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SUMMARY Childcare outside the home is a common experience for many children in 

high-income countries. It is associated with an increase in the incidence of infectious 

diseases—not just for the child but also for their parents and other household members. 

In this review, we explore this phenomenon from multiple angles, combining age at �rst 

infection, maternal antibody dynamics, seroepidemiology, cohort studies, and outbreak 

reports to understand the relationship between the immune systems of children starting 

childcare and the pathogen milieu they encounter. We consider the interaction between 

the age at which many infants begin out-of-home childcare and the maturation of 

cellular and humoral immunity. We bring together data on what is “normal” for infections 

in the �rst years of life: the range and incidence of gastrointestinal, respiratory, and 

rash-forming illnesses that typically infect young children. We review evidence of the 

additional impact that childcare has on the transmission of these pathogens. The 

economic and personal impacts of these illnesses are considered, including our lived 

experiences. We ask whether there are e�ective interventions to reduce illness associ­

ated with childcare, as the UK adds chickenpox to the childhood vaccination schedule. 

Finally, we consider evidence suggesting a trade-o� between infections earlier in life and 
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when children start formal schooling. We conclude that the high burden of infection 

in young children is normal, linked to the immunobiology of infants and the transmis­

sion dynamics of individual pathogens, but the collective impact of these infections is 

underappreciated.

KEYWORDS maternal antibodies, childcare settings, age at primary infection

INTRODUCTION

C hildcare outside the home is a common, and increasingly predominant, experience 

for infants and children in the United Kingdom (UK) (1), the USA (2), Australia, and 

the European Union (3). This entrance into formal childcare typically coincides with the 

end of maternity or shared parental leave, between 6 and 12 months of age (albeit with 

regional variations). Anecdotally, it is well known among parents that when their children 

start to attend formal out-of-home childcare—be that a nursery/daycare/kindergarten 

setting or attending the home of a childminder—this is associated with a succession of 

infectious diseases and illnesses that may keep the child at home, and which may also 

be transmitted to siblings, parents, and other carers. Some infections may have exclusion 

periods, after symptoms have ceased, before the child can return to childcare, with the 

aim of reducing onward transmission. Infection transmission can be intense throughout 

the period before formal schooling begins for childcare attendees, albeit diminishing 

as children age, and has emotional and �nancial implications for families. Recurrent 

infection disrupts the settling process for infants into a new childcare setting, can lead to 

missed work for parents, puts economic and social strain on families, increases demand 

on healthcare services, and, in rare cases, has the risk of severe outcomes.

Due to updated studies of disease burden, potential impact on shingles (zoster), 

and cost-e�ectiveness modeling, the UK added vaccination against varicella-zoster 

virus (VZV), the causative agent of chickenpox (varicella) and shingles, to the standard 

childhood vaccination schedule in 2026 (4)—a welcome addition, although lagging 

behind the USA, Australia, Spain, and many other European countries (5). With this in 

mind, it is time to re�ect on what can be done to prevent or ameliorate infections 

that spread in childcare settings, and what can be learned through the study of ‘germ 

factories or immune bootcamps’ in infancy. It is also worthwhile considering whether 

eliminating infectious disease transmission in childcare settings is a desirable goal from 

an immunological perspective, or a realistic goal, given the transmission dynamics of 

many common childhood pathogens.

The diseases we discuss in this review are not unique to the childcare environment; 

they are common diseases of early childhood. However, participating in out-of-home 

childcare creates opportunities for these pathogens to transmit, which are enhanced by 

the presence of cohorts of relatively immune-naive infants and children from multiple 

households.

In this review, we bring together evidence from immunology, infectious disease 

genomics, and epidemiology to understand why children �rst starting formal childcare 

outside their own homes are apparently so susceptible to a range of di�erent common 

childhood infections. We then discuss the economic and personal impacts of taking time 

o� work to care for infants with some of the most common childcare illnesses. Finally, 

we discuss possible future interventions that may reduce transmission and call for a 

better understanding of the normal range of sick days children �rst starting childcare will 

experience.

INFANT AND TODDLER IMMUNE RESPONSE: IMMUNE NAIVETY AND THE 

DEVELOPMENT OF ADAPTIVE IMMUNITY THROUGH ANTIGEN EXPOSURE

Infants enter the world with a relatively immature and antigen-naive immune system, 

shaped by limited in utero exposure and still-developing immune functions. However, 

their risk of infectious disease is signi�cantly reduced by the presence of maternal 
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antibodies. Immunoglobulin G (IgG) made by the mother is transferred across the 

placenta to the infant’s circulation during the third trimester of pregnancy, and 

immunoglobulin A (IgA) maternal antibodies are delivered via breast milk postnatally 

to provide mucosal protection (6, 7). Infants born with low levels of maternal antibodies 

(e.g., premature infants or those born to HIV-positive mothers) are expected to be at 

increased risk of infectious disease as neonates (8, 9).

Maternal IgG in the infant circulation wanes over the �rst year of life. The half-life of 

maternal antibodies targeting a range of di�erent pathogens is approximately 30 days 

(10). The age at which infants become susceptible to di�erent infections is therefore 

largely dependent on the speci�city and titer of maternal antibodies received at birth, as 

the rates of waning are consistent across geographical regions (11). As a rule of thumb, 

maternal antibodies generally wane to ine�ective levels around 6–9 months of age. This 

means that when infants typically start attending childcare settings, protection from 

maternal antibodies is likely to be negligible.

Increased susceptibility following maternal antibody waning is evident in exemplar 

exanthematous, respiratory, and enteric infections. Considering �rst an examthemous 

infection, maternal antibodies to human herpesvirus 6 (HHV6, causative agent of roseola) 

reach their nadir around 6 months of age, and then, antibodies detected in infants 

start rising again from ~8 months to ~14 months of age when infants are exposed 

(12). This coincides with when many children will be starting childcare as parents return 

to work from maternity/parental leave. Infection is almost universal by 36 months of 

age. Maternal antibodies are an important aspect of protection of neonates against 

respiratory syncytial virus (RSV), with IgG titers against both pre- and post-fusion F 

protein highest at 1–2 months after birth, and declining to their lowest level (mean) 

at 9–10 months of age, before rising again as a result of natural infection, leading to 

autochthonous IgG responses (13). Studies evaluating maternal antibody waning to 

common gastrointestinal pathogens are generally from low-middle-income countries 

and show waning to unprotective levels by 6–8 months (14).Reports from high-income 

countries are limited, but recent data indicate that maternal antibodies speci�c for 

rotavirus can wane to unprotective levels by around 3 months of age (15). As such, 

children, and especially infants, entering childcare do so from a position of immune 

naivety, with consequences for onward transmission (Box 1).

BOX 1. INFLUENZA, SARS-COV-2, AND TRANSMISSION FROM IMMUNE-NAIVE 

HOSTS

The degree of immune naivety may be particularly important for the propensity 

of children to transmit endemic pathogens compared to novel infectious diseases. 

Multiple countries have programs o�ering children aged 2 and above vaccination 

with live-attenuated in�uenza vaccine (e.g., FluMist [16]) to reduce disease and 

importantly to limit onward transmission from this immune-naive population to 

immunocompromised adults and peers. As with in�uenza, children are also a 

common source of endemic coronavirus transmission to adults. In contrast, studies 

of the epidemiology of SARS-CoV-2 during the earlier stages of the pandemic did 

not �nd a link between the presence of young children in a household and adult 

risk of SARS-CoV-2 (17), and the rates of infection are lower in children under the 

age of 5 than in children of older ages (18). This demonstrates that when infection 

history and adaptive immunity do not di�er between adults and children (e.g., 

equally immune naive to an emerging virus), children can be equally e�cient at 

viral control. Comparing just two respiratory pathogens, it is clear that the risk 

of transmission (between young or from young children to adults, who may be 

immunocompromised) and the risk of disease vary signi�cantly from pathogen to 

pathogen, with prior exposure being a key factor.
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Unlike maternal antibodies, cellular immunity is not passively transferred from the 

mother to the child, but it is de novo generated as children encounter pathogens. The 

infant’s cellular immune response is also di�erent from that of older children. In addition 

to possessing immune cell populations that are distinct from adults (19), the frequent 

exposure of infants and children to new antigens, from the moment of birth, drives 

absolute and relative changes in lymphocyte numbers and composition. Both B and T 

cells are activated by new antigens, proliferating in response to pathogens and maturing 

toward longer-term memory responses. This leads to a notable increase in absolute 

lymphocyte numbers.

Figure 1 demonstrates antibody dynamics and lymphocyte subsets from age 0 to 24 

months.

There is an in�ection point in lymphocyte pro�les around age 2 toward more 

adult-like absolute lymphocyte numbers and lymphocyte proportions (21). Changes also 

occur in the �rst 2 years of life to the nature and quality of the immune response, 

with key case studies characterizing the cellular immune response to vaccines and viral 

infections. For example, infants who received the live-attenuated combined measles-

mumps vaccine at 6, 9, or 12 months had lower Th1 (IFN-γ) responses to both measles 

and mumps, compared to those receiving the vaccine at 15 months or older (22). Infants 

aged 6–12 months also make lower IFN-γ responses to mRNA SARS-CoV-2 vaccines 

than adults (23). IFN-γ responses to RSV appear in infants and children after a single 

season but are an order of magnitude more frequent (a 10-fold increase in IFN-γ PBMC 

FIG 1 Humoral and cellular immunity in the �rst 2 years of life. Graphs showing example dynamics of 

maternal and child antibody responses in the �rst 24 months of life (sample titer data adapted from 

reference 20) (A) and average lymphocyte counts in the �rst 24 months of life (adapted from reference 

21) (B). In A, infants receive maternally-derived antibodies to the measles virus in utero. Antibody titers 

decline over a period of months (shaded purple) until the child is either infected or vaccinated at age 

12 months. At this point, antibody titers increase (shaded orange) as durable immunity is generated by 

the child’s own immune system. In B, mean absolute lymphocyte counts are shown from 2 weeks to 24 

months of age. In contrast to antibodies, no cellular immunity is derived from the mother.
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responses as measured by ELIspot) after several seasons of repeated exposure in children 

aged 2 and older (24). In short, the infant cellular immune response is of a di�erent 

quality to that of adults, whether considering stimulation via natural infection, live-atte­

nuated viral vaccines, or mRNA vaccines.

Infants and children di�er from adults in important aspects of their innate immune 

responses. After 6 months of age, the levels of complement are close to those of adults, 

and expression of complement receptors increases with age too; this bene�ts older 

infants and toddlers experiencing secondary infections (and immune exposures after 

vaccination), who are recalling antibody responses from immune memory (25). Innate 

immunity encompasses pathogen recognition via Toll-like receptors, which is a key 

part of the signaling cascade triggering innate immune cell activation. However, TLR 

signaling of cytokine expression in children, even at age 5, is not as robust as in adults

—for example, interleukin-12 production does not fully mature until age 12 (26). The 

wider pattern of cytokine expression in response to pathogen stimulation takes time to 

reach adult-like pro�les and varies from the neonatal period into childhood (27). The 

innate immune cell pro�le evolves from infancy into the toddler years and beyond, with 

neutrophils, monocytes, and macrophages all di�ering in function in infants compared 

to adults, with some evidence of diminished alveolar macrophage function in toddlers 

up to the age of 2 (28). NK cells, even if present in similar numbers, di�er between 

children and adults; NK cells can display a range of activating and inhibitory receptors on 

their surfaces, and these change from infancy through to adulthood, with immunological 

consequences that are not fully understood (25, 27). Di�erences in innate immune 

function are thought, alongside immune naivety, to contribute to in�uenza A virus (29) 

and RSV (25, 30) infection severity in infants and children. In contrast, the rapid induction 

of innate antiviral responses in children may be a protective factor against more severe 

SARS-CoV-2 disease compared to adults (31).

In summary, the innate, antibody-dependent, and adaptive cellular immune 

responses of infants and toddlers below 2 years of age are still quantitatively and 

qualitatively di�erent from those of both older children and adults. This varies on a 

pathogen-by-pathogen basis (32) but is a key component of the susceptibility of infants 

and small children to a variety of infectious diseases.

EPIDEMIOLOGY OF RESPIRATORY, GASTROINTESTINAL, AND EXANTHEMA­

TOUS INFECTIONS IN INFANTS AND TODDLERS

Parents facing another bout of infection, be it respiratory, febrile, or diarrheal, may �nd 

themselves wondering, “Is it normal for my child to be ill so often?” To address this, 

we must consider why infants and young children are more susceptible to infectious 

diseases than older children. There are a range of reasons (33), including the following:

• Immature immune systems and immune naivety (as discussed above).

• Poor personal hygiene.

• Fecal incontinence.

• Mouthing behaviors (seeking to put things in their mouths)

Most infectious diseases contracted in a childcare setting are mild and can be 

managed at home, but they still have an impact on the child and their parents and 

caregivers. Articles with titles like “Help! My Kid Started Nursery, And Now They're Always 

Sick” (34) will strike a chord with many parents of young children. It is therefore useful to 

contextualize the range of “normal” for episodes of di�erent types of illness experienced 

by children when they begin childcare.

Respiratory infections

Table 1 provides the respiratory infection/illness episodes by age.

The perception of frequent illnesses in infants and children under 5 years is backed 

by evidence: under-�ves test positive for a respiratory virus 50% of the year on average, 
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working out at an average of 12 episodes per year. Eight to nine of those episodes are 

symptomatic, which could be envisaged as a cold almost every month (45). Other studies 

estimate that children aged 15 months experience ~one acute respiratory infection per 

month (37).

These frequent respiratory infections, predominantly viral, are driven by immune 

naivety, waning maternal antibody protection, and the number of diverse viruses 

capable of causing respiratory symptoms. The age at primary infection for multiple 

human respiratory viruses overlaps with the age at which many infants and toddlers 

are �rst attending childcare outside the home (Table 1). Studies from high-income 

countries such as Germany, Netherlands, USA, and Australia paint largely similar pictures: 

rhinoviruses are typically the �rst respiratory pathogens by which infants are infected, 

and infants and toddlers then progress through primary infections with a range of 

viruses, many of which have multiple species or serotypes (parain�uenza, adenovirus, 

and rhinovirus) or which are prone to seroreversion (waning of antibodies to undetecta­

ble levels) and reinfection (seasonal coronaviruses [46], SARS-CoV-2 [47]).

Few studies test for all these pathogens in a single cohort or population, and the 

mixture and relative proportion vary with factors such as season, age, and location. The 

data for age at �rst infection in Table 1 are derived from a mixture of seroepidemiology 

studies, national surveillance data, and prospective swabbing studies from high-income 

countries because consistent data for a single country were not available. Nonetheless, 

these patterns are likely to be correlated with the duration of maternal immunity to 

speci�c pathogens and/or the speci�c force of infection of each pathogen.

