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Active and passive immunization
in the extremely preterm infant
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Abstract

Objective: A review of the indications, contraindications, ideal timing, immunogenic efficacy and reactogenicity
(adverse events) of active and passive immunization for extremely preterm infants.

Sources of data: Research in classic textbooks on pediatric infectology and in the electronic databases
MEDLINE, Lilacs, PubMed and Akwanmed, using the following health sciences descriptors: premature, very low
weight newborn, immunization, active immunization, passive immunization, vaccines, immunoglobulin.

Summary of the findings: The immunization of extremely premature very low birth weight infants is a huge
challenge for pediatricians because there is insufficient knowledge about the efficacy of immune responses and
undesirable reactions. Possibly for this reason, it is common that such children are found to be behind schedule with
their immunizations or to have been incompletely immunized. Notwithstanding the scarcity of publications on the
theme, in principal young gestational age and low birth weight should not be considered limiting factors to clinically
stable premature newborns being immunized at the same chronological age indicated for full term children.

Conclusion: Based on the available evidence it not possible to propose vaccine and immunoglobulin
administration practice for extremely premature or very low weight newborn babies that is definitive. With rare
exceptions however, such as the BCG vaccine, the tendency is to maintain the same active immunization program
as for babies born full term, irrespective of weight or gestational age at birth. Passive immunization merits special
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attention, having more liberal indications in this group of newborn babies.

J Pediatr (Rio J). 2005,;81(1 Suppl):589-594: Premature, very low birth weight infants, immunization, active
immunization, passive immunization, vaccines, immunoglobulin.

Introduction

The acquisition of new technologies for the care of
premature newborns has allowed an increase in the
survival rates of newborn babies (NBs) with extremely
low gestational ages and birth weights. The way that
these children behave immunologically in the face of an
antigenic provocation is not yet known, with more elaborate
studies being necessary to investigate many different
features of their immune responses.l*4 This lack of
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knowledge may be related to the results of a study which
found significant delaysin scheduled immunizations among
premature infants when compared with NBs born to full
term in the same region, at 12 months of age, (odds ratio
(OR) = 0.556; p = 0.001), 24 months (OR = 0.439;
p < 0.001), and 36 months (OR = 0.446; p < 0.001).1 In
a different study, performed in Switzerland,® the authors
concluded that the principle reasons for delay in the
schedule include insufficient information for the parents
and prolonged hospital stays. They recommended special
attention to the immunization of preterms, with emphasis
on the administration of vaccines at the correct
chronological age and detailed guidance for parents at the
point of hospital discharge.

There appears to be consensus that, with the exception
of special cases, NBs with birth weights above 2 kg or
gestational ages over 35 weeks should be vaccinated at
the same ages as those born to full term since no
differences have been found between these two groups.®-°
The challengeisin finding the ideal immunization schedule
for extremely premature infants, taking into account the
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natural limitations of their immune systems both with
respect of their cellular and humoral responses. A number
of different aspects of these patients’ immune response
capacity still need to be clarified. The most important are
the issues of the efficacy and reactogenicity of the various
vaccines. Studies of the different subsets that make up
premature infants are rare and the few that exist were, in
general, performed with small numbers of participants. It
is to be expected that the response to vaccines is not the
same for these groups. In addition to their gestational age
and weight, the peculiarities of this group of patients
include the medical interventions they undergo during the
neonatal period, the frequent use of medication, especially
corticosteroids, the administration of blood products and
immunoglobulins and the prolonged length of hospital
stay, which itself often passes the dates envisaged for the
start of the vaccination schedule.

