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Abstract

Background: Pertussis vaccination coverage remains unsatisfactory in adults in France and pertussis is the leading cause of death due to
bacterial infection in infants up to 3 months of age, whom are most often infected by parents and siblings. The objective of this study is
therefore to evaluate the epidemiologic trends in the number of cases of pertussis requiring hospitalisation and the associated costs in
France between 2006 and 2012. Methods: We performed a cross-sectional, retrospective analysis of hospitalisations with a diagnosis of
pertussis in France between 2006 and 2012 by means of the French diagnosis related group national program database. The initial and
subsequent stays for pertussis were identified for each patient over the 7-year period. Results: A peak in the number of pertussis cases
requiring hospitalisation was observed in 2009 and an even larger peak was observed in 2012. Infants under the age of 3 months had the
greatest number of hospitalisations, the longest and most costly stays and the highest proportion with composite markers of severity,
followed by adults aged 50 and older. Patient stays ending in death were most frequent in adults aged 50 years and older (1.4%), followed
by infants under 3 months of age (0.6%), with a total of 0.6% for all ages. The mean annual crude hospitalisation rate was 1.6 per 100,000,
all ages combined, and infants aged less than 3 months had a far greater 48.8 per 100,000 rate. Conclusions: This study confirms the cyclic
epidemiological trends of pertussis and show two marked peaks in 2009 and 2012 of cases requiring hospitalisations in France. Infants
are at the highest risk for hospitalisations and the most severe cases, followed by adults aged 50 years and older. Despite a vaccination

program for infants and young parents and siblings, the burden of pertussis remains high.
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Introduction

Pertussis is a highly contagious bacterial disease of the
lower respiratory tract whose airborne transmissibility is
responsible for its spread to 80 to 90% of non-immunised
close contacts [1]. The infection’s severity is primarily
due to its pulmonary and neurological complications and
is particularly serious in youngest infants. Adolescents
and adults do not typically present with a severe form of
pertussis, but it is most frequently that the house close
contact, especially the parents and siblings who, as their
immunity wanes, transmit the infection to infants who have
not yet developed sufficient immunity [2] to be protected
by immunisation program.

In France, a “cocooning” immunisation strategy around
the birth has been in place since 2004 to reduce the
transmission of the infection from adults to infants,
wherein adults planning to have a child are recommended
for a booster immunisation and close family members
are recommended for a booster during the pregnancy. In
addition, a booster immunisation was added to the vaccine
schedule for adults at the age of 25 who have not received
a dose in the previous 5 years, with a catch-up until the age

of 40 [3, 4]. Despite these measures, vaccination coverage
remains unsatisfactory in adults and pertussis represents
the leading cause of death due to bacterial infection in
infants up to 3 months of age [2, 5].

Additionally, a progressive recrudescence of pertussis
has been observed and described since the early 2000's,
particularly in the United States and United Kingdom [6, 7],
with increasing peaks in the number of cases every 3to 5
years. The largest peak was described in 2011-2012. This
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peak was especially prominent with regard to the number
of cases in infants. Besides, in France, a pertussis outbreak
was described in a nursing home in 2013 (26 confirmed
cases) [8].

In France, a paediatric pertussis hospital surveillance
network (Renacoq) was created in 1996, but no data
are available in adults. Since 1986, declaration of cases
of pertussis is no longer mandatory, and there is no
systematic surveillance in either the hospital or ambulatory
settings. Consequently, it is difficult to evaluate the trends
in pertussis infections in France.

The objective of this study is therefore to evaluate the
trends in the number of cases of pertussis requiring
hospitalisation in France by means of the French diagnosis
related group national program database (PMSI) between
2006 and 2012. More specifically, this study aims to examine
the hospital epidemiology and costs of pertussis over this
7-year period and to describe the patients presenting with
these cases and their hospital stays.

Material and methods

Study design

We performed a cross-sectional, retrospective analysis of
hospitalisations with a diagnosis of pertussis in mainland
France between January 2006 and December 2012. The
initial stay for pertussis was identified for each patient and
all subsequent stays related to this disease were identified
over the 7-year period. The PMSI is a national, exhaustive
database thatincludes the characteristics of all medical and
surgical stays in both public and private sector hospitals
in France which uses diagnosis-related groups (DRG) for
coding in order to measure hospital activity and associated
costs. The PMSI uses international classification of diseases
(ICD-10) and the common classification for medical acts
(CCAM) codes for medical procedures.

