Opinions and Recommendations of the Pediatric Infectious Diseases and Immunization Society

DOI: 10.5578/ced.20260309 - J Pediatr Inf 2026,20(3):e233-e252

Vaccination Recommendations for Preterm Infants
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Abstract

0Oz

Preterm birth (<37 weeks of gestation) is increasing globally and repre-
sents a major public health concern. According to data from the World
Health Organization, the preterm birth rate exceeds 10%, with Tirkiye
classified among countries at moderate risk. According to 2024 data, the
preterm birth rate in Tlrkiye is 13.4%. Preterm infants are at high risk of
vaccine-preventable infections due to the immaturity of their immune
systems, insufficient maternal antibody transfer, and physiological vul-
nerability. The development of adaptive immunity is delayed in preterm
infants, and their antibody responses are lower than those of term in-
fants. However, vaccines administered early in life have also been shown
to stimulate the immune response and generally induce protective levels
of immunity. Overall, vaccines are safe, immunogenic, and well tolerated
in preterm infants. However, factors such as clinical instability, concerns
among healthcare professionals regarding vaccine safety and efficacy,
fear of adverse effects, and the lack of standardized recommendations
constitute an important gap in clinical practice. This may lead to delays in
vaccination among preterm infants. As the Pediatric Infectious Diseases
and Immunization Society, the aim of our recommendations is to evalu-
ate the current scientific evidence regarding the vaccination of preterm

Prematiire dogum (<37 gebelik haftasi), kiiresel olarak artis gosterme-
kte olup &nemli bir halk saghgi sorunudur. Diinya Saglk Orgiitii ver-
ilerine gore prematiire dogum orani %10’un Uzerinde olup Tirkiye,
orta riskli tlkeler arasinda yer almaktadir. 2024 verilerine gore preterm
bebek dogum orani %13.4'tur. Preterm bebekler, immun sistemlerinin
olgunlasmamis olmasi, yetersiz maternal antikor transferi ve fizyolojik
kirlganhklari nedeniyle asi ile onlenebilir enfeksiyonlara karsi yiksek
risk altindadir. Preterm bebeklerde adaptif bagisiklik gelisimi gecik-
mis olup antikor yanitlar term bebeklere gore daha dusuktir. Ancak
erken dénemde uygulanan asilarin immiin yaniti uyararak ¢cogunlukla
koruyucu diizeyde bagisiklik yanit sagladigi da gosterilmistir. Genel
olarak asilar, prematiire bebeklerde gtivenli, immiinojenik ve iyi tol-
ere edilebilir niteliktedir. Ancak klinik instabilite, saghk calisanlarinin
asi guvenligi ve etkinligine yonelik endiseleri ile yan etki korkusu gibi
faktorler ve standartlastiriimis onerilerin eksikligi, klinik uygulama-
da 6nemli bir bosluk olusturmaktadir. Bu durum, preterm bebeklerde
asilama gecikmelerine yol acabilmektedir. Cocuk Enfeksiyon Hast-
aliklari ve Bagisiklama Dernegi olarak 6nerilerimizin amaci, preterm be-
beklerin asilanmasina iliskin mevcut bilimsel kanitlari degerlendirmek
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infants and to share our views with our colleagues, through the recom-
mendations developed, in order to increase vaccination rates among
these infants, for whom vaccine hesitancy may occasionally occur.

Keywords: Immunization schedule, preterm infant, vaccination, vaccine
safety

Scope and Target Audience

This report has been prepared to support clinical practice in accordance
with the available scientific evidence and current recommendations
regarding the timing, administration, and monitoring of vaccination in
preterm infants. In addition to considerations such as clinical stability,
birth weight, chronological age, and specific risk conditions in the vacci-
nation of preterm infants, it addresses specific administration approach-
es required for different vaccines.

The primary target audience of this report comprises healthcare profes-
sionals responsible for the follow-up and vaccination of preterm infants.
Accordingly, the intended users of the report include pediatricians, pe-
diatric infectious disease specialists, neonatologists, family physicians,
as well as physicians and nurses working in hospital immunization units.

Introduction

Definition and Epidemiological Overview

Preterm birth is defined as birth occurring before 37 weeks
of gestation and is classified according to gestational age as
extremely preterm (<28 weeks), very preterm (28-32 weeks),
and moderate-to-late preterm (32-37 weeks).

Based on birth weight, newborns are classified as low birth
weight (<2500 grams), very low birth weight (<1500 grams),
and extremely low birth weight (<1000 grams). WHO (2020)
data indicate that the global preterm birth rate exceeds 10%,
corresponding to approximately 13.4 million cases.

Regional analyses demonstrate that the highest risk is
concentrated in South Asia and sub-Saharan Africa, whereas
rates are relatively lower in regions such as Europe and East
Asia. Turkiye is classified within the moderate-risk range, with
a prevalence of 10-15% (1,2). According to 2024 data, the
preterm birth rate in Tirkiye is 13.4%. Of these infants, 3.4%
are extremely preterm, 7.1% are very preterm, and 89.5% are
moderate-to-late preterm (3).

Immunological Maturation and Vaccination Approach-
es in Preterm Infants

Preterm infants constitute a group at increased risk of
vaccine-preventable diseases due to the incomplete devel-
opment of the skin and mucosal barriers, immunological im-
maturity of their immune systems, physiological vulnerability
associated with low birth weight, limited placental antibody
transfer, and prolonged hospitalization in neonatal intensive
care units (4,5).

Regarding the immunological maturation of the immune
system in preterm infants, the development of adaptive immu-
nity and antibody production extends throughout the first two
years of life. In addition, the placental transfer of maternal anti-

ve gelistirilen 6neriler aracihigiyla asilama konusunda nadir de olsa te-
redditlerin yasandigi bu bebeklerimizde asilama oranlarini artirmak icin
meslektaslarimizla goruslerimizi paylasmaktir.

Anahtar Kelimeler: Asi glivenligi, asilama takvimi, bagisiklama, prema-
tlre bebek

Kapsam ve Hedef Kitle

Bu rapor, preterm bebeklerde asilamanin zamanlamasi, uygulanmasi ve
izlemine iliskin mevcut bilimsel kanitlar ve glincel 6neriler dogrultusun-
da klinik uygulamalara destek saglamak amaciyla hazirlanmistir. Preterm
bebeklerin asilanmasinda klinik stabilite, dogum agirhgi, kronolojik yas
ve ozel risk durumlari gibi degerlendirmelerin yani sira, farkl asilar icin
gerekli 6zel uygulama yaklasimlarini ele almaktadir.

Raporun birincil hedef kitlesini, preterm bebeklerin izlemi ve asilama
stireclerinden sorumlu saglik personelleri olusturmaktadir. Bu kapsamda
hastanelerde gorev yapan cocuk saghgi ve hastaliklar hekimleri, cocuk
enfeksiyon hastaliklari hekimleri, yenidogan uzmanlari, aile hekimleri ile
hastanelerin bagisiklama birimlerinde gérev yapan hekim ve hemsireler
raporun hedef kullanicilari arasinda yer almaktadir.

bodies begins at 17-18 weeks of gestation and increases with
advancing gestational age; therefore, infants born prematurely
also benefit less from maternal protection. A study by Sioriki et
al. demonstrated that, during the first two postnatal months,
preterm infants had lower absolute lymphocyte, T-cell (Treg),
B-cell, and helper T-cell counts, as well as lower CD4/CD8 ra-
tios, compared with term infants (6). Regulatory T cells, which
are more abundant in the circulation of preterm infants, are
necessary forimmunological tolerance toward the developing
fetus; however, they also increase the risk of neonatal infection.
The increased risk of infection supports the need for early vac-
cination (5,7,8). Similarly, although the incomplete differenti-
ation of B-cell receptors before the third trimester limits anti-
gen recognition capacity, early exposure to vaccine antigens
has been observed to accelerate this developmental stage by
stimulating the maturation of the humoral immune response.
Furthermore, insufficient transplacental transfer of maternal
antibodies is considered likely to positively influence vaccine
immunogenicity in preterm infants (6). Considering these im-
munological mechanisms, although antibody responses to the
initial vaccine doses are lower than those observed in term
infants, protective concentrations are generally achieved and
immune memory is successfully induced.

Vaccines are generally immunogenic, safe, and well tol-
erated in preterm infants (9). Consequently, clinically stable
preterm infants without any contraindication to vaccination
should, with a few exceptions, receive routinely recommend-
ed childhood vaccines at the same chronological age as term
infants.

A medically stable infant is defined as an infant with no
signs or symptoms of acute infection or metabolic, neurologi-
cal, or respiratory disorders and who is cardiovascularly stable.
Vaccination may be temporarily deferred in clinically unstable
preterm infants. Clinically unstable preterm infants are those
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with moderate or severe acute illness due to active infection
(sepsis, necrotizing enterocolitis), progressive respiratory fail-
ure, frequent episodes of apnea or bradycardia, or acute neu-
rological or metabolic disorders. In these cases, vaccination
may be deferred to prevent potential vaccine-related reac-
tions from causing diagnostic confusion and complicating the
clinical assessment of the underlying acute iliness. However,
this should not be considered a permanent contraindication;
as soon as clinical stability is achieved, vaccination accord-
ing to chronological age should be initiated without delay.
Cardiorespiratory events, bradycardia, and apnea may occur
following certain vaccines (hexavalent combination vaccine,
hepatitis B, pneumococcal vaccine) in extremely low and very
low birth weight infants. This risk is known to be increased
particularly in infants requiring complex medical treatment or
with a history of apnea before vaccination. Cardiorespiratory
events frequently resolve spontaneously; however, hospital-
ized preterm infants should be considered for monitoring for
apnea or bradycardia for up to 48-72 hours following vaccina-
tion, and subsequent vaccinations of infants who develop ap-
nea should be considered under medical supervision. In both
preterm and term newborns, the anterolateral thigh muscle
(vastus lateralis) should be preferred for intramuscular injec-
tions. In this age group, needles approximately 5/8 inch (=16
mm) in length are generally considered sufficient to reach the
muscle layer (4,10-15).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. Vaccines are immunogenic, safe, and well tolerated in
preterm infants; vaccination should be performed according
to postnatal age.