SARS-CoV-2 also infects and likely reinfects the 0–5 age group (48), but many studies 

report respiratory infection data from pre-2020, and thus, the impact of SARS-CoV-2 as 

part of the full in�uenza-like illness milieu is yet to be captured. Pre-pandemic data from 

Scotland (49) and New York City, USA (50) show that seasonal coronavirus infection is 

more common in toddlers and children under 5 years than in infants, although more data 

are required to gauge whether SARS-CoV-2 will fall into this pattern.

TABLE 1 Common respiratory pathogens causing in�uenza-like illness

Pathogen and pathogen type Epidemiological data on age at �rst infection and seroprevalence by age Reference(s)

In�uenza A virus (-ssRNA virus) Age at �rst infection highly variable by season and subtype

In�uenza A(H1N1) 12 months

(35)

In�uenza A/H3N2: attack rate highest between 2 and 4 years old (36)

All children seroconverted to at least one in�uenza A lineage by age 7 (36)

In�uenza B virus (-ssRNA virus) Age at �rst infection: 13 months (35)

72% seroconverted to at least one �u B lineage by age 7 (36)

Respiratory syncytial virus (-ssRNA virus) Age at �rst infection: 19 monthsd (37)

60% of children infected by �rst birthday (38)

53% of children are seropositive by age 1 (39)

Maternal antibodies decline up to 10–12 months of age; 60% of children have evidence of a 

recent primary infection (IgA) by age 1

(13)

Seasonal coronaviruses (+ssRNA viruses)a 17 monthsd (37)

Rhinoviruses (+ssRNA viruses) 3 monthsd (37)

Adenoviruses (dsDNA viruses) 24 monthsd (37)

Parain�uenza viruses (-ssRNA viruses)b 23 monthsd (37)

Varies by species and genotype, children under 1 most a�ected (UKHSA data) (40)

Laboratory surveillance data suggest that PIV rates may be highest for those under 1 (41)

Metapneumovirus (-ssRNA viruses) 6–12 months (median 6 months, mean 12 months) (42)

Bocaparvovirusc (ssDNA virus) 16 monthsd

1–2 years

(37)

(43, 44)

a229E, NL63, OC43, and HKU11.
bParain�uenza viruses include four paraphyletic species, not always distinguished by species or type in publications. HPIV-1 & HPIV-3 are members of genus Respirovirus and 
HPIV-2 & HPIV-4 members of genus Rubulavirus. 
cHBoV1, associated with RTI and wheezing (43).
dMedian age at �rst positive swab.
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The pathogens in Table 1 have a diverse range of properties that help them succeed 

in transmitting in childcare environments. Adenoviruses bene�t from features such as a 

high secondary attack rate (up to 67%), the ability to persist on surfaces as infectious 

fomites, and a relatively long duration of post-symptomatic shedding (up to several 

weeks in infants and young children). Rhinoviruses overcome immunity to previous 

infection in part through their extensive genetic diversity: �ve rhinovirus genotypes 

have been found to circulate in a single classroom in a 2-week period (51). Asymp­

tomatic carriage is high, making policies that exclude children from childcare based 

on symptoms alone likely to be ine�ective in preventing transmission (52). Similarly, 

presymptomatic transmission is also common (in�uenza, SARS-CoV-2, and RSV). As we 

discuss below, these features all make controlling the transmission of these many and 

varied pathogens challenging. Figure 2 shows the approximated incubation periods and 

transmission of a range of common childcare pathogens, including RSV, in�uenza, and 

SARS-CoV-2.

In summary, children under 5 years are frequently infected with respiratory viruses, 

more likely to test positive for a virus than older children and more likely to be sympto­

matic than older children. The perception by parents that toddlers are frequently ill with 

coughs and colds is supported by data (53). However, parents should take comfort that 

this will get better with time: the status quo of almost monthly respiratory infections 

improves with age. Children aged 5 and above have fewer days positive for a respiratory 

virus and are also less likely to be symptomatic than younger children (45). This is the 

result of repeated exposure to a range of respiratory pathogens, resulting in mature 

adaptive immune responses, both humoral and cellular. The speci�c impact of childcare 

attendance on respiratory infection epidemiology is discussed below.

Acute gastroenteritis

Acute gastroenteritis (AGE) infections, often known to parents as diarrhea and vomit­

ing or D&V, are familiar childhood illnesses and are typically not distinguishable from 

one another based on symptoms alone. A Dutch study identi�ed ~two cases of acute 

FIG 2 Incubation periods of common childhood diseases. Figure showing the incubation periods of 10 common childhood 

diseases. Darker colors indicate the likely window of transmission, with lighter colors giving the range that may include pre- or 

post-symptomatic transmission. Data on presymptomatic and asymptomatic transmission are summarized below the �gure. 

Abbreviations: HFMD, hand foot and mouth disease; HHV, human herpes virus; VZV, varicella zoster virus; RSV, respiratory 

syncytial virus; and GAS, Streptococcus group A.
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gastroenteritis per year in infants and children ≤4, compared to 0.8–1.4 cases per year in 

adults (54), emphasizing the disproportionate burden borne by children under 5 years of 

age.

Viruses are the predominant cause of acute gastroenteritis in children. Historically, 

rotavirus was the leading cause of AGE in children under 5 years. However, following 

the introduction of a live-attenuated oral rotavirus vaccine in the United States in 2006, 

and its subsequent adoption in most high-income countries, the incidence of rotavirus 

infection has declined substantially (55). In the UK, a 77% reduction in laboratory-con­

�rmed rotavirus infections rapidly followed vaccine rollout (56).

The most common cause of viral gastroenteritis in children under 5 years of age is 

now norovirus. Approximately 15% of children in this age group experience norovirus-

associated AGE each year (57), and norovirus is responsible for 20%–25% AGE cases 

presenting to healthcare settings in this age group (58). This highlights the signi�cant 

contribution made by norovirus to the pediatric AGE burden in high-income regions. 

There is currently no vaccine available for norovirus, and although progress has been 

made with vaccine candidates based on virus-like particles, a recent phase IIb clinical trial 

in infants 4–6 months old did not show encouraging e�cacy (59). Sustained immunity 

to symptomatic norovirus is complicated by the existence of multiple genotypes, with 

only some degree of heterotypic protection provided by previous infections. As a result, 

reinfection of children between the ages of 2 and 5 years is common as their relatively 

naive immune systems are exposed to a wider range of circulating genotypes (60).

In addition to rotavirus and norovirus, several other viruses are known to cause 

AGE in young children, although their precise incidence is less well de�ned due to 

limited routine testing and underreporting. Notably, astrovirus and sapovirus, both 

non-enveloped, single-stranded RNA viruses, have been implicated in sporadic cases 

and outbreaks of pediatric AGE. These viruses tend to cause milder illness compared 

to rotavirus or norovirus but can still contribute to the overall disease burden, particu­

larly in infants and toddlers (61, 62). No vaccines are currently available for astrovirus 

or sapovirus, and their role in pediatric gastroenteritis may become more apparent 

if diagnostic testing becomes more widespread. Adenoviruses are also detected at a 

higher rate in infants with AGE compared to healthy controls (63).

While viruses are the most common cause of AGE in infants, bacterial pathogens 

can also play a signi�cant role. Outbreaks involving Salmonella, Shigella, Campylobacter, 

and certain strains of Escherichia coli (E. coli) have been documented, and although less 

frequent, these infections are often associated with more severe symptoms or complica­

tions (64). In addition, the intestinal parasite Giardia lamblia can cause AGE in some 

contexts, but in high-income countries, the overall burden of Giardia-related disease is 

minimal compared to viral or bacterial causes and will not be considered further in this 

review.

Longitudinal and cross-sectional studies all highlight the frequency of enteric virus 

infection in healthy infants and children. A study of two infants from the UK, born in the 

1980s, found that these infants shed enteric viruses in stool almost every day of their 

lives from 100 days after birth up to a year or more. Both infants were breastfed and did 

not attend out-of-home childcare during the period of study, had no diarrhea symptoms, 

and did not travel internationally (65). This is not unique: 40.8% of healthy children under 

5 years were positive for at least one enteric virus in a study from three US locations (63). 

Thus, frequent prolonged shedding of a range of viruses is the norm even without the 

added transmission of enteric viruses taking place within a childcare environment.

Table 2 summarizes our knowledge of the age at �rst infection for common enteric 

viruses associated with acute gastroenteritis in infants and children.

Children themselves are at risk of primary infections with AGE pathogens, but they 

also increase the risk of household members contracting these infections. The secondary 

attack rate for household members may exceed 20% (70). Given how little virus it 

takes to cause infection (71, 72), and the high likelihood of being in close contact 

with bodily �uids, parents and carers can be considered “sitting ducks.” This is further 
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exacerbated by the high environmental stability of most enteric pathogens (norovirus 

and rotavirus are both non-enveloped viruses) and asymptomatic shedding. A 5-year 

retrospective study of household AGE incidence in the UK found that the presence of a 

child under 5 increases household AGE risk ratio by >6 compared to households without 

an under 5-year-old child (73). In the �rst 21 weeks of the 2024/2025 season, recorded 

norovirus infections in the UK were double the 5-year average and led to ward closures in 

several cities due to overcrowding. These data demonstrate the wider impact childhood 

infections can have on public health resources (74).

Rash-associated illnesses: exanthems and dermatological infections

The third category of infections we will consider is those which cause rashes (exan­

thems) typically seen in infants, toddlers, and children, although adults may also be 

susceptible if primary infection is delayed or the adult is exposed to a new genotype. 

These infections may also cause non-speci�c febrile symptoms that cannot clearly be 

associated with respiratory or gastrointestinal disease. We also consider here selected 

dermatological infections that parents may confuse with viral exanthems. Examples 

of rash-associated infections, exanthematous and erythromatous, include chickenpox, 

hand, foot, and mouth disease (HFMD), and scarlet fever, caused by a double-stran­

ded DNA virus, RNA viruses, and gram-positive bacteria, respectively (Table 3). These 

pathogens can cause diverse symptoms such as respiratory symptoms, fever, and 

diarrhea and may be spread by respiratory, close contact, or fecal-oral routes. The relative 

distinctiveness of the exanthems or dermatological manifestations caused often allows 

these infections to be diagnosed clinically and for a�ected individuals to be excluded 

from childcare, according to speci�c public health guidelines. We present the UK Health 

Security Agency (UKHSA) guidance in Table 4 as an example of public health exclusion 

periods for common infant and child infections.

Fewer prospective studies have been carried out for rash-associated pathogens of 

infants and children than for infections with primarily respiratory or enteric symptoms, 

perhaps because those diseases associated with some of the highest morbidity and 

mortality can be prevented or ameliorated by vaccination (e.g., measles and rubella). By 

combining data from symptomatic surveillance, molecular diagnostics, and seroepidemi­

ology, we can form a general picture of the age at �rst infection for the pathogens in 

Table 3. Many childcare settings will have fever exclusion policies or other infectious 

disease policies that are likely to exclude a child with the infections in Table 3. For 

example, a UK childcare setting (Childbase Partnership) has an Infectious Diseases policy 

document, which states that a child must be well to attend, de�ning well to include 

“A child who is not reliant on temperature relief medication.” Moderate-to-high fever 

is a common symptom of many of these infections. Before reaching the age of formal 

schooling in the UK, many infants and children will be at risk of contracting a range of 

these pathogens.

One of the exanthematous illnesses associated with the earliest age at �rst infection, 

and common in childcare-age infants and children, is roseola. This is associated with 

three of the four human betaherpesviruses, HHV6A, 6B, and 7. HHV-6B is the most 

common roseola agent, and all three of these viruses are spread through salivary 

TABLE 2 Acute gastroenteritis episodes by age

Pathogen and pathogen type Epidemiological data on age at �rst infection Reference(s)

Norovirus (+ssRNA virus) 50% medically attended cases were 6–18 months (mean 17 months) (58)

Median 13.8 months (66)

Rotavirus (dsRNA virus) 6–24 months, with a median age of 15 months in high-income countriesa (15, 67)

Astrovirus (+ssRNA virus) 6–18 months, likely by age 2 (53, 68)

Median 17.6 months (66)

Sapovirus (+ssRNA virus) 5–24 months (69)

Median 14.3 months (66)

aLive oral-attenuated vaccines were introduced in the US in 2006 and in the UK in 2013; these are highly e�ective at reducing severe gastroenteritis in these regions.
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TABLE 3 Rash-associated infections (exanthems) and dermatological infectionsa

Disease, pathogen, and 

pathogen type

Epidemiological data on age at �rst infection Seroepidemiology Reference(s)

Chickenpox

Varicella-zoster virus (HHV3)

dsDNA virus

65% of children have seroconverted by age 5 (75)

General practice (GP) [UK primary care] 

consultation rates for varicella are highest in age 

1–3 yr; median age of GP consultation varies by 

ethnicity: 2.8 yr for white children, 4.2 yr for Black 

children, 4.5 yr for children of Afro-Caribbean 

ethnicity

(76)

COVID-19 pandemic may have reduced the age 

of primary infection (inference from general 

practice consultations)

(77)

Born in Bradford cohort: 10% seropositive by age 1, 

23% of white children in Bradford at age 2 but 14% 

of children of Pakistani ethnicity in Bradford at age 2

(78)

Slapped cheek

Parvovirus B19

ssDNA virus

Maternal antibody wanes up to 11 months; seropreva­

lence increases again after 11 months

(79)

Peak force of infection ages 7-9 across Europe (80)

Exanthem subitum/roseola

Human herpesviruses 6A, 6B, 

and 7

dsDNA viruses

Seroprevalence climbs during �rst year of life and 

suggests infection occurs for many children between 

6–12 months (seroprevalence 23% at 2–6 months; 69% 

in 6–12 month group)

(81)

PCR-based studies see incidence peak between 9 

and 21 months

(82)

HHV6B infection likely slightly earlier than HHV6A (83)

HHV7 also causes seroprevalence to rise sharply 

between 12 and 24 months

(84)

Median age for HHV6: 9 months, median age for HHV7: 

26 months

(85)

HHV6 seroconversion occurs in the majority of infants 

before 1 year; infection occurs more gradually for HHV7 

between ages 1 and 2 and later

(86)

HHV6: 85% seropositive between ages 1 and 2 (USA, 

1990)

(87)

Hand, foot, and mouth

disease (HFMD)

Coxsackievirus A16, 

Enterovirus 71, other 

enterovirus types

+ssRNA viruses

Mean age of cases in French 2021 outbreak: 2.09 

years; similar to 2014

(88)

GP consultations from the UK, pre- and post-

pandemic, show incidence rates 50%–100% 

higher per standardized 100,000 people among 

1–4 age group than under 1s, but both groups 

are an order of magnitude more likely to visit 

the GP with HMF symptoms than any other age 

groups

(89)

Maternal antibodies wane between 6-11 months and 

rise from 1 year onwards

(90)

(Continued on next page)
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shedding and cause lifelong infection. HHV-6B primary infection is particularly associated 

with high fever (≥40°C); some studies estimate the median age of infection is 9 months, 

while HHV-7 has a median age of infection of 26 months (85). As such, roseola may be 

one of the early febrile/exanthematous illnesses in an infant or child attending childcare 

contracts, and reactivation of these viruses may also cause pityriasis rosea, a viral rash 

sometimes mistaken for a fungal skin infection.

