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ABSTRACT

Vaccination status is more often evaluated by up-to-date vaccination coverage rather than timeliness of
immunization. Delaying vaccination may be dangerous during infancy. The aim of this study was to
identify the importance of potentially dangerous vaccination delay (previously defined) and determinants
of these delays. We conducted a national, prospective, vaccination survey in June 2014, with primary care
pediatricians. Children, 2 to 24 months of age, were included. Data about vaccination were extracted from
their health books. Additional data were collected through a standardized questionnaire. Vaccine
coverage rate and timeliness were calculated. Variables associated with a potentially dangerous
vaccination delay as previously defined were determined by a multivariable analysis. Among the 443
included children (mean age 10.8 months, 49% males), 13% to 58% of vaccine doses according to vaccine
type were done with a potentially dangerous delay. Globally, 47% of children had at least one potentially
dangerous immunization delay. We identified two risk factors of potentially dangerous delayed
immunization globally: an increasing age of the child (adjusted odds ratio: 1.2, 95% confidence interval
[Cl: 1.1-1.3, p < 1073), and a working mother (adjusted OR: 2.4, 95% Cl: 1.2-4.7, p = 0.01). Despite a good
vaccine coverage rate, a large number of children had a potentially dangerous vaccination delay. A high
level of vigilance regarding these immunization delays, and particularly to the patients sharing the risk
factors of immunization delay identified here, can increase quality and effectiveness of the vaccine
protection.
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Introduction and one death in infants aged less than one year in the US, sav-
ing approximately $1.03 million in healthcare costs.®

The results of a Delphi study which defined what a poten-
tially dangerous vaccination delay is, were recently published.’
This process included French experts in vaccination and pedi-
atric infectious diseases specialists. They determined limits of
the potentially dangerous vaccination delay of the 10 vaccine-
doses recommended for French children aged less than 2 years.
The purpose of our study was to quantify the frequency of
potentially dangerous vaccination delay for children 2 to
24 months followed by primary-care pediatricians.

Immunization is one of the most important achievements in
the 20th century. Objective of the World Health Organization
(WHO) Expanded Program on Immunization is to increase
rates of childhood immunization to over 90 percent worldwide
in order to reduce global childhood morbidity and mortality
due to vaccine-preventable diseases (VPD).!

Vaccination coverage was the main indicator of immuniza-
tion, but several studies showed that up-to-date vaccination
does not mean age-appropriate vaccination.”® Delayed immu-
nization recently appeared as a key element in the risk reduc-
tion of VPD, especially when epidemic peak is close to the
recommended age of vaccination.>” A delayed immunization is
defined by a real age of vaccination over the recommended age
of vaccination. This period matches with maximal vulnerability

Results

Populations’ characteristics

time in which children are exposed to VPD* and implies two
risks: not to be protected at maximal vulnerability ages and not
to complete immunization schedule by domino effect.>® For
example, a pertussis outbreak in 2010 showed that 140/275
infants (51%) with pertussis could have had one dose of the vac-
cine and 22% at least 2 doses, with 33% intensive care unit
admissions and one death.” A cost-analysis model to explore
the factors associated with vaccination delay could prevent
annually approximately 278 pertussis cases, 103 hospitalizations

A total of 473 responses for children 2-24 months of age were
obtained from 105 participating pediatricians (4.5 patients/
physician) and 443 patients were included (Fig. 1). The mean
age of included children was 10.8 months, with 49% of males
and 49% attending day-care centers. Included children had a
past-history of prematurity in 9%, severe infection in 4%,
chronic disease in 7%, and multidisciplinary approach in 4%.
Mothers had a high school education level for 66%, were not
working for 14% and were isolated parent for 3%. One of the
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Figure 1. Flow chart of screened children 2-24 months of age, followed by pri-
mary-care pediatricians for the presence or not of a potentially dangerous vaccina-
tion delay.

parents had a chronic disease in 21%. A family history of vac-
cine preventable disease was reported by 12% of the parents; a
history of vaccine adverse event by 3%.

Among the 70 pediatricians that responded to their own
questionnaire, 81% were women and 24% had a subspecialty.
They were 50 years of age or older for 64% and 50% had a
work experience in primary care for more than 20 years. They
had a median number of 83 visits per week.

