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ABSTRACT
Vaccinating premature and low birthweight (LBW) infants according to chronological age has been found safe 
and effective. Although these infants are susceptible to infections, vaccinations are often delayed. We 
estimated vaccination coverage (VC) in preterm and LBW infants compared to term infants in a cohort study 
(2016 Israel birth cohort, n = 181,543) using the National Immunization Registry. Vaccinations included 
Hepatitis B, Diphtheria-Tetanus-acellular Pertussis-IPV-Haemophilus influenzae B, Oral Polio Bivalent, 
Rotavirus, Pneumococcal Conjugate, Measles-Mumps-Rubella-Varicella and Hepatitis A. Inclusion criteria: (1) 
born in Israel; (2) having a unique identifier (allowing data matching); and (3) surviving to 24 months. VC at 
24 months and timeliness of vaccine doses were evaluated according to infants’ birthweight (BW) and 
gestational age (GA). Preterm infants (GA < 37 weeks) comprised 7.0% (n = 12,264); LBW infants (BW< 
2500 g) were 7.7% (n = 13,950); BW was 1500–2499 g in 6.8%, 1000–1499 g in 0.6% and below 1000 g in 
0.3%. Compared to normal birthweight (NBW) infants (BW≥2500 g), LBW infants showed delayed initiation of 
vaccinations. Odds ratio (OR) for delay: DTaP-IPV-Hib 1 OR = 1.26 [95%CI 1.19–1.33]; Rota 1, OR = 1.22 [95%CI 
1.16–1.29]. Vaccination delay rates were higher among smaller new-borns (below 1000 g). At 24 months there 
was no significant difference regarding vaccination status. This national cohort VC analysis focused on preterm/ 
LBW infants. Vaccinating preterm and LBW infants according to the recommended schedule induces protec
tion against life-threatening infectious diseases. Vaccination initiation among LBW infants showed consider
able delay. Health practitioners and parents should cooperate to improve timely vaccination initiation.
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Introduction

Preterm birth, defined as birth before 37 weeks of gestation, 
and low birthweight (LBW) of less than 2500 g, are associated 
with substantial morbidity and mortality. Globally, the rates of 
preterm birth and LBW are estimated as 10% and 14.6% of all 
livebirths, respectively, varying between countries and popula
tion groups (in Israel, 7% and 7.7%, respectively).1,2

The immune system of preterm infants is immature com
pared to term infants. Maternal-fetal antibody transmission 
occurs mainly in the third trimester of pregnancy, including 
against vaccine-preventable infections. Preterm infants have 
lower antibody levels against infectious agents with an earlier 
decay than full-term infants. Also, the innate immune system 
has yet to mature in preterm infants, increasing infection 
risk.3–6 Thus, preterm and LBW infants are more susceptible 
to infection with a higher disease severity. Hospitalization and 
complication rates associated with rotavirus acute gastroenter
itis and with pertussis (whooping cough) have been reported as 
higher in preterm and LBW infants vs. full-term infants.7–12

A fundamental component of the prevention of infectious 
diseases is childhood vaccinations. Continuous monitoring of 
vaccination coverage rates is part of health indicator evaluation 
and may also be utilized to detect risk groups and to assess the 
equity of health-care systems.13–17 Health organizations, including 
the American Academy of Pediatrics and the World Health 
Organization (WHO), recommend that preterm and LBW infants 

should be routinely vaccinated according to schedule at the 
chronological age specified for each vaccine dose (with the excep
tion of HBV vaccine in infants born weighing <2000 g). Infants 
still hospitalized and medically stable at the age of 2 months 
should receive all age-appropriate inactivated vaccinations. 
Routine childhood vaccinations have been shown to be safe, 
immunogenic and effective for preterm and LBW infants, provid
ing protection against Vaccine-Preventable-Diseases (VPD).18–25 