Other rash-forming illnesses cause outbreaks in childcare settings but typically infect 

slightly older children parvovirus B19, HFMD-associated enterovirus and coxsackievirus 

serotypes, and scarlet fever caused by group A strep (Table 3). VZV shows epidemiolog­

ical patterns where ethnicity strongly in�uences the age at �rst infection, with both 

seroepidemiology and primary care (general practice [GP]) consultation data showing 

a trend for children of white ethnicity in the UK to be infected at an earlier age than 

children of Asian (78), Afro-Caribbean, or Black ethnicity (76). The age of VZV infection 

has also been perturbed by the SARS-CoV-2 pandemic, with increased chickenpox cases 

in infants compared to pre-pandemic. It is unclear whether this is an acceleration of a 

trend already occurring in the UK since the 1980s, or whether this is a temporary change 

caused by pandemic restrictions in the UK in 2020–2021 (77). National vaccination 

programs need to take account of variations in the population at risk of VZV when 

designing vaccine schedules, balanced against the optimal timing of doses to achieve 

long-term immunological protection.

There are also complex interactions between some of these infections. Epidemiology 

shows a relationship between primary VZV infection and a subsequent increased risk 

of scarlet fever (including the most severe forms of invasive group A strep disease 

[98]). Although scarlet fever typically a�ects school-aged children in the UK (i.e., over 5 

years old), outbreaks have been reported from childcare settings in the UK and Spain 

(92, 99), and transmission can occur from older to younger siblings, fueling onward 

transmission (100). Household contacts have a much higher risk of group A strep disease 

after a household scarlet fever case. Asymptomatic child carriers also seem capable of 

transmitting to their peers, making outbreak control di�cult if it is based on excluding 

only symptomatic children (100).

Other pathogens can cause dermatological infections in children, which may be 

recognized by parents as a rash, and several of these are known to spread in child­

care settings. Impetigo, for example, is a common dermatological infection of child­

care settings. It is a highly contagious bacterial skin disease that causes pustules and 

honey-colored erosions and is more likely to cause systemic symptoms of fever, malaise, 

and lymphadenopathy. It is typically caused by S. aureus or S. pyogenes. In general 

practice, children under the age of 7 represent most cases (101), and for non-bullous 

TABLE 3 Rash-associated infections (exanthems) and dermatological infectionsa (Continued)

Disease, pathogen, and 

pathogen type

Epidemiological data on age at �rst infection Seroepidemiology Reference(s)

Modeling (pre-pandemic serology) suggests EV-A71 

40%–60% of children seropositive by age 4 and CVA6 

60-70% seropositive by age 4

(91)

Scarlet fever/scarlatina

Streptococcus pyogenes (group 

A strep)

Gram-positive bacterium

Median age: 4 years (92, 93)

Impetigob

Staphylococcus aureus or 

Streptococcus pyogenes

Both gram-positive bacteria

Majority of cases in children under the age of 7 (94)

Children aged 1–4 have highest incidence rates (95, 96)

aHHV-7 also causes roseola in older children (97), but with a lower burden of disease than HHV-6B. 
bImpetigo is a dermatological infection.
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impetigo, the rates are higher in children aged 1–4 than in either older or younger 

age groups (95). Marginalized communities in high-income countries seem particularly 

at risk from impetigo, a further example of the epidemiology of childhood infections 

intersecting with race, class, and income level (94).

While public health bodies may not necessarily require or recommend exclusion for 

speci�c illnesses (Table 4) because the symptoms of one pathogen may mimic another, 

exclusion from childcare may occur because accurate diagnosis cannot be obtained in a 

timely manner.

In cases of respiratory, gastrointestinal, and exanthematous illnesses, many patho­

gens can be transmitted both presymptomatically and/or asymptomatically, making 

it hard to prevent or break transmission chains (Fig. 2). In fact, all of the childhood 

infections considered here show some propensity for presymptomatic or asymptomatic 

transmission, and in some cases, this can be substantial. Parvovirus B19 (slapped cheek) 

is a notable example, as it may spread as much as a week prior to the onset of any 

symptoms and is typically non-infectious at the point of the characteristic facial rash. 

Others, such as RSV and rotavirus, can have high rates of asymptomatic carriage—

properties which together challenge e�orts to control infections through exclusion 

guidance alone (Table 4). Incubation times can also be prolonged: chickenpox (VZV), 

for instance, can take 10–21 days between contracting the infection and symptom 

onset. This means that even when exclusion rules and additional cleaning measures are 

strictly applied, keeping outbreaks under control is di�cult. In addition, prolonged viral 

shedding after symptom resolution, particularly for gastrointestinal pathogens, further 

extends the window of possible transmission beyond the period when a child is actively 

unwell.

Taken together, these properties of childhood pathogens, when combined with close 

contact and imperfect hygiene in childcare settings, create conditions highly conducive 

to sustained transmission. This leads us to consider what amplifying e�ect attendance at 

childcare may have on the epidemiology of these infections.

TABLE 4 UKHSA exclusion periods for common childcare infections, United Kingdom

Infection Exclusion period Comments

Chickenpox (varicella zoster virus) 5 days minimum from rash onset; all blisters must have 

crusted over

Vaccine preventable (two doses of varicella 

vaccine/MMRV)

Respiratory infections including 

COVID-19

Exclusion on the basis of high temperature and if the child 

feels unwell; speci�c COVID-19 exclusion period: 3 days 

after a positive test; testing is not routinely recommended.

An a�ected child can continue to attend if 

symptoms are mild (such as a runny nose or 

headache)

Diarrhea and vomiting (gastroenteri­

tis), including rotavirus and norovirus

48 hours after resolution of diarrhea and vomiting Rotavirus is vaccine preventable; additional 

exclusion periods are required if speci�c 

pathogens are identi�ed, e.g., hepatitis A

In�uenza (or in�uenza-like illness) Until recovered (see “Respiratory infections,” above) Outbreaks should be reported to the local health 

protection team

Hand, foot, and mouth disease (HFMD) None Outbreaks should be reported to local health 

protection teams if a large number of children 

are a�ected; virus is shed in feces for a few weeks 

after the rasha

Impetigo (typically Staphylococcus 

aureus or Streptococcus pyogenes)

48 h after starting treatment (antibiotics and/or hydrogen 

peroxide cream)a, or until lesions are crusted or healed

Antibiotic treatment reduces the period of 

infectiousness and speeds lesion healing

Measles virus 4 days from rash onset and well enough to participate Vaccine preventable (two doses of MMR/MMRV); 

outbreaks should be reported to local health 

protection teamsa

Rubella virus 5 days from rash onset Vaccine preventable (two doses of MMR/MMRV)

Scarlet fever (Streptococcus pyogenes) 24 h after starting antibiotic treatment If antibiotics are declined, exclusion until 

resolution of symptoms

Slapped cheek/ Parvovirus B19 None after rash development

ahttps://www.gov.uk/government/publications/health-protection-in-schools-and-other-childcare-facilities/managing-speci�c-infectious-diseases-a-to-z.
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IMPACT OF CHILDCARE ON RISK OF CONTRACTING INFECTIOUS DISEASES

Respiratory infection and childcare

As discussed above, high rates of respiratory infection are common in early childhood. 

Infants and children experience primary infections and subsequent reinfections as 

they build a robust humoral and cellular immune response to a variety of respiratory 

pathogens. In a longitudinal community-based birth cohort study in Brisbane, it was 

estimated that in the �rst 2 years of life, children experience at least 13 discrete 

respiratory tract infections, peaking at the age of 15 months, where the rate was over 

one acute respiratory tract infection per child per month (37). This incidence is likely 

increased by attendance at early childcare settings, which may amplify exposure. For 

instance, in a Dutch study including 1,827 children under the age of 24 months, initiation 

of center-based childcare was associated with a substantial increase in respiratory 

symptoms, with the mean number of days with illness rising from 3.8 in the month 

prior to childcare attendance to 10.6 at 2 months post-initiation, remaining elevated for 

at least 9 months (102). Similar �ndings have been reported in the UK, where respiratory 

viral burden in 220 infants was assessed through oropharyngeal swabs (103). Here, 

both attendance at childcare and exposure via siblings resulted in a signi�cantly higher 

burden of detected respiratory pathogens, with attendance at childcare also associated 

with a higher prevalence of co-detection of viral and bacterial pathogens in the �rst 

2 years of life. In a prospective household cohort study assessing the prevalence of 9 

respiratory viruses using PCR, it was found that children in childcare have increased odds 

of infection with adenovirus and human metapneumovirus. The pool of detected viruses 

associated with childcare respiratory infections was found to be signi�cantly richer and 

more diverse than in children cared for at home (104). It is likely that the increased 

opportunities for close contact and shared airspace in childcare environments create 

ideal conditions for viral spread, resulting in respiratory infection rates above the already 

high baseline seen in young children.

This elevated risk encompasses both mild and more severe respiratory outcomes. 

Population-based registry analyses in Danish children aged between 0 and 5 have shown 

that the rates of inpatient hospitalization for respiratory infections are higher among 

children attending group childcare relative to those cared for at home (105). This was as 

high as a 69% higher incidence of acute respiratory infections requiring hospitalization in 

children under the age of 1. The contribution of childcare exposure to RSV epidemiology 

is particularly pronounced. In the Born in Bradford cohort (UK), it was found that over 

half of children were seropositive for RSV by age 1, and formal childcare attendance 

was associated with a 36% increased risk of RSV infection in infancy (39). High rates of 

prevalence are also observed for in�uenza, rhinovirus, and seasonal coronaviruses, which 

are frequently implicated in childcare outbreaks (106).

Enteric infection and childcare

Several studies have examined the impact of childcare attendance on the risk of AGE, 

consistently highlighting increased susceptibility, particularly in younger children. Lu 

et al. reported that children in formal childcare settings had a 1.6–2 times higher risk 

of developing mild AGE compared to those cared for at home, with the risk being 

greatest at younger ages (107). Hullegie et al. (108) identi�ed a similar trend by analyzing 

Dutch health records; a slight increase in AGE incidence during a child’s �rst year in 

formal childcare, with an incidence rate of 1.13 relative to non-attendees. However, 

Kamper-Jørgensen et al. o�ered a reassuring counterpoint from Denmark, showing that 

while childcare attendance may increase mild infections, it did not raise the risk of 

hospitalization for gastroenteritis in infants (109). Another study of childcare attendees 

from Denmark found that while testing positive for an enteric virus was a frequent event 

(over a third of all stool samples, from symptomatic and asymptomatic children), children 

aged 3–6 are half as likely to test positive for an enteric virus compared to children aged 

under 3 (110). Thus, age is a protective factor against AGE in childcare attendees.
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An important consideration regarding the impact of increased risk of AGE in infants 

and children attending out-of-home childcare is the increased risk of AGE in caregivers 

and household members. Pijnacker and colleagues showed that adults aged 25–44 had 

an odds ratio of 2.8 for AGE if they lived with children who attended out-of-home care 

versus 0.7 if they lived with children cared for at home (reference population: adults of 

the same age with no children living at home) (54). A norovirus outbreak investigation 

from a childcare center in Australia found that, on average, each symptomatic infant or 

child infected a further child or sta� member at the childcare center and also a family 

member, with a household secondary attack rate of 36.5% (111). The mixing of infants 

and children of di�erent ages at childcare centers, as well as the mixing of siblings within 

the home (112), helps AGE pathogens spread even more successfully than might already 

be the case and impacts adult caregivers in both the childcare and home settings.

Exanthematous illness and childcare

Many viral infections and some bacteria can cause an exanthem or dermatological 

infection in addition to other symptoms. Often, these rashes are not characteristic 

enough to identify the exact causative pathogen, but it is important to make sure 

that it is not part of a serious infection, such as meningococcal infection. Outbreaks 

of exanthematous illnesses are common in childcare settings where transmission is 

enhanced by close contact for 10–12 h per day.

Although rashes and dermatological infections in children are relatively common, 

outbreaks of viral exanthems in childcare settings are not surveyed in the same way as 

primarily respiratory and gastrointestinal illnesses. This may be because of the varied 

infectious and non-infectious causes of rash in infants and young children. However, 

there are notable case studies of the impact of childcare attendance on the epidemiol­

ogy of three viruses: VZV, HHV6, and EV-A71 (HFMD).

A cross-sectional study of primary VZV infection conducted in Germany in over 17,000 

1- to 17-year-old children found that, alongside increasing age and the presence of older 

siblings in the household, starting childcare at younger ages was signi�cantly associated 

with VZV seropositivity. In children not yet of school age (≤5 years), those that started to 

attend childcare aged under 1 had an odds ratio of 1.6 (CI: 1–2.5), and children starting 

childcare aged 1–2 an OR of 1.6 (CI: 1.1–2.2) compared to 0.9 (CI: 0.7–1.2) in those that 

started childcare settings age 3 and above (reference population: only children aged 

between 1 and 6 years) (113).

As well as transmission within households, HHV-6 (both 6A and 6B) can be transmit­

ted in childcare settings. A study of 730 children in eight childcare centers in Brazil 

found that over 20% of children were a�ected by outbreaks of fever with and without 

exanthem between October and December in a single year; 64% of serum samples 

tested for HHV-6 antibodies showed an immunoglobulin M (IgM)+/IgG+ seroresponse. 

HHV-6 DNA was detected in plasma and lymphocytes of 26 individuals, suggesting that 

primary infection was occurring during these outbreaks. No genetic epidemiology was 

performed; hence, it cannot be ruled out that children were infected at home, but as 

HHV6A and B are transmitted by saliva and respiratory droplets, outbreaks caused by 

direct child-to-child contact in childcare settings seem highly plausible (114).

HFMD is caused by several enterovirus genotypes, some of which are more severe 

than others. A survey carried out in Japan following an EV-A71 outbreak in 2000 

examined the risk factors associated with 272 cases of complicated HFMD, de�ned as 

requiring hospitalization or fatality. More severe cases with fatalities, long-term sequelae, 

and hospitalizations over 7 days were compared with less severe cases that did not meet 

these criteria. The proportion of children attending childcare centers was signi�cantly 

larger in the group with more severe cases (35% vs. 25%), and multivariate analysis 

showed a stronger association (OR: 2.96; 95% CI: 1.24–7.08). It is noted, however, that 

out of 96 more severe cases, 91 of these were classi�ed due to prolonged hospital 

stays, which may mean that attending childcare centers itself is not the risk factor. 