Immunization coverage and potentially dangerous
immunization delays

Immunization coverage rates for each dose of each vaccine are
presented in Fig. 2. More than 90% of children had PCV doses
and diphtheria-tetanus-acellular pertussis-poliomyelitis-Haemo-
philus influenza b & Hepatitis B (DTaP-IPV-Hib + VHB) vaccine
doses. Only 77 to 81% had had Measles-Mumps-Rubella (MMR)
vaccine doses, and 66% the meningococcal C (MenC) vaccine.
For DTaP-IPV-Hib + VHB, at least one potentially danger-
ous immunization delay was identified for 36% of children.
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Details per vaccine dose are provided in Table 2. For the PCV,
at least one potentially dangerous immunization delay was
identified in 34% of children. For MMR and the MenC vaccine
at 12 months, 31% and 57% of children respectively presented
potentially dangerous immunization delay. In all, 47% of chil-
dren had at least one potentially dangerous immunization
delay, 41% at least two and 15% at least four potentially danger-
ous immunization delays.

Reasons and risk factors for delayed immunization

Reasons for potentially dangerous immunization delay could be
identified for 66% of cases. It was due to personal organiza-
tional issues in 24%, related to the child in 14% (acute illness or
chronic disease decompensating, prematurity), related to the
parents in 11% and related to recent modifications of immuni-
zation schedule in 6%. Other reasons were described in 10%:
forgetting, domino effect, initial vaccination following foreign
vaccination schedule, follow-up by another physician, breast-
feeding.

The univariate analysis of risk factors according to the age
of vaccination is presented in the Table 3. Globally, several
factors were associated with a potentially dangerous immuni-
zation delay for any dose of vaccine: the child’s increasing
age, as continuous variable (8.2 + 4.8 months vs. 13.8 £
6.4 months, p < 107°); for dichotomous variables, a child
medical history of severe infection (OR = 3.9; 95% CI,
1.2-14.5; p = 0.01) and a child attending day-care center
(OR = 1.5; 95% CI, 1.0-2.2; p = 0.03), were associated with
a risk of a potentially dangerous immunization delay. A
working mother was a variable associated with a higher risk
of potentially dangerous immunization delay (OR = 2.0;
95% CI, 1.1-3.3; p = 0.01). Seven variables were introduced
in the multivariable analysis. Two of them (i.e., the child’s
increasing age and a working mother) were significantly and
independently associated with the risk of potentially damag-
ing immunization delay (Table 4). None of the pediatrician-
related factors analyzed were significantly associated with an
immunization delay.

100% <
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0%

50% -

16-18m

12m

DTaP-IPV-HibiVHB

MMR MenC

Figure 2. Immunization coverage of children 2-24 months of age, followed by primary-care pediatricians DTaP-IPV-Hib + VHB: Diphtheria-Tetanus-acellular Pertussis-
Inactivated Polio Vaccine-Haemophilus influenzae b + Hepatitis B Vaccine; PCV: Pneumococcal Conjugate Vaccine; MMR: Measles-Mumps-Rubella vaccine; MenC: Menin-

gococcal C vaccine.
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Discussion

This national survey performed with the national-AFPA has
shown that immunization coverage of children 2-24 months of
age followed by primary care pediatricians was satisfactory.
Immunization coverage rates estimated in our study at the time
of the visit (and not at 2 years of age) matched with published
national data.'”"* It showed still insufficient coverage rates for
MMR and MenC vaccines regarding the WHO objectives.'
Despite a satisfactory immunization coverage rates at 2, 4 or
11 months of age (> 89%), a potentially dangerous immuniza-
tion delay as previously defined was observed in an important
number of cases: 13 to 58% of vaccine doses according to vac-
cine type. Overall, 47% of children presented at least one poten-
tially dangerous immunization delay before the age of
24 months, with longer delay for the vaccines most recently
introduced such as the MenC.

The importance of immunization delay in childhood has
been highlighted in the literature worldwide in the past. In a
wide study performed in the United States, 80% of children
aged 25 to 72 months were up-to-date for the studied vaccines,
but only 33% had no delay."” In the study of Luman et al, only
9% of children received all recommended vaccines at the rec-
ommended ages.'* Other studies showed also significant immu-
nization delays in Iran (42% to 67.6% of infants received
vaccine with delay),"”” in Greece (administration of booster
doses delayed in 33.7-97.4% of children at 60 months of age),'®
in 45 low-income and middle-income countries'’ and in
Salvador.'® Importantly, time limit of immunization delay was
not defined in most of these studies'”* or defined by a similar
time-limit for all vaccine doses™'?* without considering the
epidemiology of the diseases. In our study, immunization
delays were based on the definition of a potentially dangerous
immunization delay obtained by a Delphi method taking into
account epidemiologic data for each disease and age for each
injection.” Therefore, our study provides more precise data
compared to previous studies.