2. In both preterm and term newborns, the anterolateral
thigh muscle (vastus lateralis) should be preferred for intra-
muscular injections.

3. Needles measuring 5/8 inch (=16 mm) in length should
be used for injection to reach the muscle layer.

Vaccination of Preterm Infants - Routine Vaccination
Recommendations

1. Hepatitis B Vaccination

Hepatitis B virus (HBV) is of major importance because of
the risk of developing lifelong chronic infection, particularly
when transmission occurs during the neonatal period. The
rate of chronicity in HBV infection acquired through perinatal
transmission may reach up to 90%, predisposing affected in-
dividuals to serious long-term complications such as cirrhosis
and hepatocellular carcinoma. Therefore, timely and appropri-
ate hepatitis B vaccination is one of the most effective meth-
ods of reducing the burden of disease at both the individual
and population levels (9,12,15).

Concerns regarding potentially inadequate immune re-

sponses following hepatitis B vaccination, together with the
physiological characteristics associated with prematurity, may
cause hesitation among clinicians and consequently lead
to delays in vaccination (16,17). However, current evidence
demonstrates that preterm infants develop adequate immune
responses when appropriate vaccination schedules are used
and that delayed vaccination increases the risk of infection.
Seroconversion rates have been reported to be lower par-
ticularly in infants weighing less than 1000 grams; in contrast,
among preterm infants born after 34 weeks of gestation and
with a birth weight above 2000 grams, the immune response
approaches that observed in term infants (9). Accordingly, in-
ternational guidelines emphasize that the hepatitis B vaccine
dose administered at birth to infants with a birth weight be-
low 2000 grams should not be counted as part of the primary
series (4,13,18,19).

Hexavalent [Diphtheria, tetanus, acellular pertussis (DTaP),
inactivated poliovirus (IPV), Haemophilus influenzae type b
(Hib), and hepatitis B (HBV)] vaccines, which are commonly
used in national immunization programs, have been shown to
be safe and sufficiently immunogenic in preterm infants. Fol-
lowing the primary series with these vaccines, protective an-
ti-HBs levels have been reported in more than 90% of preterm
infants (17). Furthermore, studies comparing hexavalent and
pentavalent combination vaccines have demonstrated that
both vaccines have similar adverse-event profiles and induce
protective anti-HBs levels, indicating that both approaches
can be safely used in immunization programs (10,20-22).

According to current guidelines issued by the United
States Advisory Committee on Immunization Practices (ACIP),
all newborns are recommended to receive a monovalent hep-
atitis B vaccine within the first 24 hours after birth, regardless
of maternal hepatitis B surface antigen (HbsAg) status (19).
Similarly, national programs recommend administration of
the monovalent hepatitis B vaccine at birth to all newborns,
including preterm infants. However, in infants with a birth
weight below 2000 grams, the dose administered at birth is
considered invalid because of reduced immunogenicity and
is not included in the primary vaccination series (4,15,19,23).
As the Pediatric Infectious Diseases and Immunization Socie-
ty, in accordance with the recommendations of the Ministry of
Health of the Republic of Turkiye, the birth dose of the hepati-
tis B vaccine should be deferred in infants born to HBsAg-neg-
ative mothers with a birth weight below 2000 grams. Consid-
ering the period when a more adequate immune response is
expected, the vaccine should be administered when the in-
fant is at least 4 weeks of age or has reached a weight of 2000
grams, whichever occurs first. If, at the time of discharge, the
infant has not yet reached 2000 grams and is younger than 1
month of age, the vaccine should not be administered at dis-
charge but should instead be scheduled for the appropriate
time. In this case, the interval between this dose and the hep-
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atitis B component of the hexavalent vaccine should not be
shorter than 4 weeks. However, the hexavalent vaccine should
not be delayed solely to maintain a 4-week interval, and the
vaccination schedule should be continued, as the total num-
ber of doses will be sufficient.

Infants born to HBsAg-positive mothers or mothers with
unknown HBsAg status and with a birth weight below 2000
grams should be considered at high risk of perinatal trans-
mission. In these infants, administration of the first dose of
hepatitis B vaccine together with hepatitis B immune glob-
ulin (HBIG) within the first 12 hours after birth is mandatory.
Although subsequent schedules vary among countries, the
second dose is generally administered as a monovalent vac-
cine at 1 month of age or as a hexavalent vaccine at 6 weeks
of age, and completion of a total four-dose vaccine series is
recommended. In Tirkiye, common practice involves admin-
istration of the monovalent hepatitis B vaccine at birth and
at 1 month of age, followed by the hexavalent vaccine from 2
months of age onward. It is recommended that the final dose
of the vaccine series not be administered before 24 weeks of
age (4,15,19,23,24).

Some studies have reported that very low birth weight
infants born to HBsAg-negative mothers may have lower an-
tibody responses following a three-dose vaccination series;
therefore, the importance of post-vaccination serological
monitoring at 9-12 months of age has been emphasized. A
four-dose schedule is recommended particularly for very low
birth weight infants exposed to HBV, and HBsAg and anti-HBs

levels should be assessed at 9-12 months of age (12,23). It
should be taken into consideration that anti-HBs levels may
remain positive for 4-6 months following HBIG administration;
therefore, to avoid misinterpretation of passively acquired
antibodies and to detect possible late infections, serological
evaluation should be performed no earlier than 9 months of
age (12,23,19).

Finally, an important consideration regarding hepatitis B
vaccination is that administration of additional doses does not
adversely affect the immune response and is considered safe.
Therefore, additional doses do not pose a clinical concern in
cases where the vaccination history is uncertain or repeat dos-
ing is required. It is also known that transient HBsAg positivity
may occur during the first few weeks following vaccination
and may reflect vaccine-associated antigenemia. Accordingly,
HBsAg positivity detected within the first 3-4 weeks after vac-
cination should be interpreted with caution (19,23,25).

Hepatitis B vaccination recommendations for preterm in-
fants are summarized in Tables 1 and 2 (19).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. Infants born to HBsAg-positive mothers or moth-
ers with unknown HBsAg status should receive the hepatitis
B vaccine together with HBIG within the first 12 hours after
birth, regardless of birth weight.

2. In infants born to HBsAg-positive mothers with a

Table 1. Hepatitis B vaccination schedule for infants with a birth weight >2000 grams

Monovalent Vaccine Monovalent + combination vaccinet
Birth Weight Maternal HBsAg Status Dosage Age Dosage Age
>2000 gram 1 At birth (<12 h) 1 At birth (<12 h)
HBIG® At birth (<12 h) HBIG® At birth (<12 h)
Positive 2 1-2 months 2 2 months
3 4 months
3 6 months*
4 6 months*
1 At birth (<12 h) 1 At birth (<12 h)
2 1-2 months 2 2 months
Unknown*
3 4 months
3 6 months*
4 6 months*
1 At birth (<24 h) 1 At birth (<24 h)
2 1-2 months 2 2 months
Negative
3 4 months
3 6-18 months*
4 6 months*

HBIG = Hepatitis B immunoglobulin; HBsAg: Hepatitis B surface antigen

+ Combination vaccines can be administered as early as 6 weeks of postnatal age.

* Maternal HBsAg testing should be performed as soon as possible after admission to the hospital for delivery; if the mother is found to be HBsAg-positive, HBIG should be
administered to the infant as soon as possible and no later than the seventh day following vaccine administration.

§ HBIG and the hepatitis B vaccine should be administered at different anatomical sites.
9 The final dose of the vaccine series should not be administered before 24 weeks (164 days) of age.
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Table 2. Hepatitis B vaccination schedule for infants with a birth weight <2000 grams

Monovalent Vaccine Monovalent + combination vaccinet
Birth Weight Maternal HBsAg Status Dosage Age Dosage Age
<2000 grams 1 At birth (<12 h) 1 Atbirth (<12 h)
HBIG® At birth (<12 h) HBIG® At birth (<12 h)
Positive 2 1 month 2 2 months
3 2-3 months 3 4 months
4 6 months! 4 6 months’
1 At birth (<12 h) 1 At birth (<12 h)
HBIG® At birth (<12 h) HBIG® At birth (<12 h)
Unknown* 2 1 month 2 2 months
3 2-3 months 3 4 months
4 6 months! 4 6 months'’
1 At discharge or T month 1 At discharge or 1 month
Negative 2 2 month 2 2 months
3 6-18 months* ° A months
4 6 months’

HBsAg: Hepatitis B surface antigen, HBIG: Hepatitis Bimmune globulin.

