observed in pertussis
incidence rates were not reflected in the hospitalisa-
tion rates. Among infants less than four months old,
disease incidence and hospitalisation rates ranged
between 75.0 and 269.5, and 21.9 and 38.1 per 100,000
infants, respectively.

NNV estimates for a range of each outcome of disease,
hospitalisation and death are provided in Tables 2, 3
and 4, respectively. In addition to the total number of
parents that would need to be vaccinated (NNVi.),
which takes into account the risk of infection by moth-
ers and fathers combined, the number of women that
would need to be vaccinated if the programme was
targeted solely to mothers is also provided (NNVpothed,
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TABLE 1
Summary of studies used to derive estimates of percentage of infection among infants less than one year of age

Source of infection

Country Study population Mother Father

Number Percentage® Number Percentage?

Laboratory-confirmed
outbreak cases < 12 13 14-20 8 8-12
months

Australia [6] 2009

Laboratory-confirmed
hospitalisations < 6 52 54 23 24
months

Netherlands [8] 2006-2008

United States [10] 1999-2002 Notifications < 12 months 84 14-32 39 6-15

Laboratory-confirmed
hospitalisations < 5 7¢ 21-41 3 11-18
months

England® 1998-2000

2 Percentage range reflects percentage including unknowns to percentage excluding unknowns.

> Unpublished data.

¢Includes one case whose source of infection was either the mother or father.

as some programmes have considered this strategy as
mothers are often easier to reach. Because mothers are
more frequently identified as the source of infection for
an infant relative to the father (Table 1), estimates of
NNViotmer Were considerably smaller than estimates of
NNVtotal-

A range of estimates of pertussis incidence, hospi-
talisation and mortality rates among infants were
assumed, and adjustments for under-reporting, as
described in the methods, were made. As expected, the
NNV to prevent a case of pertussis was less than that
needed to prevent hospitalisation and death. For exam-
ple, using the minimum inflated rates while assuming
85% VE and 14% and 6% of infants were infected by
their mothers and fathers, respectively, the NNV
estimate to prevent one pertussis case, hospitalisation
and death was approximately 6,400, 63,000, and 12.8

FIGURE 1

Unadjusted rates of disease and hospitalisation due to
pertussis among infants less than one year of age, Ontario,
2005-2009
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million, respectively. For comparison, if VE was reduced
to 80%, NNV, estimates increased (6,800, 67,000,
and 13.6 million respectively, data not shown), while
increasing VE to 90% reduced NNV, estimates (6,100,
60,000, and 12.1 million respectively, data not shown).
If no adjustments were made for under-reporting, the
NNV increased by the magnitude of the inflation fac-
tor. Conversely, as the mother- and father-specific esti-
mates of risk increased, the NNV estimates decreased.
These estimates of risk of infection were influenced by
the inclusion or exclusion of cases with an unknown
source of infection in the denominator. Excluding these
cases inflated the mother- and father-specific risks,
which resulted in a decrease in the corresponding NNV
estimates.

Using the average inflated rates observed between
2005 and 2009, between 800 and 2,400 individuals
would need to be vaccinated to prevent one case of
pertussis; 18,000 and 53,000 individuals would need
to be vaccinated to prevent one hospitalisation; 1.6 and
4.9 million individuals would need to be vaccinated to
prevent a death. The estimates varied according to the
proportion of infants infected by a mother or father
assumed, and whether unknown sources of infection
were included. Further limiting the analysis to prevent
a case, hospitalisation or death in an infant less than
four months old resulted in a reduction in NNV due to
the increased frequency of outcomes in this younger
age group (600-1,600, 7,000-21,000 and 1.1-3.3 mil-
lion, respectively, data not shown).

