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The 2016 seasonal influenza in Réunion in the south-
ern hemisphere, was dominated by influenza A(H1N1)
pdm09 (possibly genogroup 6B.1). An estimated 
100,500 patients with acute respiratory infection (ARI) 
consulted a physician (cumulative attack rate 11.9%). 
Sixty-six laboratory-confirmed cases (65.7/100,000 
ARI consultations) were hospitalised in an intensive 
care unit, the highest number since 2009. Impact on 
intensive care units was major. Correlation between 
severe cases was 0.83 between Réunion and France 
and good for 2009 to 2015.

Réunion is a southern hemisphere French overseas 
territory with 843,529 inhabitants (2015 estimate [1]) 
located in the Indian Ocean between Madagascar and 
Mauritius. The island benefits from a healthcare sys-
tem similar to mainland France. In the 2016 influenza 
season lasting from April to August, Réunion experi-
enced a high number of severe influenza cases.

Influenza surveillance system and 
definition of severe cases
Influenza is monitored through a multi-source surveil-
lance system including a sentinel general practition-
ers (GPs) network, hospital emergency departments, 
intensive care units (ICUs), laboratory and mortal-
ity data [2]. The sentinel GPs network [3] is based on 
reports from 53 volunteer GPs located throughout the 
island. They report on weekly basis to the regional 
office of the French national public health agency (Cire 
OI) their total number of consultations and number 
of consultations for acute respiratory infections (ARI) 

(defined as a sudden onset of fever (≥ 38 °C) and cough, 
which are associated or not with other symptoms, such 
as for example breathing difficulty or headache). In 
addition to the weekly proportion of ARI among sen-
tinel consultations, a weekly estimated number of ARI 
consultations is extrapolated from the total number of 
consultations in Réunion which are derived from health 
insurance data. Severe cases of influenza are reported 
in real-time by clinicians of ICUs to the Cire OI. A severe 
influenza case is defined as a patient with laboratory-
confirmed influenza (positive RT-PCR for influenza 
virus) admitted for more than 24 hours to an ICU.

The 2016 influenza epidemic in Réunion
In 2016, the influenza epidemic period in Réunion 
started one month earlier than usual (week 17, end of 
April) and ended in week 30 (Figure 1). The epidemic 
peak was reached at week 27 in July. During that week, 
the estimated number of consultations due to ARI was 
8,700. Over the whole epidemic period, the number of 
patients with ARI who consulted a GP was estimated 
at 100,500 which represents a cumulative attack rate 
of 11.9% (100,585 / 843,529) in the general population.
At the beginning of the epidemic period, we observed 
mainly influenza B virus circulation, and after 6 weeks, 
influenza A(H1N1)pdm09 virus became the predomi-
nantly circulating virus on the Island. We also detected 
some A(H3N2) viruses but they accounted for only 20% 
of influenza viruses identified through surveillance. 
Influenza B virus strains were those targeted by the 
2016 seasonal vaccine for the southern hemisphere (B/
Victoria) [4].
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Figure 1
Severe influenza cases by virus type and death, Réunion, France, week 1 to week 35, 2016 (n = 66)

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

2

4

6

8

10

12

Estim
ated num

ber of ARI consultations
a 

Nu
m

be
r o

f s
ev

er
e 

la
bo

ra
to

ry
-c

on
fir

m
ed

 in
flu

en
za

 c
as

es

Week of intensive care unit admission (2016)

Influenza A(H1N1) pdm09 virus

Death by influenza A(H1N1) pdm09 virus

Influenza B virus

Death by influenza B virus

Influenza A(H3N2) virus

Estimated number of ARI consultations

ARI: acute respiratory infections.

a Extrapolated from the total number of consultations in Réunion, which were derived from health insurance data.

Table
Characteristics of severe influenza cases, Réunion, influenza season 2016 (n = 66)

Influenza virus types/subtypes A(H1N1)pdm09 
(n = 40)

B 
(n = 15)

A(H3N2) 
(n = 11)

Sex (Male / Female) 25/15 8/7 4/7
Median age in years (range) 54.5 (0–76) 55 (21–86) 48 (13–76)
Risk factors 
Age ≥ 65 years 10            3                        3            
Age < 1 year 2 0 0
Chronic respiratory disease 15 5 8
Diabetes 9 3 3
Cardiac disease 5 2 0
Neuromuscular disease 3 2 0
Obesity (Body mass index > 30) 6 2 0
Pregnancy 2 1 1
Hepatic disease 0 2 0
Immunodeficiency 3 0 0
None 2 3 1
Indicators of signs of severity 
Median Simplified Acute Physiology Score II (SAPS II) (range) 37.5 (16–95) 46.0 (17–101) 45.0 (21–65)
Respiratory assistance: 25 12 9
- with acute respiratory distress syndrome (ARDS) 19 9 8 
- with ARDS needed extracorporeal membrane oxygenation 
(ECMO) 5 1 2 

Death 13 5 0
Influenza vaccination 
Unvaccinated 34 11 8
Vaccinated 2 1 2
Not specified 4 3 1
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Between January and August 2016, 66 laboratory-con-
firmed influenza cases with severe disease were iden-
tified: 15 (23%) were infected with influenza B virus, 11 
(17%) with A(H3N2) and 40 (61%) with A(H1N1)pdm09. 
The first virological analyses from the French national 
influenza reference centre in Lyon, France (sequencing 
ongoing), identified A(H1N1)pdm09 possibly related to 
genogroup 6B.1 in eight cases from surveillance and 
in seven severe cases infected by influenza A(H1N1)
pdm09 virus.

The incidence rate of severe cases over the whole 
season was 65.7 per 100,000 ARI consultations in 
2016, higher (1.5 times) than that observed in 2014 
(46.0/100,000), and the highest observed since the 
start of surveillance in 2009 [5]. When only the epi-
demic period was considered, the incidence in 2016 
was 51.7 per 100,000 vs 31.7 per 100,000 in 2014.

Median age of the 66 severe cases was 53.5 years 
(range: one month to 86 years). We did not observe 
any trend in the distribution of influenza virus types 
according to age among severe cases (Figure 2), never-
theless, the majority of cases were aged over 41 years 
(52/66) irrespective of the incriminated viruses. Sex 
ratio (M/F) was 1.27 (37/29).

Medical characteristics of patients are presented in 
Table. Among the 66 cases, 46 (70%) required mechan-
ical ventilation, and of them 36 presented signs and 
symptoms compatible with criteria for acute respira-
tory distress syndrome (ARDS) using the Berlin ARDS 
definition [5]. Eight of 36 needed extracorporeal mem-
brane oxygenation (ECMO). The case fatality ratio was 
27%, 18 of 66 patients died. Median of Simplified 

Acute Physiology Score II (SAPS II) score was 47.6 
(range: 16–101). Regarding risk factors (Table), 60 
cases had risk factors including chronic respiratory dis-
ease (n=28), age ≥ 65 years (n=16) and diabetes (n=15). 
Of 58 severe cases where the vaccination status was 
known, 53 were unvaccinated.

Correlation between number of severe 
influenza cases in Réunion and mainland 
France
When we compared trends in the number of severe 
cases in Réunion and mainland France using data 
from the national influenza surveillance system over 
the past influenza seasons, we observed a good cor-
relation between them [6]. During the years 2009 to 
2015, regardless of circulating virus types or subtypes, 
the Pearson’s correlation coefficient between number 
of severe cases in Réunion and mainland France was 
0.83. For each increase in the number of cases in ICU 
observed in Réunion, the next season in mainland 
France was also characterised by an increase in severe 
influenza cases (Figure 3).

Discussion
The 2016 influenza epidemic period on Réunion was 
characterised by an unusual duration of 14 weeks 
compared to a mean of 8 weeks in previous years [7]. 
Severe cases in ICUs were mainly related to influenza 
A(H1N1)pdm09 virus infections. Compared with 2014, 
we observed twice the number of severe influenza 
cases in 2016 and it was three times that of other pre-
vious years. However, we did not observe an increased 
case fatality ratio compared with previous years.

Individual factors did not allow us to infer causes for 
this high number of cases, since we found common risk 
factors for influenza such as chronic respiratory dis-
ease, diabetes, cardiac disease or age. In this respect, 
we did not observe any significant differences between 
previous seasons or type/subtype of viruses [7].