Yet, considerable gaps in routine vaccination timeliness and com
pleteness have been evident when comparing LBW and preterm 
infants to term infants. Vaccination delays tend to be greater when 
the preterm infants are born earlier and with lower birthweights. 
Medical conditions associated with preterm birth such as chronic 
lung disease and health provider change have also been associated 
with immunization non-completion.26–32 Targeted preterm vac
cination intervention programs have reported favorable results in 
Ireland and Italy.33,34 Delay of vaccination in preterm and LBW 
infants may most likely stem from inappropriate knowledge and 
perceptions of both parents and health-care providers regarding 
the safety and efficacy of timely routine childhood 
vaccinations.35,36

Data validity of vaccination coverage rates is essential for 
planning and evaluation. Vaccination coverage estimates based 
on periodical surveys and cumulative data have limited validity in 
reflecting the actual uptake rates.37–39 The national immunization 
registry in Israel provides a framework for vaccination coverage 
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assessment in a national cohort.40,41 Routine childhood vaccina
tions are offered without charge to all children at community- 
based child-health clinics for young children (birth to 6 y) and by 
school health services for schoolchildren (6 to 15 y).42 The Israeli 
immunization registry incorporates all routine childhood vaccina
tions into one database.43 While Israel’s childhood vaccination 
coverage upholds the WHO up-to-date (UTD) targets adequately, 
registry data show a high prevalence of vaccine delays.41 Previous 
studies evaluating vaccination coverage in preterm infants 
included samples that are often quite limited in size and data 
collected from parents’ self-reporting, health-care provider 
records or incomplete databases.26–29,33,34,44,45 National registry 
data are more appropriate to estimate vaccination coverage in 
relatively small groups that can be under-represented in popula
tion sample surveys.

The study aims are to assess routine vaccination coverage 
rates in a national birth cohort, to estimate vaccination com
pleteness and timeliness in preterm and LBW infants com
pared to term infants and to explore risk markers for lacking 
completeness and timeliness.

Methods

Routine childhood vaccinations are included in the preventive 
services of Israel’s National Health Insurance Law. Vaccines are 
offered in community-based clinics from birth to 6 y.46 Routine 
vaccines are provided free of charge to all resident children 
through the national health insurance law. The eligibility for 
preventive health services including routine vaccinations is for 
all children nationally, regardless of legal residency status.44 

Vaccination receipt is not mandatory; the overall vaccination 
coverage rates reported are over 95%.47 The study is designed as 
a historical prospective study of a national annual cohort.

Study population

The population registration law in Israel requires reporting all 
births to the Ministry of Interior; infants receive personal 
identification numbers (ID). The national population (2016) 
was 8.6 million with 181,000 livebirths nationally. The study 
cohort included all infants born in Israel from January 1, 2016 
to December 31, 2016. The infants’ follow-up period lasted 
until age 24 months. Inclusion criteria were: (1) born in 
Israel; (2) having a unique identifier (allowing data matching); 
and (3) surviving to 24 months. Infants born abroad (different 
schedules), lacking unique identifier or not surviving to 
24 months were excluded.

Data assembly (demographics)

Demographic data of infants born in 2016 were retrieved from 
the national newborn registry. Variables were: (1) child: date of 
birth, gender, ethnicity, birth order, gestational age at birth, 
birthweight; (2) mother: age, birth country, marital status and 
socio-economic (SE) rank of residence locality. The SE rank 
used was an ordinal scale of 1 (lowest) to 10 (highest).48 The 
main investigated variables were birthweight and gestational 
age. Birthweight was evaluated as a continuous variable 
(grams) and an ordinal variable in the following categories: 

(1) Normal Birthweight (NBW) � 2500 g; (2) Low 
Birthweight (LBW) <2500 g. The LBW group was stratified: 
2000–2499 g, 1500–1999 g; 1000–1499 g and <1000 
g. Gestational age (GA) was assessed as a continuous and 
ordinal variable using groups stratified according to GA vari
able in the following categories: <28 weeks, 28–31 weeks, 
32–36 weeks and GA ≥37 weeks.41

Data assembly (vaccinations)