Comparisons of the proportion of infants infected by
parents in Table 1 yielded a ratio of 1.7-2.3 to 1 for
mothers to fathers. Therefore, assuming a 2:1 ratio (i.e.
infants are twice as likely to be infected by a mother
than a father), Figure 2 illustrates the relationship
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TABLE 2

Estimated number needed to vaccinate to prevent one pertussis case among infants less than one year of age, Ontario

Incidence Unknown sources included Unknown sources excluded
rate per
10,000 Mother (%)? Father (%)? NNViotal® NNVimother® Mother (%)? Father (%)? NN Viotal® NNVimother®
population
Unadjusted rates
14 6 60,345 20 12 33,793
18,104 12,672
46..4. 14 11 41,144 20 18 26,753
(minimum) 21 6 54,311 41 12 27,303
12,069 6,182
21 11 35,110 41 18 20,262
14 6 22,855 20 12 12,799
6,857 4,800
122.6 14 1 15,583 20 18 10,133
(average) 21 6 20,570 41 12 10,341
4,571 2,341
21 11 13,298 41 18 7,674
14 6 14,986 20 12 8,392
4,496 3,147
186.9 14 11 10,218 20 18 6,644
(maximum) 21 6 13,488 41 12 6,780
2,997 1,535
21 11 8,719 41 18 5,032
Inflated rates®
14 6 6,420 20 12 3,595
1,926 1,348
436.3 14 11 4,377 20 18 2,846
(minimum) 21 6 5,778 41 12 2,905
1,284 658
21 11 3,735 41 18 2,156
14 6 2,431 20 12 1,362
729 511
1,152.1 14 11 1,658 20 18 1,078
(average) 21 6 2,188 41 12 1,100
486 249
21 11 1,415 41 18 816
14 6 1,594 20 12 893
s 478 s 335
1,757.0 14 11 1,087 20 1 707
(maximum) 21 6 1,435 41 12 721
319 163
21 1 928 41 18 535

NNV: number needed to vaccinate.

2 Arange of the proportion of infants infected by mothers and fathers is provided based on estimates presented in Table 1.

® Total number needed to vaccinate, including mothers and fathers.
¢ Number needed to vaccinate, including mothers only.
4 Inflated by factor of 9.4 to adjust for under-reporting.

between NNV, and the proportion of infants infected
by parents, for cases of disease, hospitalisations and
deaths. This approach allows us to hypothesise about
the overall parental risk, yet still account for mother-
and father-specific estimates. Assuming 40% of infants
are infected by parents and using the average inflated
rate, the NNV, estimates to prevent one case, hospi-
talisation and death due to pertussis is approximately
1,100, 25,000 and 2.3 million individuals, respectively.

Discussion

The practice of applying the concept of ‘number needed
to treat’ for vaccine-preventable diseases [20-25]
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including pertussis [26,27] is not new. In the context
of rabies, it was estimated that up to 2.7 million people
would need to be vaccinated to prevent a single case of
human rabies at associated costs of up to 2 billion CAD
(1.3 billion EUR) [20]. The example of rabies illustrates
how the context is important; the outcome of rabies
infection is much more severe than pertussis with a
CFR of 100%. In this analysis, we have demonstrated
that NNV estimates for pertussis vary greatly depend-
ing on the frequency of the outcome including the tar-
get age group, the degree of under-reporting believed
to be in existence, assumed VE and the estimated pro-
portion of infants infected by the mother and father. In
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TABLE 3

Estimated number needed to vaccinate to prevent one pertussis hospitalisation among infants less than one year of age,
Ontario

Unknown sources included Unknown sources excluded

Hospitalisation

rate per 100,000

Mother (%)? Father (%)? NNViotal® NNVimother® Mother (%)? Father (%)? NNViotal® NNVimother

population
Unadjusted rates
14 6 297,423 20 12 166,557
89,227 62,459
9.4 14 11 202,788 20 18 131,858
(minimum) 21 6 267,681 41 12 134,566
59,485 30,468
21 11 173,046 41 18 99,866
14 6 249,771 20 12 139,872
74,931 52,452
11.2 14 11 170,298 20 18 110,732
(average) 21 6 224,794 41 12 113,006
49,954 25,586
21 11 145,321 41 18 83,866
14 6 163,137 20 12 91,357
48,941 34,259
17.2 14 11 111,230 20 18 72,324
(maximum) 21 6 146,824 41 12 73,810
32,627 16,712
21 1 94,916 41 18 54,777
Inflated rates?
14 6 63,281 20 12 35,438
18,984 13,289
443 14 11 43,146 20 18 28,055
(minimum) 21 6 56,953 41 12 28,631
12,656 6,482
21 11 36,818 41 18 21,248
14 6 53,143 20 12 29,760
15,943 11,160
52.7 14 11 36,234 20 18 23,560
(average) 21 6 47,828 41 12 24,044
10,629 5,444
21 11 30,919 41 18 17,844
14 6 34,710 20 12 19,438
10,413 7,289
80.7 14 11 23,666 20 18 15,388
(maximum) 21 6 31,239 41 12 15,704
6,942 3,556
21 11 20,195 41 18 11,655