In principal, young gestational age and low birth weight
are not limiting factors for clinically stable premature NBs to
be immunized.® A French study0 of vaccination efficacy and
tolerance among premature children corroborates this idea,
stating that immunological maturity is more dependent on
chronological age than on gestational age. With the exception
of the BCG vaccine, they also claim that neither the duration
of immunity nor the safety of the vaccines are modified by
prematurity. Other studies, however,11,12 have shown a
reduced immunoresponse to certain vaccines when
administered to extreme preterms (< 1,000 g and < 29
weeks’ gestational age), although the levels of antibodies
produced continue to be sufficient to induce immunity and
prevent disease.13-15 Recent work has demonstrated that
the clinical stability of children, generally assessed as the
observation of a steady weight gain pattern, has a better
predictive value forimmunoresponse than does birth weight
in isolation.16:17 The doses used for preterm and low weight
NB immunization should be the same as for fullterm NB and
should not be fractioned. However, certain precautions
should be taken to minimize muscle damage. The needle
used for intramuscular injections should be suitable for the
low muscle mass of preterm NBs and be, therefore, smaller
than that used for fullterm NBs.®

With respect of the incidence of adverse effects related
to vaccination of preterm and low weight NBs, the relative
immaturity of their immune systems could reduce the
reactogenicity of several vaccines, resulting in reduced
incidence of undesirable reactions. However, reports exist
of apnea up to 72 hours after administration of the triple
bacterial vaccine against diphtheria, tetanus and pertussis
(DTP) (whole cell) to NBs < 31 weeks’ gestational age,
which was not observed after the use of the acellular
vaccine.18-20 Benign febrile convulsive crises were also
reported more frequently with preterms than with infants
born to full term after being given the heptavalent
pneumococcal vaccine concurrently with DTP (whole cells)
and the vaccine against type b hemophilus.®

While the study of the immunogenicity and adverse
reactions of this subset of patients is still far from completed,
the present article has the objective of a review of what is
already known about active and passive immunization of
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extremely preterm and very low birth weight NBs, reaffirming
the relative scarcity of work in the literature, primarily due
to the recent nature of these patients’ survival and the short
follow-up period of those who have already been immunized.

Passive immunization

Passive immunization can be defined as the administration
of antibodies to a receptor, with the objective of providing
immediate protection against a microbial agent, a toxic
substance or cell. It is generally indicated when a non-
immune individual is exposed to an infectious disease and
active immunization is not available (for example, respiratory
syncytial virus — RSV) or is contraindicated (for example,
varicella for immunodepressed patients) or had not been
given before exposure (for example, rabies or tetanus).

The general indications for passive immunization can
be summed up as (1) congenital or acquired
immunodeficiencies; (2) susceptible individuals exposed
to specific diseases, in particular if considered at high risk
for complications (immunodepressed) or when there is
not time for adequate protection to be afforded via active
immunization in isolation (measles, rabies or hepatitis
B); (3) certain diseases when the antibody administered
can overcome a toxin (botulism, diphtheria, tetanus) or
inflammatory response (Kawasaki disease).

A number of different types of products are currently
used for passive immunization:

- standard immunoglobulin, available in intramuscular
and intravenous forms (IVIG);

- hyperimmune immunoglobulin (specifics);
- animal serum and antitoxins;

- antibodies monoclonal.

Passive immunization is not always effective and duration
is variable (1 to 6 weeks). There are side effects with all
forms of administration and precautions should be taken, in
particular when using products of animal origin.

Premature NBs, in particular those considered extremely
premature, invariably exhibit low levels of maternal IgG,
reaching levels of just 100 mg/dl during the first months of
life.2! These levels may be even lower depending on the
presence of the intercurrent clinical conditions that they
often present, such as lung disease (with accumulation of
liquid in the lungs), stress (with increased IgG catabolism)
and multiple blood samples. Prolonged hospital stays and
the invasive procedures that they undergo, allied to the
immaturity of their phagocytosis, complement and T-cell
systems, deficiencies of IgM and IgA and an immunoresponse
that is not very agile, characterize extremely premature
infants as a class of patients thatis extraordinarily susceptible
to infection.