The routine vaccination schedule (0–2 y, 2016) included: 
Hepatitis B vaccine (HBV) at birth, 1 and 6 months, Diphtheria- 
Tetanus-acellular Pertussis-Polio-Haemophilus influenzae type 
B vaccine (DTaP-IPV-Hib) at 2, 4, 6 and 12 months, Polio Oral 
bivalent (bOPV) at 6 and 18 months, Rotavirus vaccine (Rota) at 
2,4 and 6 months, Pneumococcal conjugate vaccine (PCV) at 2, 4 
and 12 months, Measles-Mumps-Rubella-Varicella (MMR/ 
MMRV) at 12 months and Hepatitis A vaccine (HAV) at 18 
and 24 months. The vaccination schedule for preterm infants is 
the same, according to chronological age with the exception of 
HBV which requires a minimum weight of 2000 g. RSV vaccina
tions are not provided in the community clinics nor do they 
appear in the registry and are therefore not included in the current 
study. They are provided free of charge through government- 
sponsored health maintenance organizations, to infants meeting 
a list of criteria. The criteria include preterm infants considered at 
risk and other infants with severe chronic lung disease.49 The 
participants’ unique identifiers (personal ID, date of birth) were 
crossed against the immunization database for data on vaccine 
doses including dates.

Study outcomes

The primary outcomes were set as up-to-date and age-appropriate 
vaccination status as previously described.41 Up-to-date vaccina
tion status was defined as the rate of vaccination at 24 months of 
age. Age-appropriate vaccination status was defined as timeliness 
administration of the individual vaccine doses.

Up-to-date vaccination status was assessed at 24 months 
(including HBV3, DTaP-IPV-Hib 4, PCV3 and MMR/ 
MMRV1). Series completion was defined as receiving all 
required doses of a vaccine at the time of assessment (e.g. 4 
doses of DTaP-IPV-Hib 4 at 24 months).

Timeliness was assessed by examining the vaccination tim
ing for each vaccine dose. Vaccine doses were defined valid 
according to the Ministry of Health guidelines for minimum 
ages and intervals between doses. Doses administered more 
than 1 month after the recommended age were considered 
delayed. Vaccination status was grouped into: a) Vaccinated 
age-appropriate, b. Delayed less than 6 months, divided into 
two sub-groups (mild: delayed 1–3 months, moderate: delayed 
3–5 months), c. Delayed 6 months and above (severe delay) 
and d. Unvaccinated (at 24 months).41

Statistical analysis

Data analysis was performed with IBM SPSS Statistics for 
Macintosh, Version 25.0. Armonk, NY: IBM Corp. Categorical 
variables are presented as rate and proportion; continuous 
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variables as mean ± Standard Deviation (SD) and median. An 
initial analysis found a strong correlation between birthweight and 
gestational age (r = 0.621, Figure 1). All further vaccination status 
data analysis was performed using birthweight categories. 
Immunization coverage represented by the cumulative proportion 
of vaccinated was retrieved (according to age in days) and plotted 
on an inverse Kaplan–Meier curve, separately for each weight 
group. Analysis of delay in vaccination was performed using 
Cox Proportional Hazards model. Time to vaccination was 
grouped into five weight categories. Not vaccinated by end of 
follow-up (age 24 months) were considered censored observa
tions. Results are presented as hazard ratio (HR) with a 95% 
Confidence Interval (CI). A univariate analysis was performed 
for NBW compared to all LBW infants for each vaccine. 
Comparison results are presented as odds ratio (OR) and a 95% 
CI. Unadjusted OR for any delay is presented in a forest plot. 
Additional stratification of the birthweight categories was per
formed (2000 g and 1500 g as dichotomous cutoff points). 
Unadjusted OR for any delay in these additional categories is 
presented in a forest plot as well. A multiple regression analysis 
model was performed for general variables associated with 
a child’s vaccination status being age appropriate. Associations 
between the variables and vaccination status are presented as OR 
and a 95% CI. P-values less than 0.05 were considered significant 
for all, and all P values were two-sided.