Inclusion and exclusion criteria

Patients having at least one hospital stay in mainland
France with a diagnosis (PD, RD or AD) of pertussis were
included in the study. Hospital stays in the overseas
departments and territories of France were excluded. The
following 4 ICD-10 codes [9] were used to extract patient
stays: whooping cough due to Bordetella pertussis (A370),
whooping cough due to Bordetella parapertussis (A371),
whooping cough due to other Bordetella species (A378)
and whooping cough, unspecified species (A379). Due to
the long refractory period following a natural infection by
pertussis [10], the initial stay and all subsequent related
stays over the 7-year period were considered to be a single
case of pertussis.

Analyses

The patient’s initial stay was used for determining the
socio-demographic characteristics of the case. To avoid
double counting, only the date of the initial stay was
taken into account in calculating the number of cases and
in the epidemiologic analyses. Both the initial stay and
all subsequent stays related to pertussis were included
in the clinical and economic analyses of patient stays. In
order to perform a subanalysis of the most severe cases

of pertussis, three criteria were defined: cases requiring
mechanical ventilation, cases requiring treatment in an
intensive care or critical care unit (ICU/CCU) and/or cases
culminating in the death of the patient [11].

Crude hospitalisation rates were determined by age
group and expressed as the number of cases of pertussis
requiring hospitalisation per 100,000 people in the general
population. In the interest of taking different regional
immunisation practices and demographic heterogeneity
into account, age-adjusted hospitalisation rates were also
calculated for each of 5 regions of France (lle-de-France,
Northeast, Southeast, Southwest, and Northwest) and
expressed in the same manner. The reference data for
the general population, by age and by region, were drawn
from the national institute of statistics and economic
studies’ (INSEE) population estimates for the years 2006-
201212, 13].

The hospital perspective was used for the economic
analyses. Costs of patient stays were determined by using
the national common methodology cost scale (ENCC), which
is published each year by the technical agency on hospital
information (ATIH) for both public and private healthcare
facilities. The ENCC provides a mean cost per DRG which is
determined through an in-depth micro-costing analysis of
a representative sample of facilities and takes into account
all resources consumed for a given patient in a specific
DRG. The absence of ENCC data for 2012 and for private
facilities for 2008 required applying data from the previous
year.

Statistical analyses were performed using SAS V9.2¢
software (SAS Institute Inc. Cary, NC, USA). Numbers or
percents were provided for categorical variables. Mean
value and standard deviation (SD) were reported for
continuous variables. Results for continuous variables
were compared using the Kruskall-Wallis test whereas
results for categorical variables were compared using the
Chi? test or Fisher exact test when one or more cells had
an expected frequency or five or less. A p value < 0.05 was
considered statistically significant.

Ethics

Permission to extract and use the PMSI data was obtained
from the national commission on informatics and liberty
(CNIL).

Results

Patient characteristics and description of cases

For the 2006-2012 study period, 7,058 hospitalised patients
with pertussis were identified, among them 44.9% were
male. More than half the patients were less than 1 year
old, with the highest proportion being less than 3 months
old (Figure 1). Patients aged 50 years or older represented
the second largest age group and children aged between
6 and 17 years the smallest. Part of patients were infected
by Bordetella pertussis (37.3%) and Bordetella parapertussis
(2.0%) whereas in most cases the species of Bordetella
were not specified (58.0%) or other species (2.7%). Two
prominent peaks in the number of cases are visible in 2009
and 2012 (Figure 2). The greatest number of initial stays for
pertussis took place in 2012.
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Figure 1 Distribution of cases per age group over 2006-2012 period.

Figure 2 Distribution of total number of cases per year.

Table 1 Epidemiologic and economic data per year and overall.

Hospital epidemiology

No consistent seasonal variation was observed in the
number of cases requiring hospitalisation in a given month
overthe7-yearstudyperiod. Themeancrudehospitalisation
rate for all age groups combined over the 7-year period
was 1.6 per 100,000, but was far higher in infants under 3
months of age (48.8 per 100,000) (Table 1). There were two
peaks in the mean crude hospitalisation rates, in 2009 and
2012, corresponding to the peaks in the number of cases
requiring hospitalisation. These peaks in hospitalisation
rates were particularly prominent for infants under 1 year
of age (82.9 and 116.0 per 100,000, respectively, in 2009
and 2012). Upon adjusting the crude hospitalisation rates
for age and region, no major differences in age-adjusted
rates were observed and the two peaks in 2009 and 2012
were noticeable for all regions.