* Maternal HBsAg testing should be performed as soon as possible after admission to the hospital for delivery; if the mother is found to be HBsAg-positive, HBIG should be
administered to the infant as soon as possible and no later than 7 days.

+ Combination vaccines can be administered as early as 6 weeks of postnatal age.

§ HBIG and the hepatitis B vaccine should be administered at different anatomical sites.

9 The final dose of the vaccine series should not be administered before 24 weeks (164 days) of age.

Table 3. Hepatitis B vaccination recommendations in the Turkish national immunization schedule for preterm infants

Preterm infants weighing Preterm infants weighing
<2000 grams Infants born to >2000 grams Infants born to
HBsAg-positive mothers or HBsAg-positive mothers or Preterm infants weighing Preterm infants weighing
mothers with unknown HBsAg | mothers with unknown HBsAg | <2000 grams Infants born to >2000 grams Infants born

Age status® status HBsAg-negative mother to HBsAg-negative mother
Birth v Monovalent Hepatitis B Vaccine | v Monovalent Hepatitis B Vaccine Not applied v Monovalent Hepatitis B

+ HBIG (Within the First 12 + HBIG (Within the First 12 Hours) Vaccine

Hours)**
1. Month v Monovalent Hepatitis B vaccine Not applied v Monovalent Hepatitis B Not applied
vaccine ***

2. Month v Hexavalent vaccine v Hexavalent vaccine v Hexavalent vaccine v Hexavalent vaccine
4. Month v Hexavalent vaccine v Hexavalent vaccine v Hexavalent vaccine v Hexavalent vaccine
6. Month v Hexavalent vaccine Vv Hexavalent vaccine v Hexavalent vaccine Vv Hexavalent vaccine
18. Month v Hexavalent vaccine v Hexavalent vaccine v Hexavalent vaccine v Hexavalent vaccine

should be admi

HbsAG: Hepatitis B surface antigen, HBIG: Hepatitis Bimmune globulin.
¥If the mother is HBsAg-positive: In infants weighing <2000 g, the dose administered at birth is not considered valid, and a repeat dose of the monovalent hepatitis B vaccine

nistered at 1 month of age.

**HBIG and the hepatitis B vaccine should be administered at different anatomical sites.
**¥|f the mother is HBsAg-negative: Infants weighing <2000 g should be vaccinated at hospital discharge or at T month of age, whichever occurs earlier, without waiting for
the infant to reach a weight of >2000 g.

birth weight <2000 grams, the hepatitis B vaccine should be
administered at birth; however, this dose should not be count- 3.
ed as part of the primary series. The monovalent hepatitis B
vaccine should be administered again at 1 month of postnatal
age, and the remaining doses should be completed with the

hexavalent vaccine.

In infants born to HBsAg-negative mothers with a
birth weight <2000 grams, even if the hepatitis B vaccine has
been administered at birth, this dose should not be consid-
ered part of the primary series because of an inadequate im-
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mune response. Therefore, vaccination should be restarted
at 1 month of postnatal age or when the infant reaches 2000
grams, and subsequent doses should be continued with the
hexavalent vaccine.

4. In infants born to HBsAg-negative mothers with
a birth weight 22000 grams, the birth dose of the hepatitis
B vaccine should be administered, and subsequent doses
should be continued with the hexavalent vaccine.

5. If HBIG has been administered, serologic follow-up is
recommended at 9-12 months of age.

2. Conjugate Pneumococcal Vaccination

Streptococcus pneumoniae is one of the major causative
agents of bacterial pneumonia and causes significant mor-
tality by leading to invasive pneumococcal disease. Preterm
and low birth weight infants are at increased risk of invasive
pneumococcal diseases such as bacteremia, pneumonia, and
meningitis compared with term infants. In a study by Shine-
field et al., the risk of invasive pneumococcal disease was re-
ported to be 2.6-fold and 1.6-fold higher in infants with a birth
weight <2500 grams and in preterm infants born at <38 weeks
of gestation, respectively, compared with infants of normal
birth weight and term infants. In the same study, this risk was
shown to be 6.7-fold and 9.1-fold higher in infants with a birth
weight <1500 grams and in preterm infants born at <32 weeks
of gestation, respectively (26). Because of this high risk, pneu-
mococcal vaccination is considered a fundamental preventive
strategy for the prevention of infections in preterm infants.

With the introduction of conjugate vaccines targeting
pneumococcal capsular polysaccharides, a marked reduc-
tion in the incidence of invasive pneumococcal disease has
been achieved. Accordingly, pneumococcal conjugate vac-
cines (PCVs) play a central role in the prevention of infections,
particularly in preterm infants (9,12,16,23,26). Following the
inclusion of PCVs in national immunization programs, signif-
icant reductions in the incidence of pneumococcal disease in
childhood have been observed; global analyses have reported
that the use of PCV13 alone has prevented millions of cases of
invasive pneumococcal disease (27).

Current evidence recommends initiating the vaccination
schedule in preterm infants according to chronological age,
without adjustment for gestational age. Although immune re-
sponses to certain antigens may be lower in preterm infants,
protective antibody levels have been shown to be achieved in
most cases (9,12,13).

PCV schedules vary among countries. The recommenda-
tions of the American Academy of Pediatrics (AAP) and Aus-
tralian guidelines include three primary doses and one boost-
er dose (a primary series at 2, 4, and 6 months and a booster
dose at 12-15 months), whereas the United Kingdom nation-
al immunization schedule consists of one primary dose and

one booster dose (a primary dose at 4 months and a booster
dose at 12 months) (4,13,28-30). As reflected in data from the
European Centre for Disease Prevention and Control (ECDC),
many European countries, including Turkiye, use a 2+1 sched-
ule consisting of two primary doses and one booster dose of
PCV (PCV13/15/20) in preterm infants without additional risk
factors for invasive pneumococcal disease. In this schedule,
the primary series is administered at 2 and 4 months of age,
followed by a booster dose at 12 months (31). In preterm in-
fants at risk for invasive pneumococcal disease, a 3+1 sched-
ule consisting of three primary doses and one booster dose is
generally preferred, with the primary series administered at 2,
4, and 6 months of age and a booster dose at 12 months.

New-generation PCV with broader serotype coverage
(PCV15and PCV20) are intended to provide protection against
a wider range of serotypes. Clinical studies have demonstrat-
ed that coadministration of these vaccines with routine child-
hood vaccines is safe and induces an adequate immune re-
sponse. Furthermore, administration of an additional booster
dose contributes to adequate immune protection by compen-
sating for the relatively lower antibody response that may be
observed in preterm infants (9,16,30,32).

Risk factors for invasive pneumococcal disease have been
defined for all children and include immunosuppression; func-
tional or anatomical asplenia; chronic heart disease, including
cyanotic congenital heart disease and heart failure; chronic
lung disease, including severe asthma requiring prolonged
high-dose corticosteroid therapy (children receiving corticos-
teroid treatment for >2 weeks at a dose of =2 mg/kg/day or
>20 mg/day prednisone equivalent) and bronchopulmonary
dysplasia in preterm infants; chronic kidney disease; diabetes
mellitus; the presence of a cochlear implant; and conditions
resulting in cerebrospinal fluid leakage. These risk factors also
apply to preterm infants. In addition, Australian guidelines
recommend a 3+1 schedule consisting of three primary doses
and one booster dose for children with a history of invasive
pneumococcal infection, trisomy 21, certain genetic disorders
associated with an increased risk of infection, and preterm in-
fants born at <28 weeks of gestation (4,24,29).

Certain clinical conditions should be taken into consider-
ation when vaccinating preterm infants. In particular, clinical
monitoring for 48-72 hours is recommended after the first
vaccine dose in extremely low birth weight (<1000 g) infants
because of the risk of apnea or bradycardia. Nevertheless, this
is not a reason to postpone vaccination, as the morbidity and
mortality associated with pneumococcal infection are consid-
erably high in this patient group (16).

Following the concomitant administration of PCV (PCV13,
PCV15, PCV20) and the hexavalent combination vaccine
(DTaP-IPV-Hib-HepB) in preterm and term infants, episodes
of apnea have been reported, particularly in preterm infants
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born at <28-30 weeks of gestation who remain hospitalized.
These episodes have been shown to occur predominantly
within the first 24-48 hours after vaccination, to generally be
transient, and not to be associated with serious sequelae or
long-term complications (4,16).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. Regardless of gestational age, vaccination should be
administered according to chronological age, at the same time
and at the same dose as in term infants, with primary doses at
2 and 4 months of age and a booster dose at 12 months (2+1
schedule).

2. In high-risk infants or preterm infants born at <28
weeks of gestation, a 3+1 schedule consisting of a primary
series at 2, 4, and 6 months of age and a booster dose at 12
months is recommended.

3. It may be administered concomitantly with the hexa-
valent combination vaccine.

3. Oral Polio Vaccination

Poliovirus vaccination is an important component of rou-
tine childhood immunization programs. Vaccines developed
against poliovirus are administered in two different forms: oral
poliovirus vaccine (OPV) and inactivated poliovirus vaccine
(IPV). OPV has an important advantage because it contains live
attenuated poliovirus and reduces viral circulation in the com-
munity by inducing mucosal immunity. However, because itis a
live vaccine, there are rare risks such as vaccine-associated para-
lytic poliomyelitis and the development of persistent infection,
particularly in individuals with immunodeficiency (33).