Results

Study population characteristics

Demographic and general characteristics for the national birth 
cohort born in 2016 (n = 181,543) are presented in Table 1. Infants 
born with LBW (birthweight below 2500 g) comprised 7.7% of the 
national cohort and gestational age of less than 37 weeks was 
reported in 7% of the cohort. Further stratification of birthweight 
categories ( � 2500 g, 2000–2499 g, 1500–1999 g, 1000–1499 g, 
<1000 g) and gestational age at birth categories (GA ≥37 weeks, 
32–36 weeks, 28–31 weeks, <28 weeks) into sub-groups is pre
sented in Table 1.

Infants who did not survive to the age of 2 y (n = 633) were 
excluded from the study population, 373 (59%) and 260 (41%) 
of them were born at LBW and NBW, respectively. The general 
characteristics were compared between the groups of LBW 
infants and NBW infants. The two groups differed as to gender 
(males were 46.4% of LBW and 51.9% of NBW, p < .001) and in 
singleton birth rate (65.8% of LBW and 98.1% of NBW, 
p < .001). Parents’ characteristics did not show a significant 
difference between LBW and NBW infants. Mean parents’ age 
was 30.4 ± 5.7 and 33.3 ± 6.3 y among mothers and fathers, 
respectively. Most parents were born in Israel (88.7% of 
mothers and 90.0% of fathers). Mothers had 14.0 ± 2.4 y and 
fathers 13.6 ± 2.5 y of education. Most mothers were married 

Figure 1. Scatter plot for birth week and birthweight. Note: A strong correlation was found between birth week and birthweight, with a Pearson Correlation coefficient 
r = 0.621.
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(92.3%). The mean length of hospital stay afterbirth was con
siderably longer in the LBW infants than in the NBW infants 
(mean hospital stay 13.7� 20.4 d in LBW infants vs. 
3.1� 9.1 d in NBW infants, respectively, p < .001; median 5.0 
[3.0–15.0] and 3.0[2.0–3.0], respectively).

Vaccination timeliness

The cumulative proportion of vaccine uptake according to age (in 
days) for the first dose of DTaP-IPV-Hib vaccine among infants in 
the five birthweight categories is presented in Figure 2. Notably, 
the rate of delayed vaccine receipt increased with decreasing infant 
birthweight. Compared to NBW infants, the age-appropriate vac
cination rates did not differ regarding the 2000–2499 g birth
weight group (HR 1.01 [95% CI 0.98–1.03]). However, the rates 
showed a significant gradient decline in infants with birthweight 
under 2000 g. For the three birthweight categories (1500–1999 g, 
1000–1499 g, below 1000 g). The hazard ratios were HR 0.85 [95% 
CI 0.82–0.88], HR 0.67 [95% CI 0.63–0.72] and HR 0.45 [95% CI 
0.40–0.50], respectively. Notably, infants born below 1000 

g reached 90% DTaP-IPV-Hib 1 uptake at 167 d compared to 
89–115 d in all other weight categories.

Figure 3 presents the distribution of vaccination status, 
regarding the first vaccine doses for the DTaP-IPV-Hib vac
cine, pneumococcal vaccine and rotavirus vaccine (evaluated at 
age 24 months). All first vaccine doses showed a pattern of 
delay in vaccination initiation among LBW infants, especially 
in the lower weight categories. Notably, less than 50% of ELBW 
infants were vaccinated as age-appropriate with nearly 50% not 
vaccinated with rotavirus vaccine.

Aiming to evaluate the timeliness of all routine vaccine 
doses scheduled in the first 24 months, we compared NBW 
to LBW infants in regard to age-appropriate uptake of the 
specific vaccine dose (Figure 4). The crude OR for risk of 
vaccination delay among LBW infants declined with later vac
cine doses (overall and within each series). Lower birthweight 
categories had a progressively higher risk of delay, with the 
same pattern of risk decline over time described above.