Description of patient stays

The mean number of stays per case of pertussis during the
study period was 1.12 (SD = 0.43, 95% Cl 1.11-1.13), with

Total
Year 2006 2007 2008 2009 2010 2011 2012 (2006-2012)
Crude hospitalisation rate (per 100,000) p-value
<0.0001
<3 months 49.3 323 41.9 58.3 34.6 453 79.7 48.8
>3 and <12 months 20.1 16.0 16.2 24.6 15.6 16.9 36.3 20.8
>1 and <5 years 1.0 0.9 1.0 1.8 0.9 1.1 2.0 1.2
>5 and <18 years 0.5 0.5 0.4 0.7 0.5 0.2 0.7 0.5
>18 and <50 years 0.5 0.5 0.6 0.8 0.6 0.5 0.7 0.6
> 50 years 0.6 0.9 1.3 1.6 1.0 0.9 0.9 1.0
Total 1.4 1.2 1.5 2.1 1.3 1.4 2.2 1.6
Age-adjusted hospitalisation rate (per 100,000) p-value
<0.0001
lle-de-France 1.7 1.4 2.0 1.9 1.2 1.3 23 1.7
Northeast 1.2 1.3 1.4 2.0 1.0 1.1 2.1 1.4
Southeast 1.2 1.1 1.6 1.8 1.3 1.5 2.0 1.5
Southwest 1.3 1.2 1.6 3.1 1.9 1.4 2.6 1.9
Northwest 1.6 1.2 1.2 23 1.4 1.8 24 1.7
Total cost (€) * * 4,317,268 6,335,117 3,587,002 3,942,702 6,587,529 24,769,617

*Data for costs in 2006 and 2007 were not taken into account due to the DRG being revaluated in 2008.

90.6% of cases having a single stay, 7.5% having 2, 1.5%
having 3, and 0.4% having at least 4 stays. Overall, 93.4%
of stays were for at least 1 day and an overnight stay. The
mean length of stay for those staying at least overnight
was 7.5 + 8.7 days, and was lengthier in infants under 3
months of age (8.8 + 8.5 days) and adults aged 50 years or
older (9.6 + 9.0 days) (Table 2).

Over half of patient stays began in the emergency
department (ED), and this proportion was the highest
in infants under 3 months of age (62.8%). The overall
percentage of stays for severe cases of pertussiswas 11.6%,
with infants under 3 months of age (19.1%) followed by
adults aged 50 and older (8.8%). Children and adolescents
aged 6-17 years and adults aged 18-49 presented the
fewest severe cases (2.4% and 4.4%, respectively). Infants
under 3 months of age had by far the most stays with a
journey through an ICU and/or CCU (12.4%) and requiring
mechanical ventilation (15.0%). On the other hand, patient
stays ending in death were most frequent in adults aged
50 years and older (n=25, 1.6%), followed by infants
under 3 months of age (n=22, 0.8%) and adults aged 18

to 50 years (n=1, 0.1%), with a total of 48 deaths (0.7%)
for all age groups. In adults aged 50 years and older, an
underlying condition was identified in 19 cases leading to
death: heart failure/angina pectoris (n=8), cancer (n=6),
asthma / chronic obstructive pulmonary disease (n=3)
and diabetes with renal complications (n=2). For 4 cases,
it concerned people with an age more than 90 years and
with a poor performance status, and the 2 remaining cases
had no specific comorbidity and were 68 and 76 years.

