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RESEARCH ARTICLE                                            

Preferences of healthcare providers in Switzerland for attributes of pediatric 
hexavalent vaccines: a discrete-choice experiment

Salome Samanta , Susanne Oberleb , Tomas Marcekc , Christine Poulosd , Phani Chintakayalad ,  
Edith Langevine, Tanaz Petigaraa and Marco Boerif 

aMerck & Co., Inc, Rahway, NJ, USA; bSanofi, Rotkreuz, Switzerland; cMCM Vaccine B.V., Leiden, The Netherlands; dRTI Health Solutions, NC, 
USA; eSanofi, Lyon, France; fRTI Health Solutions, Belfast, UK 

ABSTRACT 
Objective: To understand the preferences of healthcare providers (HCPs) in Switzerland for pediatric 
hexavalent vaccine attributes.
Methods: A discrete-choice experiment included a series of choices between 2 hypothetical pediatric hexa-
valent vaccines with varying attributes: device type (including preparation time and risk of dosage errors), 
proportion of infants seroprotected against Haemophilus influenzae type b (Hib) at 11–12 months (pre- 
booster), packaging size, years on the market, and the thermostability at room temperature. Odds ratios 
(ORs) and conditional relative attribute importance (CRAI) were calculated using random-parameters logit.
Results: HCPs (150 pediatricians and 40 nursing staff) in Switzerland were unlikely to choose a vaccine 
conferring 50% (OR 0.00; 95% CI 0.00–0.00) or 70% (OR 0.01; 95% CI 0.00–0.01) of infants with Hib 
seroprotection at 11-12 months (pre-booster) compared with a vaccine conferring 90% seroprotection. 
The odds of choosing a vaccine available on the market for more than 3 years were nearly 5 times the 
odds of choosing a vaccine available on the market for less than 1 year (OR 4.76; 95% CI 1.87–7.65). 
The odds of choosing a vaccine in a prefilled syringe were nearly 3 times the odds of choosing a 
reconstituted vaccine (OR 2.77; 95% CI 1.39–4.15), and the odds of choosing a vaccine with a smaller 
package size were nearly 2 times the odds of choosing a vaccine with larger package size (OR 1.89; 
95% CI 1.23–2.55). HCPs were equally likely to choose vaccines that can stay at room temperature for 
6 versus 3 days (OR 1.07; 95% CI 0.73–1.42). According to CRAI, the most important attribute was Hib 
seroprotection, followed by years on the market, device type, and packaging size.
Conclusion: Hib seroprotection at 11–12 months was the most important hexavalent vaccine attribute 
to HCPs in this study.
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Introduction

Childhood vaccination is a highly effective public health 
intervention to prevent infectious diseases1. Combination 
vaccines offer a number of advantages that promote vaccin-
ation compliance, including fewer injections, a simplified vac-
cination schedule, and improved parental acceptance, in 
addition to offering operational efficiencies for healthcare 
providers (HCPs) 2–6. Pediatric hexavalent vaccines are com-
bination vaccines that help protect against diphtheria, tet-
anus, pertussis, poliomyelitis, hepatitis B (HepB), and invasive 
disease due to Haemophilus influenzae type b (Hib) and have 
been recommended for administration in Europe since 
20005,7. Pediatric hexavalent vaccines can be given to both 
full-term and premature children, though further research 
may be needed to confirm their use in very premature 
children8–11.

In Switzerland, hexavalent vaccines are recommended 
for routine administration to infants at ages 2, 4, and 
12 months12–13. There are 2 pediatric hexavalent vaccines 
currently licensed in Switzerland: DTaP5-IPV-HepB- 
Hib (Vaxelis, manufactured by MCM Vaccine B.V., the 
Netherlands) and DTaP3-IPV-HepB/Hib (Infanrix hexa, manu-
factured by GlaxoSmithKline Biologicals S.A., Belgium)8,9,14. 
DTaP5-IPV-HepB-Hib is a fully liquid, ready-to-use vaccine 
containing 5 acellular pertussis components as well as a Hib 
component that consists of polyribosylribitol protein (PRP) 
conjugated to the outer membrane protein (OMP) of N. men-
ingitidis (PRP-OMP) among its components. In contrast, 
DTaP3-IPV-HepB/Hib needs to be reconstituted prior to use, 
contains 3 acellular pertussis components, and its Hib com-
ponent has PRP conjugated to tetanus toxoid (PRP-TT) 8,9. In 
clinical trials, DTaP5-IPV-HepB-Hib has demonstrated higher 
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Hib seroprotection rates at 11 to 12 months of age (i.e. prior 
to the booster dose) than has DTaP3-IPV-HepB/Hib: for 
example, 91% of children who received 2 primary doses of 
DTaP5-IPV-HepB-Hib at 2 and 4 months showed anti-PRP 
antibodies over the threshold of � 0.15 mg/mL at that age, 
versus 48% of children who received DTaP3-IPV-HepB/Hib15.