It may be that the parents are unable to look after the children at home until they 
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are completely recovered, leading to longer hospital stays. Thus, the factors that lead 

children to attend childcare in the �rst place may also impact clinical treatment plans, 

in some countries, which may cause childcare-associated HFMD to appear more severe 

than might otherwise be the case (115).

ECONOMIC IMPACT OF CHILDCARE ILLNESSES

Looking after sick infants and children exacts a toll, in terms of well-being, lost educa­

tional opportunities, and losses to the economy (116). Economic losses are perhaps 

easiest to quantify, yet even here, the costs associated with childcare-associated illnesses 

are multifactorial (117, 118). In countries with universal healthcare that is free at the 

point of use, the costs of treating a sick child are often small (e.g., infant paracetamol for 

fever, emollients for skin reactions). The costs of lost productivity and lost educational 

opportunities can be more signi�cant. Productivity losses include parents taking time o� 

work to care for children; parents becoming sick themselves; children missing childcare 

that’s already been paid for; and other adults (such as grandparents), who may them­

selves become sick, having to take time o� to care for children and/or sick parents (119).

Recent estimates from the UK on the economic costs of chickenpox highlight that 

each day a child cannot attend childcare leads to a £170 loss of productivity for the 

parent (2024 costs) (120). Data from France emphasizes the impact of varicella infection: 

parents miss work, which has economic impacts, while children miss childcare or school 

(121), leading to lost days of play or learning.

Recent analysis of RSV in under-threes highlighted the economic impact on parents 

in England of time o� caring for infants and children with respiratory tract infections. In 

this prospective surveillance study of children interacting with National Health Service 

(NHS) care and receiving a positive RSV test, parents lost a mean of 32.5 h of work 

(approximately 4 days) caring for their child. We might assume that milder cases of 

RSV, where parents did not interact with the NHS, may have been less severe and 

therefore may have resulted in fewer lost hours of work for parents, but this loss of 

work also applied to children and infants with a negative RSV test result (mean: 33.3 

h). This suggests that many respiratory infections which are symptomatic enough for 

parents to seek healthcare advice or treatment for their children also lead to signi�cant 

loss of work hours (122). Furthermore, child episodes of in�uenza-like illness (ILI) are 

associated with reduced parental quality of life. The reduction in quality-of-life scores 

was greater when the child’s ILI was more severe (123). When we consider the impact of 

childcare-associated illnesses and appropriate interventions, the personal quality-of-life 

and �nancial implications for the whole family ought to be included.

We must also consider the impact of frequent infections on children themselves. 

There is some evidence that infection severe enough to result in hospitalization has 

a weak but measurable association with below-average numeracy and reading results, 

although this may be confounded by socioeconomic or other variables (124). Encourag­

ingly, this suggests that if repeated illness is impacting children’s educational develop­

ment, it is a weak e�ect.

Childhood illnesses transmitted in the childcare environment also have implica­

tions for immunologically vulnerable populations, particularly pregnant women and 

immunocompromised family and caregivers. Many of the viral pathogens that infect 

infants and children, particularly parvovirus B19V, rubella, herpes simplex virus 1 (HSV-1), 

VZV, and cytomegalovirus (CMV), are TORCH (toxoplasmosis, others [syphilis, hepatitis 

B], rubella, CMV, and HSV1/2) pathogens (125) associated with congenital infections 

in pregnancy. Childcare workers are more likely than the general population to be 

women of childbearing age and have long been known to be at risk from primary 

infections with CMV and parvovirus B19V, which both carry risks of congenital disease 

during pregnancy (126). As we discuss below, vaccination protects children and their 

relatives and childcare professionals against VZV and rubella, while the hunt for e�ective 

vaccines for other TORCH pathogens is ongoing. Immune-compromised children or 

family members are more at risk of almost all of the infections discussed here; reduced 
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transmission would protect them indirectly. The immune naivety of infants and children 

impacts their infectiousness (Box 1), and thus, their transmission risk to immunocompro­

mised individuals, in other ways. For example, children under 5 years will, on average, 

experience a longer duration of shedding of in�uenza virus (A or B), greater peak virus 

shedding, and more symptoms than older children or adults (127). This risk of onward 

transmission to immune-naive neonates and infants and immunocompromised contacts 

in�uences childhood vaccine recommendations in many countries.

Fully understanding the burden of disease and transmission potential for many 

pathogens of infants and children will require more routine use of molecular diagnostics 

or point-of-care testing (e.g., rapid antigen tests to con�rm the agent and rates of 

community carriage); it is hard to de�ne the scale of the problem, the age group most 

at risk, the pathogens causing greatest long-term impacts for the community and also 

children. themselves, without better data on infections driving child and parent time 

o� childcare/work. These will be essential for designing e�ective future vaccination 

programs.

WHAT’S THE SOLUTION?

Vaccination

The infant and child vaccination program provides the chance to reduce the burden of 

disease for children in childcare by averting and/or ameliorating infection, rather than 

simply delaying it (128). The current childhood vaccine program in the UK includes 

the six-in-one vaccine (Diphtheria, tetanus, pertussis, polio, Haemophilus in�uenzae type 

b [HiB], and hepatitis B), Meningococcal group B, and C, Rotavirus, Pneumococcal (13 

serotypes), MMR (measles, mumps, and rubella), and selective programs for tuberculo­

sis, and maternal RSV and pertussis vaccination. In the UK, MMR became MMRV from 

January 2026 as vaccination against chickenpox joined the schedule. In this regard, the 

UK is behind many high-income countries by years or even decades (129). Figure 3 

displays the current UK infant and child vaccination schedule, with additional details on 

other vaccines available elsewhere in the world or currently in development.

We note that many illnesses were not included in this review precisely because of the 

availability of e�ective vaccination (HiB, pertussis, and measles), which has substantially 

reduced both the morbidity and mortality burdens of these infections in the developed 

world, although both the US and UK have experienced domestic measles outbreaks 

leading to child fatalities in 2025, as vaccine coverage remains below the herd immunity 

threshold (132, 133). Increased uptake of maternal RSV vaccination and wider availability 

of monoclonal antibody immunization for RSV prevention may also ameliorate some of 

the morbidity burden of this infection, including in healthy, full-term infants and toddlers 

(122).

When introducing new vaccines into the childhood schedule, it is important to 

consider the cost-bene�t analysis; therefore, it is essential to have accurate data on 

disease burden and vaccine e�cacy. The VZV vaccines exemplify this; in 2009, the Joint 

Committee on Vaccination and Immunisation (JCVI) in the UK did not recommend 

childhood VZV vaccination. However, this decision was reversed in 2023 when subse­

quent studies identi�ed higher rates of severe disease and serious secondary complica­

tions (e.g., bacterial infection of skin lesions and encephalitis). There was clear evidence 

from the CDC (Centers for Disease Control and Prevention) of the bene�t of vaccination 

over the last 25 years in the USA, and no evidence of an increase in herpes zoster/

shingles (which may have been an unwanted indirect impact of lowering varicella 

infections in the young reducing exogenous boosting of immunity in mid-late age for 

protection against herpes zoster [134]). This shifted the cost-bene�t modeling signi�-

cantly, leading to their recommendation to include two doses of VZV as part of MMRV 

(135).

For some childhood pathogens, vaccines have been employed elsewhere in the 

world. An inactivated alum-adjuvanted EV71 vaccine has been shown to be e�cacious 

against HFMD and is used in China (136). A live orally-administered adenovirus vaccine 
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for types 4 and 7 has been employed historically and more recently reinstated for US 

military personnel (137). Although protection is only a�orded to two types, this also 

shows proof of concept for an antibody-based vaccine to prevent adenovirus infections. 

There is proof of concept for a parvovirus B19 vaccine, with an e�ective canine parvovi­

rus vaccine in use in the UK, and with evidence that passive transfer of antibodies can 

protect in cases of chronic anemia (138). Candidate vaccines, largely based on virus-like 

particles, have reached clinical testing for parvovirus B19 (139). Of the remaining 

common childhood infections, there are no licensed vaccines for non-EV71 HFMD, 

norovirus, parvovirus B19, HHV6A/B, HHV7, or group A streptococcus.

With the success of the rotavirus vaccine, norovirus has become the leading cause of 

childhood gastroenteritis in many developed countries; however, a vaccine against the 

six genogroups and >40 genotypes of human caliciviridae causing norovirus infections 

is challenging due to this diversity (140). Limited immune responses and poorly de�ned 

correlates of protection are also important reasons why we do not yet have an e�ective 

human norovirus vaccine (141). Ambitions to develop universal vaccines against human 

coronaviruses and in�uenza have also not yet been realized due to the di�culty of 

inducing cross-protective immunity for these variable viruses (142).

Herpes viruses are hugely complex viruses with complicated immune interactions. 

VZV is currently the only human herpesvirus with a licensed vaccine for use in infants. 

While progress with CMV vaccines often leads the way, little attention has been paid to 

HHV6A/B/7. As with HSV-1 (143) and VZV (144), nAb are the most likely mechanism to 

achieve protection from infection/disease, and tetrameric glycoprotein complex vaccines 

are in development (145).

Despite lifelong protection resulting from childhood primary infection with many 

of these pathogens, a mechanistic understanding of the immunological basis of this 

protection is lacking. Childhood infection does not, however, always lead to prolonged 

protection, which may re�ect a high barrier to protective immunity or immune escape 

through constant evolution for some pathogens, particularly for RNA viruses.

FIG 3 Vaccine-preventable childhood diseases. We include the vaccines that are currently widely licensed and recommended by the World Health Organization 

(WHO) during pregnancy (pink box: 130) and during childhood in the UK, as an example (blue box: UK childhood schedule from January 2026 [131]; white text 

shows selective programs in high-risk areas). Other vaccines that are used to target childhood diseases include those that are licensed in select countries outside 

the UK, that are in clinical testing, or that are recommended by the WHO in high-risk countries. Abbreviations: Flu, In�uenza A; HepB, hepatitis B virus; HFMD, 

hand foot and mouth; HHV, human herpes virus; HiB, Haemophilus in�uenzae type b; MenB, meningococcal group B; MenC, meningococcal group C; MMRV, 

measles mumps, rubella, varicella zoster virus vaccine; PCV, pneumococcal conjugate vaccine; RSV, respiratory syncytial virus; Strep A, Streptococcus group A.
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There is much more we can learn about immune protection and immune evasion 

from studying e�ective immune responses during natural infection of children. How 

can children resolve this barrage of exposure to infectious agents, with the majority 

leading to little or no long-term impact, and also how can these childhood infections 

be so pervasive in the childcare setting? One way in which we can learn about protec­

tive immunity is through adult human challenge models, which allow the careful and 

controlled study of infections and to quickly assess vaccine e�cacy, and these have been 

employed previously for parvovirus B19, group A streptococcus, and norovirus (146).

One legacy of the COVID-19 pandemic is the development of several platform 

technologies that are highly immunogenic, adaptable, and can be scaled globally. 

Developments in mRNA-based vaccines are likely to lead to e�ective vaccines against 

further childhood infections. A strep A vaccine global consortium (SAVAC) has been 

established, and recent success with mRNA vaccines has led to signi�cant investment in a 

Moderna/Queensland University candidate (147).

As with all vaccines, inequalities in access and uptake rates limit the e�ectiveness of 

the childhood vaccines discussed above (148); an important way to limit the impact of 

childhood infections would be to improve vaccine uptake where vaccines are available 

and to learn from successful vaccination campaigns elsewhere in the world for vaccines 

that are not yet o�ered.

Role of breastfeeding in protection from infection

Many studies and meta-analyses have identi�ed the bene�ts of breastfeeding for 

reducing infectious disease risk in infants and children (149–151). It is relevant to 

note here the bene�ts of breastfeeding against infectious disease reported in studies 

where infants in high-income countries were breastfed beyond 6 months. For example, 

breastfeeding beyond 6 months gives some protection against infectious gastroenteritis, 

AGE severe enough to require a healthcare diagnosis (151, 152). However, in the TEDDY 

study (152), breastfeeding was not protective against parent-reported gastroenteritis 

symptoms, which include milder symptoms that may lead to childcare exclusion but do 

not require interaction with a health care provider. Breastfeeding beyond 6 months also 

gives some protection against laryngitis and tracheitis, otitis media, and conjunctivitis; 

but in the 6 months and above age group, in the same study, they found continued 

breastfeeding to be associated with an increased risk of respiratory infection symptoms, 

including fever and common cold symptoms. It has been hypothesized that this is 

because breastfeeding prevents or delays respiratory infections in younger infants, which 

are then contracted by these infants at an older age. Several studies have found that 

protection against acute otitis media in ever-breastfed children continues after the 

cessation of breastfeeding, but this protection is reduced in older children compared 

to younger children (152, 153).

Interestingly, for maternal infections, breast milk may also provide antigens from 

the pathogen itself, for instance, in immune complexes; this antigen exposure could 

allow the newborn to make its own de novo immune response, which should be more 

long-lasting than passively acquired antibodies (154). This is just one example of how 

the infant-maternal immune interactions can be more complex than just the transfer of 

maternal antibodies, and a further example of what can be learned by studying infant 

immunity.

The odds ratios of various types of infection are smaller for breastfed infants (a proxy 

for decreased risk), whether exclusively or non-exclusively breastfed, under the age of 

6 months—breastfeeding gives the greatest protection in younger infants (152). This 

protection reduces as infants and toddlers reach the age of entering childcare. Therefore, 

while mothers who can breastfeed should be supported to continue to do so for as long 

as they wish (in line with WHO guidelines), breastfeeding is not a magic bullet to prevent 

infections acquired at collective childcare settings.
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Interventions in the childcare setting to reduce infectious disease transmis­

sion

Are there ways in which the environment of childcare settings can be altered to 

reduce the risk of disease transmission? Many governments gave public health advice 

on increasing access to fresh air to reduce respiratory virus transmission during the 

SARS-CoV-2 pandemic (e.g., UKHSA [155] and the CDC [156]). This builds on longstanding 

advice, and there have been attempts to quantify the e�ect of improved air quality on 

infection transmission within childcare settings speci�cally. However, evidence on the 

role of air quality and air cleaning to prevent or reduce respiratory illness in childcare 

settings is mixed. A comparison of two childcare settings, one of which was given 

mechanical air cleaners, found that there was a statistically signi�cant di�erence in the 

number of days parents needed to miss work to care for their children over the 6-month 

study period, a relative reduction of ~30% (157). In contrast, a study using indoor CO2 

concentrations at childcare facilities as a proxy for air quality did not �nd an association 

between poor air quality (limited air exchange) and acute respiratory illness rates (158).