Economic analysis

Between 2008 and 2012, all stays for pertussis totalled
an estimated €24.8 million, with a substantial increase in
2009 and especially in 2012 (Table 1). Costs for 2006 and
2007 were not included due to the DRG being reappraised
in 2008 thereby rendering the two periods incomparable.
The mean cost per stay over this 5-year period for all age
groups was €4,631.43 (Table 2). The mean cost per stay
was the highest for infants less than 3 months of age
(€5,463.66) where the proportion of patients having an
assist ventilation is higher, followed by adults aged 50
years and older (€4,955.30).
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Table 2 Clinical and economic characteristics of stays per age category and overall.
Age <3 months 3-11 months 1-5 years 6-17 years 18-49 years > 50 years Total p-value
Number of stays 3,108 1,261 355 332 1,149 1,702 7,907
Mean (+SD) length of stay  8.8(+8.5) 59(7.7) 3.4 (+7.5) 3.0(x4.1) 5.2(+x9.4) 9.6 (+9.0) 7.5(£8.7) <0.0001*
(days)
Number of stays beginning in 1,951 (62.8) 783 (62.1) 222 (62.5) 193 (58.1) 441 (38.4) 721 (42.4) 4,311 (54.5) <0.0001
ED (%)
Number of stays for severe 595 (19.1) 95 (7.5) 22(6.2) 8(2.4) 51 (4.4) 150 (8.8) 921 (11.6) <0.0001
cases (%)
Stays with ICU/Ccu 12.4 2.4 2.0 0.6 2.3 4.6 6.7
component
Stays with mechanical 15.0 6.8 5.6 2.1 3.1 5.8 9.0
ventilation
Number of cases 2,619 1,118 332 319 1,076 1,594 7,058
In-hospital mortality N (%) 22 (0.8) 0(0.0) 0(0.0) 0(0.0) 1(0.1) 25(1.6) 48 (0.7) <0.0001
Mean (£SD) cost per case (€) 5,463.66 4,230.28 3,110.03 2,731.99 3,518.93 4,955.30 4,631.43 <0.0001*
(+4,325.15)  (£3,188.96)  (+2,707.13)  (+1,991.64)  (+4,078.15)  (¢3,938.05) (& 3,981.57)
*For the variables length of stay and cost, we also tested following groups: <3 months vs 3months-49 years (p<0.0001) and <3 months vs =50 years
(p<0.0001).
Discussion adolescents and adults in a study conducted with general

This study is, to our knowledge, the first to examine the
recent epidemiological trends of pertussis cases requiring
hospitalisation on the national level as well as the first to
give a global picture including adults and the eldest.

The PMSI database is exhaustive at national level but was
not developed for epidemiological studies. Indeed, it is a
tool to measure hospital activity and to costs hospital stays
according to DRG. As the rating is related to the patients’
characteristics, clinical diagnoses and procedures, the
collection of data over the hospital stay is more and
more accurate. A national agency (ATIH) manages this
database and publishes regularly guidelines for the coding
at hospital level under the supervision of a physician. For
infectious diseases, the mean used for the diagnostic are
not specified. But when the germ is encoded, it is assumed
thata properidentification was done. This database is more
and more used as a reference for epidemiological, medical
and economic studies in France, even by health authorities
such as Institut de Veille Sanitaire and Haute Autorité de
Santé. In oncology for example, external validations were
performed in comparison to existing registries, showing
high sensibility and positive predictive values [14].

Previous studies on paediatric hospitalisations from
the Renacoq network were published but fail to give an
exhaustive picture of pertussis cases in France over the
2000-2008 period, most likely due to waning physician
participation and under-reporting [15]. A peak in paediatric
hospitalisations was observed in 2009, but data are limited
[16]. The most recent annual incidence rate was estimated
to be 210 per 100,000 in 2010 for infants under the age of
3 months [17]. Studies of the epidemiology in adults in the
general practitioner setting have provided mixed results.
In 1999-2000, Gilberg et al. [18] estimated the annual
incidence of pertussis in the general population in the Paris
area to be between 508 or 884 per 100,000. Lasserre et
al. [19] found the incidence to be 145 per 100,000 among

practitioners, also in the Paris area. Finally, a report on
nosocomial pertussis infections from 2008-2010 by the
Health Surveillance Institute (InVS) concluded that the
annual increase in hospital-acquired infections was greater
over this period than during the 2000-2007 period, with a
total of 89 cases declared between 2008 and 2010 [20].