At 2 and 4 months of age, the mean period of delay was 30
to 44 days after the defined deadline. Thus, first doses were
done between 3 months and 3.5 months. Consequently, these
children were exposed to vaccine preventable diseases like per-
tussis (peak of incidence at 2 months of age) or pneumococcal
related diseases (peak of pneumococcal meningitis incidence at
4 months of age). The timeliness was even much longer at 11
and 12 months (i.e., between 1.5 and 3 months), leading to a
prolonged exposure to concerned diseases. Direct consequences
have been highlighted still recently.”***

Identification of risk factors for immunization delays is nec-
essary to guide policies of decision makers. First, regarding all
vaccine doses, two risk factors were identified. The strong asso-
ciation between child’s age and vaccination delay observed in
this study, with all vaccines except MMR vaccine, is consistent
with previous findings.'® The more the child is old, the more he
is at risk of delay probably due to less watchfulness. Contrary to
other reports, having a working mother was significantly associ-
ated with more delay in vaccines administration.”*® In another
study, maternal work was also associated with a significantly
lower likelihood of on-time vaccination; this likelihood was sig-
nificantly higher when families were not receiving welfare.”” In

our study it was not possible to associate economic status and
work. It was also not possible to distinguish true immunization
delays from vaccination refusal, even if refusal is rare. However
vaccine hesitancy may be associated with immunization delays,
which could not be evaluated here. Second, we identified risk
factors at 2, 4, 11 and 12 months of age (vaccine appointment
ages). None of the pediatrician-related factors analyzed were
significantly associated with an immunization delay.

The present study may have some limitations. We would
have expected a greater number of participants. But the invest-
ment required has probably limited the participation. A selec-
tion bias was possible by the participation of pediatricians with
greater awareness about immunization that may lead to under-
estimation of the immunization delay. It was conducted among
primary-care pediatricians and was, therefore, not representa-
tive of the whole country and particularly of the general practi-
tioners practice. Missing data and non-participation were
below 0.5%, which induced a limited bias. We could not evalu-
ate delayed immunization for second injection of MMR vac-
cine, which delays concerned children older than 24 months.
Reasons for the vaccine delays were available for only 66% of
cases, which is good for this memorization work. Based on the
ability of parents and pediatricians to remember the cause of
the delay, a memorization bias is however possible. Finally in
case of non-vaccination, immunization delay was calculated on
the basis of the day of the study and we did not distinguish vac-
cine refusal and immunization delay. Strengths of this study
should also be noted. This was the first national study in
France, which evaluated immunization delays in children 2 to
24 months followed by primary-care pediatricians. To improve
accuracy of information and validity of findings, healthcare
provider records were used to control the vaccination histories.

The influence of immunization delay appears to play an
increasingly important role in persistence of vaccine prevent-
able diseases. Spreading the concept of immunization delay
should be a major focus of vaccine preventable diseases
reduction policy. All infants are concerned but particularly
those with risk of severe vaccine preventable diseases such as
very high premature babies®® or children with chronic dis-
eases.”® A high level of vigilance should be given to those
patients but also to patients sharing the risk factors of immu-
nization delay identified here. Finally, in case of lawsuits
related to vaccine preventable diseases, the existence of
potentially damaging immunization delay could become one
day a crucial issue.

In conclusion, the results of this study indicate that although
vaccination coverage of the infancy period was nearly complete,
considerable number of infants received vaccines with poten-
tially dangerous delays. Longer delays were identified for the
most recent vaccines such as the MenC.

Methods
Study design and inclusion criteria

This was a prospective national survey conducted in June 2014
in children aged 2 to 24 months followed by primary-care
pediatricians, members of the Association Frangaise de
Pédiatrie Ambulatoire (AFPA, association of the French



Table 1. Recommended age for immunization and definitions of potentially dan-

gerous vaccination delays according to expert advices obtained through a Delphi
9

process.