NNV: number needed to vaccinate.

2 Arange of the proportion of infants infected by mothers and fathers is provided based on estimates presented in Table 1.
> Total number needed to vaccinate, including mothers and fathers.

¢ Number needed to vaccinate, including mothers only.

4 Inflated by factor of 4.7 to adjust for under-reporting.

particular, due to the decreased frequency of infants
whose source of infection was stated as the father, the
inclusion of fathers resulted in a large increase in the
NNV estimates. Although the concept is not new, there
is no acceptable threshold for the NNV. It serves as an
intuitive and simple measure that can be used to com-
pare interventions in a limited way.

Regardless of the methodology or inflation factor used,
our NNV analyses demonstrate that estimates vary
greatly depending on the frequency of the outcome of
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interest. Therefore, the objectives of implementing a
cocoon immunisation strategy must be carefully con-
sidered. If the objective of the programme is to prevent
pertussis in the population in general, then a univer-
sal strategy should be considered. Otherwise, if the
objective of the programme is to prevent deaths due to
pertussis, a large number of adults would need to be
vaccinated. Similarly, in order to prevent an infant case
or infant hospitalisation due to pertussis, then regard-
less of the degree to which under-reporting is believed
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TABLE 4
Estimated number needed to vaccinate to prevent one pertussis death among infants less than one year of age, Ontario

Unknown sources included Unknown sources excluded

Hospitalisation

rate per 100,000

Mother (%)? Father (%)? NNViotal® Mother (%)? Father (%)? NNViotal®

population NNVmother® NNVimother®
Unadjusted rates
14 6 30,172,592 20 12 16,896,652
9,051,778 6,336,244
0.093 14 11 20,572,222 20 18 13,376,516
(minimum) 21 6 27,155,333 41 12 13,651,258
6,034,518 3,090,851
21 11 17,554,963 41 18 10,131,122
14 6 11,427,661 20 12 6,399,490
3,428,298 2,399,809
0.245 14 11 7,791,587 20 18 5,066,263
(average) 21 6 10,284,895 41 12 5,170,320
2,285,532 1,170,638
21 11 6,648,821 41 18 3,837,093
14 6 7,493,214 20 12 4,196,200
2,247,964 1,573,575
0.374 14 11 5,109,010 20 18 3,321,992
(maximum) 21 6 6,743,893 41 12 3,390,223
1,498,643 767,598
21 11 4,359,688 41 18 2,516,014
Inflated rates®
14 6 12,839,401 20 12 7,190,065
3,851,820 2,696,274
0.218 14 11 8,754,137 20 18 5,692,134
(minimum) 21 6 11,555,461 41 12 5,809,046
2,567,880 1,315,256
21 11 7,470,197 41 18 4,311,116
14 6 4,862,834 20 12 2,723,187
1,458,850 1,021,195
0.576 14 11 3,315,569 20 18 2,155,857
(average) 21 6 4,376,551 . 41 12 2,200,136 g
972,567 498,144
21 11 2,829,285 41 18 1,632,805
14 6 3,188,602 20 12 1,785,617
956,581 669,606
0.878 14 11 2,174,047 20 18 1,413,613
(maximum) 21 6 2,869,742 41 12 1,442,648
637,720 326,637
21 11 1,855,187 41 18 1,070,644

NNV: number needed to vaccinate.

2 Arange of the proportion of infants infected by mothers and fathers is provided based on estimates presented in Table 1.
> Total number needed to vaccinate, including mothers and fathers.

