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Adverse cardiorespiratory events following primary
vaccination of very low birth weight infants
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Abstract
Objective: To examine the relationship between primary vaccination of preterm infants and prevalence
ratios of associated factors for unwanted cardiorespiratory events, following the recommendation of the Centers
for Disease Control and Prevention Advisory Committee on Immunization Practices for immunization of preterm
infants at 2 months of chronological age.
Methods: Two-year retrospective study of very low birth weight infants receiving their primary vaccination.
Major cardiorespiratory events, such as apnea, bradycardia, SpO2 desaturation, and minor adverse events, such
as temperature instability, poor handling and local reactions, were recorded. Prevalence ratio with 95% confidence
interval for associated factors between infants with and without cardiorespiratory events was calculated.
Results: Eighty neonates were studied (median [range] birth weight 970 g [428-1,490]), gestational age of
27.4 weeks (23.3-33). Adverse reactions occurred in 35 (44%) patients: minor events in 19 (24%), major events
in 28 (35%). Infants with major events had significantly lower gestational age (p = 0.008) and a higher incidence
of bronchopulmonary dysplasia (71% vs. 48%; p < 0.05). In very low birth weight infants with major events, O2
desaturations before vaccination were 3.40 (1.41-8.23) times higher and treatment with methylxanthines for apnea
and bradycardia syndrome was 8.05 (2.50-25.89) times higher compared to infants without major events.
Conclusion: Major cardiorespiratory events occurred in over 1/3 of all very low birth weight infants after
vaccination. Associated factors were low gestational age, bronchopulmonary dysplasia, methylxanthine treatment,
and persisting O2 desaturations before vaccination. Primary vaccination of very low birth weight infants should be
performed under continuous monitoring of vital parameters.
J Pediatr (Rio J). 2012;88(2):137-42: Preterm, neonate, very low birth weight, vaccination, adverse event,
oxygen saturation, monitoring.

Introduction
The Centers for Disease Control and Prevention (CDC)

vaccine reported on cardiorespiratory events (i.e. recurrence

Advisory Committee on Immunization Practices (ACIP)

of apnea, bradycardia or SpO2 desaturations) in preterm

recommends immunization of preterm infants at 2 months

infants.2-6 In recently published studies an acellular pertussis

of chronological age with a diphtheria-tetanus-pertussis-

vaccine was used but similar adverse reactions were still

haemophilus influenza-polio-hepatitis B and pneumococcal

being reported.7-12 The rate of adverse reactions varied

vaccine.1 Earlier studies of whole-cell component pertussis

widely between the studies from 6% to 50%.2,11-17 Studies
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suggest that very low birth weight infants (VLBWI, birth

requirement at day 28 of life, and the need for respiratory

weight < 1,500 g) are a particularly vulnerable patient

support. All infants were under continuous cardiorespiratory

group for developing serious adverse reactions.8,15,16

monitoring (electrocardiography, and continuous peripheral

Hacking et al. reviewed a cohort of extremely preterm

pulse oximetry), including monitoring of apnea, bradycardia,

infants for reactions to primary immunization.17 The authors

oxygen saturation, oxygen requirement, and body

found cardiorespiratory events to be common, the highest

temperature. The neonatal nursing staff was educated

incidence being amongst those who had had previous

on the nature and presentation of adverse events to

septicemia or a long-standing need for respiratory support.17

immunization. They were instructed to note down any

In contrast, a prospective, randomized controlled study

suspected adverse reaction or clinically relevant events

of routine vaccination of VLBWI did not report serious

from the vital sign monitoring in the patient chart. All case

adverse reactions.18 Clifford et al. investigated recurrence

notes were later reviewed with regard to relevant events

of apnea after reimmunization through a surveillance

relating to vaccination, such as episodes of apnea and

system and showed an 18% recurrence rate for apneas

bradycardia, desaturations, temperature instability, poor

in preterm infants following the second immunization.19

feeding or poor handling, and local reactions. To compare

Succi et al. recently reviewed the literature on vaccinating

pre- and post-vaccination reactions, patient charts from the

infants with special conditions and commented on the

48-hour periods preceding and following the vaccinations

very limited available evidence for preterm

infants,20

warranting an analysis of a large, homogeneous patient
group of very low birth weight (VLBW) patients. Therefore,
the purpose of this study was to examine the incidence,
frequency, severity and types of adverse reactions to
vaccination in a large single cohort of VLBWI. Our aim
was to identify factors associated with cardiorespiratory
reactions following primary vaccination.

were analyzed.
Cardiorespiratory symptoms such as apnea, bradycardia
or desaturations were considered as major adverse
reactions: apnea was defined as ≥ 20 s without breathing,
and bradycardia as a heart rate ≤ 100/min for at least
20 s. Saturation status was monitored by continuous
pulse oximetry. Desaturation was defined as a fall in the
peripheral oxygen saturation (SpO2) to 85% or less in the
oxygen saturation not attributed to a technical problem