Recommended age for
routine immunization

Potentially dangerous

Vaccination dose vaccination delay

DTaP-IPV-Hib + VHB 2 months > 15 days
4 months > 15 days
11 months > 2 months
Pcv 2 months > 15 days
4 months > 15 days
11 months > 2 months
MMR 12 months > 1 month
18 months > 6 months
MenC 12 months > 1 month

DTaP-IPV-Hib + VHB: diphtheria-tetanus-acellular pertussis-inactivated polio vac-
cine-Haemophilus influenzae b + hepatitis B vaccine; PCV: pneumococcal conju-
gate vaccine; MMR: Measles-Mumps-Rubella vaccine; MenC: meningococcal C
vaccine.

primary care pediatricians). This was a one-day survey chosen
by each pediatrician within a predefined week. Each pediatri-
cian had to include five consecutive male or female children, 2
to 24 months of age, seen at the outpatient visit. Patients were
excluded from the study if health-book was absent or in case of
parental refusal. Approval by the ethics committees was not
needed for such anonymous observational survey. Only an
information sheet was provided and non-opposition was
obtained from the parents of each included infant as recom-
mended at that time.

Objectives and definitions

The primary endpoint of this study was to quantify the fre-
quency of potentially dangerous vaccination delay overall and
for each vaccine dose recommended before the age of 2 years.
The secondary endpoints were: (i) to assess vaccination cover-
age at the time of the visit for each dose of each vaccine, (ii) to
identify reasons for immunization delay related to the patient
or to the vaccinator and (iii) to identify variables associated
with immunization delay. The National French Immunization
Schedule, published in May 2014, was used as the reference. A
potentially dangerous immunization delay was defined by a
real age of vaccination over the age at risk as identified in a pre-
vious Delphi study (Table 1).” Vaccination delays, presented
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Table 2, were calculated in days between the age at risk’ and
the real age of vaccination.

Data collection

Each pediatrician had to include five children to avoid an over-
representation of some pediatricians with a greater activity. For
each child, a standardized on-line questionnaire was filled at
convenience either on “SurveyMonkey” website or on a paper
version available on the AFPA website. The first part of the
questionnaire was about vaccination data: specific dates of vac-
cine administrations (based on written record in the health-
book) were collected and potentially dangerous vaccination
delays were identified, if applicable. An easy-to-use excel pro-
gram was available on the AFPA website to calculate, for each
child, vaccination delays according to his birth date. In case of
potentially dangerous vaccination delay, pediatricians had to
look for the reasons of the delay through a pre-established
questionnaire, with yes/no answers and could add an extra-rea-
son. In a second part, data on demographic (sex, siblings,
mother’s age, maternal education level) and medical character-
istics (underlying conditions and treatments) were collected
through interviews. At the end of the day, each pediatrician
completed an on-line questionnaire about his own characteris-
tics (gender, age, pediatric subspecialty, source of information
about vaccines, number of years of private practice, and average
number of visiting patients per week).

Expected number of patients

At the time of study design, AFPA was counting 1500 members.
Because of the type of research (survey) and the need for an active
participation with several files to complete, between 5 and 10% of
participants were expected. With five children that should be
included by each pediatrician, 375 to 750 responses were expected.

Statistical methods

Estimates of coverage rates, potentially dangerous immuniza-
tion delay rates, odds ratios (ORs), and 95% confidence
intervals (Cls) were calculated using the Epi-Info 6.04fr statisti-
cal software (Centers for Disease Control and Prevention,
Atlanta, Ga). Duration of vaccination delays during the period

Table 2. Frequency and importance of delayed immunizations of children 2-24 months followed by primary-care pediatricians.

Potentially dangerous delayed immunization”

Potentially dangerous delays (days)

Vaccination dose n/N vaccinated % 95%Cl Means Median Min Max
2 m DTaP-IPV-Hib + VHB 65/441 14.7% 11.7-184 30 14 1 347
4 m DTaP-IPV-Hib + VHB 98/386 25.4% 21.3-30.0 29 16 1 413
11m DTaP-IPV-Hib 4 VHB 58/209 27.8% 22.1-34.2 98 91 8 350
2mPCV 81/440 18.4% 15.1-22.3 44 16 1 537
4 mPCV 105/384 27.3% 23.1-32.0 40 20 1 477
11 mPCV 27/209 12.9% 9.0-18.1 83 62 6 350
12 m MMR™ 54/172 31.4% 24.9-38.7 42 24 1 216
12 m MenC 97/170 57.1% 50.0-64.3 90 60 1 350

DTaP-IPV-Hib + VHB: diphtheria-tetanus-acellular pertussis-inactivated polio vaccine-Haemophilus influenzae b + hepatitis B vaccine; PCV: pneumococcal conjugate vac-

cine; MMR: Measles-Mumps-Rubella vaccine; MenC: meningococcal C vaccine.
*As defined in Table 1.