Because IPV contains inactivated virus, it does not carry a
risk of vaccine-associated poliomyelitis and is considered safe
in preterm infants. Accordingly, in many countries where poli-
omyelitis has been eliminated, IPV has been adopted in routine
childhood immunization schedules instead of OPV-contain-
ing schedules. IPV is generally administered as a component
of the hexavalent combination vaccine. Although Turkiye has
been among the regions where poliomyelitis has been elimi-
nated since 2002, both OPV and IPV are used in the national
immunization program to maintain immunity against polio-
virus. Studies have shown that mean antibody titers against
poliovirus serotypes |, Il, and Ill are lower in preterm infants
than in term infants; however, 100% seroconversion has been
achieved in both groups (23,34). Current data indicate that IPV
should be preferred for poliomyelitis vaccination in preterm
infants, that an adequate immune response can be achieved,
and that vaccination schedules should be implemented ac-
cording to chronological age without adjustment for gesta-
tional age (9,12,16). In Turkiye, IPV is administered as a com-
ponent of the hexavalent combination vaccine, with a primary
series at 2, 4, and 6 months of age and a booster dose at 18

months, while OPV is administered at 6 and 18 months of age.

Because OPV contains live attenuated virus, immunode-
ficiency and severe allergic reactions are among its absolute
contraindications. A history of necrotizing enterocolitis or
other chronic intestinal diseases in preterm infants does not
appear to constitute an absolute contraindication to OPV ad-
ministration (33,35). However, considering that a protective
immune response can be achieved with IPV within the na-
tional immunization program in this patient group, that no
poliovirus cases have been reported in Tiirkiye, and that sur-
veillance for paralytic disease is being effectively conducted,
routine administration of OPV is not recommended for these
children. In cases of travel to high-risk regions, OPV may be
administered during the neonatal period.

In conclusion, poliovirus vaccination should not be delayed
in preterm infants and should be administered according to
chronological age and the national immunization schedule.
Because poliovirus vaccine strains from OPV are shed in the
stool, resulting in a potential risk of nosocomial transmission,
IPV is preferred in infants who remain hospitalized (33).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. OPV is recommended to be administered after hospital
discharge, at 6 and 18 months of age, in accordance with the
national immunization schedule.

2. In the event of travel to high-risk regions, OPV may be
administered during the neonatal period.

3. Absolute contraindications to OPV include immunodefi-
ciency and severe allergic reactions.

4. Although a history of necrotizing enterocolitis or the
presence of other chronic intestinal diseases in preterm in-
fants does not constitute an absolute contraindication, rou-
tine administration of OPV to these children is not recom-
mended, considering that a protective immune response
can be achieved with IPV within the national immunization
program in this patient group, that no poliovirus cases are ob-
served in Turkiye, and that effective surveillance for paralytic
disease is being conducted.

4. Bacillus Calmette-Guérin (BCG) Vaccination

Bacillus Calmette-Guérin is the only approved vaccine for
the prevention of tuberculosis, which affects more than 10
million people worldwide each year. The BCG vaccine plays
an important role in protection against severe forms of tuber-
culosis, particularly miliary tuberculosis and central nervous
system tuberculosis in childhood. However, BCG vaccination
is often delayed in preterm infants because of uncertainties
regarding its safety and immunogenicity. Nevertheless, con-
sidering the broad coverage of the vaccine and the protection
it provides against severe forms of tuberculosis, the World
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Health Organization report emphasizes that the decision to
vaccinate preterm infants should not be delayed but should
instead be individualized based on gestational age and clin-
ical stability. The same report states that, according to data
from a limited number of observational studies conducted
in regions with a high prevalence of tuberculosis, BCG vacci-
nation administered at birth is safe and effective in healthy
preterm infants born at 32-36 weeks of gestation. However,
it also notes that evidence regarding BCG vaccination in very
and extremely preterm infants remains limited (36).

Furthermore, BCG administered during the neonatal peri-
od has been reported not only to provide tuberculosis-spe-
cific protection but also to exert heterologous immune ef-
fects through T-cell responses and trained innate immunity.
Evidence also suggests that it may reduce neonatal mortality
in low birth weight newborns, particularly deaths related to
sepsis and respiratory tract infections (37-39).

The potential disadvantages of early BCG administration
are largely theoretical. Systematic reviews and meta-anal-
yses including clinically stable infants, most of whom had a
gestational age >30 weeks and/or a birth weight >1500 g,
have shown that BCG vaccination administered within the
first 7 days after birth does not confer an additional risk of
local adverse effects, lymphadenitis, scar formation, or mor-
tality compared with delayed administration. However, it has
been emphasized that studies with larger sample sizes are
needed to evaluate rare serious adverse events (37). Similar-
ly, in a randomized study conducted in preterm infants with
a gestational age of 31-33 weeks, no significant differences
in immunogenicity or local reactions were observed between
BCG administered at birth and BCG administered at a postcon-
ceptional age of 34 weeks, and no serious complications were
reported (40). Current evidence suggests that the BCG vaccine
can be safely administered, particularly in preterm infants
with a gestational age >30 weeks or a birth weight >1500 g.

In the routine immunization schedule in Tirkiye, the BCG
vaccine is administered at 2 months of age. In preterm infants
born at >34 weeks of gestation, vaccination is administered
according to chronological age, whereas in infants born at
<34 weeks of gestation, BCG vaccination is recommended af-
ter completion of 34 weeks of postconceptional age, provided
that the infant is at least 2 months of chronological age and
has a body weight =2000 g. This approach is consistent with
the recommendations of Sioriki et al. and the New Zealand Im-
munisation Advisory Centre (6,24).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. In infants with a gestational age of >34 weeks, the
vaccine should be administered according to chronological
age.

2. In preterm infants born at <34 weeks of gesta-
tion, vaccination is generally recommended after reaching
34 weeks of postconceptional age, when they are at least 2
months of chronological age and weigh =2000 grams.

5. Hexavalent Combination Vaccine (DTaP-IPV-Hib-
HepB)

Combination vaccines have been included in the nation-
al immunization programs of many countries because they
reduce the number of injections, improve the feasibility of
national immunization programs and consequently increase
vaccination rates, offer a better safety profile, and can be ad-
ministered concomitantly with other vaccines such as Mea-
sles-Mumps-Rubella (MMR) and varicella vaccines (23,17,20).

Six-component (hexavalent) vaccines that provide protec-
tion against diphtheria, tetanus, pertussis, poliomyelitis, HBV,
and Haemophilus influenzae type b are particularly important
for preterm infants, who are at increased risk of severe forms
of vaccine-preventable diseases. In a study by Omenaca et
al., 92.5% of preterm infants were reported to be seropositive
against all vaccine antigens following the three-dose primary
series of the hexavalent combination vaccine, and these levels
were considered protective (10). Similarly, other studies have
demonstrated that hexavalent vaccines induce adequate pro-
tective antibody responses (9,17,20,21). In Turkiye, the hexa-
valent combination vaccine is administered as a primary se-
ries at 2, 4, and 6 months of age, followed by a booster dose at
18 months of age.

Pertussis is a respiratory tract infection that can cause
severe morbidity and mortality, particularly during the first
months of life. Preterm infants are at higher risk than term
infants due to potentially associated bronchopulmonary
dysplasia (BPD) or chronic lung disease. According to current
immunization guidelines, pertussis vaccination in preterm
infants should be scheduled according to chronological age,
regardless of gestational age or birth weight. Therefore, as in
most national programs, the first dose should be administered
at 2 months of age as part of the hexavalent combination vac-
cine, and subsequent doses should be continued according
to the routine schedule. Prematurity alone is not a reason to
postpone vaccination; on the contrary, delaying vaccination
may delay protection in these infants, who are at high risk of
pertussis, particularly during the first months of life. Another
important strategy for protecting preterm infants against per-
tussis is maternal Tdap vaccination. When administered dur-
ing the third trimester of pregnancy, the resulting maternal
antibodies are transferred to the fetus through the placenta,
providing passive immunity during the neonatal period and
reducing the risk of pertussis early in life (41,42).

In terms of safety, transient episodes of apnea or brady-
cardia have been reported following routine vaccination in
preterm infants, and this has been shown to be particular-
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ly associated with DTP-containing vaccines. These episodes
are observed more frequently in extremely preterm infants
(<28-30 weeks of gestation) or very low birth weight infants.
They generally occur within the first 24-48 hours after the first
dose and are self-limiting. In a study by Omenaca et al.,, apnea
was reported in 13-30% of medically stable preterm infants
following administration of the hexavalent vaccine (10). There-
fore, some guidelines recommend short-term cardiorespira-
tory monitoring following vaccination in extremely preterm
infants who remain hospitalized. Nevertheless, these episodes
are generally transient and do not constitute a serious safety
concern requiring postponement of vaccination (43).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. Regardless of gestational age and birth weight, the vac-
cine should be administered according to chronological age
as a primary series at 2, 4, and 6 months of age, followed by a
booster dose at 18 months of age (3+1 schedule).

2. In extremely preterm infants (<28 weeks of gestation) or
very low birth weight infants (<1500 grams), cardiorespiratory
monitoring for 24-48 hours following the first dose is recom-
mended while they are hospitalized.