Up-to-date vaccination status at 24 months

By 24 months, LBW infants had caught-up to NBW infants, 
concerning the UTD vaccination status. HBV3 was UTD in 
94.5% of LBW infants and 93.4%% of NBW infants. DTaP-IPV 
-Hib4 was UTD in 89.3% of LBW infants and 87.7% of NBW 
infants. PCV 3 was UTD in 90.7% of LBW infants and 89.9% of 
NBW infants. MMRV1 was UTD in 94.3% of LBW infants and 
94% of NBW infants.

The completion rate for HBV1-3, DTaP-IPV-Hib 1–4 and 
PCV 1–3 at 24 months in LBW and NBW infants was 87.3% 
and 85.7%, respectively.

Hospital length of stay and initiation of routine 
vaccination

At age 60 d, 450 infants were still hospitalized and were therefore 
eligible for DTaP-IPV-Hib first dose by the time of discharge. The 
birthweight distribution of the 450 infants was: 73 (16.2%) were 
NBW, 11 (2.4%) 2000–2500 g, 18 (4.0%) 1500–1999 g, 128 
(28.4%) 1000–1499 g, 220 (48.9%) below 1000 g.

Only one-third (34.7%) were vaccinated before hospital dis
charge, with no significant difference between birthweight groups. 
Some hospitals had as few as two infants with long hospitaliza
tions with the most being 47. A noticeable difference was noted at 
the vaccination rate in different hospitals. Out of 28 hospitals, nine 
(32.1%) vaccinated at least 50% of these infants before discharge. 
Other hospitals vaccinated anywhere between 0/17 and 13/36 
(36.1%) of these infants. Infants hospitalized for 60 d or more 
and not receiving their first DTaP-IPV-Hib vaccination by dis
charge were less likely to have completed four vaccinations (i.e. 
DTaP-IPV-Hib 4) by 24 months (OR 1.35 [95% CI 0.75–2.44]).

Regression model

Several regressions were performed, with no difference found 
in UTD status with regard to birthweight or GA. Following the 
univariate analysis, a multiple logistic regression model was 
performed with the variables found to be significantly asso
ciated with timely initiation (defined as the cutoff for “timely” 

Table 1. General characteristics of the 2016 birth cohort, Israel.

Characteristics Total (n = 181,543)

Gender, No. (%)
Male 93,434 (51.5)
Female 88,109 (48.5)

Birthweight – categorical, No. (%)
� 2500 g 167,647 (92.3)

2000–2499 g 9,661 (5.3)
1500–1999 g 2,629 (1.4)
1000–1499 g 1025 (0.6)
< 1000 g 580 (0.3)

Birthweight – continuous (gram)
Mean [SD] 3200.0 [530.0]
Median [IQR] 3240.0 [2920.0–3550.0]

Gestational age at birth (weeks)
Mean [SD] 39.0 [1.9]
Median [IQR] 39.0 [38.0–40.0]

Gestational age at birth – categorical, No. (%)
� 37 weeks 168,835 (93.0)

32–36 weeks 11,074 (6.1)
28–31 weeks 1,089 (0.6)
< 28 weeks 545 (0.3)

Birth order – categorical, No. (%)
First born 51,870 (28.6)
Second born 49,060 (27.0)
Third born 35,845 (19.7)
Fourth born and above 44.768 (24.7)

Number of children – categorical, No. (%)
Singleton 173,737 (95.7)
Multiple 7,806 (4.3)

Ethnicity, No. (%)
Jews & Others 140,233 (77.2)
Arabs 41,310 (22.8)

Socioeconomic rank (1–10)
Rank 1–3 77,451 (42.7%)
Rank 4–7 73,748 (40.6%)
Rank 8–10 30,344 (16.7%)

Month of birth, categorical, No. (%)
January–March 44,618 (24.6)
April–June 42,856 (23.6)
July–September 47,752 (26.3)
October–December 46,317 (25.5)

Length of hospital stay, categorical, No. (%)
1–6 d 171, 313 (94.4)
7–29 d 8,097 (4.5%)
30 d or more 2133 (1.2%)

Abbreviations: SD, standard deviation; IQR, interquartile range.
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being 30 d following the appropriate age for vaccination). The 
variables included in the final model were gender, mother 
family status, ethnicity, birthweight/GA, birth order and socio
economic rank. The independent variables significantly asso
ciated with non-timely vaccination initiation were male 
gender, non-married mother, Jewish ethnicity, non-first born, 
low socioeconomic rank and birthweight/GA. Birthweight and 
GA had a very strong association with vaccination delay 
(Table 2).