The characterisation of circulating viruses showed 
that influenza B and influenza A(N1N1)pdm09 viruses 
were similar to the strains included in the 2016 south-
ern hemisphere seasonal influenza vaccine, used 
in Réunion [4]. Worldwide, two genetic subclades of 
viruses within the 6B clade have emerged, designated 
as subclades: 6B.1 defined by HA1 amino acid substitu-
tions S162N and I216T and 6B.2 defined by HA1 amino 
acid substitutions V152T and V173I [8]. Chambers et al. 
showed that the vaccine provided significant protec-
tion against A(H1N1)pdm09 illness despite genetic evo-
lution in circulating viruses [9].

The influenza immunisation coverage among the target 
population (age >65 years old, chronic diseases, preg-
nant women) is low in Réunion (around 34% in 2016), 
and this was confirmed by our data where a minimum 
of 53 severe cases were not vaccinated and 60 cases 
had risk factors. While the low immunisation cover-
age could explain the severity of the outbreak, it is 

Figure 2
Severe influenza cases by age group and virus type/
subtype, Réunion, France, week 1 to week 35, 2016 (n = 66)
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not sufficient to explain the unusual number of severe 
cases since immunisation coverage was already low 
during the past few years.

Our data showed a major impact on public health of 
the 2016 influenza epidemic in terms of influenza-
related morbidity and incidence of severe cases requir-
ing treatment in ICUs, but not for case fatality [7]. The 
demonstrated correlation between severity of cases 
in different seasons in Réunion and mainland France 
is based on the data observed and not the result of a 
modelling exercise. This fact should be taken in consid-
eration. Future studies should confirm the pattern and 
the conclusions that can be drawn from the impact of 
influenza seasons on ICUs in Réunion for the situation 
in the following influenza season in France.

If a similar situation to that in Réunion happened dur-
ing the 2016/17 influenza season in mainland France 
and potentially other European countries, we might 

observe an increase of severe influenza cases. This 
information can be useful to strengthen prevention i.e. 
by improving immunisation coverage for the 2016/17 
season and to prepare ICUs to be able to care for pos-
sibly more influenza patients than usual.
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Figure 3
Number of severe influenza cases in mainland France and in Réunion by influenza seasons, 2009–2016
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The northern hemisphere influenza season has started only recently and numbers of severe cases are not yet available. If a similar situation 
to that in Réunion happened during the 2016/17 influenza season in mainland France and potentially other European countries, we might 
observe an increase of severe influenza cases.



6 www.eurosurveillance.org

Authors’ contributions
All authors contributed to the interpretation of the results, 
the revision of the draft manuscript and approved the final 
version. LF wrote the manuscript; DBR and EBr conducted the 
data analysis; DBR, EBa, SL and BH contributed to the epide-
miological analyses and to the writing of the manuscript. DV 
and CF were involved in the data collection in ICU; MCJB and 
JJ were responsible for the viral laboratory analyses; BL and 
MV were involved in the characterization of viruses. EBr was 
involved in the design of the influenza surveillance system 
and participated in the writing of the manuscript.

References
1. Institut national de la statistique et des études économiques 

(Insee). Évolution de la population totale au 1er janvier 2015. 
[Estimates of the total population as of 1 January 2015]. Paris: 
Insee; 2015. French. Available from: http://www.insee.fr/fr/
themes/detail.asp?ref_id=estim-pop&reg_id=99

2. Filleul L, Brottet E, Gauzere B, Winer A, Vandroux D, 
Michault A,  et al.  Reunion, a sentinel territory for influenza 
surveillance in Europe. Euro Surveill. 2012;17(27):20212.PMID: 
22790605

3. Brottet E, Jaffar-Bandjee MC, Rachou E, Polycarpe D, Ristor 
B, Larrieu S,  et al.  Sentinel physician’s network in Reunion 
Island: a tool for infectious diseases surveillance. Med Mal 
Infect. 2015;45(1-2):21-8. DOI: 10.1016/j.medmal.2014.11.004 
PMID: 25575412

4. World Health Organization (WHO). Recommended composition 
of influenza virus vaccines for use in the 2016 southern 
hemisphere influenza season. Geneva: WHO; 24 Sep 2015. 
Available from: http://www.who.int/influenza/vaccines/virus/
recommendations/en/

5. Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, 
Caldwell E, Fan E,  et al. , ARDS Definition Task Force. Acute 
respiratory distress syndrome: the Berlin Definition.JAMA. 
2012;307(23):2526-33.PMID: 22797452

6. Institut de Veille Sanitaire (InVS). Bulletin épidémiologique 
grippe. [Epidemiological bulletin on influenza]. 27 April 2016. 
Saint-Maurice: InVS. French. Available from: http://invs.
santepubliquefrance.fr/Dossiers-thematiques/Maladies-
infectieuses/Maladies-a-prevention-vaccinale/Grippe/
Grippe-generalites/Donnees-de-surveillance/Archives/
Bulletin-epidemiologique-grippe.-Point-au-27-avril-2016

7. Brottet E, Vandroux D, Gauzere BA, Antok E, Jaffar-Bandjee 
MC, Michault A,  et al.  Influenza season in Réunion 
dominated by influenza B virus circulation associated 
with numerous cases of severe disease, France, 2014. 
Euro Surveill. 2014;19(39):20916. DOI: 10.2807/1560-7917.
ES2014.19.39.20916 PMID: 25306979

8. European Centre for Disease Prevention and Control (ECDC). 
Influenza virus characterisation, summary Europe, May 2016. 
Stockholm: ECDC; 2016. Available from: http://ecdc.europa.eu/
en/publications/Publications/influenza-virus-characterisation-
may-2016.pdf

9. Chambers C, Skowronski DM, Sabaiduc S, Winter AL, Dickinson 
JA, De Serres G,  et al.  Interim estimates of 2015/16 vaccine 
effectiveness against influenza A(H1N1)pdm09, Canada, 
February 2016. Euro Surveill. 2016;21(11):30168. DOI: 
10.2807/1560-7917.ES.2016.21.11.30168 PMID: 27020673

License and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2016.



7www.eurosurveillance.org

Rapid communications

Indoor development of Aedes aegypti in Germany, 2016
H Kampen ¹ , S Jansen ² , J Schmidt-Chanasit ² , D Walther ³ 
1. Friedrich-Loeffler-Institut, Federal Research Institute for Animal Health, Greifswald - Insel Riems, Germany
2. Bernhard-Nocht-Institute for Tropical Medicine, Hamburg, Germany
3. Leibniz-Centre for Agricultural Landscape Research, Muencheberg, Germany
Correspondence: Helge Kampen (helge.kampen@fli.de)

Citation style for this article: 
Kampen H, Jansen S, Schmidt-Chanasit J, Walther D. Indoor development of Aedes aegypti in Germany, 2016. Euro Surveill. 2016;21(47):pii=30407. DOI: http://
dx.doi.org/10.2807/1560-7917.ES.2016.21.47.30407 

Article submitted on 03 November 2016 / accepted on 24 November 2016 / published on 24 November 2016

In spring 2016, a German traveller returning from 
Martinique cultivated imported plant offsets in her 
home, and accidentally bred Aedes aegypti. Thirteen 
adult mosquito specimens submitted for identification 
and the traveller were tested for Zika, dengue and chi-
kungunya virus infections, with negative results. The 
detection of Ae. aegypti by the ‘Mueckenatlas’ project 
demonstrates the value of this passive surveillance 
scheme for potential public health threats posed by 
invasive mosquitoes in Germany.

In this report we present the accidental introduction 
by a traveller from the Caribbean into Germany, of 
Aedes aegypti eggs attached to plants, and further 
indoor development of adult mosquitoes from larvae 
hatched from these eggs in the traveller’s household 
in Germany. The mosquitoes were collected and killed, 
and some of them were subsequently tested for Zika, 
dengue and chikungunya viruses. The traveller was 
also tested for infections with these viruses.