Although both hexavalent vaccines have similar safety 
and tolerability profiles7, they differ in vaccine administration 
features that may be associated with process and practice 
efficiencies5. Unlike DTaP5-IPV-HepB-Hib, the Hib component 
of DTaP3-IPV-HepB/Hib must be reconstituted before admin-
istration by adding the entire contents of the prefilled syr-
inge to the vial containing the Hib powder8,9. In a time-and- 
motion study conducted in Belgium, the use of a hexavalent 
vaccine requiring reconstitution was associated with a higher 
incidence of vaccination errors related to handling and dos-
age, and with longer preparation times than a fully liquid 
prefilled vaccine16. Previous studies also have found that 
HCPs in several countries prefer prefilled, ready-to-use vac-
cines over vaccines requiring reconstitution17–20, both to sim-
plify the vaccination process and to reduce risk of 
vaccination errors. These attributes may have financial impli-
cations: cost-minimization analyses have shown that prefilled 
pediatric hexavalent vaccines are associated with reduced 
vaccine wastage and reduced costs21–22. However, little is 
known about which hexavalent vaccine attributes drive 
HCPs’ choices in Switzerland.

We present findings from a discrete-choice experiment 
(DCE)—which is a survey-based method for eliciting stated 
preferences—evaluating the preferences of HCPs in 
Switzerland for the attributes of pediatric hexavalent vac-
cines. We also explore preference heterogeneity in the 
respondent sample.

Methods

Study design

A DCE survey was designed to elicit preferences of HCPs 
(pediatricians and nursing staff) in Switzerland for different 
hexavalent vaccine attributes. DCEs have been used to evalu-
ate HCPs’ preferences in a range of therapeutic areas23–24. In 
a DCE, respondents are presented with a series of choice 
questions, each asking them to choose between 2 or more 
hypothetical, experimentally designed intervention profiles 
(e.g. vaccines) comprising a combination of attributes, each 
with varying levels. The pattern of a respondent’s choices 
between the hypothetical profiles reveals their preferences 
for the included attributes and levels.

The study design and statistical analyses followed good 
research practice guidelines published by ISPOR25–27. The 
study protocol was reviewed by the institutional review 
board (IRB) of RTI International, which determined the study 
to be exempt from IRB review. Respondents were informed 
about the study purpose, procedures, and risks before agree-
ing to participate in the survey. Respondents were blinded 
to the study sponsor to minimize bias, and a deidentified 
dataset was used for the analysis. Respondents received a 

reasonable honorarium, within a fair market value range, for 
their time.

Sample size calculations represent a challenge in choice 
experiments. Minimum sample size depends on a number of 
criteria, including the question format, the complexity of the 
choice task, the desired precision of the results, and the 
need to conduct subgroup analyses26,28; most published 
DCEs have a sample size of 100 to 300 respondents29. As the 
study feasibility limited the sample size to approximately 150 
pediatricians and 40 nursing staff who prescribe and/or 
administer pediatric vaccines in Switzerland, the DCE was 
designed to elicit sufficient information to identify preferen-
ces for all attributes and levels with acceptable precision.

Survey development

Development of the DCE survey instrument was informed by 
a targeted review of the literature15–20,30 to identify a prelim-
inary list of attributes that characterize available hexavalent 
vaccines. Once a draft set of attributes was identified, quali-
tative interviews were conducted with 10 HCPs in 
Switzerland to (1) identify attributes that were most influen-
tial in their choice of which hexavalent vaccine to order or 
administer and (2) assess the attribute levels and attribute 
descriptions to be used in the DCE survey instrument. The 
interviews were conducted with both German-speaking par-
ticipants (4 pediatricians and 2 nursing staff) and French- 
speaking participants (2 pediatricians and 2 nursing staff). In 
the qualitative interviews, HCPs noted that the following 
attributes were important: type of device, risk of dosage 
errors, immunogenicity of the Hib component, preparation 
time, years the vaccine has been available in the country, 
risk of needle stick injuries during reconstitution, and ther-
mostability at room temperature.

The survey instrument was drafted based on the results 
from the qualitative interviews as well as input from the 
study team. A French-language and a German-language sur-
vey were developed and then pretested with 15 HCPs in 
Switzerland (8 pediatricians and 7 nursing staff). During pre-
testing, all participants accepted the hypothetical scenarios 
presented in the DCE and understood the questions. Minor 
refinements to the survey structure and attribute descriptions 
were made based on the pretest interview results.

For the final online survey, the 5 attributes were as fol-
lows: (1) the type of device (ready-to-use prefilled syringe vs. 
syringe and vial with components requiring reconstitution), 
with the associated preparation time and risk of errors; (2) 
the percentage of infants with seroprotective Hib antibodies 
at 11 to 12 months of age (i.e. pre-booster dose) after receiv-
ing 2 primary doses (50% vs. 70% vs. 90%); (3) the package 
or box size for 10 vaccines (500 vs. 1,000 cm3); (4) the years 
that the vaccine has been available on the market (< 1 vs. 
1–3 vs. > 3 years); and (5) the time the vaccine can stay 
safely at room temperature (up to 25 degrees Celsius) (6 vs. 
3 days). Given the high collinearity among the 3 attributes in 
the survey pretests (i.e. type of device [ready-to-use prefilled 
syringe vs. syringe and vial with components requiring 
reconstitution], risk of dosage errors, and preparation time), 
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these 3 attributes were combined into a single device-type 
attribute.