¢ Number needed to vaccinate, including mothers only.

4 Inflated by factor of 2.35 to adjust for under-reporting.

to exist, up to 298,000 individuals would need to be
vaccinated (this represents approximately 6.4% of the
adult (20-44 years old) population in Ontario). Another
Canadian study using different methodology also
reported extremely high NNV to prevent deaths and
serious outcomes, and also concluded that a parental
cocoon programme was inefficient and resource inten-
sive [27]. A similar conclusion was reached by authors
of a study conducted in Italy, which also has a low inci-
dence of disease [28]. It is important to note that our
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estimates were derived based on the epidemiology of
pertussis in Ontario which has a well-established uni-
versal immunisation programme with relatively high
coverage and low disease incidence. Other jurisdic-
tions considering a cocoon programme should consider
their local epidemiology.

Currently, data evaluating the effectiveness of a

cocoon strategy are limited. Since the implementa-
tion of such a strategy in the US in 2006, data from
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two small studies have been reported with conflicting
results. One study documented a 50% decline in the
incidence of pertussis in hospitals with a post-partum
Tdap vaccination policy in 2006 (n=48), while a 20%
increase was observed among hospitals that did not
have such a policy (h=145) [29]. In contrast, Castagnini
et al. [30] found no difference in the rates of illness,
length of stay or mortality in infants under six months
of age when post-partum women were vaccinated prior
to discharge. The authors recommended that all house-
hold and key contacts of newborns should be immu-
nised instead.

Additional factors that are important to consider with
respect to the cocoon strategy include the feasibility
of achieving satisfactory uptake using this approach,
its cost-effectiveness, and impact on health equity. A
cocoon strategy for mothers may offer benefits that
accumulate through subsequent pregnancies depend-
ing on the duration of protection from the vaccine and
may also result in greater uptake within this population
due to the targeted nature of the programme and acces-
sibility of the population. However the recent addition
of an adult pertussis booster to the immunisation pro-
gramme in Ontario has the added benefits of providing
protection to other close contacts of infants, such as
fathers, grandparents and other adult caregivers. There
is also evidence that immunisation coverage of high-
risk groups increase when vaccination programmes
are universal rather than targeted [31,32]. A universal
adult pertussis programme not only serves to decrease
the overall risk of disease among infants (beyond that
which might be achieved with a more focused cocoon
strategy), but also to protect adults from the morbid-
ity associated with the disease. Critical to the success
of a universal programme is to ensure that adequate
pertussis vaccine coverage is achieved. A comparison
of various immunisation strategies suggests coverage
of at least 40% within the adult population is required
to achieve herd immunity [33]. Unfortunately in the
absence of a comprehensive immunisation registry in
Ontario, vaccine uptake since the implementation of
the universal programme in 2011 is unknown. Routine
adult immunisation has been observed to be more
cost-effective than a cocoon programme targeting par-
ents [34]. However compared to just an infant immuni-
sation programme, Westra et al. from the Netherlands
found that adding maternal immunisation or a cocoon-
ing programme for both parents was cost-effective and
even cost-saving [35].

This analysis was limited by the sources of data that
were available to estimate the overall incidence of dis-
ease, hospitalisation and deaths, including lack of age-
specific denominator information by month for infants
less than four months of age. Due to delays in report-
ing and under-reporting, the vital statistics database
was not used to derive mortality estimates. However,
for comparison, three deaths due to pertussis among
infants less than one year old were reported in Canada
using data from the Vital Statistics database [36].
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FIGURE 2

Estimated number needed to vaccinate to prevent (A) one
pertussis case, (B) one pertussis hospitalisation, (C) one
pertussis death, in an infant less than one year of age,
Ontario
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NNV: number needed to vaccinate.