Public health bodies give broader advice on infection control in educational settings, 

including childcare (159, 160). This includes guidance on hand hygiene, cleaning, 

toileting, and disinfection of surfaces contaminated with bodily �uids. A study from 

the Netherlands reported that the odds of gastroenteritis outbreaks were reduced 

by cleaning child potties in designated waste disposal stations, use of chlorine-based 

cleaning products, and speci�c toy cleaning routines, for example, cleaning toys every 

day in conjunction with additional cleaning during outbreaks (161). Beyond the cleaning 

and disinfection recommended by public health bodies, research has identi�ed that 

increased cleaning of childcare settings has costs as well as bene�ts. A study found 

that excessive cleaning product use while children are present can induce wheeze (162), 

while cleaning toys reduces detection of pathogens on surfaces but does not appear to 

reduce sickness absences or episodes of disease (163). Many interventional studies to 

improve hand hygiene in childcare settings include children aged 2 and above, but there 

is some evidence that hand hygiene programs for younger children in childcare settings 

can reduce acute gastroenteritis rates during periods of intense transmission (164), 

although not all studies �nd a signi�cant bene�t from hand hygiene interventions (165). 

Changing the environment of childcare settings to reduce infection seems intuitive, but 

research suggests it is di�cult to e�ectively implement.

For a small number of infections common to childcare settings, antibiotics may be 

an appropriate infection control measure, reducing both the risk of long-term seque­

lae for the a�ected infant or child and also reducing the risk of onward transmission 

(Table 4). Scarlet fever (group A streptococcal infection) is a key example of a bacterial 

infection for which antibiotic administration is both a treatment and a transmission 

control measure employed in childcare settings. However, antibiotics are not suitable 

for many childhood infections, as the majority are viral rather than bacterial (Tables 

1–3). When antibiotics are prescribed, or a bacterial infection is suspected, treatment 

often requires temporary exclusion from childcare, both to reduce transmission while the 

antibiotic takes e�ect and because childcare settings commonly require that the child 

has tolerated the antibiotic without adverse reaction before returning. Inappropriate 

or excessive antibiotic use can contribute to antimicrobial resistance (AMR), reducing 

the e�ectiveness of antibiotics over time (166). Inappropriate antibiotic prescribing in 

children is also associated with adverse events and increased healthcare costs (167). 

Nevertheless, antibiotics remain essential for bacterial childhood illnesses, including 

streptococcal pharyngitis (scarlet fever), bacterial pneumonia, urinary tract infections, 

otitis media, and some cases of bacterial gastroenteritis.

For a small number of infections common to childcare settings, antibiotics may be 

an appropriate infection control measure, reducing both the risk of long-term seque­

lae for the a�ected infant or child and also reducing the risk of onward transmission 

(Table 4). Scarlet fever (group A streptococcal infection) is a key example of a bacterial 

infection for which antibiotic administration is both a treatment and a transmission 
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control measure employed in childcare settings. However, antibiotics are not suitable 

for many childhood infections, as the majority are viral rather than bacterial (Tables 

1–3). When antibiotics are prescribed, or a bacterial infection is suspected, treatment 

often requires temporary exclusion from childcare, both to reduce transmission while the 

antibiotic takes e�ect and because childcare settings commonly require that the child 

has tolerated the antibiotic without adverse reaction before returning. Inappropriate 

or excessive antibiotic use can contribute to antimicrobial resistance (AMR), reducing 

the e�ectiveness of antibiotics over time (166). Inappropriate antibiotic prescribing in 

children is also associated with adverse events and increased healthcare costs (167). 

Nevertheless, antibiotics remain essential for bacterial childhood illnesses, including 

streptococcal pharyngitis (scarlet fever), bacterial pneumonia, urinary tract infections, 

otitis media, and some cases of bacterial gastroenteritis.

Supporting working parents and caregivers as their children enter formal 

childcare

As the data from Tables 1–3 show, infants and children starting childcare can be 

expected to experience 12 respiratory, 2 gastrointestinal, and at least 1 exanthematous 

illness in their �rst year of attendance (Fig. 4). If one adds together all the exclusion 

periods recommended by UKHSA (Table 4), this would amount to 13 days o� in total if a 

child experienced one bout of each illness (discounting measles and rubella as e�ective 

vaccination is available). This does not account for any parental time o� for sickness 

following child-to-parent or sibling-to-sibling transmission.

As the data from Tables 1–3 show, infants and children starting childcare can be 

expected to experience 12 respiratory, 2 gastrointestinal, and at least 1 exanthematous 

illness in their �rst year of attendance. If one adds together all the exclusion periods 

recommended by UKHSA (Table 4), this would amount to 13 days o� in total if a child 

experienced one bout of each illness (discounting measles and rubella as e�ective 

vaccination is available). This does not account for any parental time o� for sickness 

following child-to-parent or sibling-to-sibling transmission.

We feel that parents need more recognition from employers that both they and 

their children may be frequently sick following the return from parental leave and the 

beginning of formal childcare. Employers need realistic expectations that childhood 

infections are frequent and that this is normal; furthermore, employers need to recognize 

that within-household transmission of pathogens is often intense. Frequent illness is 

typically neither a re�ection on the health status of the child or parent nor the cleanli­

ness of the childcare setting.

Illness now or illness later?

Keeping infants at home longer before starting childcare is unlikely to be a solution 

to the problem of frequent infections. Although the incidence of respiratory infections 

peaks during the years before formal school age, there is some evidence that early 

exposure in group childcare settings may confer some protection in the early school 

years. The Tucson Children’s Respiratory Study, which surveyed over 1,000 children 

enrolled at birth through to age 13, found that while children in large childcare settings 

had nearly twice the odds of frequent colds at the age of 2 compared to those cared for 

at home, by age 6–11 these children experienced fewer colds on average, presumably 

through acquired immunity (OR = 0.3–0.4 compared to children who did not attend large 

childcare settings) (168). The impacts on otitis media are similar.

The same is broadly true of gastrointestinal illnesses: a study of 2,220 infants and 

children from the Netherlands, followed over the course of 6 years, found that experienc­

ing some childcare attendance in the �rst year of life (at least one half day per week) led 

to reduced gastrointestinal illness between ages 2 and 5 years (108).

Together, these observations suggest that many of these infections are postponed 

but not avoided by a delayed entry to childcare (Fig. 4). Parents can also be reassured 

that evidence suggests that even during the years of childcare attendance, the number 
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of infection episodes decreases over time. In a study of febrile, gastrointestinal, and 

respiratory infections in Icelandic childcare, both season and age were consistent risk 

factors for all types of infection for childcare attendees. For each year a child aged 

between 2 and 6 years increased in age, the number of illness episodes they experienced 

decreased by 20%–50% (169). The protective e�ect of age against disease in children 

attending childcare is predominantly due to the cumulative build-up of immunity 

through prior infection; increased age as a protective factor due to more mature immune 

function is another possible factor.

Age-related di�erences in immune response can also be shaped by family structure 

and birth order. Those infants with older siblings tend to be exposed to a broader array 

of microbial antigens earlier in life, which may contribute to more rapid maturation of 

the immune system. For example, studies based on administrative or hospitalization data 

documented that prior to age 1, younger siblings are up to three times as likely to be 

hospitalized with infection-related conditions as older siblings (170, 171). Children build 

an increasingly diverse antibody and cellular immune repertoire, which is protective as 

they enter the school system.

There may be opportunities a�orded by our increasing understanding of early 

childhood immunity to “�ne-tune” the age at �rst infection, with some of the pathogens 

discussed here, or to immunize infants and children during the periods of greatest risk 

of severe outcomes. It is broadly recognized that some infections are linked to increased 

severity as age at primary infection increases (VZV [172]), while for others, it is highly 

desirable to delay the age at primary infection (RSV [173]). A greater understanding of 

how age at �rst infection is a�ected by childcare attendance could lead to changes in 

recommended vaccines and immunization schedules. For example, infants and children 

attending childcare settings during winter could be recommended passive immuniza­

FIG 4 Childcare: disease now or disease later? Graphical summary of the transition from maternal to acquired immunity, and the expected burden of common 

infectious diseases for a 12-month-old child starting out-of-home childcare. In the top half of the panel, infants are born with maternal antibodies to a range 

of pathogens, but these wane during the �rst year of life and are replaced by the child’s own adaptive immune responses as childhood continues. This 

immunity comes from vaccination and exposure to pathogens. Longitudinal and cross-sectional epidemiological studies of children who do and do not attend 

out-of-home childcare suggest that delaying entry to childcare delays, but does not prevent, exposure to the most common infectious diseases of the childcare 

environment. This can create a trade-o� between illness in children of childcare age (i.e., 6 months to 4 years) and illness in older children when they reach the 

age of formal schooling (i.e., 5 years and above). In the bottom part of the panel, we show the approximate burden of respiratory (twelve) and gastrointestinal 

(two) infectious episodes a child of 12 months can be expected to experience in their �rst year of attending out-of-home childcare. They will also typically 

experience one to two infections that cause a rash (which may be a viral exanthem, erythematous rash, or dermatological infection).
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tion with a monoclonal antibody such as nirsevimab to provide increased protection 

against RSV (174) after the waning of maternal antibodies.

CONCLUSIONS

Respiratory, gastrointestinal, and exanthematous illnesses in infants and young children 

are common and driven by a wide variety of viral and bacterial pathogens. Employ­

ers need realistic expectations about the likelihood and frequency of both child and 

parental/caregiver sickness absence following the end of parental leave. Attendance at 

formal childcare may tip the balance in favor of infection now rather than later.

Vaccination lowers the burden of disease morbidity and is currently our best tool for 

preventing or ameliorating childhood illnesses. Many countries are currently in a period 

of �ux for RSV and VZV immunization strategies. The UK hopes that success from the 

current maternal RSV vaccination program can be built upon with increased uptake 

and that the success of the VZV vaccination program elsewhere in the world will be 

replicated and lead to improvements for UK children soon. Increased use of molecular 

diagnostics will better de�ne the scale of the problem of childhood infections and allow 

prioritization of pathogens for future vaccine development to reduce morbidity.

De�nitions

Throughout this article, we use National Health Service age de�nitions for infant and 

toddler (https://service-manual.nhs.uk/content/inclusive-content/age). Infants are under 

1 year old. Toddlers are 1–3 years old. Childcare includes settings described as nursery, 

daycare, kindergarten, out-of-home childcare, and group childcare.

ACKNOWLEDGMENTS

Thanks to Chris Illingworth and Ben Longdon for thoughts on Bsky, and Ian J. Groves for 

feedback. C.J.H. thanks James Taylor for Matlab assistance.

This work was supported by the Baker Institute for Animal Health and a Wellcome 

Trust Clinical Research Career Development Fellowship [211138/A/18/Z] (to S.L.C.), a 

Rosetrees Trust and Pears Foundation Advancement Fellowship (to L.S.), a Wellcome 

Career Development award [302473/Z/23/Z] (to L.S.), a UKRI Future Leaders Fellowship 

[MR/X034828/1] (to L.V.D.), and a University of Cambridge Returning Carers Scheme 

award (to C.J.H.).

AUTHOR AFFILIATIONS

1Baker Institute for Animal Health, Cornell University, Ithaca, New York, USA
2Department of Microbiology and Immunology, College of Veterinary Medicine, Cornell 

University, Ithaca, New York, USA
3UCL Genetics Institute, Department of Genetics, Evolution, and Environment, University 

College London, London, United Kingdom
4Division of Infection and Immunity, Institute of Immunity and Transplantation, 

University College London, London, United Kingdom
5North Middlesex University Hospital, Royal Free NHS Foundation Trust, London, United 

Kingdom
6Department of Genetics, University of Cambridge, Cambridge, United Kingdom

AUTHOR ORCIDs

Sarah L. Caddy  http://orcid.org/0000-0002-9790-7420

Lucy van Dorp  http://orcid.org/0000-0002-6211-2310

Leo Swadling  http://orcid.org/0000-0002-0537-6715

Charlotte J. Houldcroft  http://orcid.org/0000-0002-1833-5285

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 22

https://service-manual.nhs.uk/content/inclusive-content/age
http://orcid.org/0000-0002-9790-7420
http://orcid.org/0000-0002-6211-2310
http://orcid.org/0000-0002-0537-6715
http://orcid.org/0000-0002-1833-5285
https://doi.org/10.1128/cmr.00253-25


FUNDING

Funder Grant(s) Author(s)

Wellcome Trust 211138/A/18/Z Sarah L. Caddy

Wellcome Trust 302473/Z/23/Z Leo Swadling

UK Research and Innovation MR/X034828/1 Lucy van Dorp

University of Cambridge Charlotte J. Houldcroft

AUTHOR CONTRIBUTIONS

Sarah L. Caddy, Conceptualization, Data curation, Writing – original draft, Writing – 

review and editing | Lucy van Dorp, Conceptualization, Data curation, Visualization, 

Writing – original draft, Writing – review and editing | Leo Swadling, Conceptualization, 

Data curation, Visualization, Writing – original draft, Writing – review and editing | 

Yuan Wis Wang-Koh, Conceptualization, Data curation, Writing – original draft, Writing – 

review and editing | Charlotte J. Houldcroft, Conceptualization, Data curation, Visualiza­

tion, Writing – original draft, Writing – review and editing

REFERENCES

1. Department for Education. Childcare and early years survey of parents, 
reporting year 2024. Available from: https://explore-education-statistics
.service.gov.uk/�nd-statistics/childcare-and-early-years-survey-of-pare

nts/2024. Retrieved 29 Aug 2025.
2. Cui J, Natzke L. 2020. "Early Childhood Program Participation: 2019. First 

Look. NCES 2020-075. National center for education statistics. https://nc
es.ed.gov/pubs2020/2020075REV.pdf.

3. Xu H, Phongsavan P, Kerr E, Simone L, Rissel C, Wen LM. 2024. Early 
childhood education and care attendance and its association with 
outdoor play, screen time and sleep duration of young children: 
�ndings from the CHAT trial in Australia. Child Care Health Dev 
50:e70002. https://doi.org/10.1111/cch.70002

4. Department of Health and Social Care. Free chickenpox vaccination 
o�ered for �rst time to children. GOVUK. Available from: https://www.g
ov.uk/government/news/free-chickenpox-vaccination-o�ered-for-�rst-

time-to-children. Retrieved 25 Aug 2025.
5. Lee YH, Choe YJ, Lee J, Kim E, Lee JY, Hong K, Yoon Y, Kim Y-K. 2022. 