The event
In late March 2016, a German traveller who had visited 
her son on Martinique, brought home with her off-
sets of three exotic plants (Syngonium podophyllum, 
Epipremnum spec., Monstera spec.) which she had 
watered in jars already during her stay on Martinique. 
For transportation to Germany, she had wrapped the 
plants in wet filter paper and put them in plastic bags. 
Upon arrival in Germany, she immediately transferred 
them into a water bowl in her living room where she 
kept further exotic plants under subtropical conditions 
(ca 25 °C, 60–70% relative humidity). In early April, 
she detected the first mosquitoes flying around in that 
room, which she caught and killed, not aware of their 
origin. Only in late May, she realised larval development 
in the plant bowl where she estimated dozens of larvae 
to be present. She immediately discarded the water 
with the larvae in the sink but continued to detect adult 
mosquitoes in the living room until mid-June when she 

submitted several specimens to the German citizen sci-
ence project ‘Mueckenatlas’ (www.mueckenatlas.de), a 
passive mosquito surveillance initiative established in 
2012 [1]. Later, the traveller reported having disposed 
of about the same number of adult mosquitoes killed 
in her living room as she had kept and submitted. From 
the time of submission to the ‘Mueckenatlas’, no more 
mosquitoes were observed in the household.

Entomological investigations
Two mosquitoes, captured on 22 June 2016 in the 
living room of the German traveller to Martinique 
(subsequently referred to as ‘the submitter’), were 
submitted to one of the research groups running the 
‘Mueckenatlas’ project, from a small town close to 
Jena, German federal state of Thuringia (central east-
ern Germany). They were morphologically identified 
according to the determination key by Becker et al. [2] 
with subsequent genetic confirmation by CO1 barcod-
ing [3]. Upon inquiry, the submitter made available an 
additional 11 mosquito specimens that she had succes-
sively collected in the same room and had kept in the 
freezer since (freezing is suggested by the managers 
of the ‘Mueckenatlas’ for killing the mosquitoes with-
out damage). The mosquitoes were transported to the 
laboratory on dry ice to avoid RNA degradation.

Although all windows of the affected household were 
equipped with insect screens, immediately after the 
identification of the submitted mosquitoes, a small-
scale monitoring using a set of 20 ovitraps and four 
gravid Aedes traps (GATs) distributed in the garden 
around the house of the submitter and its closer sur-
roundings was implemented according to the European 
Centre for Disease Prevention and Control (ECDC) 
guidelines for the surveillance of invasive mosqui-
toes [4]. The traps were operated for a period of eight 
weeks and checked once a week for eggs and adult 
mosquitoes. In addition, artificial water containers in 
the neighbourhood gardens and in the village’s small 
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cemetery (distance ca 450 m beeline) were system-
atically examined for mosquito developmental stages 
once a week for the same time period. No evidence of 
Ae. aegypti presence could be found outside the sub-
mitter’s house during the monitoring.

Laboratory investigations of mosquitoes and 
the submitter
Mosquito homogenisation was performed as recently 
described [5]. The suspensions were clarified by cen-
trifugation (5,000 g for 1 min), and the supernatant 
was used for RNA extraction with a QIAamp viral RNA 
Mini Kit (Qiagen) according to the manufacturer’s proto-
col. RNA extraction from blood plasma samples taken 
from the submitter was performed using the same kit. 
The extracted RNAs from both the mosquitoes and 
the plasma samples were analysed with the RealStar 
Zika Virus RT-PCR Kit, RealStar dengue RT-PCR Kit and 
RealStar chikungunya RT-PCR Kit (Altona Diagnostics, 
Hamburg, Germany) according to the manufacturer’s 
protocol.

Immunofluorescence assays for Zika virus (ZIKV), 
dengue virus (DENV) and chikungunya virus (CHIKV) 
were performed on the submitter’s plasma samples as 
recently described [6].

Morphologically, all submitted mosquitoes were unam-
biguously identified as Ae. aegypti. Although not a 
validated identification method for Ae. aegypti, CO1 
barcoding of the first two specimens (GenBank acces-
sion numbers: KY022526, KY022527) showed 100% 
sequence homology with this species when aligned to 
BOLD (Barcode of Life database: www.boldsystems.
org) and GenBank (www.ncbi.nlm.nih.gov/genbank) 
entries.

All mosquitoes tested negative for ZIKV, DENV and 
CHIKV RNA, and there was no serological or molecu-
lar evidence that the submitter had an acute or recent 
infection with any of these viruses.

Discussion
Ae. aegypti (Linnaeus, 1762) is considered the most 
important culicid vector of viruses worldwide. Among 
the viruses transmitted by this species are yellow fever 
virus, DENV and ZIKV [7,8].

Ae. aegypti is a particularly thermophilic mosquito spe-
cies, endemic in tropical and subtropical regions [9]. 
From the late 17th until the mid-20th century, it was 
also widely distributed in the Mediterranean, around 
the Black Sea and further on to the Caspian Sea. 
Numerous dengue and yellow fever epidemics with high 
fatality rates caused by this species are documented 
for Europe. Sporadically, during summer, populations 
also developed in more northern parts of Europe (e.g. 
France, United Kingdom) where they had been intro-
duced by ships returning from the tropics [10]. The 
species had disappeared from Europe until the mid-
dle of the 20th century, but recently re-emerged on the 

eastern Black Sea coast, including southern Russia, 
Abkhasia, Georgia and eastern Turkey [11-13], and on 
the Portuguese Island of Madeira [14]. Introductions of 
mosquito eggs by the used tyre trade and of adult mos-
quitoes by aircraft have recently been reported from 
the Netherlands [15,16].

In the present ZIKV epidemic associated with congeni-
tal malformations in newborns in South and Central 
America, Ae. aegypti is considered the primary vector 
[17]. In addition, Ae. aegypti was incriminated as vector 
during the dengue fever outbreak in 2012 on the Island 
of Madeira [18].

The event described here (development of Ae. aegypti 
in Germany, although indoors, following importation 
of eggs attached to tropical plants) is of note for sev-
eral reasons. First of all, the mosquito eggs were intro-
duced from a region with an ongoing ZIKV epidemic 
that is endemic also for DENV and experienced a CHIKV 
outbreak in 2014, and it has been shown that all three 
viruses can be transmitted transovarially by Ae. aegypti 
[19-21]. However, this route of virus maintenance and 
propagation is probably very inefficient and epidemio-
logically irrelevant. Hence, the risk for the people in the 
household was limited. Second, the daughter of the 
traveller, who frequently visited the mosquito-infested 
household was pregnant during the infestation period 
(late first and early second trimester), and thus, her 
fetus could have been at risk in case of a congenital 
ZIKV infection. Notwithstanding, she did not consent 
to blood tests, neither did her brother and her father, 
because none of the family members had noticed mos-
quito bites during the period of infestation. Third, the 
case recalls the question whether Ae. aegypti is able 
to establish in central Europe. Most critical for the lat-
ter is probably the ability to overwinter. Eggs of Ae. 
aegypti are not resistant to freezing. However, in some 
states of the United States where winter temperatures 
may drop below 20 °C, local Ae. aegypti appear to have 
survived in sheltered sites, and theoretically this could 
also happen in Europe [22].

In conclusion, travel and trade lead to invasive mos-
quitoes being introduced from all over the world to 
non-endemic areas where they have the potential to 
reproduce and establish. The event presented here 
should raise awareness regarding potential introduc-
tion and possible establishment of invasive mosquito 
vectors through pathways other than the known com-
mercial activities. As some mosquito species are vec-
tors of disease agents and might even carry those 
already when introduced, implementation of appropri-
ate surveillance schemes is becoming more and more 
important. The German passive monitoring instrument 
‘Mueckenatlas’ has once more demonstrated its effec-
tiveness as an early warning system.
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Wild poliovirus type-2 has been eradicated, use of live 
type-2 vaccine has been terminated globally, and all 
type-2 polioviruses are under strict laboratory con-
tainment protocols. Re-emergence may arise from 
prolonged asymptomatic excretion of poliovirus by 
hospitalised primary immune deficient (PID) patients, 
as described here, through repeated exposure of close 
contacts to high titres of infected material. At this 
transition time, PID patients should be screened and 
hospital containment protocols updated in parallel 
with laboratory containment.