Adjustments for under-reporting were used and mothers were
assumed to be twice as likely as fathers to infect the infant in
this analysis.
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Extrapolating this to the Ontario population would
have resulted in an estimated CFR of 0.03%, whereas
the unadjusted CFR estimate used in this analysis was
0.2%. Under-reporting of severe cases of pertussis and
deaths has previously been reported [11,13]. Inflation
factors were assumed to attempt to adjust for under-
reporting, but true rates were unknown. Despite this,
the provision of unadjusted rates in the sensitivity
analyses provided a range of estimates for reference.
In addition, estimates of the proportion of infants who
were infected by the mother or father were derived
from several studies using different methodologies.
Although these estimates varied between studies, it
was reassuring to observe that the relative proportion
of infants infected by mothers versus fathers remained
generally consistent at a ratio of 2:1.

Conclusion

This study demonstrates that NNV analyses can incor-
porate many assumptions and assist when considering
implementation of a targeted or universal programme.
The NNV estimates derived from this study suggest
that a cocoon strategy may or may not be acceptable,
depending on the objective of the pertussis vaccination
programme. If the objective is to reduce morbidity in
the general population, a universal programme might
be the most efficient option available. In the current
epidemiological situation where pertussis is increas-
ing even in areas with high coverage, and where public
health has easier access to parents than to the general
adult population, cocooning may be the most feasible
or even the only strategy we have to protect infants.
What the NNV shows very clearly is the inefficiency
inherent in any approach, with relatively large num-
bers of people to vaccinate in all scenarios. And finally,
regardless of approach, a better vaccine is needed,
with longer duration of protection that can protect the
youngest infants more effectively, preferably through
herd immunity.

References

1. Deeks S, De Serres G, Boulianne N, Duval B, Rochette L, Dery
P, et al. Failure of physicians to consider the diagnosis of
pertussis in children. Clin Infect Dis. 1999;28(4):840-6. http://
dx.doi.org/10.1086/515203

2. von Konig CH, Halperin S, Riffelmann M, Guiso N. Pertussis of
adults and infants. Lancet Infect Dis. 2002 Dec;2(12):744-50.
http://dx.doi.org/10.1016/51473-3099(02)00452-8

3. Crowcroft NS, Stein C, Duclos P, Birmingham M. How
best to estimate the global burden of pertussis?Lancet
Infect Dis. 2003;3(7):413-8. http://dx.doi.org/10.1016/
$1473-3099(03)00669-8

4. Kwong JC, Crowcroft NS, Campitelli MA, Ratnasingham S,
Daneman N, Deeks SL, et al. Ontario Burden of Infectious
Disease Study Advisory Group; Ontario Burden of Infectious
Disease Study (ONBOIDS): An OAHPP/ICES Report. Toronto:
Ontario Agency for Health Protection and Promotion, Institute
for Clinical Evaluative Sciences; 2010.

5. Public Health Ontario (PHO). Summary of immunization
coverage for Ontario school pupils, 2011/12 school year.
Monthly Infectious Diseases Surveillance Report. 2013;
2(12):7-10. Available from: http://www.publichealthontario.ca/
en/DataAndAnalytics/Documents/PHO_Monthly_Infectious_
Diseases_Surveillance_Report_-_December_2013.pdf

6. Jardine A, Conaty SJ, Lowbride C, Staff M, Vally. Who gives
pertussis to infants? Source of infection for laboratory
confirmed cases less than 12 months of age during an
epidemic, Sydney, 2009. Commun Dis Intell. 2010;34(2):116-21.

www.eurosurveillance.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Elliott E, Ridley G, Morris A, Massie ], McEniery J, Knight G.
National study of infants hospitalised with pertussis in the
acellular vaccine era. Pediatr Infect Dis ). 2004;23(3):246-52.
http://dx.doi.org/10.1097/01.inf.0000116023.56344.46

De Greeff SC, Mooi FR, Westerhof A, Verbakel JMM, Peeters
MF, Heuvelman CJ, et al. Pertussis disease burden in the
household: How to protect young infants. Clin Infect Dis.
2010;50(10):1339-45. http://dx.doi.org/10.1086/652281

Halperin SA, Wang EEL, Law B, Mills E, Morris R, Dery P, et al.
Epidemiological features of pertussis in hospitalised patients
in Canada, 1991-1997: Report of the Immunization Monitoring
Program-Active (IMPACT). Clin Infect Dis. 1999;28(6):1238-43.
http://dx.doi.org/10.1086/514792