For the final online survey, each respondent was pre-
sented with a series of 12 choice questions in which they 
were asked to choose between 2 hypothetical pediatric hexa-
valent vaccines characterized by the 5 attributes with varying 
levels (Table 1). Respondents were asked to assume that 
both hypothetical vaccines were similar with regard to other 
attributes, including safety, efficacy, and cost to the provider, 
unless otherwise specified.

The combination of levels used to define each vaccine 
profile, the set of profiles in each choice question (Figure 1), 
and the full set of choice questions in a DCE is known as the 
experimental design. A commonly accepted algorithm was 
used to construct the optimal fractional factorial experimen-
tal design using STATA 17 (STATA, College Station, TX) 
26,31–35. The experimental design comprised 48 DCE ques-
tions divided into 4 blocks of 12 questions. Respondents 
were assigned randomly to 1 of the 4 blocks of questions.

Study sample

The study sample of HCPs who prescribe or administer hexa-
valent vaccines in Switzerland was recruited by Global 
Perspectives, a research firm specializing in recruiting, survey 
programming and online hosting, and data collection. To be 
eligible, respondents had to be pediatricians or nursing staff 
working in Switzerland, be aged 21 years or older, prescribe 

or administer pediatric hexavalent vaccines to infants, have 
10 or more infants vaccinated on average per month in their 
practice, be able to read and speak German or French, and 
provide online informed consent. The study team aimed to 
have at least 20% to 30% of respondents practicing in non- 
German speaking regions (called “cantons” in Switzerland), 
30% to 50% experienced with DTaP5-IPV-HepB-Hib, and 50% 
to 70% experienced with DTaP3-IPV-HepB/Hib in the past 
year.

Statistical analyses

A random-parameters logit (RPL) model, specified with 
effects-coded variables and assuming all parameters to be 
normally distributed, was estimated using STATA 17 to ana-
lyze the DCE data. For each attribute level, the log-odds pref-
erence-weight, which is a measure of the relative effect of an 
attribute level on utility, was estimated from the RPL model. 
In addition, the conditional relative importance of each attri-
bute was calculated and estimates were rescaled to sum to 
100%. Therefore, the conditional relative importance of each 
attribute represented the proportion of total utility gained 
by switching that attribute from its least-preferred level to its 
most-preferred level. The standard errors and 95% confi-
dence intervals (CIs) were calculated using the delta 
method36. Odds ratios (ORs) for each attribute level (and 
95% CIs) were calculated using the estimated preference 
weights. Analyses were conducted for subgroups found to 

Table 1. Attributes and levels used in the discrete-choice experiment.

Attribute label Attribute description Attribute levels

Type of device The hexavalent vaccine can come in the form of a 
prefilled syringe that is ready to use or with a 
separate vial that requires reconstitution before 
administration. 
The two types of device are linked to different 
preparation time as well as different risk of 
errors during preparation.

Prefilled syringe—ready to use
Syringe and vial with components that require 

reconstitution

Protective antibody levels against Haemophilus 
influenzae type b (Hib) at time of booster dose 
(11–12 months) after receiving the first 2 doses 
(primary series)

The level of protection of all hexavalent pediatric 
vaccines in the market is approximately the 
same for all 6 pathogens. However, hexavalent 
pediatric vaccines given at 2 and 4 months 
might induce different levels of antibodies 
against Haemophilus influenzae type b (Hib). The 
percentage of infants with protective levels of 
antibodies against Hib at the time of the 
booster dose (11–12 months), after receiving the 
first 2 doses (primary series), may differ across 
hexavalent pediatric vaccines.

5 out of 10 vaccinated (50%) have protective 
antibody levels

7 out of 10 vaccinated (70%) have protective 
antibody levels

9 out of 10 vaccinated (90%) have protective 
antibody levels

Packaging size (box of 10 vaccines) Some hexavalent vaccine boxes are smaller than 
others even if they contain the same number of 
vaccine doses. Smaller boxes occupy less space 
and may allow for more vaccines to be stored 
in the refrigerator.

Smaller (500 cm3) box of 10 vaccines. Similar in 
size to 4 packets of tissues together

Larger (1,000 cm3) box of 10 vaccines. Similar in 
size to 8 packets of tissues together

Years that the vaccine has been available on the 
market

The individual vaccine components in hexavalent 
pediatric vaccines have been available for many 
years. However, some hexavalent pediatric 
vaccines have been available on the market for 
more time than others. This means that 
healthcare providers may have different years of 
experience using a hexavalent vaccine.

Less than 1 year
1–3 years
More than 3 years

Time that the vaccine can stay safely at room 
temperature (250 C)

Some vaccines can be kept safely at room 
temperature (up to 25 degrees Celsius) for a 
longer time than others.

3 days
6 days

Note: Respondents were presented with either the French- or German-translated version of the survey instrument.
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have significantly different preferences using a Wald test of 
joint equivalence and a P value < 0.05.