Global varicella vaccination programs. Clin Exp Pediatr 65:555–562. htt
ps://doi.org/10.3345/cep.2021.01564

6. Niewiesk S. 2014. Maternal antibodies: clinical signi�cance, mechanism 
of interference with immune responses, and possible vaccination 
strategies. Front Immunol 5:446. https://doi.org/10.3389/�mmu.2014.0

0446

7. Langel SN, Blasi M, Permar SR. 2022. Maternal immune protection 
against infectious diseases. Cell Host Microbe 30:660–674. https://doi.or
g/10.1016/j.chom.2022.04.007

8. Dolatshahi S, Butler AL, Pou C, Henckel E, Bernhardsson AK, Gustafsson 
A, Bohlin K, Shin SA, Lau�enburger DA, Brodin P, Alter G. 2022. 
Selective transfer of maternal antibodies in preterm and fullterm 
children. Sci Rep 12:14937. https://doi.org/10.1038/s41598-022-18973-
4

9. Jallow S, Cutland CL, Masbou AK, Adrian P, Madhi SA. 2017. Maternal 
HIV infection associated with reduced transplacental transfer of 
measles antibodies and increased susceptibility to disease. J Clin Virol 
94:50–56. https://doi.org/10.1016/j.jcv.2017.07.009

10. Oguti B, Ali A, Andrews N, Barug D, Anh Dang D, Halperin SA, Thu 
Hoang HT, Holder B, Kampmann B, Kazi AM, Langley JM, Leuridan E, 
Madavan N, Maertens K, Maldonado H, Miller E, Munoz-Rivas FM, Omer 
SB, Pollard AJ, Rice TF, Rots N, Sundaram ME, Wanlapakorn N, Voysey M. 
2022. The half-life of maternal transplacental antibodies against 
diphtheria, tetanus, and pertussis in infants: an individual participant 
data meta-analysis. Vaccine (Auckl) 40:450–458. https://doi.org/10.1016
/j.vaccine.2021.12.007

11. Tiley KS, Ten Hulscher-van Overbeek H, Basnet S, van Binnendijk R, 
Clarke E, Cose S, Dang DA, Hoang HTT, Holder B, Idoko OT, et al. 2025. 
The waning of maternal measles antibodies: a multi-country maternal-
infant seroprevalence study. J Infect 91:106531. https://doi.org/10.1016
/j.jinf.2025.106531

12. Hall CB, Long CE, Schnabel KC, Caserta MT, McIntyre KM, Costanzo MA, 
Knott A, Dewhurst S, Insel RA, Epstein LG. 1994. Human herpesvirus-6 
infection in children. a prospective study of complications and 
reactivation. N Engl J Med 331:432–438. https://doi.org/10.1056/NEJM1
99408183310703

13. Berbers G, Mollema L, van der Klis F, den Hartog G, Schepp R. 2021. 
Antibody responses to respiratory syncytial virus: a cross-sectional 
serosurveillance study in the Dutch population focusing on infants 
younger than 2 years. J Infect Dis 224:269–278. https://doi.org/10.1093/
infdis/jiaa483

14. Mandolo J, Mulira L, Moyo M, Mvula M, Mtonga F, Henron MYR, 
Wotcheni W, Cunli�e NA, Barnes KG, Jambo KC, Jere KC. 2025. Kinetics 
of rotavirus-speci�c IgA and IgG at an individual and population level in 
Malawi. Gates Foundation. https://doi.org/10.12688/verixiv.892.1

15. Hungerford D, Pitzer VE, Jere KC, Henrion MYR, Mandolo J, Beavis C, 
Ryan K, Lowe J, Cunli�e NA, French N, Iturriza-Gómara M. 2025. Age-
speci�c immunity to rotavirus infection and the risk of disease before 
and after rotavirus vaccine introduction in the United Kingdom: an 
observational, seroepidemiological study. medRxiv. https://doi.org/10.1
101/2025.04.03.25324959

16. Carter NJ, Curran MP. 2011. Live attenuated in�uenza vaccine (FluMist; 
Fluenz). Drugs (Abingdon Engl) 71:1591–1622. https://doi.org/10.2165/
11206860-000000000-00000

17. Wood R, Thomson E, Galbraith R, Gribben C, Caldwell D, Bishop J, Reid 
M, Shah ASV, Templeton K, Goldberg D, Robertson C, Hutchinson SJ, 
Colhoun HM, McKeigue PM, McAllister DA. 2021. Sharing a household 
with children and risk of COVID-19: a study of over 300 000 adults living 
in healthcare worker households in Scotland. Arch Dis Child 106:1212–
1217. https://doi.org/10.1136/archdischild-2021-321604

18. Ismail SA, Saliba V, Lopez Bernal J, Ramsay ME, Ladhani SN. 2021. SARS-
CoV-2 infection and transmission in educational settings: a prospective, 
cross-sectional analysis of infection clusters and outbreaks in England. 
Lancet Infect Dis 21:344–353. https://doi.org/10.1016/S1473-3099(20)3
0882-3

19. Semmes EC, Chen J-L, Goswami R, Burt TD, Permar SR, Fouda GG. 2020. 
Understanding early-life adaptive immunity to guide interventions for 
pediatric health. Front Immunol 11:595297. https://doi.org/10.3389/�m
mu.2020.595297

20. Wang W, O’Driscoll M, Wang Q, Zhao S, Salje H, Yu H. 2024. Dynamics of 
measles immunity from birth and following vaccination. Nat Microbiol 
9:1676–1685. https://doi.org/10.1038/s41564-024-01694-x

21. Comans-Bitter WM, de Groot R, van den Beemd R, Neijens HJ, Hop WC, 
Groeneveld K, Hooijkaas H, van Dongen JJ. 1997. Immunophenotyping 
of blood lymphocytes in childhood. Reference values for lymphocyte 
subpopulations. J Pediatr 130:388–393. https://doi.org/10.1016/s0022-
3476(97)70200-2

22. Gans H, Yasukawa L, Rinki M, DeHovitz R, Forghani B, Beeler J, Audet S, 
Maldonado Y, Arvin AM. 2001. Immune responses to measles and 

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 23

http://dx.doi.org/10.13039/100010269
http://dx.doi.org/10.13039/100010269
http://dx.doi.org/10.13039/100014013
http://dx.doi.org/10.13039/501100000735
https://explore-education-statistics.service.gov.uk/find-statistics/childcare-and-early-years-survey-of-parents/2024
https://nces.ed.gov/pubs2020/2020075REV.pdf
https://doi.org/10.1111/cch.70002
https://www.gov.uk/government/news/free-chickenpox-vaccination-offered-for-first-time-to-children
https://doi.org/10.3345/cep.2021.01564
https://doi.org/10.3389/fimmu.2014.00446
https://doi.org/10.1016/j.chom.2022.04.007
https://doi.org/10.1038/s41598-022-18973-4
https://doi.org/10.1016/j.jcv.2017.07.009
https://doi.org/10.1016/j.vaccine.2021.12.007
https://doi.org/10.1016/j.jinf.2025.106531
https://doi.org/10.1056/NEJM199408183310703
https://doi.org/10.1093/infdis/jiaa483
https://doi.org/10.12688/verixiv.892.1
https://doi.org/10.1101/2025.04.03.25324959
https://doi.org/10.2165/11206860-000000000-00000
https://doi.org/10.1136/archdischild-2021-321604
https://doi.org/10.1016/S1473-3099(20)30882-3
https://doi.org/10.3389/fimmu.2020.595297
https://doi.org/10.1038/s41564-024-01694-x
https://doi.org/10.1016/s0022-3476(97)70200-2
https://doi.org/10.1128/cmr.00253-25


mumps vaccination of infants at 6, 9, and 12 months. J Infect Dis 
184:817–826. https://doi.org/10.1086/323346

23. Peters MQ, Young AL, Stolarczuk JE, Glad M, Layton E, Logue JK, Minkah 
NK, Chu HY, Englund JA, Sather DN, Seshadri C, Kachikis A, Harrington 
WE. 2025. Infant CD4 T-cell response to SARS-CoV-2 mRNA vaccination 
is restricted in cytokine production and modi�ed by vaccine manufac­
turer. Open Forum Infect Dis 12:ofaf599. https://doi.org/10.1093/o�d/of
af599

24. Green CA, Sande CJ, de Lara C, Thompson AJ, Silva-Reyes L, Napolitano 
F, Pierantoni A, Capone S, Vitelli A, Klenerman P, Pollard AJ. 2018. 
Humoral and cellular immunity to RSV in infants, children and adults. 
Vaccine (Auckl) 36:6183–6190. https://doi.org/10.1016/j.vaccine.2018.0
8.056

25. Verhoeven D. 2019. Immunometabolism and innate immunity in the 
context of immunological maturation and respiratory pathogens in 
young children. J Leukoc Biol 106:301–308. https://doi.org/10.1002/JLB.
MR0518-204RR

26. Upham JW, Lee PT, Holt BJ, Heaton T, Prescott SL, Sharp MJ, Sly PD, Holt 
PG. 2002. Development of interleukin-12-producing capacity 
throughout childhood. Infect Immun 70:6583–6588. https://doi.org/10.
1128/IAI.70.12.6583-6588.2002

27. Prendergast AJ, Klenerman P, Goulder PJR. 2012. The impact of 
di�erential antiviral immunity in children and adults. Nat Rev Immunol 
12:636–648. https://doi.org/10.1038/nri3277

28. Grigg J, Riedler J, Robertson CF, Boyle W, Uren S. 1999. Alveolar 
macrophage immaturity in infants and young children. Eur Respir J 
14:1198–1205. https://doi.org/10.1183/09031936.99.14511989

29. Coates BM, Staricha KL, Wiese KM, Ridge KM. 2015. In�uenza A virus 
infection, innate immunity, and childhood. JAMA Pediatr 169:956–963. 
https://doi.org/10.1001/jamapediatrics.2015.1387

30. Smith C, Curtis K, Bonham A, Boyer S, Lenz L, Weinberg A. 2025. 
Comparison of immune responses to respiratory syncytial virus in 
infancy, childhood, and adulthood using an in vitro model of human 
respiratory infection. Immunohorizons 9:vlae010. https://doi.org/10.10
93/immhor/vlae010

31. Yoshida M, Worlock KB, Huang N, Lindeboom RGH, Butler CR, Kumasaka 
N, Dominguez Conde C, Mamanova L, Bolt L, Richardson L, et al. 2022. 
Local and systemic responses to SARS-CoV-2 infection in children and 
adults. Nature 602:321–327. https://doi.org/10.1038/s41586-021-04345
-x

32. Marchant A, Goldman M. 2005. T cell-mediated immune responses in 
human newborns: ready to learn? Clin Exp Immunol 141:10–18. https://
doi.org/10.1111/j.1365-2249.2005.02799.x

33. Thompson SC. 1994. Infectious diarrhoea in children: controlling 
transmission in the child care setting. J Paediatr Child Health 30:210–
219. https://doi.org/10.1111/j.1440-1754.1994.tb00621.x

34. Bologna C. 2023. Help! My kid started nursery and now they’re always 
sick. Hu�Post UK. Available from: https://www.hu�ngtonpost.co.uk/en

try/help-my-kid-started-nursery-and-now-theyre-always-sick_uk_64fb0

ee4e4b08305f88fd9ee. Retrieved 29 Aug 2025.
35. Teros-Jaakkola T, Toivonen L, Schuez-Havupalo L, Karppinen S, 

Julkunen I, Waris M, Peltola V. 2019. In�uenza virus infections from 0 to 
2 years of age: a birth cohort study. J Microbiol Immunol Infect 52:526–
533. https://doi.org/10.1016/j.jmii.2017.10.007

36. Bodewes R, de Mutsert G, van der Klis FRM, Ventresca M, Wilks S, Smith 
DJ, Koopmans M, Fouchier RAM, Osterhaus ADME, Rimmelzwaan GF. 
2011. Prevalence of antibodies against seasonal in�uenza A and B 
viruses in children in Netherlands. Clin Vaccine Immunol 18:469–476. ht
tps://doi.org/10.1128/CVI.00396-10

37. Sarna M, Ware RS, Sloots TP, Nissen MD, Grimwood K, Lambert SB. 2016. 
The burden of community-managed acute respiratory infections in the 
�rst 2-years of life: acute respiratory infections in the �rst 2-years of life. 
Pediatr Pulmonol 51:1336–1346. https://doi.org/10.1002/ppul.23480

38. UKHSA. Respiratory syncytial virus (RSV): symptoms, transmission, 
prevention, treatment. GOVUK. Available from: https://www.gov.uk/go
vernment/publications/respiratory-syncytial-virus-rsv-symptoms-trans
mission-prevention-treatment/respiratory-syncytial-virus-rsv-symptom
s-transmission-prevention-treatment. Retrieved 29 Aug 2025.