Methods

or to any other transient cause. Infants were considered
to have recurrent or increased cardiorespiratory reactions

This is a retrospective analysis of all VLBWI who

in case of recurrence of, or a ≥ 50% increase in the

received their first routine immunization at a tertiary

frequency of cardiorespiratory episodes occurred in the

neonatal center, the Department of Neonatology Charité

48-hour period following immunization compared to the

in Berlin, Germany over the period of 24 months (January

48-hour period preceding immunization. Minor adverse

2006 to December 2007). During the study period,

reactions were defined as local reactions, fever or poor

151 VLBWI were born alive. All inpatient VLBWI were

handling. Fever was defined as a rectal temperature of

vaccinated by day 60 of life, according to the current

more than 38.0 °C during the post-vaccination period in

CDC recommendations.1 Ethical clearance was obtained

the absence of any other causes. Poor handling was based

from the department prior to the study.

on the observation of the neonatal nurse looking after

Routine vaccination was carried out after completion of
the second month of life, taking into account the infants’
clinical condition. The decision to initiate vaccination was
made by the attending neonatologist, based on the patient’s
clinical presentation. All cardiorespiratory stable infants
who at the time of vaccination showed no sign of infection
received an intramuscular (IM) injection of the vaccine. All
infants received either the combined Infanrix (DTPa-IPV)
and Hib injection or Infanrix Hexa (DTPa-IPV+Hib+HepB)
by GlaxoSmithKline, Munich, Germany, alone or with an
additional injection of Prevenar (pneumococcal vaccine)
by Wyeth Pharma GmbH, Muenster, Germany.

the baby and included characteristics such as irritability,
feeding intolerance, increasing nasogastric feeds and
tachypnea.
To distinguish between infants with reactions secondary
to vaccination and those without reactions to vaccination,
these two groups were compared with regard to their
baseline characteristics and pre-immunization condition.
Categorical data were described as n (%) and compared
by chi-square test or Fisher’s exact test as appropriate.
Physiologic parameters are presented as median and range
and compared by Mann-Whitney rank test. Prevalence
ratio (PR) with 95% confidence intervals (CI) for specific

Recorded data were: birth weight, gestational age

risk factors between infants with and without adverse

(GA) and chronological age, corrected GA, weight at day

cardiorespiratory reactions was calculated. Statistical

of vaccination, treatment for apnea or bradycardia at the

analysis was performed using the Statgraphics Centurion

time of vaccination, treatment for chronic disease (this

software (version 15.0, Statpoint Inc., Herndon, Virginia,

included pulmonary/cardiac or neurological disease),

USA). A level of statistical significance of p < 0.05 was

bronchopulmonary dysplasia (BPD) defined as O 2

accepted.
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Results

vaccination. Those who remained stable for 48 hours after

During the study period, a total of 151 VLBWI were born
alive. Of these, 80 VLBWI received their first vaccination

immunization did not require any medical intervention at
a later time.

while still hospitalized or were rehospitalized for the purpose

Infants showing cardiorespiratory reactions (CRE-

of primary vaccination. The other 68 VLBWI were discharged

VLBWI) were compared regarding the pre-immunization

prior to vaccination and not readmitted for vaccination.

characteristics to those showing no reactions to

Three infants had to be excluded because they were not

vaccination (non-CRE-VLBWI) (Table 2). CRE-VLBWI had

on the cardiorespiratory monitoring system for the entire

a statistically significantly lower gestational (p = 0.008)

observation period, or documentation of case notes was

and postconceptional age at immunization (p = 0.05)

inadequate. The patients’ characteristics are shown in

and a higher incidence of BPD (71% vs. 48%; p < 0.05),

Table 1.

compared to non-CRE-VLBWI.

At the time of vaccination 16 (20%) infants received

Prevalence of diagnoses and treatments of infants with

methylxanthine treatment for apnea and bradycardia

and without adverse cardiorespiratory events is shown in

syndrome (oral theophylline or caffeine citrate) and 19

Table 3. In CRE-VLBWI desaturations were 3.40 (1.41‑8.23)

(24%) were receiving other medications, such as diuretics

times higher and the treatment with methylxanthine for

or anticonvulsants. Vaccination was generally administered

apnea and bradycardia was 8.05 (2.50-25.89) times higher

after the second month of life (i.e. ≥ day 60 of life).

compared to non-CRE-VLBWI. Although prevalence of

Eight patients (10%) were vaccinated at < 60 days of life

respiratory support in CRE-VLBWI was 5.57 (0.61-51.1)

(minimum age 51 days of life) for logistic reasons. Forty

times higher compared to non-CRE-VLBWI, PR was not

(50%) patients were vaccinated at > 70 days of age for

statistically significant due to the low total number of infants

clinical reasons such as operations, nosocomial infections,

on respiratory support in our cohort (4/80).

overtly frequent apnea and/or bradycardia; 31 (39%)
patients were vaccinated between 70-99 days, six (0.08%)
were vaccinated between 100-119 days, and three (0.04%)
were vaccinated after 120 days.