Results

Respondent characteristics

The survey was administered online between 23 November 
2022 and 20 February 2023. In total, 190 eligible HCPs (82% 
of the 232 HCPs who accessed the link) completed the sur-
vey (Table 2). A majority of respondents were female 
(73.7%), were aged 31 to 50 years (58.4%), practiced in an 
urban setting (64.7%), and had been in practice for 10 years 
or more (73.7%). The survey was taken in German by 78.9% 
of respondents (118 pediatricians and 32 nursing staff) and 
in French by 21.1% of respondents (32 pediatricians and 8 
nursing staff). Among the two types of HCPs, nurses were 
more often involved in vaccine preparation (80.0%) and 

storage (87.5%), while pediatricians (94.7%) were more often 
involved in administering them.

Odds ratios

Figure S1 in the Supplementary Appendix presents the RPL 
preference-weight estimates, which were used to calcu-
late ORs.

Table 3 summarizes the ORs for each attribute’s levels 
relative to its reference attribute level. The ORs represent the 
change in the likelihood that an HCP would choose a vaccine 
with the given attribute level rather than the reference level, 
assuming all other attributes remained the same. All ORs 
were statistically significant except for the OR related to the 
time that the vaccine can stay safely at room temperature. 
Vaccines that provide protective Hib antibody levels at the 
time of the booster dose in 50% or 70% of infants were 
highly unlikely to be preferred over vaccines that provide 

Figure 1. Example of a Discrete-Choice Experiment Question. Hib: Haemophilus influenzae type b. 
Note: Respondents were presented with either the French- or German-translated version of the survey instrument; the example included here is the original English version used for 
translation.
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protective Hib antibody levels at the time of booster dose in 
90% of infants (OR, 0.00; 95% CI, 0.00–0.00; and OR, 0.01; 
95% CI, 0.00–0.01, respectively). Survey respondents nearly 
always chose a vaccine providing 90% protection; thus, the 
odds of selecting vaccines providing 50% or 70% protection 
were almost zero.

The odds of HCPs choosing a vaccine that was commer-
cially available for more than 3 years were nearly 5 times the 
odds of choosing a vaccine that was commercially available 
for less than 1 year (OR, 4.76; 95% CI, 1.87–7.65). Similarly, the 
odds of choosing a vaccine that was commercially available 
for 1 to 3 years were almost 3 times the odds of choosing a 

Table 2. Respondent experience and demographic characteristics and other questions.

Question Pediatricians 
(n¼ 150)

Nursing staff 
(n¼ 40)

Full sample 
(N¼ 190)

What gender identity best describes you?
Female 102 (68.0%) 38 (95.0%) 140 (73.7%)
Male 47 (31.3%) 2 (5.0%) 49 (25.8%)
Prefer not to answer 1 (0.7%) 0 (0.0%) 1 (0.5%)

How old are you?
Younger than 21 a – –
21-30 years 2 (1.3%) 15 (37.5%) 17 (8.9%)
31-40 years 37 (24.7%) 12 (30.0%) 49 (25.8%)
41-50 years 55 (36.7%) 7 (17.5%) 62 (32.6%)
51-60 years 42 (28.0%) 5 (12.5%) 47 (24.7%)
61-70 years 11 (7.3%) 1 (2.5%) 12 (6.3%)
71-80 years 3 (2.0%) 0 (0.0%) 3 (1.6%)
Older than 80 years – –

Which of the following best describes the geographic area in which you practice?
Urban 97 (64.7%) 26 (65.0%) 123 (64.7%)
Rural 53 (35.3%) 14 (35.0%) 67 (35.3%)

Which of the following best describes your practice? 
Individual practice 37 (24.7%) 14 (35.0%) 51 (36.8%)
Group practice 110 (73.3%) 24 (60.0%) 134 (70.5%)
Regional hospital 1 (0.7%) 0 (0.0%) 1 (0.5%)
University hospital 1 (0.7%) 0 (0.0%) 1 (0.5%)
Other 1 (0.7%) 2 (5.0%) 3 (1.6%)

How many years have you practiced?
Less than 10 years 33 (22.0%) 17 (42.5%) 50 (36.3%)
10-20 years 62 (41.3%) 16 (40.0%) 78 (41.1%)
More than 20 years 55 (36.7%) 7 (17.5%) 62 (32.6%)
Prefer not to answer – – –

In which canton do you mainly practice? 
Bern 22 (14.7%) 12 (30.0%) 34 (17.9%)
Vaud 12 (8.0%) 5 (12.5%) 17 (8.9%)
Zurich 40 (26.7%) 12 (30.0%) 52 (27.4%)
Other 76 (50.7%) 11 (27.5%) 87 (45.8%)

Which hexavalent pediatric vaccine(s) have you prescribed or administered in the past year? 
DTaP3-IPV-HepB/Hib 54 (36.0%) 14 (35.0%) 68 (35.8%)
DTaP5-IPV-HepB-Hib 26 (17.3%) 18 (45.0%) 44 (23.2%)
Both 70 (46.7%) 8 (20.0%) 78 (41.1%)
Prefer not to answer – –