Bisgard KM, Pascual FB, Ehresmann KR, Miller CA, Cianfrini
C, Jennings CE, et al. Infant pertussis: Who was the source?
Pediatr Infect Dis J. 2004;23(11):985-9. http://dx.doi.
0rg/10.1097/01.inf.0000145263.37198.2b

Vitek CR, Pascual FB, Baughman AL, Murphy TV. Increase
in deaths from pertussis among young infants in the United
States in the 1990s. Pediatr Infect Dis J. 2003;22(7):628-34.
http://dx.doi.org/10.1097/01.inf.0000073266.30728.0¢e

Wendelboe AM, Njamkepo E, Bourillon A, Floret DD, Gaudelus
J, et al. Transmission of Bordetella pertussis to young
infants. Pedatr Infect Dis ). 2007;26(4):293-9. http://dx.doi.
0rg/10.1097/01.inf.0000258699.64164.6d

Crowcroft NS, Booy R, Harrison T, Spicer L, Britto J, Mok

Q, et al. Severe and unrecognised: pertussis in UK infants.
Arch Dis Child. 2003;88(9):802-6. http://dx.doi.org/10.1136/
adc.88.9.802

Bonmarin |, Levy-Bruhl D, Baron S, Guiso N, Njamkepo E, Caro
V. Pertussis surveillance in French hospitals: Results from a 10
year period. Euro Surveill. 2007;12(1):34-8.

Baron S, Njamkep E, Grimprel E, Begue P, Desenclos

J-C, Drucker J, et al. Epidemiology of pertussis in French
hospitals in 1993 and 1994: thirty years after a routine use
of vaccination. Pediatr Infect Dis ). 1998; 17(5):412-8. http://
dx.doi.org/10.1097/00006454-199805000-00013

Wiley KE, Zuo Y, Macartney KK, Mclntyre PB. Sources
of pertussis infection in young infants: A review of key
evidence informing targeting of the cocoon strategy.
Vaccine. 2012:31(4):618-25. http://dx.doi.org/10.1016/j.
vaccine.2012.11.052

Centers for Disease Control and Prevention. Updated
recommendations for use of tetanus toxoid, reduced diphtheria
toxoid, and acellular pertussis vaccine (Tdap) in pregnant
women — Advisory Committee on Immunization Practices
(ACIP), 2012 MMWR Morb Mortal Wkly Rep. 2013:62(7):131-5.

National Advisory Committee on Immunization. Prevention of
pertussis in adolescents and adults. Can Commun Dis Rep.
2003;29:1-9.

Canadian Institute for Health Information (CIHI). International
Statistical Classification of Disease and Related Health
Problems, Tenth Revision, Canadian Enhancement (ICD-10-CA).
Toronto: Canada; 2009. Available from: http://www.cihi.ca/
cihi-ext-portal/pdf/internet/icd_10_ca_voli_2009_en

De Serres G, Skowronski DM, Mimault P, Ouakki M,
Maranda-Aubut R, Duval B. Bats in the bedroom, bats in the
belfry: Reanalysis of the rationale for rabies postexposure
prophylaxis. Clin Infect Dis. 2009;48(11):1493-9. http://dx.doi.
0rg/10.1086/598998

Crowcroft NS. Protecting contacts of hepatitis A: what’s

the difference between vaccine and human normal
immunoglobulin? Epidemiol Infect. 2008;136(1):10-3. http://
dx.doi.org/10.1017/S0950268807008242

Kelly H, Attia J, Andrews R, Heller RF. The number needed
to vaccinate (NNV) and population extensions of the

NNV: comparison of influenza and pneumococcal vaccine
programmes for people aged 65 years and over. Vaccine.
2004;22(17-18):2192-8. http://dx.doi.org/10.1016/].
vaccine.2003.11.052

Brisson M. Estimating the number needed to vaccinate to
prevent herpes zoster-related disease, health care resource
use and mortality. Can ) Public Health. 2008;99(5):383-6.