Wild poliovirus type 2 (WPV2) was formally declared 
eradicated in September 2015 [1]. In April 2016, there 
was a globally coordinated replacement of triva-
lent oral poliovirus vaccine (tOPV) with bivalent OPV 
(bOPV) which lacks the type-2 poliovirus vaccine 
strain [2]. In July 2016, the Global Action Plan III (GAP 
III) [3], a protocol specifically designed to minimise the 
risk for re-emergence of type-2 poliovirus (PV2) from 
laboratory sources, restricted work and storage of PV2, 
and any materials that potentially contained this virus 
to annually certified ‘essential’ poliovirus laboratories 
that meet strict containment and biosafety standards. 
However, PV2 may re-emerge during this time from an 
alternative source for which there is no corresponding 
GAP III protocol, namely, prolonged infections with OPV 
type 2 (OPV2) in primary immune deficiency patients 
(PIDs) especially in closed hospital settings.

We present identification by chance of a prolonged PV2 
infection in a primary immune deficient child in Israel 
during the global transition to a PV2-free world. This 
report serves to raise public health awareness of the 
implications for re-emergence of PV2.

Primary immune deficient case with a 
prolonged poliovirus infection
A young non-Israeli child received a routine dose of 
tOPV at 2 months of age in the country of residence. 
Because of failing to thrive and frequent infections, the 
child was hospitalised at 5 months of age in Israel with 
a suspected diagnosis of severe immune deficiency. 
Fluorescence-activated cell sorting (FACS) analysis con-
firmed T-B-NK + immune phenotype, and genetic evalu-
ation revealed a homozygote DNA cross-link repair 1C 
(DCLRE1C) gene mutation, leading to a final diagnosis 
of severe combined immune deficiency (SCID). The 
child was placed in reverse isolation, was started on 
antibiotic prophylaxis and received intravenous immu-
noglobulin (IVIG) once a month. At 8 months of age, the 
child received a haploidentical haematopoietic stem 
cell transplantation (HSCT). Microsatellite analysis 8 
months post-bone marrow transplant (BMT) to evaluate 
engraftment suggested transplant failure. Currently, 
the child is awaiting a second transplantation.

After confirmation of SCID and before the HSCT, a 
stool sample was sent for viral diagnosis of transient 
diarrhoea to the National Poliovirus and Enterovirus 
Laboratory. It was positive for enterovirus by real-
time reverse transcription-polymerase chain reaction 
(RT-PCR) and the virus had a cytopathic effect (CPE) on 
L20B cells suggesting poliovirus.

Viral protein 1 (VP1) sequence typing [4,5] identified 
the enterovirus as a type-2 vaccine derived poliovirus 
(VDPV2) with nine nucleotide (nt) and five amino acid 
substitutions. Single nt misincorporations accumulate 
at a rate of ca 1% per year as polioviruses replicate dur-
ing person-to-person transmission (circulating VDPV: 
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Table
Nucleotide and amino acid changes in viral protein 1 over time in immunodeficiency-related vaccine-derived poliovirus 
isolated from the stools of a severe combined immune deficiency patient, Israel, October 2015–August 2016

Sabin 2 sequence
Immunodeficiency-related vaccine-derived poliovirus type 2 isolate number 

Approximate number of days after last trivalent oral poliovirus vaccine
1 2 3 4 5 6 7 8

119 172 200 247 292 334 382 409
Position Nt Nt substitutionsa 
10 G None None None None None None None T
26 C T T T T T T T T
40 A G G G G G G G G
44 A None None None G G G G G
55 G None None None None R None None None

81 G None None None A R R None None

103 C None None None None None None T None

117 G A A A A A A A A

288 None None None None None None None R

308 G A A A A A A A A

364 C T T T T T T T T

405 T None None None None None Y None None

428b T C C C C C C C C 

459 A None None None None None R G G

486 C None None None T T T T T

501 T None None None None None Y None None
516 C T T T T T T T T

540 C None None None None Y Y None None

600 A None None None None None W None None

660 A None None None None None None R None

769 A G G G G G G G G
849 T A A A A A A A A
Total Nt changes 9 9 9 12 14 17 14 14

Position AA  
(codon) 

AA substitutions  
(codona) 

4 D 
(GAC) None None None None None None None Y 

(TAC)

9 A 
(GCC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

14 T 
(ACT)

A 
(GCT)

A 
(GCT)

A 
(GCT)

A 
(GCT)

A 
(GCT)

A 
(GCT)

A 
(GCT)

A 
(GCT)

15 K 
(AAA) None None None R 

(AGA)
R 

(AGA)
R 

(AGA)
R 

(AGA)
R 

(AGA)

19 V 
(GTT) None None None None I/V 

(RTT) None None None

35 P 
(CCA) None None None None None None S 

(TCA) None

103 R 
(AGA)

K 
(AAA)

K 
(AAA)

K 
(AAA)

K 
(AAA)

K 
(AAA)

K 
(AAA)

K 
(AAA)

K 
(AAA)

143b I 
(ATT)

T 
(ACT)

T 
(ACT)

T 
(ACT)

T 
(ACT)

T 
(ACT)

T 
(ACT)

T 
(ACT)

T 
(ACT)

257 I 
(ATC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

V 
(GTC)

Total amino acid changes 5 5 5 6 7 6 7 7

AA: amino acid; Nt: nucleotide.
Cells in green represent transitory nt or inferred amino acid substitutions while cells in yellow indicate substitutions that persist in all 

subsequent isolates. When a mutation is first detected in the latest isolate obtained, the cell is not shaded as it is remains to be seen 
whether this mutation will be found in further isolates.

a R = A and G; Y = C and T; W = A and T.
b Neurovirulence attenuation site.
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cVDPV) or persistent infections in immune deficient 
individuals (immunodeficiency-related VDPV: iVDPV) 
[6]. Nine nt substitutions are consistent with prolonged 
infection after receiving the tOPV dose. Attenuation of 
neurovirulence in OPV2 is conferred by nt 481 in the 
5’ untranslated region (UTR) and the nts that encode 
amino acid 143 in VP1 [7]. Both nt 481 and amino acid 
143 had reverted to wild type. It is important to stress 
that at no stage did the patient exhibit symptoms of 
paralytic poliomyelitis (acute flaccid paralysis: AFP), 
thus this situation would have been missed by classic 
AFP surveillance. Oral use of gamma globulin product 
did not yet clear this prolonged poliovirus infection.

Measures to prevent onward transmission 
and follow-up
Upon notification of the poliovirus infection, the child 
was transferred to a contact isolation room requiring 
entrance with disposable gown and use of gloves and 
stools are monitored monthly. All visitors receive an 
explanation of the child’s condition and instructions 
on hand hygiene.

Eight stool samples taken approximately once every 
month, including one from this August, have remained 
VDPV2-positive and the virus has continued to evolve. 
Important information can be derived from the tempo-
ral pattern of nt and inferred amino acid substitutions 
that persist or are transitory during early stages in the 
establishment of persistence. Such changes are high-
lighted in the Table in yellow and green, respectively 
for isolates from our SCID patient.

The patient will continue to be monitored monthly until 
cessation of infection is documented [8] by two suc-
cessive VDPV2 monthly samples. Prolonged infection 
either ceases spontaneously, in some cases after BMT, 
or becomes persistently established [9]. The patient 
can remain asymptomatic for years [9,10], develop 
poliomyelitis, or die from poliovirus or non-poliovirus 
related causes [9].

As iVDPVs continue to diverge, accumulating numerous 
amino acid substitutions in receptor binding epitopes 
and neutralising antigenic epitopes, the probability for 
transmission appears to decrease [9,11]. To date, there 
is only one documented case of transmission of iVDPV 
[12], but none for very highly diverged VDPVs [11]. This 
may be due in part to their need to adapt for persis-
tence in a specific sub-region of the gut. The simulta-
neous presence of different lineages of highly diverged 
polioviruses in a PID patient without evidence of inter-
action (no recombination) [9,13] and from environ-
mental surveillance samples containing polioviruses 
presumably excreted from a different unidentified sin-
gle individual [5] suggests replication of the different 
lineages in separate locations and supports specialisa-
tion which may come at the expense of transmissibility. 
However, early in the process of iVDPVs’ adapting for 
persistence, the genome of the virus is most similar to 
the parent OPV strain and newly emerging cVDPVs and 

could presumably spread within the general population 
as cVDPVs can [9]. Moreover initial mutations tend to 
restore fitness to vaccine strains and reverse attenua-
tion for neurovirulence [9,11,14] as in the current case 
we present.