How many infants are vaccinated with a hexavalent pediatric vaccine in your office or practice per month, on average?
Less than 10 a – –
10–50 89 (59.3%) 29 (72.5%) 118 (62.1%)
51–100 40 (26.7%) 9 (22.5%) 49 (25.8%)
101–200 17 (11.3%) 2 (5.0%) 19 (10.0%)
More than 200 4 (2.7%) 0 (0.0%) 4 (2.1%)

Which of the following activities are you responsible for regarding hexavalent pediatric vaccines? (Please select all that apply.) 
Decide which vaccines to buy 118 (78.7%) 5 (12.5%) 123 (64.7%)
Order vaccines 47 (31.3%) 31 (77.5%) 78 (41.1%)
Store vaccines 71 (43.3%) 35 (87.5%) 106 (55.8%)
Prescribe vaccines 111 (74.0%) 6 (15.0%) 117 (61.6%)
Prepare vaccines 85 (56.7%) 32 (80.0%) 117 (61.6%)
Administer vaccines 142 (94.7%) 31 (77.5%) 173 (91.1%)
Prefer not to answer 0 (0.0%) 2 (5.0%) 2 (1.1%)

Are you concerned about how much space you have in your practice’s refrigerator when ordering hexavalent vaccines?
Yes 79 (52.7%) 29 (72.5%) 108 (56.8%)
No 61 (40.7%) 9 (22.5%) 70 (36.8%)
Don’t know or not sure 10 (6.7%) 2 (5.0%) 12 (6.3%)

How often are hexavalent vaccines kept outside the refrigerator at your clinic for more than 30 min (e.g. unused vaccine, left outside the refrigerator by 
accident)?
Never 54 (36.0%) 26 (65.0%) 80 (42.1%)
Rarely (once or twice a year) 64 (42.7%) 11 (27.5%) 75 (39.5%)
Occasionally (once or twice a month) 25 (16.7%) 1 (2.5%) 26 (13.7%)
Often (once a week or more often) 4 (2.7%) 2 (5.0%) 6 (3.2%)
Don’t know or not sure 3 (2.0%) 0 (0.0%) 3 (1.6%)

Note: Percentages are provided to 1 decimal place, and as such, rounding may mean totals do not equal 100.0%.
aRespondents selecting those options were ineligible; therefore, none of the respondents who completed the survey selected these options.
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vaccine available for less than 1 year (OR, 2.83; 95% CI, 1.57– 
4.08). The odds of HCPs choosing a ready-to-use vaccine 
available in a prefilled syringe were almost nearly 3 times the 
odds of choosing a vaccine available in a syringe-and-vial 
combination with components requiring reconstitution (OR, 
2.77; 95% CI, 1.39–4.15). The odds of choosing a vaccine in a 
smaller packaging size were almost twice that of choosing 
one in a larger packaging size (500 vs. 1,000 cm3 for a box of 
10 vaccines; OR, 1.89; 95% CI, 1.23–2.55). Given the attributes 
and levels included in the study, the HCPs were indifferent to 
the time that the vaccines could stay safely at room tempera-
ture (6 vs. 3 days) (OR, 1.07; 95% CI, 0.73–1.42).

Conditional relative importance

Figure 2 summarizes the conditional relative importance of 
each attribute. Given the range of attributes and levels 
included in the study, the seroprotection rate against Hib at 
the time of the booster dose was the most important attri-
bute, associated with 76.5% of the total utility gained by 
switching from the least- to the most-preferred levels of an 
attribute included in the DCE. The next most important attri-
bute was the time that the vaccine had been available on 
the market (associated with 11.1% of total utility gained), fol-
lowed by the type of device (7.3% of total utility gained), 
and the packaging size (4.5% of total utility gained). Finally, 
the relative importance of the time the vaccine could be 
kept safely at room temperature was not statistically differ-
ent from zero, indicating that respondents did not differenti-
ate among these attribute levels when making vaccine 
choices in the survey.

Subgroup analyses

Significantly different preferences (p< 0.05, Wald test) were 
found for 2 sets of subgroups: pediatricians (n¼ 150) versus 
nursing staff (n¼ 40) (p¼ 0.002), and users of DTaP3-IPV- 
HepB/Hib only in the past year (n¼ 68) versus users of 
DTaP5-IPV-HepB-Hib only or users of both vaccines in the 

past year (n¼ 122) (p¼ 0.004) (Table S1, Supplementary 
Appendix).

The ORs show that both pediatricians and nursing staff 
were extremely unlikely to prefer vaccines that confer lower 
Hib seroprotection rates (Table 4). The odds of pediatricians 
choosing a ready-to-use vaccine available in a prefilled syr-
inge were 3 times the odds of them choosing a vaccine 
available in a syringe-and-vial combination with components 
requiring reconstitution (OR, 2.99; 95% CI, 1.12–4.86). The 
odds of pediatricians choosing a vaccine with a smaller pack-
aging size were 2 times that of choosing one with a larger 
packaging size (OR, 1.92; 95% CI, 1.17–2.67). Pediatricians 
were more likely to prefer a vaccine that has been available 
for more than 1 year than a vaccine available for less than 
1 year (1–3 years vs. less than 1 year: OR, 2.32; 95% CI, 1.18– 
3.46; more than 3 years vs. less than 1 year: OR, 5.22; 95% CI, 
1.62–8.81). Meanwhile, nursing staff showed preferences in 
the same direction as the pediatricians for these attributes, 
but the ORs were not statistically significant, except for Hib 
seroprotection. However, the small sample size for nursing 
staff may have contributed to the lack of statistically signifi-
cant results. Figure 3A presents the conditional relative 
importance estimates for this subgroup analysis; for both 
pediatricians and nursing staff, the rate of Hib seroprotection 
was the most important attribute.