Brisson M, Van de Velde N, De Wals P, Boily M-C. Estimating
the number needed to vaccinate to prevent diseases and death
related to human papillomavirus infection. Can Med Assoc J.
2007;177(5):464-8. http://dx.doi.org/10.1503/cmaj.061709
Lewis EN, Griffin MR, Szilagyi PG, Zhu Y, Edwards KM, Poehling
KA. Childhood influenza: number needed to vaccinate to
prevent 1 hospitalization or outpatient visit. Pediatrics. 2007;
120(3):467-72. http://dx.doi.org/10.1542/peds.2007-0167

Van Rie A, Hethcote HW. Adolescent and adult pertussis
vaccination: computer simulations of five new strategies.
Vaccine. 2004;22(22-23):3154-65. http://dx.doi.org/10.1016/].
vaccine.2004.01.067

33



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

34

Skowronski DM, Janjua NZ, Tsafack EPS, Ouakki M, Hoang L,

De Serres G. The number needed to vaccinate to prevent infant

pertussis hospitalization and death through parent cocoon

immunization. Clin Infect Dis. 2012;54(3):318-27. http://dx.doi.

org/10.1093/cid/cir836

Meregaglia M, Ferrara L, Melegara A, Demicheli V. Parent
‘cocoon’ immunization to prevent pertussis-related
hospitalization in infants: The case of Piemonte in Italy.
Vaccine. 2013:31(8):1135-7. http://dx.doi.org/10.1016/].
vaccine.2012.12.061

Winter K, Harriman K, Schechter R, Chang J, Talarico J.
Effectiveness of postpartum Tdap vaccination in California
hospitals. Presented at the Council of State and Territorial
Epidemiologists (CSTE) 2010 Annual Conference; 2010 Jun;
Portland, OR, USA.

Castagnini LA, Healy CM, Rench MA, Wootton SH, Munoz

FM, Baker CJ. Impact of maternal postpartum tetanus and
diphtheria toxoids and acellular pertussis immunization on
infant pertussis infection. Clin Infect Dis. 2012;54(1):78-84.
http://dx.doi.org/10.1093/cid/cir765

Al-Sukhni W, Avarino P, McArthur MA, McGeer A. Impact of
public vaccination programs on adult vaccination rates: Two
examples from Ontario, Canada. Vaccine. 2008;26(11):1432-7.
http://dx.doi.org/10.1016/j.vaccine.2008.01.001

Kwong JC, Sambell C, Johansen H, Stukel TA, Manuel DG. The

effect of universal influenza immunization on vaccination rates

in Ontario. Health Rep. 2006;17(2):31-40.

Coudeville L, Van Rie A, Andre P. Adult pertussis vaccination
strategies and their impact on pertussis in the United States:
evaluation of routine and targeted (cocoon) strategies.

Epidemiol Infect. 2008;136:604-20. http://dx.doi.org/10.1017/

S0950268807009041

Coudeville L, Van Rie A, Getsios D, Caro JJ, Crepey P, Nguyen
VH. Adult vaccination strategies for the control of pertussis
in the United States: An economic evaluation including the
dynamic population effects. PLos One. 2009;4(7):€6284.
http://dx.doi.org/10.1371/journal.pone.0006284

Westra TA, de Vries R, Tamminga JJ, Sauboin CJ, Postma M.
Cost-effectiveness analysis of various pertussis vaccination
strategies primarily aimed at protecting infants in the
Netherlands. Clin Ther. 2010;32(8):1479-95. http://dx.doi.
org/10.1016/j.clinthera.2010.07.017

CANSIM [Internet]. Ottawa: Statistics Canada. Table 102-
o521 - Deaths, by cause, Chapter I: Certain infectious and
parasitic diseases (Aoo to B99), age group and sex, Canada,
2005-2009. [Accessed 26 Nov 2013]. Available from: http://
wwws.statcan.gc.ca/cansim/a26?lang=eng&retrLang=
eng&id=1020521&paSer=&pattern=&stByVal=1&p1=1
&p2=-1&tabMode=dataTable&csid=

www.eurosurveillance.org