There have been many attempts over the years to
improve the immune status of these premature infants and
reduce the number of infections. During the sixties, studies
of the administration of immunoglobulins did not result in
significant differences in their survival.22:23 During the last
decade, with the advent of intravenous immunoglobulin and
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the increase in the survival rates of extremely premature
infants, there was a renewed interest in the passive
immunization of these children, with controversial results.
Thus, a National Institutes of Health (NIH) consensus
document published in 1990,24 recommended that
intravenous immunoglobulin should not be routinely
employed for the prophylaxis of infections in premature and
low weight children, although it could be of value in selected
premature subsets. Recently, in 2001, in a Cochrane Library
meta-analysis of 15 studies, a reduction of 3-4% was
demonstrated in the rate of infections among treated
preterms, with no difference in mortality2>-

Specific monoclonal antibodies have been known for
many decades, but have only been used recently therapeutic
ends. One of these antibodies, palivizumab, against RSV, is
one of the newest weapons for passive immunization of
extremely premature newborns, particularly those
considered at risk of getting the infection during their first
years of life.

Indications for passive immunization of premature and
low weight NBs will be dealt with below, including prophylactic
and therapeutic use, covering the available options for a
number of different related agents.

Passive immunization for bacterial infections

Intravenous immunoglobulin is not recommended for
routine infection prevention in the extremely premature
infant. Nevertheless, it can be used, in selected cases, as an
adjuvant therapy, particularly for premature infants with
neutropenia.26:27

Passive immunization for viral infections
Hepatitis A

If the mother presents a diagnosis of the acute disease
between 2 weeks before and 1 week after birth, standard

immunoglobulin should be administered to the NB in a
single 0.5 ml intramuscular (IM) dose.28

Hepatitis B

Passive immunization, i.e. the administration of
hyperimmune immunoglobulin against hepatitis B (IGHB)
at a dose of 0.5 ml IM, is indicated for all premature or low
weight NB whose mothers are HbsAg positive, by 12 hours
postpartum. If the immunological status of the mother is
unknown and the premature infant had birth
weight > 2,000 g, then the mother’s serology should be
taken soon after birth and, if positive, the immunoglobulin
should be administrated to the NB by the seventh day of life.
Premature infants with birth weights of less than 2,000 g
whose mother’s serology is unknown should receive
immunoglobulin by 12 hours of life, unless maternal serology
becomes available and is negative. It is important to point
out that the Health Ministry of Brazil has not yet made this
recommendation and Centers of Special Immunobiological
Excellence (CRIES - Centros de Referéncia de Imunobioldgico
Especial) are not authorized to release IGHB for the children
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of mothers with unknown serology. Hyperimmune
immunoglobulin is not indicated for premature infants
whose mothers are seronegative for HBsAg.29:30

Varicella

Passive immunization with IM human immunoglobulin
anti-varicella-zoster (HIGAVZ), at a dose of 125 U
(1.25 ml), should be performed for selected groups of
NBs and to exposed premature NBs, considered at risk of
severe infection grave: (1) NBs whose mothers have had
varicella 5 days before or 2 days after birth, (2) hospitalized
preterms, with a history of exposure and gestational
ages > 28 weeks and mothers susceptible to varicella, (3)
hospitalized preterms with history of exposure gestational
ages < 28 weeks or birth weights < 1,000 g, irrespective
of the immunological status of the mother.31

RSV

Acute infection of the respiratory tract by RSV
(bronchiolitis or pneumonia) is the most common cause of
the hospital admission of NBs and young infants and,
although the majority of these have a case with a benign
outcome, some may present severe or even fatal disease.
Prematurity, congenital heart disease, chronic lung disease
and immunodeficiency are the risk factors that most worsen
the prognosis of these children and the use of passive
immunization is indicated in these cases to prevent or
modify the course of infection30:32- Two products are available
for prevention of RSV infections: intravenous anti-RSV
immunoglobulin RSV (RSV-IGIV), licensed in 1996 and
palivizumab, a humanized monoclonal antibody directed at
the F glucoprotein of RSV for intramuscular use, licensed
since 1998.