Epidemiological implications
During this eight-month interval, GAP III restrictions 
governing use of PV2 in non-essential laboratories 
came into force. GAP III provides clear instructions for 
containing PV2 and mitigating its transmission from 
laboratories [3]. However, no such global restrictions 
or general standard operating procedures exist for 
handling of persistent or prolonged infection of PIDs 
in a closed hospital setting where there may even be 
a higher risk of transmission through staff, family, or 
other close contacts to other PID patients or to the gen-
eral population. The same four conditions that were of 
concern for transmission in poliovirus laboratories [15] 
occur in paediatric wards for immune deficient patients 
and raise concern for heightened risk of re-emergence 
of PV2 from this source during the critical transition 
time to a PV2-free world. Namely: (i) high concentra-
tions of VDPV2, primarily in stools but possibly also 
respiratory samples are present; (ii) repeated exposure 
to high concentrations of poliovirus over long periods 
of time in a closed setting by attending medical, jani-
torial and laundry staff, equipment maintenance staff, 
family members especially those who stay overnight 
with their children, and specialised procedure medical 
teams; (iii) susceptibility of these primary contacts to 
infection and especially other naïve PID patients in the 
same ward who might be exposed through shared pri-
mary contacts and who lack an immune system capa-
ble of protection against infection and disease; and 
(iv) the general community protected from disease, but 
less so against infection.

Conclusions
Re-emergence of VDPV2 from PIDs will be difficult to 
detect since infection of the immediate professional 
staff will be asymptomatic due to vaccination and most 
community infections are also likely to be asympto-
matic when vaccine coverage is very high, such as in 
Israel [14,16]. Two models of the sustained transmis-
sion of WPV type 1 (WPV1) in Israel in 2013–14 in the 
population that had >95% coverage with three doses 
of inactivated poliovirus vaccine (IPV), predicted a 
delay of at least one year before any AFP cases might 
appear [17,18] and in fact AFP surveillance failed to 
document the sustained asymptomatic transmission of 
WPV1 throughout this period of sustained transmission 
[14,16].

It is critical in this transition period to identify and 
contain all PIDs infected with and excreting PV2. For 
the reasons above, we strongly recommend active 
paediatric PID stool surveillance at least of patients 
with a recent history of OPV vaccination even though 
a number of studies indicate that prolonged excretion 
among PIDs is rare [8,11,19]. The need to screen PIDs 
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will decrease as the transition time from the tOPV to 
bOPV increases. There is also an urgent need for global 
instructions on how to care for these patients and how 
to monitor contacts.
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This article sought to estimate the prevalence of vac-
cine hesitancy (VH) among French general practition-
ers (GPs) and to study its demographic, professional 
and personal correlates. We conducted a cross-sec-
tional telephone survey about GPs’ vaccination-related 
attitudes and practices in 2014 in a national panel of 
1,712 GPs in private practice, randomly selected from 
an exhaustive database of health professionals in 
France. A cluster analysis of various dimensions of VH 
(self-reported vaccine recommendations, perceptions 
of vaccine risks and usefulness) identified three clus-
ters: 86% of GPs (95% confidence interval (CI): 84–88) 
were not or only slightly vaccine-hesitant, 11% (95% 
CI: 9–12) moderately hesitant and 3% (95% CI: 3–4) 
highly hesitant or opposed to vaccination. GPs in the 
latter two clusters were less frequently vaccinated and 
reported occasional practice of alternative medicine 
more often than those in the first cluster; they also 
described less experience with vaccine-preventable 
diseases and more experience with patients who they 
considered had serious adverse effects from vaccina-
tion. This study confirms the presence of VH among 
French GPs but also suggests that its prevalence is 
moderate. Given GPs’ central role in vaccination, these 
results nevertheless call for a mobilisation of stake-
holders to address VH among GPs.

Introduction
Vaccine hesitancy (VH) among lay people is defined 
as delay in acceptance of vaccination, or refusal of 

vaccination despite the availability of vaccine services, 
or even acceptance of vaccination with doubts about 
its safety and benefits; these behaviours and attitudes 
vary according to vaccine, personal profile and con-
text (SAGE Group) [1]. VH is also frequently denoted 
as ‘a continuum between those that accept all vaccines 
with no doubts, to complete refusal with no doubts, 
with vaccine hesitant individuals the heterogeneous 
group between these two extremes’ [2]. VH presents 
a challenge to physicians, especially to general prac-
titioners (GPs) who are the cornerstone of vaccination 
implementation in many countries and whose recom-
mendations play an influential role in their patients’ 
vaccination behaviour [3-5]. In France, GPs write pre-
scriptions for 90% of the vaccinations purchased. 
Patients may return to the GP for injection after pur-
chasing the vaccine, but they may also see a nurse, 
make other arrangements or fail to follow up [6].

Although the concept of VH was initially proposed to 
describe and qualify lack of acceptance of vaccines 
by lay people, previous publications showed that also 
physicians report doubts about risks and usefulness 
of vaccines [7-9] or low vaccine acceptance for them-
selves [10-12]. Physicians with such doubts may hesi-
tate to recommend vaccination to their patients. We 
have previously shown that the frequency of French 
GPs’ self-reported vaccine recommendations for six 
specific vaccines and target populations (vaccine situ-
ations) varied significantly between vaccine situations 
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Table 1a
Characteristics of the study population, nationwide panel of general practitioners, weighted data, France, April to July 2014 
(n = 1,582)

Number %
Stratification variables 
Sex
Male 1,076 68.0
Female 506 32.0
Age in years (tertiles)
< 50 538 34.0
50–58 556 35.1
> 58 488 30.8
Density of general practitioners’ municipality of practice (Min–Q1 / Q1–Q3 / Q3–Max)a

< −19.3% of national average 406 25.7
−19.3% to  +17.7% of national average 797 50.4
>  +17.7% of national average 379 24.0
2012 workload (Min–Q1 / Q1–Q3 / Q3–Max)a

< 3,067 consultations/visits 350 22.1
3,067–6,028 consultations/visits 813 51.4
> 6,028 consultations/visits 419 26.5
Professional characteristics 
Practice
Solo 662 41.9
Group 920 58.1
Coordinator in a retirement home
No 1,477 93.4
Yes 105 6.6
Work in a healthcare institution
No 1,315 83.1
Yes 267 16.9
Occasional practice of alternative medicineb

No 1,391 87.9
Yes 191 12.1
Continuing medical education on infectious diseases and vaccination in 2013
No 899 56.8
Yes 683 43.2
Practice population characteristics 
Proportion of patients younger than 16 years (percentage distribution: quartiles)c

0–16 368 25.7
17–21 356 24.8
22–25 368 25.6
26–50 342 23.9
Experience related to vaccination 
Has had any patients with at least one vaccine-preventable disease in the past 5 yearsd

No 169 10.7
Yes 1,413 89.3
Has had any patients with a serious health problem potentially related to vaccination
No 1,328 83.9
Yes 254 16.1

a Density of general practitioners’ municipality of practice and 2012 workload were categorised so that 25% of GPs were in the first category, 
50% were in the second and 25% were in the third category.

b Homoeopathy and/or acupuncture.
c 148 missing values.
d Five vaccine-preventable diseases were mentioned in the questionnaire: measles, acute or recently diagnosed chronic hepatitis B, bacterial 

meningitis, cervical cancer and complicated seasonal influenza requiring hospitalisation.
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and GPs [13]. However, because VH is multidimen-
sional (vaccine recommendation behaviour, percep-
tions of vaccine risks and usefulness) [14], this finding 
did not allow us to estimate its prevalence directly. 
Quantifying VH among physicians is essential if public 
health measures are to be proposed and appropriately 
scaled to deal with this problem.

This article has two main objectives: (i) to propose a 
method that can describe and estimate the extent to 
which GPs hesitate to recommend vaccines to their 
patients (VH prevalence), taking into account the mul-
tidimensional nature of VH, and (ii) to study the demo-
graphic, professional and personal correlates of this 
VH and thus determine whether easily measurable GP 
characteristics can predict the extent of their VH.