**The potential damaging delay of the second dose of MMR could not be estimated because only children less than 2 years of age have been included.
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Table 3. Univariate analysis of risk factors of potentially damaging immunization delay of children 2-24 months followed by primary-care pediatricians.

2 m vaccines (n = 440)

4m vaccines (n = 384)

11 m vaccines (n = 209) 12 m vaccines (n = 170)

(PCV + DTaP-IPV Hib £ (PCV + DTaP-IPV-Hib + (PCV + DTaP-IPV-Hib &=  (1st MMR + MenC)
VHB) VHB) VHB) Global delay
Variables OR  95%CI p OR  95%CI p OR  95%CI p OR 95%Cl p OR 95%Cl p
Children’s characteristics
Male 1.0 06-16 083 1.1 07-1.7 084 09 05-1.7 0.70 0.9 05-17 072 08 05-1.1 0.16
Rank in the sibling >3 1.7 09-33 0.09 1.3 07-26 034 1.3 05-32 054 0.9 03-24 087 14 08-22 0.20
Child attending day-care center 07 04-12 0.14 07 04-11 0.10 1.2 06-25 055 16 08-32 0.6 15 1.0-22 0.03
Prematurity < 37SA 1.0 04-26 095 1.3 06-3.0 049 1.5 04-54 034 17 04-69 040 13 06-27 044
PMH of severe infection 1.9 06-6.1 0.23 21 07-63 0.15 51 1.1-269 0.02 46 0.5-104 0.13 39 1.2-145 0.01
Chronic disease 1.3 05-32 061 14 06-32 042 14 05-41 050 0.8 02-30 075 13 06-29 045
Multidisciplinary management 1.2 03-48 050 23 07-80 0.3 41 07-250 0.07 5.1 06-118 0.10 16 0.5-54 0.40
Familiy’s characteristics
Study of mother: higher education 1.0 0.6-1.7 0.85 08 05-13 028 13 06-27 042 1.0 0.5-21 094 10 07-1.5 0.99
Working mother 1.5 08-3.0 0.9 22 1.2-42 0.008 1.7 06-48 024 2.0 0.7-100 0.14 20 1.1-33 0.01
Isolated parents 29 0.8-10.1 0.06 26 0.6-108 0.12 12 0.0-17.1 0.65 0.7 0.0-273 066 19 0.5-6.7 0.28
Chronic disease of one parent 06 03-12 012 05 03-1.0 0.03 09 04-20 0.73 0.7 03-15 032 07 04-12 013
Vaccine related adverse event” 0.7 0.1-36 050 06 0.1-29 0.36 73 0.7-189 0.08 / / 019 09 03-28 077
PMH of VPD" 1.0 04-21 093 1.1 05-22 081 13 05-34 056 3.8 1.0-17.7 006 1.0 0.6-19 093

DTaP-IPV-Hib 4 VHB-PCV: diphtheria-tetanus-acellular pertussis-inactivated polio vaccine-Haemophilus influenzae b £ hepatitis B vaccine-pneumococcal conjugate vac-
cine; MMR: Measles-Mumps-Rubella vaccine; MenC: meningococcal C vaccine; PMH: past medical history; VPD: vaccine preventable disease; “related to siblings, father,

mother and great-parents.

Table 4. Multivariable analysis of risk factors of potentially damaging immuniza-
tion delay of children 2-24 months followed by primary-care pediatricians.

Variables Adjusted OR 95%Cl P
Male sex 0.8 0.5-1.3 0.39
Rank in the sibling >3 1.2 0.9-1.5 0.26
Child attending day-care center 1.0 0.6-1.7 0.96
PMH of severe infection 26 0.8-9.3 0.13
Working mother 24 1.2-4.7 0.01
Chronic disease of one parent 0.6 0.3-1.0 0.05
Child age 12 1.1-13 <1073

of infancy was assessed using Kaplan-Meier hazard function;
means, medians and standard deviations were evaluated for
each vaccine. In order to examine associations of potential
determinants with a complete and age-appropriate vaccination
we applied Mann-Whitney test for continuous variables and
Chi-2 or Fisher-exact tests where appropriate for dichotomous
variables. A stepwise approach was used for the multivariable
logistic regression with the inclusion of variables with a p value
< 0.20 in this univariate analysis.
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