The administration of venous immunoglobulin to preterms
and high risk children has reduced the number of RSV
infections and, therefore the length of hospital stay in the
neonatal unit,33 in addition to offering the additional benefit
of reducing the number of respiratory infections by other
pathogens (influenza) and otitis media in the patients
treated.34 RSV-IGIV is given intravenously at a dose of
15 ml/kg, in a 4-hour infusion, monthly, for 5 months in the
year. In contrast with palivizumab, the immunoglobulin
should not be used on children with cyanotic congenital
heart disease because of the high incidence of side effects.35
Children who have received RSV-IGIV should only be
immunized against measles and varicella 9 months after the
last dose.32:35

Palivizumab neutralizes types A and B of RSV and is 50-
100 times more potent than RSV-IGIV.36 Its use on premature
infants and children under 2 years old with chronic lung
disease resulted in a reduction in hospital admissions for
RSV and days on oxygen therapy. However, its use does not
affect rates of hospital admission for other pathogens or the
incidence of otitis media among those who are vaccinated.35
It is used intramuscularly at a dose of 15 mg/kg, monthly,
for the 5 months of the year with high incidence of infections
by RSV.37 Candidates for prophylaxis are:30.32,35
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- children less than 2 years of age, suffering from chronic
lung disease, who need to be treated 6 months before
the season with high RSV incidence. Both RSV-IGIV and
palivizumab can be used, but palivizumab is more
indicated because of ease of administration, safety and
efficacy. Children with severe lung disease may need
two courses of treatment over 2 consecutive years;

- premature NBs with gestational ages < 32 weeks, with
or without chronic lung disease: premature NBs < 28
weeks should receive prophylaxis for 12 months and
those born at 29 to 32 weeks, for the first 6 months of
life.

- premature infants with gestational ages from 32 to 35
weeks, less than 6 months old, who have two or more of
the following risk factors: severe neuromuscular diseases,
passive exposure to smoking or other pollutants, school
age siblings, collective childcare or congenital airway
anomalies.

- infants aged 2 years or less, with hemodynamically
significant, cyanotic or acyanotic heart disease should
receive palivizumab monthly during the months of high
incidence of RSV infection. Children considered high risk
and their contacts should receive the influenza vaccine
from 6 months of age onwards.

Neither RSV-IGIV nor palivizumab should be used to
treat infections by RSV. They are not recommended for
prophylaxis against hospital acquired infections. For high-
risk hospitalized newborns, the best way of preventing
infection by RSV is strict observance of infection control
standards.3>

Active immunization

There are many doubts over the best active immunization
schedule for small preterms. As has been said earlier,
prolonged periods of hospital admission and the use of
medication or blood products can interfere in vaccine
indications.

The use of corticosteroids, whether by via parenteral or
oral, on consecutive or alternative days for more than 14
days, at doses equivalent to or greater than 2 mg/kg/day of
prednisone contra-indicates vaccination with live viruses,
but not other vaccines. Notwithstanding even live virus
vaccines can be administered after 1 month’s suspension of
corticosteroids.6:9:38

Blood products can interfere with the efficacy of live
virus vaccines, which should be given some time after their
use, or even repeated if the epidemiological situation does
not allow them to be delayed. In the case ofimmunoglobulins
this period is generally taken to be 3 months, with the
exception of 5 months forimmunoglobulin against varicella-
zoster. After transfusion with erythrocytes or whole blood,
aninterval of 5 or 6 months respectively should be observed.

Itis believed that monoclonal antibodies do not interfere
with vaccinations.6:9:38 It is not uncommon for premature
infants to have hospital stays of more than 2 or 3 months
and those children who are in stable clinical conditions
should receive the appropriate vaccinations for their
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chronological ages. Notwithstanding, NBs with birth weights
of less than 2,000 g may require a modified vaccination
schedule with respect of hepatitis B, depending on the
immunological status of the mother at the time of birth.6:7

Before discharge, members of the NBs household should
be vaccinated againstinfluenza. The NBs themselves should
also be vaccinated from 6 months of age.2:6:9 All health
professionals whop deal with these children must be
immunized against measles, rubella, mumps, whooping
cough, varicella, hepatitis A and Influenza. This last should
be repeated annually.2:6:39

The principal vaccinations indicated for preterm NBs are
discussed below:

- BCG: the BCG ID vaccine should not be given to children
with weights of less than 2 kg. This recommendation by
the Brazilian Health Ministry’s National Immunizations
Program (PNI - Programa Nacional de Imunizagdes) isin
accordance with international standards and must be
adhered to.® Nevertheless, no studies supporting this
conduct were found in the literature researched.

- Hepatitis B: some studies have demonstrated a reduced
proportion of children with levels of antibodies that are
considered protective when the first dose of vaccine
against hepatitis B (HepB) is given at birth and with
weight below 2 kg.”7:11,40-42 Children with birth weights
above 2 kg respond in a similar manner to those born to
full term with appropriate weight.”:43 Vaccination from
1 month of age onwards presents an adequate response
irrespective of birth weight, which authorizes vaccination
at 2 months of age and any weight and from 1 month of
age for clinically stable premature children at hospital
discharge.®/7/43 Those NBs that received their first dose
during the first month of life while weighing less than 2
kg should be given a fourth dose around 6 months after
the third which makes the schedule as immunogenic as
three doses for children whose weight was above 2
kg.6:7/43 Those NBs whose mothers were HBsAg positive
or whose serology was ignored should receive their first
of vaccine during the first 12 hours of life, irrespective
of weight, and be vaccinated with the four-dose schedule.
Those with positive mothers should also receive
hyperimmune immunoglobulin.38 No increase in the
occurrence of adverse events among low weight NBs has
been reported.”:43

- DTP Vaccine: the greater frequency of adverse events
with DTP vaccine is controversial, in particular the triple
bacterial version with whole cells. Some studies report
an increased occurrence of apnea, bradycardia and
febrile convulsions among low birth weight NBs or those
born at les than 31 weeks.544 The use of acellular
vaccines (DTaP) is more prudent whenever possible.
Under no circumstances should vaccination be delayed,
starting at 2 months of age, because of the occurrence
of more severe whooping cough in these children.®7 The
efficacy of the triple vaccines, acellular or not, has been
demonstrated adequate for low weight children.

- H. influenzae (HiB): immunization with the conjugated
vaccine against H. influenzae group B (HiB) from 2
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months of age allows low weight NBs to produce protective
antibody levels by the end of the schedule, although
these levels are reduced in very low weight infants.4>/46

- Attenuated oral poliomyelitis (OPV) and inactivated
injectable (IPV): there is not contraindication for the use
of vaccines against poliomyelitis (attenuated or
inactivated) from 2 months of life on for low weight NBs.
However, while protective, antibody numbers may be
lower, particularly for type 3 poliovirus, among very low
weight NBs.7:15

- Pneumococcus: the ideal would be for all NBs to be
vaccinated with the conjugated vaccine against
pneumococcus, but if this is not possible, at least those
with lung disease should be vaccinated. The vaccine can
be given from 2 months of age onwards irrespective of
weight. The protection conferred and also the occurrence
of adverse events, appear similar for fullterm and
preterm subsets. When applied concomitantly with the
whole cell DTP vaccine, there is a discrete increase in the
risk of convulsions among premature children. Similar
findings were observed with the conjugated vaccine
against meningococcus C.2:47

- Others: the triple viral vaccine against yellow fever and
varicella should be given at the same ages as to fullterm
children.4:°

- Combined vaccines: with the appearance of new vaccines
over recent years, the use of combined vaccines has
become important. One combined vaccine, DTaP-HiB,
was used in the United Kingdom at 2, 3 and 4 months
with NBs of less than 32 weeks’ gestation, resulting in
reduced HIB efficacy.19 Notwithstanding, other studies
showed an adequate response to the DTaP-HepB
combination and even to a hexavalent DTaP-IPV-HepB-
HiB vaccine. The use of these combined vaccines will
make the concomitant application of newer vaccines.48-50

A recent study to assess the safety of the conjugated
DTaP-IPV-HIB vaccine with 78 very low weight NBs, with
mean weight of 1,045+357 g and gestational age of 28+2
weeks, showed an incidence of 47% of cardiorespiratory
events (apnea in 15%; bradycardia in 21% and low
saturation in 42%). The majority of these events were
benign and resolved themselves spontaneously or after
mild stimulation. The authors concluded that these events
did not represent a harmful impact on clinical course and
that immunization was justified, even for the majority of
vulnerable preterms.5!
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