Methods

Population
We conducted a cross-sectional telephone survey 
about vaccination in a national panel of 1,712 GPs in 
private practice in France. The panel was designed to 
regularly collect data about GPs’ medical practices 
and working conditions; the methods used to set it up 
have been detailed elsewhere [13,15]. In brief, between 
December 2013 and March 2014, we selected GPs by 
random sampling from the Ministry of Health’s exhaus-
tive database of health professionals in France. GPs 
planning to retire within 6 months or who practiced 
exclusively acupuncture or homoeopathy or other 

alternative medicine were excluded. Sampling was 
stratified for sex, age, workload (annual number of 
office consultations and house calls) in 2012 and the 
density of each GP’s municipality of practice. The sam-
ple size was set so that the smallest stratum contained 
at least 10 GPs. The panel’s participation accept-
ance rate was 46% (1,712 of 3,724 eligible GPs that 
were contacted). The National Authority for Statistical 
Information (Commission Nationale de l’Information 
Statistique) approved the panel.

Procedure and questionnaire
Professional investigators contacted the members of 
the panel between April and July 2014 to ask them to 
participate in the survey. They interviewed those who 
agreed, using computer-assisted telephone interview 
software and a standardised questionnaire (question-
naire available from the authors on request) [13]. We 
had developed the questionnaire after reviewing the 
literature, conducting qualitative interviews with 10 
GPs and discussing the questions with a multidiscipli-
nary panel of experts. We had pilot-tested it for clarity, 
length and face validity among 50 GPs.

Participants were asked about the frequency at which 
they recommended vaccines in six specific vaccine sit-
uations that we had chosen because current coverage 
does not meet official French objectives. Participants 
were also asked about their opinions on the likelihood 
of associations between purported severe adverse 
effects and certain vaccines or vaccine adjuvants that 

Number %
Opinions on vaccination in general 
Favourable to vaccination in general
Very favourable 1,268 80.2
Somewhat favourable 271 17.1
Not favourable 43 2.7
Perceived role towards patients: convince them to vaccinate, even when they are reluctant
No 163 10.3
Yes 1,419 89.7
Personal vaccinations 
Vaccination against 2013/14 seasonal influenza
No 449 28.4
Yes 1,133 71.6
Last diphtheria-tetanus-polio (dTPolio) booster
< 10 years ago 1,325 83.7
10–20 years ago 205 13.0
> 20 years ago 52 3.3
Vaccination against hepatitis B
Yes, 3 or more doses 1,364 86.2
Yes, fewer than 3 doses 67 4.2
No, or don‘t remember 151 9.6

Table 1b
Characteristics of the study population, nationwide panel of general practitioners, weighted data, France, April to July 2014 
(n = 1,582)
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have been or still are the subject of public or scientific 
debate in France or elsewhere; they were also asked 
whether they believed vaccines were useful.

Finally, participants were asked about their profes-
sional characteristics, own vaccinations, general opin-
ion about vaccination, perception of their role towards 
patients in this field, experience of severe side effects 
potentially related to vaccination (leading to hospi-
tal admission) and whether any of their patients in 
the past five years had had any of the following vac-
cine-preventable diseases (VPDs): measles, acute or 
recently diagnosed chronic hepatitis B (HBV), bacterial 
meningitis, cervical cancer or complicated seasonal 
influenza requiring hospitalisation. Answers were col-
lected with five-point Likert scales that included a ‘no 
opinion’ answer for all of these items.

Statistical analysis
Data were weighted to match the sample more closely 
to the French national population for stratification vari-
ables (sex, age, density of GP’s municipality of practice 
and workload), taking into account the sampling strat-
egy [13] using SURVEY procedures (PROC SURVEYFREQ, 
PROC SURVEYLOGISTIC, SAS 9.4 statistical software).
A classification of vaccine-related attitudes and 
behaviours was developed to estimate VH prevalence 
among GPs (objective 1) relying on current definitions 
of VH that make clear that a person’s behaviours and 

attitudes may vary according to vaccine [2,7]. For that 
purpose, we performed a multiple correspondence 
analysis (MCA) combined with an agglomerative hier-
archical cluster analysis (AHCA) of the different dimen-
sions of GPs’ VH [16]. MCA is an exploratory technique 
used to understand the inter-relationships between 
multiple categorical variables [17]; it allows correlated 
variables to be combined into continuous factors [18]. 
These factors are introduced in the AHCA, which clas-
sifies individuals with similar characteristics into clus-
ters. We used a method based on minimum inertia 
lost to identify the optimal number of clusters [18,19]; 
this was defined as a situation when the total within-
cluster variance is minimal (individuals with maximum 
similarity in each cluster) and the between-cluster vari-
ance maximal. As VH is also denoted as a continuum 
between complete refusal of vaccination (radical rejec-
tion) and acceptance of vaccines with certainty (ardent 
support) [2], we also quantified the prevalence of 
these two extremes among GPs. In this supplementary 
approach, we defined ‘radical opposition’ by the fol-
lowing criteria: rarely or never recommended vaccines 
in any of the vaccine situations considered in this study 
AND reported doubts about usefulness AND risks of 
vaccines. We defined as ‘ardent supporters’ those GPs 
who often or always recommended vaccines in all the 
vaccine situations considered AND did not doubt either 
usefulness or safety of vaccines.

Table 2
Typology of general practitioners according to their practices and opinions about vaccination, agglomerative hierarchical 
cluster analysis, weighted data, France, April to July 2014 (n = 1,575)

Vaccine hesitancy (%)
No-to-slight 

n = 1,353 (85.9%)
Moderate 

n = 166 (10.6%)
High 

n = 56 (3.5%) All

Perceived likelihood of links between specific vaccines and potential severe adverse effects (somewhat/very likely) 
Seasonal influenza vaccine and Guillain–Barré syndrome 20.1 29.9 66.2 22.8
Hepatitis B vaccine and multiple sclerosis 5.8 30.3 82.8 11.1
Aluminium adjuvants and Alzheimer‘s disease 5.8 15.2 70.9 9.1
AS03-adjuvanted influenza A(H1N1)pdm09 vaccine Pandemrix 
and narcolepsy 13.9 28.8 46.4 16.6

Human papilloma virus vaccine and multiple sclerosis 0.2 27.4 50.5 4.8
Vaccines containing adjuvant and long-term complications 24.3 48.2 88.5 29.1
Perceptions of vaccine usefulness (somewhat/strongly agrees)
Today some vaccines recommended by authorities are not 
useful 23.1 40.1 60.4 26.3

Children are vaccinated against too many diseases 16.4 36.5 62.4 20.1
Frequency of vaccine recommendations (often/always) 
Measles-mumps-rubella (MMR) to non-immune adolescents 
and young adults 87.1 55.8 52.6 82.6

Meningococcal meningitis C to 12-month-old infants 70.9 52.8 30.6 67.6
Meningococcal meningitis C to ages 2–24 years (catch-up) 60.6 36.2 20.8 56.6
Human papillomavirus vaccine to girls aged 11–14 years 77.5 46.9 24.5 72.4
Hepatitis B to adolescents (catch-up) 67.1 41.5 29.7 63.1
Seasonal influenza to adults under 65 years with diabetes 87.1 69.9 47.5 83.9

a Seven missing values.
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We used the VH classification as a dependent variable. 
As we found more than two clusters, we tested their 
potential correlates (objective 2) with univariable and 
then multivariable ordered logistic regression models 
adjusted for stratification variables.

We tested the proportional odds assumption with the 
score test [20] and computed the variance inflation 
factor (VIF) to test for multicollinearity between expli-
cative variables [21]. To test whether the differences 
between panel participants and non-participants 
might have biased the estimations of the regression 
analyses, we implemented a bivariate probit model 
with sample selection. This is a system of two simul-
taneous equations that make it possible to test for the 
presence of selection bias and to correct it [22,23]. The 
first equation was applied to the whole sample of GPs 
who could be contacted and were eligible (n = 3,724) 
and analysed the factors associated with participation 
in the survey using the four stratification variables. The 
second equation was applied only to GPs who partici-
pated in the panel (n = 1,582) and studied the factors 
associated with the VH classification. Such a model 
makes it possible to test (and take into account) the 
correlation (rho) between the error terms that may 
occur if there are unobservable or unmeasured factors 
associated with both participation in the survey and 
vaccine hesitancy, which would bias the estimations; 
if rho is significant, it is taken into account to calculate 
unbiased estimates. The likelihood-ratio (LR) test was 
used to test the null hypothesis of no correlation (rho) 
between the residuals of these equations.