Discussion

This study is the first to assess routine vaccination complete
ness and timeliness in a full annual national cohort 
(n = 181,543), among preterm infants compared to term 
infants, in Israel. The study showed that LBW infants were 
significantly more likely to receive the first dose of DTaP-Hib- 
IPV in delay (21.9% of VLBW and 53.7% of ELBW were 

delayed beyond 1 month from the recommended schedule), 
compared to 90% of term infants who received the first dose on 
time. Besides this initial delay in providing protection, all 
future doses in the series were subsequently delayed. The 
same delay pattern is evident in the other early infancy vaccines 
(PCV13, Rota and HBV). By the time the children reach 
12 months of age, the delay gap has decreased and their UTD 
coverage rates are very similar to NBW infants. UTD vaccina
tion coverage rates at age 24 months are comparable. 
Assessment of the association between birthweight and vacci
nation timeliness showed that vaccination delay rates increased 
with decreasing birthweight. In this study, we used the defini
tions for vaccination timeliness (for timely vaccine doses, mild, 
moderate and severe delay) described in our previous studies. 
In the multiple regression model, the independent variables 
associated with vaccination delay were male gender, Jewish 
ethnicity, increasing child’s birth order and low socioeconomic 
status, as previously described.41,50

Figure 2. Cumulative proportion of first dose of DTaP-IPV-Hib vaccine uptake by child’s age in days in NBW and LBW children born in 2016 and followed up to 
24 months, Israel. Note: The curves show the cumulative proportion of children vaccinated for first dose of DTaP-IPV-Hib over time. The vertical lines represent the day at 
which vaccination uptake reached 90% and 95% within each age group.
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Figure 3. Distribution of vaccination timing by defined categories (status at the age of 24 months) for selected vaccine doses, in children born in Israel, 2016. 
Abbreviations: DTaP-IPV-Hib 1, diphtheria, tetanus, acellular pertussis, polio, Haemophilus influenzae B vaccine, first dose.

Figure 4. Forest plot presenting OR for risk of vaccination delay among NBW and LBW infants. Note: In early infancy LBW children are at a higher risk of vaccination delay 
(vaccine dose administered more than 30 d after required age), compared to NBW weight. The risk for later doses within each series is generally lower as doses progress. 
In some cases, vaccinations administered at older ages and not limited by earlier doses from a series show an advantage among LBW infants. Abbreviations: NBW, 
normal birthweight (≥2500 g); LBW, low birthweight (<2500 g).
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Several studies have documented vaccination delay among 
preterm infants. While some studies examined the age- 
appropriate vaccination status, others reported only the UTD 
status. Most studies found that LBW infants have not achieved 
a catch-up of UTD status at the age of 24 months. Langkamp 
et al. demonstrated that VLBW infants were significantly less 
likely to be vaccinated for UTD.26 Nestander et al. showed 
immunization completion to be significantly decreased at 
24 months in LBW infants.30 Hofstetter et al. found preterm 
infants less likely to have completed all doses of the “7-vaccine 
series” by age the age of 19 months.51

The finding that preterm infants have completed catch up at 
24 months in Israel may be attributed to the organization of 
provision of vaccination and accessibility. Childhood vaccinations 
are provided free of charge at community-based maternal and 
child-health clinics country-wide. The public health nurses are 
well practiced in planning catch-up vaccination schedules for 
multiple indications. It also seems that while early beliefs about 
LBW infant frailty may explain vaccination delay, this misconcep
tion wanes over time.

Despite international guidelines, the actual practice varied 
markedly between hospitals, with only one-third of infants 

hospitalized at 2 months of age vaccinated before discharge. 
These already fragile infants remain unprotected for longer 
periods, while also having an increased risk of not completing 
their vaccinations by 24 months. Vaccination delay diminishes 
the young preterm protection against multiple pathogens. We 
have shown in a previous study that the rate of pertussis among 
LBW infants is significantly higher than in term infants.52

No child received Rotavirus vaccine while hospitalized. The 
practice in Israeli Neonatal Intensive Care Units is not to 
vaccinate Rotavirus in hospitalized infants.20

This study has several strengths. Beyond being a large cohort, it 
has the advantage of comprising a full birth cohort, minimizing 
selection bias and enabling the results to represent the whole 
population. The comprehensive Israeli immunization registry 
enabled the inclusion of a full birth cohort. This provided 
a natural control group, strengthening validity, showing that 
delay is not only absolute but also compared to NBW infants. 
Clear definitions for timeliness enabled stratification according to 
degrees of delay, highlighting that most of the delay for LBW 
infants occurs in the first months of their life.

There are several limitations to this study. Only children 
with an ID number and born in Israel were included, excluding 
a small part of the birth cohort from the study. Data on preterm 
infants’ health status and medical diagnoses were unavailable 
and should be included in future studies.

In conclusion, our large national cohort study showed 
a significant delay in preterm infant vaccination initiation. For 
the small group of infants hospitalized at age 2 months, a clear 
policy should be implemented requiring the provision of vaccina
tions before discharge. Implementation of this policy may require 
training of health providers. Nevertheless, despite the delayed 
initiation, by the age of 24 months, the preterm/low birthweight 
group showed adequate catch-up with the vaccination schedule in 
Israel. It is our belief that the national system of comprehensive 
and dedicated child-health services supported this achievement.
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Table 2. Multiple logistic regression model, dependent variable – DTaP-IPV-Hib 
1 – age-appropriate vaccination status.a

Variables

Birthweight – main 
independent variable 
Adjusted OR [95% CI]

Gestational age – main 
independent variable 
Adjusted OR [95% CI]

Gender
Male 1.06 [1.02–1.10] * 1.06 [1.03–1.10] *
Female reference reference

Mother family status
Married reference reference
Other 1.54 [1.44–1.65] * 1.54 [1.44–1.65] *

Ethnicity
Jew & others 3.27 [3.07–3.48] * 3.30 [3.10–3.52] *
Arab reference reference

Birthweight
� 2500 g reference Na

2000–2500 g 0.98 [0.90–1.07] Na
1500–2000 g 1.56 [1.36–1.78] * Na
1000–1500 g 3.34 [2.81–3.96] * Na
< 1000 g 17.03 [13.58–21.35] * Na

Gestational age at 
birth
� 37 weeks Na reference

32–36 weeks Na 1.10 [1.02–1.19] *
28–32 weeks Na 3.62 [3.08–4.27] *
< 28 weeks Na 21.77 [16.98–27.91] *

Birth order
First born reference reference
Second born 1.75 [1.65–1.85] * 1.77 [1.67–1.87] *
Third born 2.02 [1.90–2.14] * 2.02 [1.91–2.15] *
Fourth born and 
above

3.22 [3.04–3.40] * 3.25 [3.08–3.44] *

Socioeconomic rank
Rank 1–3 1.30 [1.23–1.37] * 1.31 [1.24–1.39] *
Rank 4–7 0.56 [0.53–0.59] * 0.56 [0.53–0.59] *
Rank 8–10 reference reference

Month of birth
January–March reference reference
April–June 0.91 [0.87–0.96] * 0.91 [0.87–0.96] *
July–September 1.11 [1.06–1.17] * 1.11 [1.06–1.17] *
October– 
December

0.93 [0.89–0.98] * 0.93 [0.88–0.98] *

*p-value � <0.001. 
aThe OR in the regression is defined as the rate of delayed initiation of the DTaP- 

IPV-Hib 1 vaccine.
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