6. Rotavirus Vaccination

Rotavirus is one of the most common causes of severe
gastroenteritis in children under five years of age. In coun-
tries where rotavirus vaccination has been incorporated into
national immunization programs, a marked reduction in hos-
pitalization rates due to rotavirus gastroenteritis has been
demonstrated. Rotavirus infections are known to be more se-
vere and symptomatic in preterm infants. However, because of
concerns regarding the potential transmission of vaccine virus
to other infants in neonatal intensive care units (NICUs) and
the possibility of reduced vaccine effectiveness, vaccination in
these infants is often postponed during hospitalization. Nev-
ertheless, preterm infants who are unable to initiate rotavirus
vaccination within the first 15 weeks after birth because of
hospitalization may miss the opportunity for vaccination due
to the age restriction (44,45).

A study evaluating the oral, live attenuated human mon-
ovalent rotavirus vaccine (RV1) containing the G1P [8] strain
demonstrated that administration of the vaccine to preterm
infants born at 27-36 weeks of gestation according to the
same schedule as term infants was both safe and effective
(46). In another study conducted between 2007 and 2010, 217
preterm infants were vaccinated with the oral, live attenuat-
ed human-bovine reassortant pentavalent rotavirus vaccine
(RV5). The safety profile of the vaccine was shown to be similar
to that observed in term infants; furthermore, hospitalizations
due to rotavirus gastroenteritis decreased by 2.6-fold during
the first two rotavirus seasons and by 11-fold during the third

season. These findings demonstrate that RV5 significantly re-
duces rotavirus-related hospitalizations in preterm infants (47).
Current evidence indicates that rotavirus vaccines are safe and
effective in preterm infants. Considering both the serious clin-
ical consequences that rotavirus infections may cause in this
population and the protective effect provided by vaccination,
vaccination represents an important preventive healthcare in-
tervention in preterm infants. Accordingly, in clinically stable
preterm infants, rotavirus vaccination is recommended to be-
gin from 6 weeks of chronological age, with the first dose ad-
ministered before 15 weeks of age and the vaccination series
completed before 8 months of age. According to the prescrib-
ing information for currently available vaccines, their use is au-
thorized in infants born at 225/27 weeks of gestation. When
vaccination cannot be administered during hospitalization,
the first dose is recommended to be administered at discharge
(12,16,24,44,45,48).

It is known that shedding of the vaccine strain in the stool
may continue for an average of two weeks following rotavirus
vaccination. This has raised concerns that viral shedding, par-
ticularly in the NICU, could result in nosocomial transmission.
However, because the rotavirus vaccines in use contain live
but markedly attenuated strains, reversion to highly virulent
forms is not expected (16,49). In a study conducted in a NICU,
viral shedding was detected in all 19 vaccinated infants; how-
ever, the vaccine virus genome was not detected in any sam-
ples obtained from 49 unvaccinated infants cared for in near-
by beds within the same setting. These findings demonstrate
that vaccine strains were not transmitted despite close con-
tact under NICU conditions (50). Based on international vacci-
nation guidelines, current recommendations indicate that the
risk of viral transmission associated with rotavirus vaccination
in NICUs is low, provided that standard infection-control rec-
ommendations and contact isolation precautions appropriate
to the route of rotavirus transmission are rigorously imple-
mented. Accordingly, administration of live attenuated rota-
virus vaccines to clinically stable preterm infants is supported
even during hospitalization. However, vaccination should be
coordinated with infection control committees and neona-
tology teams. Standard infection-control precautions, such as
the use of gloves and gowns during diaper changes, should
be followed; where appropriate, additional isolation meas-
ures, such as placement in a single room, should also be con-
sidered (4,24,47-49).

When a recently vaccinated child is hospitalized for any
reason, implementation of standard infection-control precau-
tions is sufficient to prevent nosocomial transmission of the
vaccine virus (49).

Rotavirus vaccines are contraindicated in individuals with
a history of an anaphylactic reaction following a previous dose
or to any vaccine component, severe combined immunodefi-
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ciency, a history of intussusception, or congenital anomalies
predisposing to intussusception (51).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1.  Regardless of gestational age, vaccination should
be initiated from 6 weeks of chronological age; the first dose
should be administered before 15 weeks of age, and the series
should be completed before 8 months of age.

2. Vaccination may also be administered during hos-
pitalization in the NICU, provided that appropriate infection
control measures are implemented.

7. Measles-Mumps-Rubella (MMR) and Varicella Vac-
cination

In preterm infants, administration of the MMR vaccine is
scheduled according to chronological age, regardless of ges-
tational age or birth weight. Accordingly, the first dose is gen-
erally administered at 12 months of age and the second dose
between 4 and 6 years of age. In regions experiencing measles
outbreaks or where there is high viral circulation in the com-
munity, an additional early dose is recommended between 6
and 11 months of age. This administration, referred to as an
early dose or outbreak dose, does not replace the routine vac-
cination schedule. Prematurity or low birth weight alone does
not constitute a contraindication to MMR vaccination; in clin-
ically stable preterm infants, the immunogenicity and safety
profiles have been reported to be similar to those in term in-
fants (13,16,41,52).

Similarly, although varicella (Varicella zoster virus) infec-
tion is generally mild during childhood, it may result in more
severe clinical manifestations, particularly in immunocompro-
mised individuals and during early life. Because of the imma-
turity of the immune system in preterm infants and the fact
that maternal antibody transfer is concentrated in the final
trimester of pregnancy, preterm infants may become suscep-
tible to varicella infection earlier than term infants. However,
prematurity, low birth weight, mild infections, or antibiotic
use do not constitute contraindications to varicella vaccina-
tion. Therefore, vaccination should be scheduled according to
chronological age in accordance with current immunization
programs; the first dose should generally be administered at
12 months of age and the second dose between 4 and 6 years
of age (53).

On the other hand, administration of the live attenuated
MMR and varicella vaccines may need to be postponed fol-
lowing the administration of blood products or immuno-
globulins. Because passively administered antibodies may
suppress replication of the vaccine viruses and reduce the
immune response, specific waiting periods are recommended
depending on the type of product administered. This is of par-
ticular clinical importance in preterm infants because blood

and blood products are more frequently used during the early
period of life. In general, postponement for approximately 3
months following packed red blood cell or whole blood trans-
fusion, 6-11 months following intravenous immunoglobulin
(IVIG), and up to 11 months following high-dose or specific
immunoglobulin preparations is recommended (14,41). These
intervals vary according to the amount of immunoglobulin
contained in the preparation used and are presented in detail
in Table 4 (14).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. The MMR and varicella vaccines should be adminis-
tered according to chronological age, regardless of gestation-
al age and birth weight. The first dose is generally adminis-
tered at 12 months of age.

2. Inthe event of an outbreak, an early dose may be ad-
ministered at 6-11 months of age. An early dose administered
at 6-11 months should not be counted as a primary vaccine
dose.

3. Ininfants who have received blood products or im-
munoglobulins, vaccination should be scheduled after the
appropriate intervals, as passive antibodies may suppress the
immune response.

4. Theinteraction between blood products or immuno-
globulin preparations and BCG or rotavirus vaccines is mini-
mal; thus, vaccination does not require postponement.

8. Influenza Vaccination

The Centers for Disease Control and Prevention (CDC)
recommends annual influenza vaccination for all individuals
aged 6 months and older. Children under 5 years of age, par-
ticularly those younger than 2 years, are at increased risk of in-
fluenza-related hospitalization and morbidity. Preterm infants
are considered to be at even higher risk because of the greater
prevalence of underlying respiratory, cardiac, and neurolog-
ical conditions. In preterm infants with chronic lung disease,
the risk of influenza-related hospitalization is significantly
higher than in term infants (12,54,55).

Preterm infants, particularly those with chronic lung dis-
ease, are at greater risk of influenza-related hospitalization
than term infants. Because maternal antibodies may reduce
the immune response when influenza vaccine is administered
during the first six months of life, vaccination is recommend-
ed from 6 months of chronological age. To protect preterm
infants younger than 6 months, a cocooning strategy is rec-
ommended as a preventive approach, including influenza
vaccination of mothers who were not vaccinated during preg-
nancy before hospital discharge during the influenza season,
as well as vaccination of household members and caregivers
who will be in close contact with the infant (9,52,56).

Studies have demonstrated that the immune response to
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Table 4. Recommended intervals before administration of MMR and varicella vaccines following administration of blood products (14)

Route of Recommended waiting period
Indication or blood product administration Usual dosage (month)
Washed red blood cells v 10 mL/kg (negligible 1gG 0
content)
Erythrocyte with adenine-saline added v 10 mL/kg (10 mg IgG/kg) 3
Packed erythrocyte v 10 mL/kg (60 mg IgG/kg) 6
Whole blood \Y 10 mL/kg (80-100 mg 6
lgG/kg)
Plasma or platelet products v 10 mL/kg (160 mg 1gG/ 7
kg)
Immunoglobulin Route of Dosage Recommended waiting period
administration (month)
Hepatitis A prophylaxis (contact prophylaxis) IM 0.1 ml/kg (16.5 mg 1gG/ 6
kg)
Hepatitis A prophylaxis (short term international journey, <1 month) IM 0.1 ml/kg (16.5 mg 1gG/ 6
kg)
Hepatitis A prophylaxis (long term international journey, =1 month) IM 0.2 mL/kg (33 mg lgG/kg) 6
Measles prophylaxis — nonpregnant or non-immunocompromised IM 0.5 mlL/kg (80 mg IgG/kg; 6
max. 15 mL)
Measles prophylaxis — pregnant or immunocompromised v 400 mg/kg 8
Varicella prophylaxis (IVIG) v 400 mg/kg 8
Replacement therapy for immunodeficiency (IVIG) v 300-400 mg/kg 8
Treatment of immune thrombocytopenic purpura (IVIG) v 400 mg/kg veya 8
1000 mg/kg 10
Treatment of Kawasaki disease (IVIG) Y 2000 mg/kg 11
Hyperrimmunoglobulin Route of Dosage Recommended waiting period
administration (month)
Botulinum immunoglobulin v 1 mlL/kg (50 mg IgG/kg) 6
Cytomegalovirus immunoglobulin Y 150 mg/kg (maximum) 6
Hepatitis B immunoglobulin IM 0.06 mL/kg (10 mg 1gG/ 3
kg)
Rabies immunoglobulin IM 201U/kg (22 mg 1gG/kg) 4
Tetanus immunoglobulin IM 250 U (10 mg lgG/kg) 3
Varicella immunoglobulin IM 125 U/10 kg (60-200 mg 5
IgG/kg; max. 625 U)

IVIG: Intravenous immunoglobulin, IV: Intravenous, IM: Intramuscular.

influenza vaccination in preterm infants is similar to that ob-
served in term infants and that no increased frequency of ad-
verse events has been identified in this population (12,23). Ac-
cordingly, as in term infants, influenza vaccination in preterm
infants is recommended to begin at 6 months of chronological
age and to be repeated annually during each influenza season.
In children older than 6 months and younger than 2 years, only
the inactivated influenza vaccine may be administered. Chil-
dren aged 6 months to 8 years receiving influenza vaccine for
the first time should receive two doses at least 4 weeks apart; in
subsequent years, vaccination should be continued with a sin-
gle dose during each influenza season. Protective immunity is
known to develop 1-2 weeks after the second dose. In individ-
uals aged 9 years and older, a single annual dose of influenza

vaccine is recommended regardless of vaccination history. Pre-
term children older than 2 years, as with term children, should
be evaluated for medical risk factors that may predispose them
to severe influenza infection and should be vaccinated accord-
ingly (4,55).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. Regardless of gestational age, the influenza vaccine
should be administered according to chronological age start-
ing at 6 months of age and should be repeated during each
influenza season.

2. Children aged 6 months to 8 years who are receiv-
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ing the influenza vaccine for the first time should receive two
doses at least 4 weeks apart, followed by a single dose in sub-
sequent years.

3. To protect preterm infants younger than 6 months
who are born during the influenza season, influenza
vaccination is recommended for mothers who were not vac-
cinated during pregnancy before hospital discharge, as well
as for caregivers who will be in close contact with the infant.

9. Meningococcal Vaccination (Men ACWY- Men B)

Neisseria meningitidis is one of the leading causes of inva-
sive meningococcal disease, particularly in infants and young
children during the first years of life. In a study by Calvert et al.,
preterm infants born at <37 weeks of gestation were shown to
have a 1.6-fold higher risk of invasive meningococcal disease
compared with term infants, while those born at <32 weeks
had an approximately 3-fold higher risk. In addition, the risk
of complications was reported to be higher in preterm infants
(57). Meningococcal serogroups A, B, C, W, X, and Y are respon-
sible for the vast majority of cases worldwide, and vaccines
against five of these serogroups are widely used. In Tirkiye,
quadrivalent conjugate meningococcal vaccines covering se-
rogroups A, C, W, and Y (Menactra, MenQuadfi, Menveo, and
Nimenrix), as well as the four-component protein-based MenB
vaccine (Bexsero) developed against serogroup B, are widely
used. Although meningococcal vaccines are not routinely in-
cluded in the Turkish National Immunization Schedule, vacci-
nation covering five serogroups from early childhood onward
is also recommended for preterm infants. Accordingly, Bexse-
ro (4CMenB), Menveo (MenACWY-CRM197), and MenQuadfi
(MenACWY-TT) may be administered from 2 months of age;
Nimenrix (MenACWY-TT) from 6 weeks of age; and Menactra
(MenACWY-DT) from 9 months of age.

For the prevention of invasive meningococcal disease,
clinically stable preterm infants may receive meningococcal
vaccines from 6 weeks of chronological age, as in term in-
fants. Hospitalized extremely preterm infants (<28 weeks of
gestation or <1500 grams), particularly those with a history
of respiratory failure, should undergo respiratory monitor-
ing for 48-72 hours when receiving their first vaccinations.
If the infant experiences apnea, bradycardia, or desatura-
tion following the first vaccination, the second vaccine dose
should also be administered in the hospital with 48-72 hours
of respiratory monitoring. Infants who are clinically stable at
discharge and have no history of apnea or respiratory dis-
tress may be vaccinated at community health centers (family
health centers). Given the substantial benefits of vaccination
in this group of infants, vaccines should neither be omitted
nor delayed (23,57-59).

As with other vaccines, antibody levels following the in-
itial doses of the 4CMenB vaccine may be lower in preterm

infants than in term infants. Nevertheless, after completion
of the three-dose vaccination schedule (a two-dose primary
series and one booster dose), antibody levels assessed at 1
year of age have been shown to be adequate and compara-
ble to those in term infants. Administering the first two doses
at a 1-month interval rather than a 2-month interval has been
emphasized as potentially providing a higher antibody re-
sponse during early infancy. Accordingly, in the United King-
dom national immunization schedule, the 4CMenB vaccine is
administered at 2, 3, and 12 months of age, with a 1-month
interval between the first two doses. Because fever is a com-
mon adverse effect of the 4CMenB vaccine, particularly when
it is administered concomitantly with other vaccines, the use
of paracetamol is recommended following vaccination, espe-
cially during the first 24 hours (16,60-62).

Quadrivalent conjugate meningococcal vaccines con-
taining serogroups ACWY are generally recommended as
a two-dose schedule in infants younger than 12 months. In
countries with a low endemic incidence of meningococcal
disease, a single-dose schedule may be preferred in children
older than 12 months. Nevertheless, it should be particular-
ly emphasized that invasive meningococcal disease occurs
most frequently during early childhood (16).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. Regardless of gestational age and birth weight, Men-
ACWY-TT should be administered according to chronological
age starting from 6 weeks of age.

2. Regardless of gestational age and birth weight, MenB
vaccination should be initiated at 2 months of chronological
age and completed as a primary series followed by a booster
dose (2+1 schedule).

3.In extremely preterm infants (<28 weeks of gestation or
<1500 g), 48-72 hours of cardiorespiratory monitoring may
be required following the first dose.

10. Prevention of RSV Infections in Children: Mater-
nal Vaccination and Current Monoclonal Antibodies

Respiratory syncytial virus (RSV) is one of the leading caus-
es of acute lower respiratory tract infections and hospitaliza-
tion in young children. RSV can cause severe clinical disease
in infants and young children, potentially requiring hospital-
ization and admission to the intensive care unit. Although a
large proportion of infants hospitalized due to RSV are previ-
ously healthy children, it is well established that children with
prematurity, bronchopulmonary dysplasia (BPD), and other
underlying chronic conditions may develop more severe dis-
ease and complications. In recent years, various prophylactic
interventions against RSV have been developed. These inter-
ventions are primarily based on two strategies: maternal vac-
cination during pregnancy to provide passive immunity to
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the newborn and the administration of monoclonal antibod-
ies to infants. In this context, palivizumab, nirsevimab, and
clesrovimab are among the principal monoclonal antibodies
currently in use (63,64).

Maternal RSV Vaccine (RSVpreF-Abrysvo)

Maternal immunization aims to protect the newborn
against RSV infection during early life through the transpla-
cental transfer of antibodies. The RSVpreF (Abrysvo) vaccine,
which received FDA approval in August 2023, is licensed for
administration between 32 and 36 weeks of gestation. The
World Health Organization (WHO) recommends that mater-
nal RSV vaccination be administered after 28 weeks of gesta-
tion. Similarly, maternal RSV vaccination is administered from
28 weeks of gestation in the national immunization programs
of the United Kingdom and Australia.

A meta-analysis evaluating the efficacy and safety of a
single dose of RSV vaccine administered during pregnancy
in preventing lower respiratory tract infections in infants and
newborns showed that infants were followed for 180 days and
that, during this period, the incidence of RSV-associated lower
respiratory tract infection and severe RSV disease was signifi-
cantly lower than in the placebo group. The vaccine demon-
strated an acceptable safety profile, with no significant dif-
ference between the vaccine and placebo groups in terms of
serious adverse events. The vaccine is administered as a single
dose, and routine repeat dosing in subsequent pregnancies is
not recommended because of insufficient available data.

Pregnant women are recommended to be vaccinated ap-
proximately 1-2 months before the beginning of the RSV sea-
son (from September) until 2-3 months before the end of the
season (through January) to protect their infants against RSV
infection during the first 6 months of life. However, because
adequate levels of passively transferred antibodies may not
be achieved in every infant following maternal vaccination,
protection of the infant with a monoclonal antibody is rec-
ommended in certain circumstances. If the mother has not
received the RSV vaccine or if the vaccine was administered
less than 14 days before delivery, administration of a mono-
clonal antibody to the infant is recommended because suffi-
cient transplacental transfer of maternal antibodies is unlikely
to occur. Even if the mother was vaccinated more than 14 days
before delivery, monoclonal antibody administration is recom-
mended, regardless of maternal vaccination status, for infants
at high risk of severe RSV disease. In this context, considering
that transplacentally acquired maternal RSV antibodies may be
reduced in preterm infants born at <32 weeks of gestation and
following cardiopulmonary bypass, extracorporeal membrane
oxygenation (ECMO), or exchange transfusion, administration
of an additional monoclonal antibody is recommended to re-
store protective antibody levels (65-67).

Recommendation of the Pediatric Infectious Diseases
and Immunization Society:

1. If the mother has been vaccinated and the vaccine was
administered >14 days before delivery: As transplacental an-
tibody transfer is considered adequate, administration of an
additional monoclonal antibody to the infant is not recom-
mended.

2. Even if the mother was vaccinated >14 days before de-
livery, monoclonal antibody administration is recommended,
regardless of maternal vaccination status, for infants at high
risk of severe RSV disease. In this context, administration of
an additional monoclonal antibody is recommended in pre-
term infants born at <32 weeks of gestation and following
cardiopulmonary bypass, ECMO, or exchange transfusion to
restore protective antibody levels because of reduced serum
antibody levels.

3. If the mother has been vaccinated but the vaccine was
administered <14 days before delivery (or if the mother was
not vaccinated): As insufficient time has elapsed for adequate
transplacental antibody transfer, administration of a mono-
clonal antibody to the infant is recommended.

RSV-Specific Monoclonal Antibodies
A. Palivizumab (SYNAGIS) - Short-Acting

Palivizumab, which has been FDA-approved since 1998,
is @ monoclonal antibody that requires multiple-dose ad-
ministration because of its short half-life. Following the de-
velopment of more effective, single-dose alternative agents,
palivizumab is known to be no longer readily available or pre-

Table 5. Palivizumab Indications

Indications for the First RSV Season:

e All preterm infants born at <29 weeks of gestation who are younger
than 12 months at the beginning of the RSV season.

e Preterm infants born at 29 weeks to 31 weeks + 6 days of gesta-
tion who are younger than 3 months of chronological age during
the RSV season.

e  Preterm infants born at <32 weeks of gestation** who required
**>21% supplemental oxygen during the first 28 days after birth.

e Infants with hemodynamically unstable congenital heart dis-
ease (those receiving treatment for heart failure, requiring surgery,
or with moderate-to-severe pulmonary hypertension). Cardiology
consultation is required for hemodynamically stable patients.

Indications for the Second RSV Season:

e Preterm infants born at <32 weeks of gestation who required ox-
ygen for at least 28 days after birth and were therefore diagnosed
with BPD, and who continue to require supplemental oxygen,
chronic systemic corticosteroid therapy, or bronchodilator therapy
within the 6 months preceding their second RSV season.

e Dosage: 15 mg/kg/dose administered once monthly for 5 months,
with the first dose initiated before the RSV season.
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ferred in the United States. Nevertheless, in countries where
full access to newer monoclonal antibodies is not available,
its use continues within approved indications. Its indications
are presented in Table 5 (69).

In the American Academy of Pediatrics’ 2014 guideline on
the prevention of acute bronchiolitis, palivizumab was de-
scribed as an option for prophylactic use during the RSV sea-
son in selected high-risk groups other than preterm infants.
These risk groups included children with Down syndrome
who had congenital heart disease or a history of preterm
birth; patients with cystic fibrosis who exhibited clinical evi-
dence of chronic lung disease during the first year of life; chil-
dren with neuromuscular disease severe enough to impair
clearance of respiratory secretions or with congenital airway
anomalies; and hematopoietic stem cell transplant recipients
with severe immunosuppression (69).

B. Nirsevimab BEYFORTUS™ (Long-Acting)

Nirsevimab, a long-acting monoclonal antibody approved
by the Food and Drug Administration (FDA) in July 2023, is
considered a prominent agent in current RSV prophylaxis. In
the MEDLEY study, preterm infants born at <35 weeks of ges-
tation and high-risk infants with congenital heart disease or
chronic lung disease associated with prematurity received ei-
ther nirsevimab or palivizumab during their first and second
RSV seasons. Participants were randomly assigned to receive
either a single dose of nirsevimab (followed by placebo for
4 months) or five monthly doses of palivizumab. Antibody
levels were measured in serum samples collected at base-
line (before dosing) and on days 31, 151, and 361. The study
results demonstrated that RSV-neutralizing antibody levels
in infants receiving nirsevimab were approximately 10-fold
higher than those in the palivizumab group and that these
elevated levels were maintained for approximately one year
(68). In the ARMONIE study, nirsevimab was shown to signif-
icantly reduce RSV-associated lower respiratory tract infec-
tions and hospitalizations, particularly those due to very se-
vere disease, in preterm and term infants born at >29 weeks
of gestation (70). However, data on the use of nirsevimab in
preterm infants born at <29 weeks of gestation remain limit-
ed. Given its advantages over palivizumab, including a broad-
er indication encompassing healthy infants, single-dose ad-
ministration, and longer-lasting protection, nirsevimab has
become a frequently preferred option for RSV prophylaxis
where available.

Administration of RSV immunoglobulin during the first
week of life is recommended for infants born shortly before
or during the RSV season. In infants requiring prolonged hos-
pitalization due to prematurity or other reasons, RSV immu-
noglobulin should be administered before or immediately
after hospital discharge. Safety data regarding the use of RSV

Table 6. Risk factors for severe RSV infection and recommendations for
the second RSV season

Infants at higher risk of severe RSV infection

e Infants born at <37 weeks of gestation (prematurity alone does not
constitute an indication for prophylaxis during the second RSV sea-
son).

e  Children with chronic lung disease, including bronchopulmonary
dysplasia, who require continuous respiratory support, oxygen ther-
apy, or chronic medication therapy during the 6 months preceding
the start of the RSV season.

e Children with severe immunosuppression.

e Patients with cystic fibrosis affecting the respiratory system and/or
associated with growth failure. In children diagnosed with cystic fi-
brosis, hospitalization for a pulmonary exacerbation during the first
year of life or persistent radiological abnormalities despite clinical
stability are considered signs of severe lung disease. This group also
includes patients with cystic fibrosis whose weight-for-height is be-
low the 10th percentile.

e Children with hemodynamically unstable chronic heart disease.

e Children at risk of severe disease due to neuromuscular disorders
that impair the clearance of respiratory secretions or congenital air-
way anomalies.

e Children with Down syndrome.

Indications for the second RSV season

e  Children other than infants with a history of birth at <37 weeks of
gestation who have no additional risk factors and infants with Down
syndrome who have no other medical comorbidities listed above
are considered to be at high risk of severe RSV disease during the
second RSV season.

e  Dosage: Nirsevimab is administered intramuscularly as a single
dose based on body weight. For the first RSV season, the recom-
mended dose is 50 mg/0.5 mL for infants weighing <5 kg and 100
mg/mL for infants weighing =5 kg. For children who remain at high
risk of severe RSV disease during the second RSV season, the recom-
mended dose is 200 mg, regardless of body weight, administered
as two separate 100 mg/mL intramuscular injections.

RSV: Respiratory syncytial virus.

immunoglobulin in infants with a postnatal gestational age
of <32 weeks or weighing <1.6 kg are limited (71,72).

Indications for the first RSV season: In all infants young-
er than 8 months who are born during the RSV season or are
entering their first RSV season, a single dose of nirsevimab is
recommended within the first week after birth when mater-
nal immunization has not been provided (i.e., the mother did
not receive an RSV vaccine during pregnancy) or when the
maternal vaccination status is unknown. In the United King-
dom, where RSV vaccination during pregnancy is routinely
implemented, the indications for nirsevimab use in infants are
more selective. In this context, nirsevimab is recommended
particularly for infants with additional underlying risk factors
or for preterm infants born at <32 weeks of gestation (73).

Indications for the second RSV season: Nirsevimab may
be administered before or during the second RSV season to
children aged 8-19 months who remain at risk of severe RSV
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Table 7. Recommendations for additional nirsevimab dosing fol-
lowing cardiopulmonary Bypass

Situation Recommendation

First RSV °
season

If the surgical procedure is performed within 90 days

after nirsevimab administration:

o  The additional dose should be determined ac-
cording to the child’s current body weight.

o 50mg/0.5mL for <5 kg, 100 mg/mL for =5 kg

e If more than 90 days have elapsed since nirsevimab

administration:

o The additional dose is independent of body
weight.

o Recommended as 50 mg/0.5mL

Second RSV | e
season

If the surgical procedure is performed within 90 days

after nirsevimab administration:

o  The additional dose is independent of body
weight.

o Recommended as 200 mg (two separate 100
mg/mL intramuscular injections)

e If more than 90 days have elapsed since nirsevimab
administration:
o  The additional dose is independent of body

weight.
e  Recommended as 100 mg/mL

RSV: Respiratory syncytial virus.

disease (and who may have received palivizumab prophy-
laxis during their first RSV season). The risk groups for whom
nirsevimab is recommended when entering the second RSV
season are summarized below (Table 6) (63,74).

An additional dose is recommended following cardiopul-
monary bypass, ECMO, or exchange transfusion to restore
reduced serum nirsevimab levels to adequate protective lev-
els (Table 7). A repeat dose is not required following routine
blood transfusion (67).

C. Clesrovimab ENFLONSIA™

Clesrovimab is a novel monoclonal antibody that received
FDA approval in August 2025.

Characteristics and Dosage: Unlike other agents, it is ap-
proved for use in infants aged <12 months. Regardless of the
infant’s body weight, it is administered as a single intramus-
cular dose of 105 mg/0.7 mL. For infants undergoing cardiac
surgery with cardiopulmonary bypass or entering their first
RSV season, an additional 105 mg dose is recommended as
soon as the infant is clinically stable after surgery.

Clinical Decision-Making and Administration Algo-
rithm for the Prevention of RSV Infection

Maternal vaccination status directly determines the in-
fant’s need for postnatal prophylaxis:

° If the mother has been vaccinated, the vaccine was
administered >14 days before delivery, and there is no pla-
cental pathology: Transplacental antibody transfer is con-
sidered adequate; therefore, administration of an additional
monoclonal antibody to the infant is not recommended.

e If the mother has been vaccinated but the vaccine
was administered <14 days before delivery (or was not ad-
ministered): Because insufficient time has elapsed for ade-
quate transplacental antibody transfer, administration of a
monoclonal antibody to the infant is recommended.

° If the mother is unvaccinated: Infants aged <8
months who are born during their first RSV season should re-
ceive an initial dose of a monoclonal antibody. For high-risk
infants in this group, prophylaxis is again recommended dur-
ing the second RSV season (8-19 months of age).

° Regardless of maternal vaccination status: Infants
born to mothers who did not develop an adequate immune
response to RSV vaccination, preterm infants born at <32
weeks of gestation, infants born to human immunodefi-
ciency virus-positive mothers, infants who have undergone
cardiopulmonary bypass, extracorporeal membrane oxygen-
ation (ECMO), or exchange transfusion, and infants aged <8
months with conditions associated with an increased risk of
severe RSV disease (e.g., hemodynamically unstable congeni-
tal heart disease) should receive an initial dose of a monoclo-
nal antibody (63,74,75).

e  Monoclonal antibodies may be administered during
hospitalization and concomitantly with routine childhood
vaccines; no interval is required between their administration
and live vaccines (74).

° Prophylaxis should be repeated during the second
RSV season in infants aged 8-19 months who belong to high-
risk groups.

Conclusion

Preterm infants, whose immune systems are not yet fully
mature, are at greater risk of vaccine-preventable infections
than term infants. The lack of standardized vaccination guide-
lines and clinical concerns related to prematurity may lead to
delays in vaccination in this population. Therefore, to ensure
timely and complete vaccination of preterm infants, the avail-
able literature and various national immunization programs
were reviewed. Based on the available evidence, a summary
of the Pediatric Infectious Diseases and Immunization Socie-
ty’s vaccination recommendations for preterm infants is pre-
sented below.
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Table 8. Vaccination recommendations for preterm infants

Vaccine/status

Recommendation of application

Hepatitis B

Infants born to HBsAg-positive mothers or mothers with unknown HBsAg status should receive the hepatitis B vaccine
together with HBIG within the first 12 hours after birth, regardless of birth weight.

In infants born to HBsAg-positive mothers with a birth weight <2000 grams, the hepatitis B vaccine should be admi-
nistered at birth; however, this dose should not be counted as part of the primary series. The monovalent hepatitis B
vaccine should be administered again at 1 month of postnatal age, and the remaining doses should be completed with
the hexavalent vaccine.

In infants born to HBsAg-negative mothers with a birth weight <2000 grams, even if the hepatitis B vaccine was ad-
ministered at birth, this dose should not be considered part of the primary series because of an inadequate immune
response. Therefore, vaccination should be restarted at 1 month of postnatal age or when the infant reaches a weight
of 2000 grams, and subsequent doses should be continued with the hexavalent vaccine.

In infants born to HBsAg-negative mothers with a birth weight 2000 grams, the birth dose of hepatitis B vaccine
should be administered, and subsequent doses should be continued with the hexavalent vaccine.

If HBIG has been administered, serological follow-up is recommended at 9-12 months of age.

DaBT-Hib-IPV-Hepatitis B

Regardless of gestational age and birth weight, the primary series should be administered at 2, 4, and 6 months of
chronological age, followed by a booster dose at 18 months (3+1 schedule).

In extremely preterm infants (<28 weeks of gestation) or very low birth weight infants (<1500 grams), 24-48 hours of
cardiorespiratory monitoring is recommended following the first dose while the infant is hospitalized.

PCv

Regardless of gestational age, vaccination should be administered according to chronological age, at the same time
and at the same dose as in term infants, with primary doses at 2 and 4 months of age and a booster dose at 12 months
of age (2+1 schedule).

In high-risk and/or preterm infants born at <28 weeks of gestation, a primary series at 2, 4, and 6 months of age fol-
lowed by a booster dose at 12 months (3+1 schedule) is recommended.

The vaccine may be administered concomitantly with the hexavalent combination vaccine.

BCG

In infants born at >34 weeks of gestation, BCG vaccination should be administered according to chronological age.
In preterm infants born at <34 weeks of gestation, BCG vaccination is generally recommended after completion of 34
weeks of postconceptional age, when they are at least 2 months of chronological age and weigh >2000 grams.

IPV-OPV

In preterm infants, during hospitalization, IPV should be administered as a component of the hexavalent combination
vaccine, with a primary series at 2, 4, and 6 months of age and a booster dose at 18 months (3+1 schedule).

OPV is recommended after hospital discharge at 6 and 18 months of age, in accordance with the national immuniza-
tion schedule.

In cases of travel to high-risk regions, OPV may be administered during the neonatal period.

Absolute contraindications to OPV include immunodeficiency and severe allergic reactions.

Although a history of necrotizing enterocolitis or the presence of other chronic intestinal diseases in preterm infants
does not constitute an absolute contraindication, routine OPV administration is not recommended in this patient
group, considering that a protective immune response can be achieved with IPV within the national immunization
program, that no poliovirus cases have been reported in Turkiye, and that surveillance for paralytic disease is being
effectively conducted.

MMR-Varicella

The MMR and varicella vaccines should be administered according to chronological age, regardless of gestational age
and birth weight. The first dose is generally administered at 12 months of age.

In the event of an outbreak, an early dose may be administered at 6-11 months of age. An early dose administered at
6-11 months should not be counted as a primary vaccine dose.

In infants who have received blood products or immunoglobulins, vaccination should be scheduled according to the
appropriate intervals because passive antibodies may suppress the immune response (Table 4).

Hepatitis A

Regardless of gestational age, two doses should be administered according to chronological age starting at 12 months
of age, with an interval of at least 6 months between doses.

Rotavirus

Regardless of gestational age, vaccination should be initiated from 6 weeks of chronological age; the first dose should
be administered before 15 weeks of age, and the series should be completed before 8 months of age.

Vaccination may also be administered during NICU hospitalization, provided that appropriate infection-control mea-
sures are implemented.

Influenza

Regardless of gestational age, influenza vaccination should be administered according to chronological age starting at
6 months of age and should be repeated during each influenza season.

Children aged 6 months to 8 years receiving influenza vaccine for the first time should receive two doses at least 4
weeks apart, followed by a single dose in subsequent years.

To protect preterm infants younger than 6 months who are born during the influenza season, influenza vaccination is
recommended for mothers who were not vaccinated during pregnancy before hospital discharge, as well as for care-
givers who will have close contact with the infant.
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Table 8. Vaccination recommendations for preterm infants (continue)

Vaccine/status

Recommendation of application

Meningococcus

Meningococcal ACWY-TT vaccine should be administered starting from six weeks of age according to chronological
age, regardless of gestational age and birth weight.

Meningococcal B vaccine should be initiated at two months of age according to chronological age, regardless of ges-
tational age and birth weight, and completed as a primary series and booster dose (2+1).

In extremely preterm (<28 weeks or <1500 g) infants, 48-72 hours of cardiorespiratory monitoring may be required
following the first dose.

RSV Immunization Applica-
tions

RSV immunization practices consist of maternal vaccination (between 32-36 weeks of gestation) and/or monoclonal
antibodies such as palivizumab and nirsevimab.

If the mother is vaccinated and the vaccine was administered >14 days before birth: Placental antibody transfer is con-
sidered sufficient, so additional monoclonal antibody administration to the infant is not recommended.

Even if the mother was vaccinated >14 days before birth, regardless of maternal vaccination status, monoclonal anti-
body administration is recommended for infants at high risk for severe RSV disease. In this context, additional monoclo-
nal antibody administration is recommended for preterm infants with gestational age <32 weeks, as well as to restore
protective antibody levels due to the decline in serum antibody levels following cardiopulmonary bypass, ECMO, or
exchange transfusion.

If the mother is vaccinated but the vaccine was administered <14 days before birth (or was not administered): Since
sufficient time is not allowed for placental antibody transfer, a single dose of nirsevimab is recommended starting from
birth (preferably before discharge or within the first week of life) for preterm infants aged <8 months born during their
first RSV season.

Repeat monoclonal antibody administration during the second RSV season is recommended for preterm infants with
ongoing risk for severe RSV disease.

DaBT: Diphtheria, tetanus, and acellular pertussis vaccines, Hib: Haemophilus influenzae type b, IPV: Inactivated poliovirus vaccine, PCV: Pneumococcal conjugate vaccines, BCG:
Bacillus Calmette-Guérin, OPV: Oral poliovirus vaccine, MMR: Measles-Mumps-Rubella, RSV: Respiratory syncytial virus, HbsAg: Hepatitis B surface antigen , HBBIG: Hepatitis B
immune globulin , ECMO: Extracorporeal membrane oxygenation.
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