Finally, we conducted a sensitivity analysis excluding 
ardent supporters and radical opponents from the mul-
tivariable regression. Missing values were excluded 
from the regression analyses given their limited 
number.

All analyses were performed in 2015 and based on two-
sided p values, with statistical significance defined by 
p≤0.05; they were conducted with SAS 9.4 statistical 
software (SAS Institute, Cary, NC).

Results
In all, 1,712 of 3,724 eligible GPs (46.0%) agreed to par-
ticipate in the panel. GPs who refused were more often 
men (p ≤ 10−3), older (p ≤ 10−3) and had more consul-
tations in 2012 (p ≤ 0.05, data not shown). Two main 
reasons were reported for refusing: lack of time (55%) 
and lack of interest in participating in a panel (31%). 
Of the 1,712 GPs included in the panel, 1,582 (92.4%) 
participated in the cross-sectional survey; their char-
acteristics did not differ significantly from those of GPs 
who joined the panel but did not participate in the vac-
cination survey.

The characteristics of the sample are presented in 
Table 1. Among the participants, 80% were very and 
17% somewhat favourable to vaccination in general, 
and 90% reported that they would encourage their 
patients, even those who are reluctant, to be vac-
cinated. Some 72% reported having had a seasonal 
influenza shot during winter 2013/14, 84% had had a 
diphtheria-tetanus-polio (dTPolio) booster in the past 

Table 3
General attitudes towards vaccination among the three clusters of general practitioners, weighted data, France, April to July 
2014 (n = 1,575a)

Vaccine hesitancy
All p valuebNo-to-slight 

n = 1,353 (85.9%)
Moderate 

n = 166 (10.6%)
High 

n = 56 (3.5%)
Attitudes towards vaccination in general 
Favourable to vaccination in general
Very favourable 84.7 56.2 43.4 80.3

< 0.0001Quite favourable 14.5 35.0 24.8 17.0
Not favourable 0.8 8.9 31.8 2.7
Perceived role towards patients: convince them to vaccinate, even when they are reluctant
No 6.5 27.3 52.8 10.3

< 0.0001
Yes 93.5 72.7 47.2 89.7
Attitude towards vaccination
Ardent supporterc 20.6 7.4 0.0 18.5

< 0.0001Radical opponentd 0.0 1.3 19.0 0.8
Other 79.4 91.3 81.0 80.7

a Seven missing values.
b Rao-Scott chi-squared test.
c Frequent recommendations (often/always) in all of the six vaccine situations AND no doubts about vaccine usefulness or safety, excluding 

items regarding the links between Guillain–Barré syndrome and seasonal influenza and between narcolepsy and Pandemrix, which are 
evidence-based.

d Rare recommendations (sometimes/never) in all of the six vaccine situations AND doubts about vaccine usefulness and risks, excluding 
items regarding the links between Guillain–Barré syndrome and seasonal influenza and between narcolepsy and Pandemrix.
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Table 4
Factors associated with higher vaccine hesitancy among general practitioners’, ordered logistic regressions, weighted data, 
France, April to July 2014 (n = 1,427a)

Univariable regression Multivariable regression
Odds ratio 
(95% CI)

Adjusted odds ratio 
(95% CI)

Stratification variables 
Sex (ref. Male)
Female 0.92 (0.69–1.23) 0.94 (0.63–1.38)
Age in years (ref. < 50)
50–58 1.12 (0.79–1.59) 0.67 (0.44–1.03)
> 58 1.69 (1.19–2.38) 1.00 (0.63–1.61)
Density of GP’s municipality of practice (ref. < −19.3% of national average)
Between −19.3% and  +17.7% of national average 0.77 (0.55–1.07) 0.76 (0.52–1.11)
>  +17.7% of national average 1.09 (0.76–1.58) 1.09 (0.72–1.66)
2012 workload (ref. < 3,067 consultations/visits)
3,067–6,028 consultations/visits 0.39 (0.28–0.55) 0.69 (0.46–1.04)
> 6,028 consultations/visits 0.50 (0.35–0.72) 0.91 (0.58–1.45)
Professional characteristics 
Practice (ref. Solo)
Group 0.59 (0.45–0.79) 1.10 (0.77–1.57)
Coordinator in a retirement home (ref. No)
Yes 0.67 (0.35–1.28) 0.92 (0.45–1.89)
Work in a healthcare institution (ref. No)
Yes 0.67 (0.44–1.02) 0.74 (0.45–1.21)
Occasional practice of alternative medicineb (ref. No)
Yes 5.68 (4.04–7.98) 2.89 (1.94–4.31) 
Continuing medical education on infectious diseases and vaccination in 2013 (ref. No)
Yes 0.65 (0.49–0.88) 0.94 (0.67–1.32)
Characteristics of practice population 
Proportion of patients aged under 16 (0–50%) 0.97 (0.95–0.99) 0.99 (0.96–1.01)
Experience related to vaccination 
Number of different vaccine-preventable diseases among the GP’s 
patients (0–5)c 0.70 (0.62–0.80) 0.78 (0.67–0.90) 

Has had patients with a serious health problem potentially related to vaccination (ref. No)
Yes 2.30 (1.64–3.22) 1.82 (1.23–2.68) 
Personal vaccinations 
Vaccination against 2013–2014 seasonal influenza (ref. Yes)
No 4.48 (3.34–6.01) 2.51 (1.78–3.54) 
Last diphtheria-tetanus-polio (dTPolio) booster (ref. <10 years ago)
10–20 years ago 2.37 (1.63–3.43) 1.58 (1.02–2.46) 
>20 years ago 6.60 (3.60–12.08) 2.23 (1.16–4.26) 
Vaccination against hepatitis B (ref. Yes, 3 or more doses)
Yes, fewer than 3 doses 2.76 (1.55–4.89) 1.36 (0.72–2.57)
No, or don‘t remember 4.22 (2.87–6.21) 1.55 (0.94–2.55)
Nagelkerke R2 0.21

CI: confidence interval; GP: general practitioner.
a 155 GPSs were excluded because of missing values about the characteristics of their practice population (n = 148) or about their vaccine 

hesitancy (n = 7).
b Homoeopathy and/or acupuncture.
c Five vaccine-preventable diseases were mentioned in the questionnaire: measles, acute or recently diagnosed chronic hepatitis B, bacterial 

meningitis, cervical cancer and complicated seasonal influenza requiring hospitalisation.
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10 years and 86% reported having had three or more 
doses of vaccine against hepatitis B.

Three clusters were identified according to the GPs’ 
vaccination-related behaviours and perceptions (Table 
2). The first cluster (no-to-slight hesitancy) included 
86% of GPs (95% confidence interval (CI): 84–88), 
most of whom considered that vaccines were not at all 
or not very likely to have severe adverse effects, had 
no doubts about the usefulness of vaccination and 
reported recommending vaccination more frequently 
than the average. The second cluster (moderate hesi-
tancy) included 11% of GPs (95% CI: 9–12): they 
doubted the safety and usefulness of vaccines more 
frequently than the average and recommended vacci-
nation less frequently than the sample as a whole. The 
third cluster (high hesitancy or opposition) included 
3% of GPs (95% CI: 3–4%), most of whom considered 
links between vaccines and severe adverse effects 
likely or very likely, had doubts about vaccine useful-
ness, and recommended vaccines much less often than 
the average.

Overall, 85% of GPs in cluster 1, 56% in cluster 2, and 
43% in cluster 3 (p < 0.0001) described themselves as 
very favourable to vaccination in general. Respectively 
94%, 73% and 47% (p < 0.0001) agreed that their role 
is to encourage their patients to be vaccinated, even 
when patients are reluctant (Table 3).

In the supplementary continuum approach, 18.5% of 
GPs were ardent supporters of vaccination (21% in 
cluster 1, 7% in cluster 2 and 0% in cluster 3), while 
the proportion of radical opponents was 0.8% (0% in 
cluster 1, 1% in cluster 2 and 19% in cluster 3; Table 3). 
Excluding the ardent supporters and radical opponents 
from the analysis, in accordance with the standard def-
inition of VH, yielded an estimated prevalence of mod-
erate-to-high VH among GPs of 13% (95% CI: 11–14) 
instead of 14% (95% CI: 12–16) without this exclusion.

The proportional-odds hypothesis was not rejected in 
the final specified model of the multivariable ordered 
logistic regression (chi-square (20) = 26.4; p = 0.15). 
GPs who practiced alternative medicine occasionally, 
those with no patients who had had one of the five 
included VPDs, those who had had patients with a 
serious health problem leading to hospitalisation that 
might have been related to vaccination as well as those 
who did not adhere to seasonal influenza or dTPolio 
vaccine recommendations for themselves, were more 
prone to moderate-to-high VH in univariable as well as 
multivariable regressions adjusted for the four stratifi-
cation variables (Table 4). The test for multicollinear-
ity was negative (VIF < 5). The LR test for the bivariate 
probit model with sample selection indicated that the 
estimations of the multivariable regression analysis 
were unbiased (rho = 0.77; p = 0.42). Exclusion of vac-
cination supporters and opponents from the analysis 
produced similar estimates of the odds ratios for the 

variables of interest (data not shown; results available 
from the authors on request).

Discussion
The prevalence of moderate-to-high VH was 14%. 
Compared with those with no-to-slight VH, GPs with 
moderate-to-high VH were less frequently vaccinated, 
reported more often that they occasionally practiced 
alternative medicine, and reported fewer patients with 
VPDs and more with serious adverse effects possibly 
due to vaccination.

Despite the moderate prevalence of VH among GPs, 
our results are worrying because GPs play an essential 
role in vaccinating their patients, answering their ques-
tions and addressing their VH (a growing phenomenon 
in the general population [24]). Evidence indicates that 
most parents seek information and advice from their 
healthcare provider regarding VPDs, vaccines and the 
recommended vaccination schedule [25]. GPs with 
moderate-to-high VH were less prone to try to con-
vince hesitant patients to be vaccinated (or have their 
children vaccinated). A previous publication showed a 
strong positive association between the frequency of 
GPs’ recommendations for various vaccines and their 
self-perceived efficacy in explaining the benefits and 
risks of vaccines to their patients [13]. Given the strong 
influence of GPs on their patients’ vaccination deci-
sions [3-5], their VH may impede efforts to alleviate 
patients’ VH.

The strong association between occasional practice 
of alternative medicine and moderate-to-high VH was 
expected: physicians belonging to this category were 
those who occasionally practiced homoeopathy or acu-
puncture; they accounted for 12% of GPs [26] in France 
in 2010. These GPs vaccinate themselves less frequently 
than other GPs (e.g. against hepatitis B and pandemic 
and seasonal influenza [27]) and are frequently less 
favourable to vaccination than other physicians [13]. 
Previous studies showed reduced adherence to paedi-
atric vaccination schedules and reduced acceptance of 
vaccines in their patients [28].

Our results suggest that GPs’ experience of both VPD 
and adverse effects of vaccines may influence their 
VH level more than their academic education in infec-
tious diseases and vaccination. GPs with moderate-to-
high hesitancy may perceive that adverse effects are 
more common than those with no-to-slight hesitancy. 
Our results are also consistent with previous publica-
tions that found that GPs’ knowledge from their own 
individual practice experience and from the Internet, 
the media and patients might be more influential than 
academic and technical knowledge in shaping GPs’ 
perceptions of the risk/benefit balance of vaccines, 
especially in controversial situations [29]. This could 
be explained in part by the major gaps identified in 
Europe, including France, in the initial training and con-
tinuous medical education of physicians regarding vac-
cination, by the difficulties in keeping them informed 
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during continuously evolving situations and, in some 
cases, by feelings of distrust towards health institu-
tions [13,30].

Surprisingly, doubts existed about vaccine risks even 
among the numerous GPs with no-or-slight VH. This 
remained true even after excluding answers about the 
two evidence-based risks: Guillain–Barré syndrome 
after seasonal influenza vaccination and narcolepsy 
after Pandemrix vaccination [31]. The safety of vaccines 
and adjuvants has been the subject of persistent con-
troversy in France since the 1990s. While French GPs 
do not consider the media to be a reliable source of 
information in the field of vaccination [13], the media’s 
role in setting the risk agenda and its amplification of 
controversial positions may affect perceptions of vac-
cine risks in GPs as much as it does in the lay popula-
tion. Observing these doubts among the least hesitant 
GPs, most of whom were very favourable to vaccination 
in general, shows how fragile their pro-vaccination atti-
tudes may be.

The fact that a quarter of the least hesitant GPs thought 
that some vaccines recommended by French health 
authorities are not useful is also surprising. Doubts 
among physicians about the usefulness of vaccines 
have been observed in studies throughout the world 
[7]; some doctors consider that certain VPDs are too 
infrequent to justify systematic vaccination, a percep-
tion shared by some French GPs, in particular for men-
ingitis C and hepatitis B [32]. These perceptions may 
also reflect the opinion that the official French vaccine 
schedule is becoming increasingly complex: constant 
change to the schedule makes it difficult for doctors 
to adapt and may adversely affect patient acceptance 
[32].

Limitations
By joining the panel, GPs agreed to take part in five 
different surveys during a 30-month period: the good 
participation rate (46%) compared with other primary 
physician panels (for example the panel in Joyce et al. 
(2010) with a response rate of 19.4% [33]), does not rule 
out the possibility of selection bias. In particular, panel 
participants and non-participants differed in age, sex 
and workload [13]. Nonetheless, we weighted the sam-
ple according to these variables, which should have 
corrected a potential selection bias. Moreover, to limit 
potential selection bias related to particular attitudes 
about vaccination, the specific topic of the surveys was 
not mentioned to GPs when they were first invited to 
participate in the panel. In the overall panel, partici-
pants in the vaccination survey did not differ from non-
participants. Finally, the results of the bivariate probit 
model indicated that the regression parameters of the 
multivariable model were unbiased.

GPs’ vaccine recommendation behaviour was self-
reported, which is a limitation that our study shares 
with previous publications: declaration or desirability 
biases cannot be excluded. However, questionnaire 

data appears to overestimate vaccination rates by less 
than 10% [34] and self-reported vaccination coverage 
(e.g. for pandemic or seasonal influenza) in hospi-
tal healthcare workers has been shown to be a good 
proxy for recorded vaccine coverage [35]. In any case, 
our study’s aim was not to estimate vaccine coverage 
among GPs but the prevalence of VH among them. GPs’ 
self-reported recommendations are useful indicators 
for that purpose because (i) they reflect in part the 
degree to which GPs are favourable to vaccines and (ii) 
retrieving reliable information about GPs’ recommen-
dation behaviour from patients’ files was not feasible 
[13]. In addition, this questionnaire method is easily 
reproducible and could be used to monitor trends in 
VH over time for GPs.

Because this vaccination survey was cross-sectional 
and retrospective, no causal inferences can be drawn. 
Finally, we may not be able to extrapolate our results 
directly to other countries where VH is likely to exist 
among healthcare workers [36] because some of the 
vaccine situations we addressed in this study are spe-
cific mainly to France.

The approach used in this article allowed us to esti-
mate VH prevalence among GPs while taking its mul-
tidimensional nature into account. The resulting VH 
typology appears robust: it was strongly correlated 
with the GPs’ own vaccination behaviour and with their 
opinion towards vaccination in general. That approach 
can be applied elsewhere, although the vaccines and 
target populations chosen would probably differ from 
those selected here.

Conclusions
Our results underline the need to better coordinate 
the mobilisation efforts by public health institutions 
and other actors to address VH among GPs in France. 
Efforts should be directed with priority to GPs with 
moderate-to-high VH. Nonetheless, efforts to inform 
and support GPs with no-to-low VH are also warranted 
to prevent some of the existing reservations and the 
expansion of VH in this group.

Improving GPs’ knowledge of vaccination and vaccines 
is a necessary but not sufficient condition to modify 
their behaviours and attitudes in this area [36]. This 
should lead health authorities to promote and evaluate 
multicomponent interventions including in particular 
education, individualised feedback and strong qual-
ity incentives, all of which have proven to be effec-
tive strategies [37]. Given the variation of VH intensity 
between GPs, tailored interventions taking GPs’ base-
line VH level into account should be tested. More 
research is needed to quantify and monitor VH in dif-
ferent medical occupations and in different countries.
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