39. Zylbersztejn A, Pembrey L, Goldstein H, Berbers G, Schepp R, van der 
Klis F, Sande C, Mason D, Wright J, Smyth R, Hardelid P. 2021. 
Respiratory syncytial virus in young children: community cohort study 
integrating serological surveys, questionnaire and electronic health 
records, born in Bradford cohort, England, 2008 to 2013. Euro Surveill 
26:2000023. https://doi.org/10.2807/1560-7917.ES.2021.26.6.2000023

40. Public Health England. Human parain�uenza viruses: clinical and public 
health management. GOVUK. Available from: https://www.gov.uk/guid
ance/human-parain�uenza-viruses-clinical-and-public-health-manage

ment. Retrieved 29 Aug 2025.
41. Zhao H, Harris RJ, Ellis J, Donati M, Pebody RG. 2017. Epidemiology of 

parain�uenza infection in England and Wales, 1998–2013: any evidence 
of change? Epidemiol Infect 145:1210–1220. https://doi.org/10.1017/S0
95026881600323X

42. Williams JV, Harris PA, Tollefson SJ, Halburnt-Rush LL, Pingsterhaus JM, 
Edwards KM, Wright PF, Crowe JE. 2004. Human metapneumovirus and 
lower respiratory tract disease in otherwise healthy infants and 
children. N Engl J Med 350:443–450. https://doi.org/10.1056/NEJMoa02
5472

43. Kantola K, Hedman L, Arthur J, Alibeto A, Delwart E, Jartti T, Ruuskanen 
O, Hedman K, Söderlund-Venermo M. 2011. Seroepidemiology of 
human bocaviruses 1-4. J Infect Dis 204:1403–1412. https://doi.org/10.1
093/infdis/jir525

44. Karalar L, Lindner J, Schimanski S, Kertai M, Segerer H, Modrow S. 2010. 
Prevalence and clinical aspects of human bocavirus infection in 
children. Clin Microbiol Infect 16:633–639. https://doi.org/10.1111/j.146
9-0691.2009.02889.x

45. Byington CL, Ampofo K, Stockmann C, Adler FR, Herbener A, Miller T, 
Sheng X, Blaschke AJ, Crisp R, Pavia AT. 2015. Community surveillance 
of respiratory viruses among families in the Utah better identi�cation of 
germs-longitudinal viral epidemiology (BIG-LoVE) study. Clin Infect Dis 
61:1217–1224. https://doi.org/10.1093/cid/civ486

46. De Thoisy A, Woudenberg T, Pelleau S, Donnadieu F, Garcia L, Pinaud L, 
Tondeur L, Meola A, Arowas L, Clement N, Backovic M, Ungeheuer M-N, 
Fontanet A, White M, COVID-Oise and SeroPed study teams. 2023. 
Seroepidemiology of the seasonal human coronaviruses NL63, 229E, 
OC43 and HKU1 in France. Open Forum Infect Dis 10:ofad340. https://d
oi.org/10.1093/o�d/ofad340

47. Files MA, Gentles L, Kehoe L, Adler A, Lacombe K, Dickerson JA, 
Greninger A, Waghmare A, Fairlie T, Pringle K, Midgley CM, Hagen MB, 
Englund JA, Seshadri C. 2024. Kinetics and durability of antibody and T-
cell responses to SARS-CoV-2 in children. J Infect Dis 230:889–900. https
://doi.org/10.1093/infdis/jiae301

48. Aiano F, McOwat K, Obi C, Powell AA, Flood J, Bhardwaj S, Stoker K, 
Haskins D, Wong B, Bertran M, Zavala M, Bosowski J, Jones SEI, Amin-
Chowdhury Z, Coughlan L, Sinnathamby M, Zaidi A, Merrick R, Zhao H, 
Ismail S, Ramsay ME, Ladhani SN, Saliba V. 2022. A cross-sectional 
national investigation of COVID-19 outbreaks in nurseries during rapid 
spread of the Alpha (B.1.1.7) variant of SARS-CoV-2 in England. BMC 
Public Health 22:1845. https://doi.org/10.1186/s12889-022-14228-z

49. Nickbakhsh S, Thorburn F, VON Wissmann B, McMENAMIN J, Gunson 
RN, Murcia PR. 2016. Extensive multiplex PCR diagnostics reveal new 
insights into the epidemiology of viral respiratory infections. Epidemiol 
Infect 144:2064–2076. https://doi.org/10.1017/S0950268816000339

50. Varghese L, Zachariah P, Vargas C, LaRussa P, Demmer RT, Furuya YE, 
Whittier S, Reed C, Stockwell MS, Saiman L. 2018. Epidemiology and 
clinical features of human coronaviruses in the pediatric population. J 
Pediatric Infect Dis Soc 7:151–158. https://doi.org/10.1093/jpids/pix027

51. Martin EK, Kuypers J, Chu HY, Fairchok M, Martin ET, Englund JA. 2014. 
796Transmission of human rhinovirus genotypes among childcare 
attendees. Open Forum Infect Dis 1:S226–S226. https://doi.org/10.1093
/o�d/ofu052.504

52. Martin ET, Kuypers J, Chu HY, Foote S, Hashikawa A, Fairchok MP, 
Englund JA. 2018. Heterotypic infection and spread of rhinovirus A, B, 
and C among childcare attendees. J Infect Dis 218:848–855. https://doi.
org/10.1093/infdis/jiy232

53. Mustafa H, Palombo EA, Bishop RF. 2000. Epidemiology of astrovirus 
infection in young children hospitalized with acute gastroenteritis in 
Melbourne, Australia, over a period of four consecutive years, 1995 to 
1998. J Clin Microbiol 38:1058–1062. https://doi.org/10.1128/JCM.38.3.
1058-1062.2000

54. Pijnacker R, Mangen M-JJ, van den Bunt G, Franz E, van Pelt W, Mughini-
Gras L. 2019. Incidence and economic burden of community-acquired 
gastroenteritis in the Netherlands: does having children in the 
household make a di�erence? PLoS One 14:e0217347. https://doi.org/1
0.1371/journal.pone.0217347

55. Caddy SL, Vaysburd M, Wing M, Foss S, Andersen JT, O‘Connell K, Mayes 
K, Higginson K, Iturriza-Gómara M, Desselberger U, James LC. 2020. 
Intracellular neutralisation of rotavirus by VP6-speci�c IgG. PLoS Pathog 
16:e1008732. https://doi.org/10.1371/journal.ppat.1008732

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 24

https://doi.org/10.1086/323346
https://doi.org/10.1093/ofid/ofaf599
https://doi.org/10.1016/j.vaccine.2018.08.056
https://doi.org/10.1002/JLB.MR0518-204RR
https://doi.org/10.1128/IAI.70.12.6583-6588.2002
https://doi.org/10.1038/nri3277
https://doi.org/10.1183/09031936.99.14511989
https://doi.org/10.1001/jamapediatrics.2015.1387
https://doi.org/10.1093/immhor/vlae010
https://doi.org/10.1038/s41586-021-04345-x
https://doi.org/10.1111/j.1365-2249.2005.02799.x
https://doi.org/10.1111/j.1440-1754.1994.tb00621.x
https://www.huffingtonpost.co.uk/entry/help-my-kid-started-nursery-and-now-theyre-always-sick_uk_64fb0ee4e4b08305f88fd9ee
https://doi.org/10.1016/j.jmii.2017.10.007
https://doi.org/10.1128/CVI.00396-10
https://doi.org/10.1002/ppul.23480
https://www.gov.uk/government/publications/respiratory-syncytial-virus-rsv-symptoms-transmission-prevention-treatment/respiratory-syncytial-virus-rsv-symptoms-transmission-prevention-treatment
https://doi.org/10.2807/1560-7917.ES.2021.26.6.2000023
https://www.gov.uk/guidance/human-parainfluenza-viruses-clinical-and-public-health-management
https://doi.org/10.1017/S095026881600323X
https://doi.org/10.1056/NEJMoa025472
https://doi.org/10.1093/infdis/jir525
https://doi.org/10.1111/j.1469-0691.2009.02889.x
https://doi.org/10.1093/cid/civ486
https://doi.org/10.1093/ofid/ofad340
https://doi.org/10.1093/infdis/jiae301
https://doi.org/10.1186/s12889-022-14228-z
https://doi.org/10.1017/S0950268816000339
https://doi.org/10.1093/jpids/pix027
https://doi.org/10.1093/ofid/ofu052.504
https://doi.org/10.1093/infdis/jiy232
https://doi.org/10.1128/JCM.38.3.1058-1062.2000
https://doi.org/10.1371/journal.pone.0217347
https://doi.org/10.1371/journal.ppat.1008732
https://doi.org/10.1128/cmr.00253-25


56. Atchison CJ, Stowe J, Andrews N, Collins S, Allen DJ, Nawaz S, Brown D, 
Ramsay ME, Ladhani SN. 2016. Rapid declines in age group-speci�c 
rotavirus infection and acute gastroenteritis among vaccinated and 
unvaccinated individuals within 1 year of rotavirus vaccine introduction 
in England and Wales. J Infect Dis 213:243–249. https://doi.org/10.1093
/infdis/jiv398

57. O’Brien SJ, Donaldson AL, Iturriza-Gomara M, Tam CC. 2016. Age-
speci�c incidence rates for norovirus in the community and presenting 
to primary healthcare facilities in the United Kingdom. J Infect Dis 
213:S15–S18. https://doi.org/10.1093/infdis/jiv411

58. Payne DC, Vinjé J, Szilagyi PG, Edwards KM, Staat MA, Weinberg GA, Hall 
CB, Chappell J, Bernstein DI, Curns AT, Wikswo M, Shirley SH, Hall AJ, 
Lopman B, Parashar UD. 2013. Norovirus and medically attended 
gastroenteritis in U.S. children. N Engl J Med 368:1121–1130. https://doi
.org/10.1056/NEJMsa1206589

59. Maltbie S. HilleVax reports topline data from NEST-IN1 phase 2b clinical 
study of HIL-214 in infants. HilleVax, Inc. Available from: https://ir.hilleva
x.com/news-releases/news-release-details/hillevax-reports-topline-dat
a-nest-in1-phase-2b-clinical-study. Retrieved 29 Aug 2025. Accessed 
August 29, 2025

60. Villabruna N, Izquierdo-Lara RW, Schapendonk CME, de Bruin E, 
Chandler F, Thao TTN, Westerhuis BM, van Beek J, Sigfrid L, Giaquinto C, 
Goossens H, Bielicki JA, Kohns Vasconcelos M, Fraaij PLA, Koopmans 
MPG, de Graaf M. 2022. Pro�ling of humoral immune responses to 
norovirus in children across Europe. Sci Rep 12:14275. https://doi.org/1
0.1038/s41598-022-18383-6

61. Diez-Valcarce M, Cannon JL, Browne H, Nguyen K, Harrison CJ, Mo�att 
ME, Weltmer K, Lee BR, Hassan F, Dhar D, Wikswo ME, Payne DC, Curns 
AT, Selvarangan R, Vinjé J. 2025. Prevalence and genetic diversity of 
adenovirus 40/41, astrovirus, and sapovirus in children with acute 
gastroenteritis in Kansas City, 2011–2016. J Infect Dis 231:186–195. http
s://doi.org/10.1093/infdis/jiae251

62. Becker-Dreps S, González F, Bucardo F. 2020. Sapovirus: an emerging 
cause of childhood diarrhea. Curr Opin Infect Dis 33:388–397. https://d
oi.org/10.1097/QCO.0000000000000671

63. Chhabra P, Payne DC, Szilagyi PG, Edwards KM, Staat MA, Shirley SH, 
Wikswo M, Nix WA, Lu X, Parashar UD, Vinjé J. 2013. Etiology of viral 
gastroenteritis in children <5 years of age in the United States, 2008–
2009. J Infect Dis 208:790–800. https://doi.org/10.1093/infdis/jit254

64. Humphries RM, Linscott AJ. 2015. Practical guidance for clinical 
microbiology laboratories: diagnosis of bacterial gastroenteritis. Clin 
Microbiol Rev 28:3–31. https://doi.org/10.1128/CMR.00073-14

65. Kapusinszky B, Minor P, Delwart E. 2012. Nearly constant shedding of 
diverse enteric viruses by two healthy infants. J Clin Microbiol 50:3427–
3434. https://doi.org/10.1128/JCM.01589-12

66. Mihala G, Grimwood K, Lambert SB, Ware RS. 2022. The initial timing 
and burden of viral gastrointestinal infections in Australian infants. J 
Pediatr Gastroenterol Nutr 74:e27–e30. https://doi.org/10.1097/MPG.00
00000000003309

67. Hasso-Agopsowicz M, Ladva CN, Lopman B, Sanderson C, Cohen AL, 
Tate JE, Riveros X, Henao-Restrepo AM, Clark A, Global Rotavirus 
Surveillance Network and Rotavirus Age Study Collaborators. 2019. 
Global review of the age distribution of rotavirus disease in children 
aged <5 years before the introduction of rotavirus vaccination. Clin 
Infect Dis 69:1071–1078. https://doi.org/10.1093/cid/ciz060

68. Fang Z, Sun Y, Ye X, Wang H, Zhang Q, Duan Z, X i J, Steele D, Glass R. 
2006. Astrovirus infection among hospitalized children with acute 
diarrhea in seven regions of China, 1998-2005. Zhonghua Liu Xing Bing 
Xue Za Zhi 27:673–676.

69. Bucardo F, Mallory ML, González F, Reyes Y, Vielot NA, Yount BL, Sims 
AC, Nguyen C, Cross K, Toval-Ruíz C, Gutiérrez L, Vinjé J, Baric RS, 
Lindesmith LC, Becker-Dreps S. 2025. Charting the impact of maternal 
antibodies and repeat exposures on sapovirus immunity in early 
childhood from a Nicaraguan Birth Cohort. J Infect Dis 231:480–489. htt
ps://doi.org/10.1093/infdis/jiae368

70. Balachandran N, Mattison CP, Calderwood LE, Burke RM, Schmidt MA, 
Donald J, Mirza SA. 2023. Household transmission of viral acute 
gastroenteritis among participants within an integrated health care 
delivery system, 2014–2016. Open Forum Infect Dis 10:ofad619. https://
doi.org/10.1093/o�d/ofad619

71. Teunis PFM, Moe CL, Liu P, E. Miller S, Lindesmith L, Baric RS, Le Pendu J, 
Calderon RL. 2008. Norwalk virus: how infectious is it? J Med Virol 
80:1468–1476. https://doi.org/10.1002/jmv.21237

72. Ward RL, Bernstein DI, Young EC, Sherwood JR, Knowlton DR, Schi� GM. 
1986. Human rotavirus studies in volunteers: determination of 
infectious dose and serological response to infection. J Infect Dis 
154:871–880. https://doi.org/10.1093/infdis/154.5.871

73. de Lusignan S, Sherlock J, Ferreira F, O’Brien S, Joy M. 2020. Household 
presentation of acute gastroenteritis in a primary care sentinel network: 
retrospective database studies. BMC Public Health 20:445. https://doi.or
g/10.1186/s12889-020-08525-8

74. UKHSA. National norovirus and rotavirus report, week 23 report: data to 
week 21 (data up to 25 May 2025). GOVUK. Available from: https://www
.gov.uk/government/statistics/national-norovirus-and-rotavirus-surveill
ance-reports-2024-to-2025-season/national-norovirus-and-rotavirus-re
port-week-23-report-data-to-week-21-data-up-to-25-may-2025. 
Retrieved 29 Aug 2025

75. Bollaerts K, Riera-Montes M, Heininger U, Hens N, Souverain A, 
Verstraeten T, Hartwig S. 2017. A systematic review of varicella 
seroprevalence in European countries before universal childhood 
immunization: deriving incidence from seroprevalence data. Epidemiol 
Infect 145:2666–2677. https://doi.org/10.1017/S0950268817001546

76. Walker JL, Andrews NJ, Mathur R, Smeeth L, Thomas SL. 2017. Trends in 
the burden of varicella in UK general practice. Epidemiol Infect 
145:2678–2682. https://doi.org/10.1017/S0950268817001649

77. Bardsley M, Loveridge P, Bednarska NG, Smith S, Morbey RA, 
Amirthalingam G, Elson WH, Bates C, de Lusignan S, Todkill D, Elliot AJ. 
2023. The epidemiology of chickenpox in England, 2016–2022: an 
observational study using general practitioner consultations. Viruses 
15:2163. https://doi.org/10.3390/v15112163

78. Pembrey L, Waiblinger D, Gri�ths P, Patel M, Azad R, Wright J. 2017. 
Cytomegalovirus, Epstein-Barr virus and varicella zoster virus infection 
in the �rst two years of life: a cohort study in Bradford, UK. BMC Infect 
Dis 17:220. https://doi.org/10.1186/s12879-017-2319-7