Our results confirm the cyclic epidemiological trends of
pertussis and show two marked peaks in 2009 and 2012
as also observed in other countries [6, 7]. When compared
to the previously published French data cited previously,
certain interesting observations can be made. Firstly, the
mean annual hospitalisation rate for infants under the age
of 3 months in our study was 48.8 per 100,000 over the
period 2006-2012. By taking as a reference the estimated
annual incidence rate of 210 per 100,000, our results
show that nearly one quarter of these infants infected by
pertussis are hospitalised. In the adult population, our
results show that between 0.6 and 1.0 per 100,000 adults
are hospitalised for pertussis, compared to between 145
and 884 cases per 100,000 in the general population. This
equates to 0.06% to 0.69% of the infected adult population
proceeding to be hospitalised. It can therefore be seen
that pertussis is at least as common in adults as in infants,
if not more so, yet only a very small percentage of infected
adults develop a form of pertussis severe enough to require
hospitalisation. These mirrors confirm recent findings that
adults have now become the primary reservoir for the
disease and are the most likely to transmit the infection to
infants. Furthermore, through this indirect comparison it
is seemed that infants infected by pertussis are very likely
to develop a severe form, leading to hospitalisation and an
increased mortality rate.

Interestingly, the small percentage of adults aged 50 years
and older who did require hospitalisation was actually the
population with the highest mortality rate in our study.
It has to be noted that most of patients had underlying
conditions. They were also the second most frequently
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hospitalised group after infants under the age of 3 months
and were also second in terms of the most lengthy and
costly stays, ahead of infants aged between 3 and 12
months. The potential severity of pertussis infections in
this population has heretofore received little attention,
even if a recent Australian study highlights the potential
burden of pertussis among older people [20].

Rating and management of patients are different in
France from other countries, so it was difficult to compare
economical data to those from foreign studies [21, 22] and
we did not find such data from French studies. There is a
real lack of data in literature regarding cost of pertussis
and it would be interesting to have further studies in near
future.

Our study has several limitations. Firstly, due to the nature
of the PMSI as a hospital database, this study could not
evaluate the epidemiology of pertussis in the entire
French population over the study period, but did evaluate
the epidemiology of the cases requiring hospitalisation.
Secondly, the PMSI is an administrative database primarily
used to measure the activity and resource consumption
of healthcare facilities, and does therefore not allow for
full consideration of individual clinical cases. For example,
if a stay was coded for with a diagnosis of whooping
cough due to Bordetella parapertussis, it was not possible
to determine if this diagnosis was determined clinically,
through laboratory testing or epidemiologically. PCR is now
reimbursed in France since 2011 and could increase the
number of diagnosed cases. However, in our study, most
of cases (58%) were encoded as undetermined, suggesting
that the diagnostic is still more often based on symptoms.
The spread of this technique will probably contribute to
improve the diagnosis and management of this disease.

On the other hand, our study takes into account all
hospitalisations for pertussis between 2006-2012, in all of
mainland France and for all age groups, a scope that no
other study has currently explored. Furthermore, the ICD-
10 coding for pertussis remained the same during the entire
study period, limiting any coding bias. Finally, we were able
to retrieve all required data concerning patient stays with
a diagnosis of pertussis, with very few exceptions, thereby
supporting the robust nature of our analyses.

The results of this study, along with the previously reported
low rates of immunisation in adults between the ages
of 20 and 39 [5], suggest that the current immunisation
guidelines including the “cocooning” strategy are either
inadequately applied in real life or are insufficient in and
of themselves in preventing the spread of pertussis to
infants, as also observed recently in Canada [23]. Indeed,
although the “cocooning” immunisation strategy was
implemented in 2004 and a booster immunisation was
added for young adults in 2008, there is no evident impact
on the number of infants requiring hospitalisation. In
either case, further measures are required to attempt to
curb recent epidemiologic developments. Moreover, the
high burden among infants aged between 3 months and
1 year suggests that there is a room of improvement for
the implementation of the current vaccination strategy.
The unexpected severity of cases in adults aged over 50

warrants further exploration. Additionally, further studies
are necessary to determine whether or not this trend
continues in the future.

Conclusion

This study confirms cyclic epidemiological wave with peak
each three to five years. Infants under the age of 3 months
represented the largest percentage of cases requiring
hospitalisation. They also presented the longest stays, the
most frequent use of the ED and the ICU or CCU as well
as mechanical ventilation. Overall, in unvaccinated infants
whooping cough remains a life threatening disease with
and, nearly one-fifth of stays were considered to be for the
most severe cases for infants under the age of 3 months.
Surprisingly, adults aged 50 and older were the second
most frequently hospitalised group and also presented
longer than average stays and a higher proportion of
severe cases. Mortality was highest in this population.
Infants aged more than 3 months and less than 1 year are
also concerned, even if a vaccination program is in place for
this population. Adolescents and adults under the age of
50 represented the smallest proportion of severe cases.
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