The ORs also show that all users, regardless of vaccine 
experience in the past year, were highly unlikely to prefer 
vaccines that confer lower Hib seroprotection rates (Table 5). 
Although exclusive DTaP3-IPV-HepB/Hib users in the past 
year were indifferent to the device type, the odds of HCPs 
who had experience with either DTaP5-IPV-HepB-Hib or both 
vaccines in the past year choosing a ready-to-use vaccine 
available in a prefilled syringe were nearly 5 times the odds 
of them choosing a vaccine available in a syringe-and-vial 
combination with components requiring reconstitution (OR, 
4.73; 95% CI, 1.65–7.81) (Table 5). For exclusive DTaP3-IPV- 
HepB/Hib users in the past year, the odds of choosing a vac-
cine that had been on the market for more than 3 years 
were almost 11 times that of choosing a vaccine on the 

Table 3. Random-parameters logit model odds ratios: full sample (N¼ 190).

Variable OR 95% CIs

Type of device a

Prefilled syringe—ready to use 2.77� (1.39–4.15)
Syringe and vial with components that require reconstitution Reference

Protective antibody levels
5 out of 10 vaccinated (50%) have protective antibody levels 0.00� (0.00–0.00)
7 out of 10 vaccinated (70%) have protective antibody levels 0.01� (0.00–0.01)
9 out of 10 vaccinated (90%) have protective antibody levels Reference

Package size
Smaller (500 cm3) box of 10 vaccines. Similar in size to 4 packets of tissues together 1.89� (1.23–2.55)
Larger (1,000 cm3) box of 10 vaccines. Similar in size to 8 packets of tissues together Reference

Years that the vaccine has been available on the market
More than 3 years 4.76� (1.87–7.65)
1-3 years 2.83� (1.57–4.08)
Less than 1 year Reference

Time that the vaccine can stay safely at room temperature
6 days 1.07 (0.73–1.42)
3 days Reference

�statistically significant
CI, confidence interval; OR, odds ratio.
aWith their respective associated preparation time and risk of errors.
bOdds ratio (95% CI) for more than 3 years versus 1–3 years on the market was not significant: 1.68 (0.83–2.54).
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market for less than 1 year (OR, 10.95; 95% CI, 1.07–20.82); 
for users of DTaP5-IPV-HepB-Hib or both vaccines in the past 
year, the odds of choosing a vaccine that was on the market 
for more than 3 years were 4 times the odds of choosing a 
vaccine on the market for less than 1 year (OR, 4.22; 95% CI, 

1.10–7.34). Exclusive DTaP3-IPV-HepB/Hib users were more 
likely to prefer a vaccine in a smaller packaging size over a 
vaccine in a larger packaging size (OR, 2.81; 95% CI, 1.31– 
4.31), whereas other users were indifferent to the size of 
packaging, as indicated by the ORs. Figure 3B presents the 

Figure 2. Conditional relative importance of attributes: full sample (N¼ 190). Hib: Haemophilus influenzae type b; vs. ¼ versus. 
Note: Conditional relative attribute importance is the proportion of total utility gained by switching from the least-to the most-preferred levels of attributes, rescaled to sum to 100% 
across all attributes. 
a With their respective associated preparation time and risk of errors.

Table 4. Random-parameters logit model odds ratios, subgroup analysis: type of healthcare provider (N¼ 190).

Variable Pediatricians (n¼ 150) Nursing staff (n¼ 40)

OR 95% CI OR 95% CI

Type of device a

Prefilled syringe—ready to use 2.99� (1.12–4.86) 2.35 (0.36–4.33)
Syringe and vial with components that require reconstitution Reference Reference

Protective antibody levels
5 out of 10 vaccinated (50%) have protective antibody levels 0.00� (0.00-0.00) 0.00� (0.00–0.00)
7 out of 10 vaccinated (70%) have protective antibody levels 0.01� (0.00–0.01) 0.03� (−0.00, 0.07)
9 out of 10 vaccinated (90%) have protective antibody levels Reference Reference

Package size
Smaller (500 cm3) box of 10 vaccines. Similar in size to 4 packets of tissues together 1.92� (1.17–2.67) 1.53 (0.70–2.36)
Larger (1,000 cm3) box of 10 vaccines. Similar in size to 8 packets of tissues together Reference Reference

Years that the vaccine has been available on the marketb

More than 3 years 5.22� (1.62–8.81) 3.84 (−0.01, 7.70)
1–3 years 2.32� (1.18–3.46) 3.40 (0.90–5.90)
Less than 1 year Reference Reference

Time that the vaccine can stay safely at room temperature
6 days 1.12 (0.68–1.56) 1.01 (0.51–1.51)
3 days Reference Reference
�statistically significant.
CI, confidence interval; OR, odds ratio.
aWith their respective associated preparation time and risk of errors.
bOdds ratio (95% CI) for more than 3 years versus 1–3 years on the market was not significant for either subgroup: 2.25 (0.92–3.57) for pediatricians and 1.13 
(0.20–2.06) for nursing staff.
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conditional relative importance estimates for this subgroup 
analysis; the rate of Hib seroprotection again was the most 
important attribute for both groups, contributing to more 
than 75% of total utility.