79. Cohen BJ, Buckley MM. 1988. The prevalence of antibody to human 
parvovirus B 19 in England and Wales. J Med Microbiol 25:151–153. htt
ps://doi.org/10.1099/00222615-25-2-151

80. Mossong J, Hens N, Friederichs V, Davidkin I, Broman M, Litwinska B, 
Siennicka J, Trzcinska A, Van Damme P, Beutels P, Vyse A, Shkedy Z, 
Aerts M, Massari M, Gabutti G. 2008. Parvovirus B19 infection in �ve 
European countries: seroepidemiology, force of infection and maternal 
risk of infection. Epidemiol Infect 136:1059–1068. https://doi.org/10.10
17/S0950268807009661

81. Enders G, Biber M, Meyer G, Helftenbein E. 1990. Prevalence of 
antibodies to human herpesvirus 6 in di�erent age groups, in children 
with exanthema subitum, other acute exanthematous childhood 
diseases, Kawasaki syndrome, and acute infections with other 
herpesviruses and HIV. Infection 18:12–15. https://doi.org/10.1007/BF0
1644173

82. Zerr DM, Meier AS, Selke SS, Frenkel LM, Huang M-L, Wald A, Rhoads 
MP, Nguy L, Bornemann R, Morrow RA, Corey L. 2005. A population-
based study of primary human herpesvirus 6 infection. N Engl J Med 
352:768–776. https://doi.org/10.1056/NEJMoa042207

83. Thäder-Voigt A, Jacobs E, Lehmann W, Bandt D. 2011. Development of a 
microwell adapted immunoblot system with recombinant antigens for 
distinguishing human herpesvirus (HHV)6A and HHV6B and detection 
of human cytomegalovirus. Clin Chem Lab Med 49:1891–1898. https://
doi.org/10.1515/CCLM.2011.666

84. Hall CB, Caserta MT, Schnabel KC, McDermott MP, Lofthus GK, 
Carnahan JA, Gilbert LM, Dewhurst S. 2006. Characteristics and 
acquisition of human herpesvirus (HHV) 7 infections in relation to 
infection with HHV-6. J Infect Dis 193:1063–1069. https://doi.org/10.108
6/503434

85. Caserta MT, Hall CB, Schnabel K, Long CE, D’Heron N. 1998. Primary 
human herpesvirus 7 infection: a comparison of human herpesvirus 7 
and human herpesvirus 6 infections in children. J Pediatr 133:386–389. 
https://doi.org/10.1016/s0022-3476(98)70275-6

86. Huang L-M, Lee C-Y, Liu M-Y, Lee P-I. 1997. Primary infections of human 
herpesvirus-7 and herpesvirus-6: a comparative, longitudinal study up 
to 6 years of age. Acta Paediatr 86:604–608. https://doi.org/10.1111/j.16
51-2227.1997.tb08942.x

87. Levy JA, Ferro F, Greenspan D, Lennette ET. 1990. Frequent isolation of 
HHV-6 from saliva and high seroprevalence of the virus in the 
population. Lancet 335:1047–1050. https://doi.org/10.1016/0140-6736(
90)92628-U

88. Mirand A, Cohen R, Bisseux M, Tomba S, Sellem FC, Gelbert N, Béchet S, 
Frandji B, Archimbaud C, Brebion A, Chabrolles H, Regagnon C, Levy C, 

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 25

https://doi.org/10.1093/infdis/jiv398
https://doi.org/10.1093/infdis/jiv411
https://doi.org/10.1056/NEJMsa1206589
https://ir.hillevax.com/news-releases/news-release-details/hillevax-reports-topline-data-nest-in1-phase-2b-clinical-study
https://doi.org/10.1038/s41598-022-18383-6
https://doi.org/10.1093/infdis/jiae251
https://doi.org/10.1097/QCO.0000000000000671
https://doi.org/10.1093/infdis/jit254
https://doi.org/10.1128/CMR.00073-14
https://doi.org/10.1128/JCM.01589-12
https://doi.org/10.1097/MPG.0000000000003309
https://doi.org/10.1093/cid/ciz060
https://doi.org/10.1093/infdis/jiae368
https://doi.org/10.1093/ofid/ofad619
https://doi.org/10.1002/jmv.21237
https://doi.org/10.1093/infdis/154.5.871
https://doi.org/10.1186/s12889-020-08525-8
https://www.gov.uk/government/statistics/national-norovirus-and-rotavirus-surveillance-reports-2024-to-2025-season/national-norovirus-and-rotavirus-report-week-23-report-data-to-week-21-data-up-to-25-may-2025
https://doi.org/10.1017/S0950268817001546
https://doi.org/10.1017/S0950268817001649
https://doi.org/10.3390/v15112163
https://doi.org/10.1186/s12879-017-2319-7
https://doi.org/10.1099/00222615-25-2-151
https://doi.org/10.1017/S0950268807009661
https://doi.org/10.1007/BF01644173
https://doi.org/10.1056/NEJMoa042207
https://doi.org/10.1515/CCLM.2011.666
https://doi.org/10.1086/503434
https://doi.org/10.1016/s0022-3476(98)70275-6
https://doi.org/10.1111/j.1651-2227.1997.tb08942.x
https://doi.org/10.1016/0140-6736(90)92628-U
https://doi.org/10.1128/cmr.00253-25


Bailly J-L, Henquell C. 2021. A large-scale outbreak of hand, foot and 
mouth disease, France, as at 28 September 2021. Euro Surveill 
26:2100978. https://doi.org/10.2807/1560-7917.ES.2021.26.43.2100978

89. Bednarska NG, Smith S, Bardsley M, Loveridge P, Byford R, Elson WH, 
Hughes HE, de Lusignan S, Todkill D, Elliot AJ. 2025. Trends in general 
practitioner consultations for hand foot and mouth disease in England 
between 2017 and 2022. Epidemiol Infect 153:e22. https://doi.org/10.1
017/S095026882400181X

90. Kamau E, Nguyen D, Celma C, Blomqvist S, Horby P, Simmonds P, 
Harvala H. 2021. Seroprevalence and virologic surveillance of 
enterovirus 71 and Coxsackievirus A6, United Kingdom, 2006-2017. 
Emerg Infect Dis 27:2261–2268. https://doi.org/10.3201/eid2709.20491
5

91. Kamau E, Lambert B, Allen DJ, Celma C, Beard S, Harvala H, Simmonds 
P, Grassly NC, Pons-Salort M. 2024. Enterovirus A71 and coxsackievirus 
A6 circulation in England, UK, 2006–2017: a mathematical modelling 
study using cross-sectional seroprevalence data. PLOS Pathog 
20:e1012703. https://doi.org/10.1371/journal.ppat.1012703

92. Herdman MT, Cordery R, Karo B, Purba AK, Begum L, Lamagni T, Kee C, 
Balasegaram S, Sriskandan S. 2021. Clinical management and impact of 
scarlet fever in the modern era: �ndings from a cross-sectional study of 
cases in London, 2018–2019. BMJ Open 11:e057772. https://doi.org/10.
1136/bmjopen-2021-057772

93. Lamagni T, Guy R, Chand M, Henderson KL, Chalker V, Lewis J, Saliba V, 
Elliot AJ, Smith GE, Rushton S, Sheridan EA, Ramsay M, Johnson AP. 
2018. Resurgence of scarlet fever in England, 2014–16: a population-
based surveillance study. Lancet Infect Dis 18:180–187. https://doi.org/
10.1016/S1473-3099(17)30693-X

94. Bowen AC, Mahé A, Hay RJ, Andrews RM, Steer AC, Tong SYC, Carapetis 
JR. 2015. The global epidemiology of impetigo: a systematic review of 
the population prevalence of impetigo and pyoderma. PLoS One 
10:e0136789. https://doi.org/10.1371/journal.pone.0136789

95. Barbieri E, Porcu G, Dona’ D, Falsetto N, Biava M, Scamarcia A, Cantarutti 
L, Cantarutti A, Giaquinto C. 2022. Non-bullous impetigo: incidence, 
prevalence, and treatment in the pediatric primary care setting in Italy. 
Front Pediatr 10:753694. https://doi.org/10.3389/fped.2022.753694

96. Mohammedamin RSA, van der Wouden JC, Koning S, van der Linden 
MW, Schellevis FG, van Suijlekom-Smit LWA, Koes BW. 2006. Increasing 
incidence of skin disorders in children? A comparison between 1987 
and 2001. BMC Dermatol 6:4. https://doi.org/10.1186/1471-5945-6-4

97. Tanaka K, Kondo T, Torigoe S, Okada S, Mukai T, Yamanishi K. 1994. 
Human herpesvirus 7: another causal agent for roseola (exanthem 
subitum). J Pediatr 125:1–5. https://doi.org/10.1016/s0022-3476(94)701
13-x

98. Laupland KB, Davies HD, Low DE, Schwartz B, Green K, McGeer A, the 
Ontario Group A Streptococcal Study Group. 2000. Invasive group A 
streptococcal disease in children and association with varicella-zoster 
virus infection. Pediatrics 105:E60. https://doi.org/10.1542/peds.105.5.e
60

99. Agüero J, Ortega-Mendi M, Eliecer Cano M, González de Aledo A, Calvo 
J, Viloria L, Mellado P, Pelayo T, Fernández-Rodríguez A, Martínez-
Martínez L. 2008. Outbreak of invasive group A streptococcal disease 
among children attending a day-care center. Pediatr Infect Dis J 
27:602–604. https://doi.org/10.1097/INF.0b013e31816a0e0a

100. Cordery R, Purba AK, Begum L, Mills E, Mosavie M, Vieira A, Jauneikaite 
E, Leung RCY, Siggins MK, Ready D, Ho�man P, Lamagni T, Sriskandan 
S. 2022. Frequency of transmission, asymptomatic shedding, and 
airborne spread of Streptococcus pyogenes in schoolchildren exposed to 
scarlet fever: a prospective, longitudinal, multicohort, molecular 
epidemiological, contact-tracing study in England, UK. Lancet Microbe 
3:e366–e375. https://doi.org/10.1016/S2666-5247(21)00332-3

101. Loadsman MEN, Verheij TJM, van der Velden AW. 2019. Impetigo 
incidence and treatment: a retrospective study of Dutch routine 
primary care data. Fam Pract 36:410–416. https://doi.org/10.1093/famp
ra/cmy104

102. Schuez-Havupalo L, Toivonen L, Karppinen S, Kaljonen A, Peltola V. 
2017. Daycare attendance and respiratory tract infections: a prospec­
tive birth cohort study. BMJ Open 7:e014635. https://doi.org/10.1136/b
mjopen-2016-014635

103. Powell E, Sumner E, Shaw AG, Calvez R, Fink CG, Kroll JS. 2022. The 
temporal pattern and lifestyle associations of respiratory virus infection 
in a cohort study spanning the �rst two years of life. BMC Pediatr 
22:166. https://doi.org/10.1186/s12887-022-03215-3

104. DeJonge PM, Monto AS, Malosh RE, Petrie JG, Callear A, Segalo� HE, 
Truscon R, Johnson E, Cheng B, Cranis M, Tiseo K, Foote S, Musci A, 
Martin ET. 2023. Comparing the etiology of viral acute respiratory 
illnesses between children who do and do not attend childcare. Pediatr 
Infect Dis J 42:443–448. https://doi.org/10.1097/INF.0000000000003884

105. Kamper-Jørgensen M, Wohlfahrt J, Simonsen J, Grønbaek M, Benn CS. 
2006. Population-based study of the impact of childcare attendance on 
hospitalizations for acute respiratory infections. Pediatrics 118:1439–
1446. https://doi.org/10.1542/peds.2006-0373

106. Monto AS, Malosh RE, Petrie JG, Thompson MG, Ohmit SE. 2014. 
Frequency of acute respiratory illnesses and circulation of respiratory 
viruses in households with children over 3 surveillance seasons. J Infect 
Dis 210:1792–1799. https://doi.org/10.1093/infdis/jiu327

107. Lu N, Samuels ME, Shi L, Baker SL, Glover SH, Sanders JM. 2004. Child 
day care risks of common infectious diseases revisited. Child Care 
Health Dev 30:361–368. https://doi.org/10.1111/j.1365-2214.2004.0041
1.x

108. Hullegie S, Bruijning-Verhagen P, Uiterwaal CSPM, van der Ent CK, Smit 
HA, de Hoog MLA. 2016. First-year daycare and incidence of acute 
gastroenteritis. Pediatrics 137:e20153356. https://doi.org/10.1542/peds.
2015-3356

109. Kamper-Jørgensen M, Andersen LG, Simonsen J, Sørup S. 2008. Child 
care is not a substantial risk factor for gastrointestinal infection 
hospitalization. Pediatrics 122:e1168-73. https://doi.org/10.1542/peds.2
008-1757

110. Hebbelstrup Jensen B, Jokelainen P, Nielsen ACY, Franck KT, Rejkjær 
Holm D, Schønning K, Petersen AM, Krogfelt KA. 2019. Children 
attending day care centers are a year-round reservoir of gastrointestinal 
viruses. Sci Rep 9:3286. https://doi.org/10.1038/s41598-019-40077-9

111. Smoll NR, Khan A, Walker J, McMahon J, Kirk M, Khandaker G. 2021. A 
norovirus gastroenteritis outbreak in an Australian child-care center: a 
household-level analysis. PLoS One 16:e0259145. https://doi.org/10.137
1/journal.pone.0259145

112. Conrad D, Dee K, Keenan A, Vivancos R. 2013. The role of household 
transmission in an outbreak of viral gastroenteritis in a primary school 
in Liverpool, England. Public Health 127:882–884. https://doi.org/10.10
16/j.puhe.2013.05.011

113. Wiese-Posselt M, Siedler A, Mankertz A, Sauerbrei A, Hengel H, 
Wichmann O, Poethko-Müller C. 2017. Varicella-zoster virus seropreva­
lence in children and adolescents in the pre-varicella vaccine era, 
Germany. BMC Infect Dis 17:356. https://doi.org/10.1186/s12879-017-2
461-2

114. Freitas RB, Monteiro TA, Linhares AC. 2000. Outbreaks of human-herpes 
virus 6 (HHV-6) infection in day-care centers in Belém, Pará, Brazil. Rev 
Inst Med Trop Sao Paulo 42:305–311. https://doi.org/10.1590/s0036-46
652000000600002

115. Suzuki Y, Taya K, Nakashima K, Ohyama T, Kobayashi JM, Ohkusa Y, 
Okabe N. 2010. Risk factors for severe hand foot and mouth disease. 
Pediatr Int 52:203–207. https://doi.org/10.1111/j.1442-200X.2009.02937
.x

116. