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Summary: Preterm birth affects around 7-8% of pregnancies in the UK. There are immunological consequences of preterm birth, epidemiological differences in infectious diseases in the preterm population, and differences in immunity after vaccination, both following immunisations received in pregnancy and following vaccines administered to infants themselves. There are also often increased concerns about the side effects experienced by preterm infants following vaccination.  It is important that health care professionals and parents are fully informed about the specific issues of vaccination in this group.
Introduction
Preterm birth, defined as delivery of a liveborn infant before 37 weeks of gestation, occurs in about 7-8% of all pregnancies in the UK. Preterm infants can be divided into extremely preterm (<28 weeks of gestation), very preterm (28-31+6 weeks of gestation), and moderate to late preterm (32-36+6 weeks of gestation). Most preterm infants are in the moderate-late group and gestational age is a significant factor in the morbidity and mortality of preterm infants[1]. The longer-term implications of preterm birth are wide ranging and include neurological, neurodevelopmental, respiratory, growth and immunological sequelae. Immunological sequelae affect preterm infants’ vulnerability to infection, an important cause of morbidity and mortality, and can affect vaccine responses. In this paper we will discuss the immunological consequences of preterm birth, the epidemiology of infectious diseases in this population, and the response to immunisations, those given both to the mother in pregnancy and to the infant.  
1. The immunological consequences of preterm birth
Immunity in the foetus is adapted to avoid a proinflammatory state which might threaten the immune tolerance between mother and foetus, and to develop functional immunity which allows sufficient, but not excessive, response to pathogens encountered ex utero[2]. It is increasingly accepted that there is greater immune development during gestation than was previously thought[2] , however the neonatal immune system is inexperienced compared with that of older children and adults. This situation is more pronounced in infants who are born preterm, (figure 1).
<Figure 1: Immunity in preterm infants>[3-7]. 		
Created in BioRender. Calvert, A. (2025) https://BioRender.com/e40s420
APPs= antimicrobial proteins and peptides; PIs= preterm infants; DCs= dendritic cells

Immunity in preterm infants has been thoroughly explored elsewhere [2, 8] and in this paper we will focus on immunity as it relates to vaccination. The basis of vaccine derived protection against pathogens is broad neutralising antibody and it is therefore important to understand the differences both in maternally derived and endogenous antibody in preterm compared with term infants (figure 2) before considering the issue of the immunological response to vaccination.
<Figure 2: Summary of the differences in antibody in preterm infants>
Created in BioRender. Calvert, A. (2025) https://BioRender.com/yk38ob9
PIs- preterm infants; IgG- immunoglobulin G; IgM- immunoglobulin M

The response to vaccination depends on a coordinated response involving several elements of the immune system, which can be reduced in preterm infants (figure 3). 
<Figure 3: Response to vaccination with a focus on the specific issues affecting preterm infants> [7, 9]
Created in BioRender. Calvert, A. (2025) https://BioRender.com/uyhijkk
DCs= dendritic cells; TFH= T follicular helper cells; MHC= major histocompatibility complex; PRR= pattern recognition receptors; GC= germinal centres


2. Epidemiology of vaccine preventable diseases in preterm infants 
Preterm infants are vulnerable to infections, including vaccine preventable diseases.  Although there is an effective pneumococcal vaccine administered routinely, a UK study indicated that preterm infants remain at increased risk of invasive pneumococcal disease (Incidence Rate Ratio (IRR) 2.87 [95% CI 2.28-3.59], p<0.001), with those infants born before 28 weeks of gestation being at greatest risk (IRR 8.8 [95% CI 4.63-15.16], p<0.001)[10]. Incidence of Invasive Meningococcal Disease (IMD) was shown to be higher in UK preterm infants compared with term infants (IRR 1.68 [95%CI 1.23-2.29], p=0.001) and highest in those born at less than 32 weeks of gestation (IRR vs term 3.01 [95%CI 1.73-5.24], p<0.001)[11]. Prior to the introduction of the maternal pertussis vaccination programme, a study showed a higher incidence of pertussis infection in preterm infants in Norway (IRR 1.65 [95% CI 1.32-2.07]), greatest in those born before 28 weeks of gestation (IRR 4.49 [95% CI 2.33-8.67])(12), and an increased rate of hospitalisation in these infants[12].  In a UK study, this increased rate of hospitalisation in preterm infants continued after introduction of the maternal vaccination programme[13], although after the gestational age window of pertussis vaccination was increased to 16-32 weeks, this was no longer the case[14]. An increased risk of hospitalisation before the age of 5 in children born preterm is seen for influenza (adjusted hazard ratio (aHR) 2.33 [95% CI 1.85-2.93]), with the greatest risk in infants born extremely preterm (aHR 4.07 [95% CI 2.63-6.31])[15]. This study covered a period in Norway in which influenza vaccination was offered in pregnancy, although uptake was low[15].  A systematic review identified preterm birth as a risk factor for hospital admission for influenza (univariable odds ratio (OR) 4.33 [95% CI 2.47-7.58])[16].  Another systematic review identified higher rates of Respiratory Syncytial Virus (RSV) associated acute lower respiratory infection (ALRI) and hospitalisation in preterm infants compared with all infants. For early preterm infants the increased rates of hospitalisation extend into the second year of life (hospital admission rate ratio: 0-<6 months: 3.87 [95% CI 2.23-6.55] in infants born before 32 weeks, 1.93 [95% CI 1.11-3.26] in infants born 32-<37 weeks; 6-<12 months: 2.95 [95% CI 1.69-5.14] in infants born before 32 weeks, 1.48 [95% CI 0.84-2.56] in infants born 32-<37 weeks; 12-<24 months: 2.26 [95% CI 1.27-3.98] in infants born before 32 weeks], 1.14 [95% CI 0.65-2.00] in infants born 32-<37 weeks)[17]. Preterm and low birth weight infants are at increased risk of rotavirus infection[18], and hospitalisation with rotavirus infection[19]. A US study reported an odds ratio for risk of hospitalisation with rotavirus in children aged less than 5 of 2.3 (95%CI 1.5-3.5, p<0.001) for those with a birthweight of less than 2500g[20].
3. Immunisation and preterm infants 
3.1 Maternal vaccination and preterm infants 
Vaccination in pregnancy has been shown to be safe and effective at protecting young infants against several pathogens including tetanus, pertussis, RSV and influenza[21], and the number of vaccines available for use in pregnancy is increasing. Vaccination in pregnancy increases maternal immunoglobulin G (IgG) against the vaccine specific antigen, increasing the IgG available to transfer across the placenta. The increasing placental transfer throughout pregnancy and the significant increase in the last few weeks before birth explain the lower antibody concentrations in the cord blood of preterm infants at birth. Despite this reduction in antibody transfer, preterm infants can still benefit from vaccines given in pregnancy[22, 23]. In the UK, RSV vaccination has recently been added to the maternal programme from 28 weeks’ gestation. 
There is much debate about the best timing for vaccination in pregnancy and the question of optimal timing for infants born preterm has been considered. In a Swiss study, second trimester vaccination was shown to result in higher GMCs for anti-pertussis toxin (PT) and anti-filamentous haemagglutinin (FHA) IgG compared with third trimester vaccination in preterm infants born after 30 weeks[24], without compromising the avidity of the antibody(25). In the UK, broadening the time window at which pertussis vaccination could be offered from 28-32 weeks to 16-32 weeks resulted in a reduction in pertussis hospitalisations in preterm infants[14]. 
High levels of maternal immunoglobulin following previous infection are known to be associated with reduced infant responses to vaccination, a phenomenon known as blunting. This has also been observed following vaccination in pregnancy, particularly with pertussis and polio containing vaccines[26].  This blunting effect has not been associated with any increase in cases of disease following infant vaccination, suggesting that the impact is not clinically significant. This phenomenon is likely to be of a lower magnitude anyway in preterm infants because of the reduced transplacental transfer of maternal immunoglobulin.  
3.2 Vaccination of preterm infants
In the UK the guidance is that preterm infants are vaccinated according to their chronological age, although preterm infants are often vaccinated later than their term counterparts. This delay may result from concerns about immunogenicity or effectiveness or concerns that vaccine administration may cause clinical deterioration. 
Immunogenicity and effectiveness
Inactivated vaccines
Immunogenicity
For most vaccines, the overall proportions of infants reaching a protective antibody threshold is similar between term and preterm infants, although there is variation in the absolute antibody levels achieved, and in the persistence of the antibody responses. The extent of this depends on the vaccine antigen, number of doses, and the schedule used. For some vaccines which are highly immunogenic, for example tetanus or diphtheria toxoids, the absolute antibody concentrations, proportions reaching a protective threshold, and persistence of vaccine response are generally similar between preterm and term infants. Even so, there are occasional reports of reduced immunogenicity in preterm infants after primary and booster vaccination [27] and after longer-term follow up [28].  For less immunogenic vaccines, for example pneumococcal conjugate vaccines, there are reports of reduced immunogenicity in preterm infants following the primary vaccine series, particularly when this is given according to an accelerated (2/3/4 month) schedule [27, 29]. The schedule used is also relevant to Haemophilus influenzae type b (Hib), diphtheria and pertussis vaccines although later administration of the first dose and longer intervals between vaccine doses generally reduces observed differences between term and preterm infants. However, a later start to the primary series prolongs the period before infants have received any vaccines and therefore increases their vulnerability to infection in this period. 
The number of vaccine doses offered may also be important for some vaccines. For meningococcal C vaccination there is no difference in the proportions reaching protective titres following primary vaccinations when multiple doses are given in a course[30], although after a single dose of meningococcal C vaccination the proportion of infants with a protective threshold was lower in those born preterm compared with those born at term[31]. For pneumococcal vaccination, a reduced schedule of two doses of PCV13 was shown to result in a lower proportion of infants reaching protective thresholds compared with a three-dose schedule, however with higher concentrations seen in the two-dose group than the 3 dose group following the booster vaccination[32]. For meningococcal B vaccination, when two vaccine schedules (2+1 and 3+1) were compared in preterm infants, there was a significantly higher proportion of infants protected after the primary series in the group who had received a 3+1 schedule for one of the tested antigens[33]. The relevance of these results depends on the local epidemiology of disease, but it is important to consider preterm infants carefully when making changes to the vaccine schedule. 
The impact of the degree of prematurity has been investigated in some studies. Where this was identified as significant, earlier gestations are most commonly found to be associated with lower antibody response after the primary series, including for hepatitis B[34], pertussis toxin [27] and Hib[27, 35]. One study investigating vaccine responses following booster doses of vaccine and persistence of responses at 4 years of age found that antibody levels for Hib and polio were lowest in those born at less than 28 weeks of gestation and that at four years this was also reflected in the proportions reaching a protective threshold[36]. 
Preterm infants with chronic lung disease or congenital heart disease are at high risk of severe RSV infection and these infants currently receive passive immunisation with the monoclonal antibodies Palivizumab or Nirsevimab. In September 2024 an RSV vaccine was added to the UK maternal schedule; high risk preterm infants should continue to receive passive immunisation, even if their mothers received vaccination in pregnancy [37]. There are no data about COVID-19 vaccination in preterm infants but there is no reason to think that prematurity would be a contraindication, and vaccination should be offered as in the term population where this is indicated [38]. COVID-19 vaccines are licensed for use in children from 6 months of age. 
Clinical effectiveness
The effectiveness of Hib and pneumococcal vaccines in prevention of clinical disease is similar in term and preterm infants[39-42]. For pertussis vaccination, the effectiveness of the vaccine is similar between term and preterm infants when all doses of the primary course have been given but may be lower before this point[43-46].  
Live vaccines
Immunogenicity
Live vaccines are highly immunogenic, and reports of MMR, rotavirus and varicella vaccine show comparable and persistent responses between term and preterm infants[47-50]. There is more debate about the timing of BCG vaccination, which is often delayed in preterm infants.
A recent systematic review found that there were similar rates of BCG scar formation and tuberculin skin test (TST) conversion in preterm infants when comparing BCG vaccination before or after seven days of age[51]. Most of the studies included healthy neonates born at more than 30 weeks gestational age or weighing more than 1.5 kg, leading the authors to conclude that early vaccination is appropriate in this population.  This is consistent with the position paper of the World Health Organisation, published in 2018[52]. In England, BCG vaccination is routinely delayed until at least 28 days to allow for the SCID (severe combined immunodeficiency) screening evaluation pilot. There is little evidence to inform decisions about the timing of BCG administration in infants born at less than 30 weeks, although such infants will be at extremely low risk whilst in the neonatal unit, so it is reasonable to delay vaccination until they are at least 30 weeks corrected gestational age. 
Effectiveness
In two studies of rotavirus vaccine, it was shown to be as effective in preterm infants as in term infants[53, 54]. The authors of the systematic review on BCG administration (above) concluded that there is insufficient clinical evidence to draw conclusions about the efficacy or effectiveness of early versus late vaccination for BCG vaccine but noted that BCG scar formation and TST conversion were equivalent[51]. 
Reactogenicity and safety
Adverse events following vaccination are rare, but they are a source of significant concern to parents and, in preterm infants particularly, this concern can translate into reduced vaccine acceptance.  Adverse events include local reactions, fever and, particularly in preterm infants receiving their vaccinations in hospital, cardiorespiratory instability, for example an increase in desaturations, bradycardia, apnoea, or an increased requirement for respiratory support. Cardiorespiratory instability is common in preterm infants, particularly those born at the earliest gestations and in the UK the advice is that infants born at less than 28 weeks who are vaccinated in hospital should have respiratory monitoring for 48-72 hours. Infants who are unstable after first vaccinations should be monitored in hospital after their second vaccinations. There is a widespread perception in both parents and health care professionals that vaccine administration increases the frequency of cardiorespiratory events, and this relationship has been explored in many observational studies.  Most of these have found that vaccination is associated with an increase in cardiorespiratory events[55, 56] although these events were not usually found to have significant consequences[57-59]. Advancing gestational age was associated with fewer adverse events. The quality of the studies and the significant confounders make it difficult to draw firm conclusions: most studies investigating this relationship are retrospective, there is significant potential for observer bias, and it is very hard to control for the confounding factors. The results may also be affected by the healthy vaccinee effect in which the timing of vaccine administration is selected according to the clinical stability of the infants and so the period prior to vaccination which is used for comparison may have a particularly low number of cardiorespiratory events. The only randomised controlled trial to compare infants who had received vaccination and those who had not, did not show any difference in incidence of apnoea and bradycardia[60]. In this study the infants had not received the more reactogenic meningococcal B vaccine and infants with ‘unstable vital signs’ as well as those with active infection or who were critically ill were excluded which may have restricted the study population to infants less likely to experience instability following vaccination. A recent systematic review concluded that there is no increase in the frequency of adverse events when BCG vaccination is given within 7 days of birth in clinically stable preterm infants compared with vaccination given later than 7 days[51]. 
Fever is a frequently observed adverse event following vaccination but does not seem to be more frequent in preterm compared with term infants[61-64]. Fever was a side effect of particular concern following meningococcal B vaccination and in several studies of preterm infants, the rates of fever were shown to be increased after the addition of this vaccine to the routine schedule[65-67]. In two studies this was mitigated by the administration of paracetamol[66, 67]. One concern at the time of the introduction of meningococcal B vaccine was that fever following vaccination might lead to more infants receiving invasive investigations and antibiotic treatment, and there was speculation that this may occur more frequently in neonatal units where infants are closely monitored. It is therefore reassuring that paracetamol treatment seems to reduce the incidence of fever and that fever does not occur with greater frequency in preterm compared with term infants. When the meningococcal B vaccine programme was introduced, there was also concern expressed about the routine use of paracetamol in this population, however this seems to have largely become part of routine practice. 
C-Reactive Protein (CRP) is a test frequently used as part of the evaluation of infants with fever but may be more difficult to interpret in the 48 hours following vaccination. CRP has been shown to be increased following vaccination in both term and preterm infants [68-71] and differentiating between elevated CRP caused by vaccination or serious bacterial infection is challenging, particularly since the addition of the highly inflammatory meningococcal B vaccine.  We advise cautious interpretation of CRP results taken within the first 48 hours following vaccination.  
4. Translating the evidence into practice
Preterm infants are a vulnerable population, and it is vital that they receive their vaccinations in a timely manner, yet they are more likely to be under vaccinated or vaccinated later than their term counterparts. It is important that all health care professionals involved in providing care to preterm infants are aware of the guidance for preterm infants and that this is reinforced when new vaccines are introduced or when the schedule changes. A summary of key points is shown in figure 4. 
<Figure 4: A summary of issues relevant to consideration of vaccination in preterm infants>
Created in BioRender. Calvert, A. (2025) https://BioRender.com/13k5o1w
BCG= Bacillus-Calmette Guerin; SCID= severe combined immunodeficiency; CRP= c-reactive protein 

Parental understanding of vaccination is hugely important and as well as traditional models of providing information, positive representations about vaccination on social media have been shown to increase vaccine acceptance by parents[72]. There is also a role for system-based strategies to improve vaccine uptake, for example alerts placed on electronic records[73].  
5. Conclusion

Preterm infants have immunological differences to term infants which make them more vulnerable to infections, including those caused by vaccine preventable pathogens. Although there are differences in the way in which preterm infants respond to vaccination, vaccines are generally safe and immunogenic and vaccination in this vulnerable group must be encouraged. It is vital to consider the implications for the preterm population when making changes to the routine vaccine schedule, as the epidemiology of disease will be different and any changes in numbers of doses or intervals between doses may have a disproportionate impact. 
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