Discussion

To our knowledge, this is the first study evaluating the pref-
erences of HCPs in Switzerland for attributes of pediatric 
hexavalent vaccines. Our findings suggest that, when 

Figure 3. Conditional relative importance of attributes: subgroup analyses. A. Type of healthcare provider B. Experience with vaccine in the past year. Hib, 
Haemophilus influenzae type b; vs., versus. 
a With their respective associated preparation time and risk of errors.
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presented with vaccine alternatives conferring different pre- 
booster Hib seroprotection rates, the overall sample of pedia-
tricians and nursing staff in Switzerland would nearly always 
prefer a vaccine conferring higher seroprotection rates (90%) 
over a vaccine conferring lower seroprotection rates (50% 
and 70%). The odds of HCPs choosing a vaccine that was 
commercially available for more than 3 years were nearly 5 
times the odds of choosing one available for less than 1 year; 
the odds of selecting a ready-to-use vaccine available in a 
prefilled vaccine were nearly 3 times the odds of selecting a 
vaccine requiring reconstitution; and the odds of choosing a 
vaccine with a smaller packaging size were nearly twice that 
of choosing one with a larger packaging size. No strong pref-
erence was observed for a vaccine that can stay safely at 
room temperature for 6 versus 3 days.

Overall, a high early Hib seroprotection rate was the most 
important attribute to HCPs, accounting for 76.5% of the 
conditional relative importance of attributes. Subgroup analy-
ses revealed that Hib seroprotection remained the most 
important driver of preferences, irrespective of the type of 
HCP or the type of hexavalent vaccine used in the past year. 
Hib seroprotection contributed > 70% of the conditional 
relative importance for each subgroup, with ORs strongly in 
favor of higher Hib seroprotection. Additionally, physicians 
were significantly more likely to choose a vaccine that was 
ready-to-use, had a smaller packaging size, and was available 
on the market for longer than 1 year. HCPs who exclusively 
used DTaP3-IPV-HepB/Hib in the past year had a higher likeli-
hood of choosing smaller packaging size, whereas HCPs who 
use either DTaP5-IPV-HepB-Hib or both vaccines had a higher 
likelihood of choosing a prefilled ready-to-use vaccine versus 
one that needed reconstitution; both groups preferred vac-
cines that had been on the market for more than 1 year.

When considering the attributes that characterize current 
hexavalent vaccines available in Switzerland, the results show 

that HCPs in Switzerland strongly value early and robust pro-
tection against Hib. Hib is responsible for 95% of invasive H. 
influenzae infections in unimmunized populations and may 
result in severe complications, such as pneumonia and men-
ingitis37. Children aged 2 years and younger are at the high-
est risk of invasive H. influenzae diseases, which may be 
severe and potentially fatal. Although routine immunization 
has resulted in a considerable decline in serious Hib disease, 
early protection is key: most cases occur before 2 years of 
age, with Hib incidence peaking between the ages of 10 and 
12 months in the European Union, mainly among the 
unimmunized38.

The importance of early protection against Hib may have 
gained greater urgency among HCPs due to the observed 
recent uptick of Hib cases among children in some European 
countries, including the Netherlands and France39–42. In the 
Netherlands, a small increase in the incidence of Hib was 
observed in 2020-2021, with 40% of Hib cases occurring in 
children aged younger than 5 years and mainly in under-vac-
cinated or unvaccinated individuals39. In contrast, the inci-
dence of other respiratory diseases declined during this 
interval as a result of pandemic-era measures, such as quar-
antining, school lockdowns, and use of face masks40,41. 
Similarly, during the 2020–2021 period, increases in Hib inci-
dence were reported among children aged younger than 
5 years in France42,43, possibly due to changes in the hexava-
lent vaccination schedule (from 3þ 1 to a 2þ 1 schedule). In 
light of the observed increase in Hib cases among young 
children, the superior protection offered by DTaP5-IPV-HepB- 
Hib after 2 primary doses, and which is sustained up to the 
booster dose, may be of special interest. Data from several 
trials show that the Hib component with the PRP conjugated 
to OMP results in higher and more robust Hib responses 
after the primary series compared with the Hib component 
with PRP conjugated to TT15,44–46.

Table 5. Random-parameters logit model odds ratios, subgroup analysis: experience with vaccine (N¼ 190).

Variable DTaP5-IPV-HepB-Hib and both (n¼ 122) DTaP3-IPV-HepB/Hib only (n¼ 68)

OR 95% CI OR 95% CI

Type of device a

Prefilled syringe—ready to use 4.73� (1.65–7.81) 1.10 (0.37–1.82)
Syringe and vial with components that require reconstitution Reference Reference

Protective antibody levels
5 out of 10 vaccinated (50%) have protective antibody levels 0.00� (0.00–0.00) 0.00� (0.00–0.00)
7 out of 10 vaccinated (70%) have protective antibody levels 0.01� (0.00–0.01) 0.00� (0.00–0.01)
9 out of 10 vaccinated (90%) have protective antibody levels Reference Reference

Package size
Smaller (500 cm3) box of 10 vaccines. Similar in size to 4 packets  
of tissues together

1.38 (0.80–1.95) 2.81� (1.31–4.31)

Larger (1,000 cm3) box of 10 vaccines. Similar in size to 8 packets  
of tissues together

Reference Reference

Years that the vaccine has been available on the marketb

More than 3 years 4.22� (1.10–7.34) 10.95� (1.07–20.82)
1-3 years 2.23� (1.07–3.38) 4.12� (1.22-7.02)
Less than 1 year Reference Reference

Time that the vaccine can stay safely at room temperature
6 days 1.07 (0.66–1.50) 1.12 (0.55–1.68)
3 days Reference Reference
�Statistically significant.
CI, confidence interval; OR, odds ratio.
aWith their respective associated preparation time and risk of errors.
bOdds ratio (95% CI) for more than 3 years versus 1–3 years on the market was not significant for either subgroup: 1.90 (0.68–3.11) for DTaP5-IPV-HepB-Hib and 
both vaccine users; and 2.66 (0.67–4.64) for DTaP3-IPV-HepB/Hib only.
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Although this study is the first to evaluate pediatricians’ 
and nursing staff’s perspectives on the importance of Hib 
immunogenicity as a hexavalent vaccine attribute, respond-
ents’ preferences for the other attributes evaluated are 
broadly consistent with existing evidence that HCPs in 
Europe and the United States value efficient administration 
and avoidance of vaccination errors17–20,30. The overall sam-
ple of HCP respondents in this study strongly preferred a 
ready-to-use vaccine available in a prefilled syringe to a vac-
cine available in a syringe-and-vial combination that required 
reconstitution. Avoiding dosage errors and reducing prepar-
ation time may be potential drivers of this preference, as 
shown in previous studies17–20. In a DCE in Germany, Lloyd 
and colleagues19 evaluated physicians’ and nurses’ preferen-
ces for hexavalent vaccines based on five attributes: type of 
device, years of experience with the vaccine, preparation 
time, probability of handling errors, and probability of dos-
age errors. All five attributes were important for decision- 
making; the probability of dosage errors was the most 
important attribute relative to other attributes included in 
the study. Similarly, studies conducted in Italy, Spain, and 
France have found that HCPs’ preferences for vaccines avail-
able as a prefilled, ready-to-use syringe are related to 
reduced preparation time, reduced risk of vaccination error, 
and reduced likelihood of needle contamination or 
injury17,18,20. The preference for smaller packaging size may 
reflect HCP preferences for smaller boxes that allow add-
itional vaccines to be stored in the refrigerator. The indiffer-
ence to longer thermostability at room temperature was 
unexpected; however, power outages lasting longer than a 
couple of days are rare in Switzerland. It is possible that this 
factor may be more important among HCPs in countries fac-
ing power supply issues.

The study has several strengths derived from the use of 
best practices in its design and analysis25–27,47. Selection of 
the attributes was informed by a literature review and quali-
tative research. Nonetheless, limitations are noted. As with all 
voluntary survey studies, the results are subject to potential 
selection bias and response bias, and the respondent sample 
may not be representative of the broader populations of 
physicians and nursing staff in Switzerland. Of the 190 
respondents, only 40 (21.1%) were nursing staff, which lim-
ited our ability to explore preferences specific to this popula-
tion. The series of attributes and levels included in the DCE 
may have influenced respondents’ DCE choices. Not all 
attributes that are relevant to HCPs who administer hexava-
lent vaccines could be included in the DCE. Typically, 5 to 7 
attributes are assessed in any given DCE survey. We selected 
the attributes carefully to avoid collinearity between the type 
of vaccine device and closely related attributes (e.g. prepar-
ation time and risk of vaccination errors). In addition, 
respondents were asked to assume that the efficacy, safety, 
and cost of the hypothetical hexavalent vaccine profiles were 
similar, unless stated otherwise. The preference data are 
based on hypothetical choice profiles, which simulate pos-
sible clinical or administrative decisions but may not have 
the same consequences as actual real-world decisions.

Conclusions

This study is the first, to our knowledge, to have evaluated 
the preferences of HCPs in Switzerland for the attributes of 
pediatric hexavalent vaccines. When presented with hypo-
thetical pediatric hexavalent vaccine profiles, pediatricians 
and nursing staff in Switzerland considered Hib seroprotec-
tion to be the most important attribute. Time on the market, 
device type, and packaging size were also considerations for 
HCPs when choosing pediatric hexavalent vaccines.
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