Discussion
We studied the occurence of post-vaccination reactions

Unwanted adverse reactions to vaccination were noted

in VLBWI to analyze the incidence of significant unwanted

in 35 (44%) patients. Twenty-eight (35%) had major

and adverse reactions to vaccination in our patient

cardiorespiratory reactions, and 19 (24%) had minor

population, and to identify associated factors for significant

reactions. The influence of vaccination was transient; all

adverse reactions in this high-risk patient group. In our

infants returned to their baseline within 48-72 hours after

study, the incidence of cardiorespiratory reactions in the

Table 1 -

Characteristics of the study population: data given as median (range) or n (%)

Variable

n (%)

Median

Range

Gestational age (weeks)		

27.36

23.3-33.0

Birth weight (g)		

970

428-1,490

7

3-10

32.6-47.2

Male
Multiple birth

40 (50%)
26 (32.5%)

Apgar 5 min.		
BPD

45 (56%)

IVH

19 (24%)

PVL

5 (6%)

Time of immunization
Postconceptional age (weeks)		

37.29

Chronological age (weeks)		

69.5

51-136

Weight (g)		

2,072.5

1,205-3,800

Respiratory support

4 (5%)

Treatment for chronic disease

19 (24%)

Treatment for apnea and bradycardia

16 (20%)

BPD = bronchopulmonary dysplasia; IVH = intraventricular hemorrhage; PVL = periventricular leucomalacia.
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Patient characteristics of infants with and without adverse cardiorespiratory events following vaccination: data given are median
(range) or n (%)

Gestational age (weeks)
Birth weight (g)
Male
Postconceptional age at time of vaccination (weeks)
Chronological age at time of vaccination (weeks)
Body weight at time of vaccination (g)

CRE
n = 28

Non-CRE
n = 52

p value

26 (23-31)

28 (23-33)

0.008*

815 (550-1,370)

980 (428-1,490)

0.138

14/28 (50%)

26/52 (50%)

1.000

37 (33-42)

38 (34-47)

0.160

74 (58-104)

64 (51-136)

0.897

2,032 (1,205-2,900)

2,155 (1,400-3,800)

0.168

CRE = infants with cardiorespiratory event; non-CRE = infants without cardiorespiratory event.
* Significant.

Table 3 -

Prevalence of diagnoses and treatments before vaccination of infants with and without adverse cardiorespiratory events: data
given are n (%) and prevalence ratio with 95% confidence interval

Apnea or bradycardia
Chronic O2 desaturations
Respiratory support

CRE
n = 28

Non-CRE
n = 52

PR with 95%CI

p value

6/28 (21%)

5/52 (10%)

1.22 (0.75-6.66)

0.143

11/28 (39%)

6/52 (12%)

3.40 (1.41-8.23)

0.004*

3/28 (11%)

1/52 (2%)

5.57 (0.61-51.1)

0.121

Methylxanthine treatment

13/28 (46%)

3/52 (6%)

8.05 (2.50-25.89)

< 0.001*

BPD

20/28 (71%)

25/52 (48%)

1.49 (1.03-2.14)

0.045*

IVH

5/28 (18%)

14/52 (27%)

0.66 (0.27-1.65)

0.363

95%CI = 95% confidence interval; BPD = bronchopulmonary dysplasia; CRE = infants with cardiorespiratory event; IVH = intraventricular hemorrhage;
non-CRE = infants without cardiorespiratory event; PR = prevalence ration.
* Significant.

post-vaccination period was 35%. Lower GA and clinical

of associated factors for severe cardiorespiratory reactions

signs of BPD were significant risk factors for vaccine-

in the post-immunization period, as identified in our study,

related cardiorespiratory reactions. The prevalence of

is of special importance for those infants discharged from

persistence of O2 desaturations and of treatment with

the hospital before the time of vaccination or those debating

methylxanthines for apnea and bradycardia syndrome

readmission to hospital for the vaccination.16-19

before vaccination was statistically significantly higher in

Following our data analysis and the results of the above

CRE-VLBWI compared to non-CRE-VLBWI. Fortunately, the

studies, we suggest that: a) VLBWI should be closely

majority of reactions were mild and transient. However,

monitored during their first vaccination as inpatients;

there were also severe cardiorespiratory reactions, which

b) those with reactions to the primary vaccination should be

required vigorous stimulation, oxygen supplementation and

readmitted for the second immunization; and c) occurrence

once brief use of manual ventilation support. Analysis of

of and risk factors for adverse reactions to vaccination of

associated factors for cardiorespiratory reactions in the

VLBWI should be investigated in sufficiently large scale,

post-immunization period, as performed in several other

prospective randomized controlled trials (RCT).

retrospective studies, came to similar observations.5-9,15-18

Reflecting the current state of evidence, the CDC and

Recurrence of apnea after the second vaccination has been

also the German Academy for Pediatrics now recommend

reported to be 18% in preterm infants.19 Hence, recognition

hospitalization for the first immunization (acellular
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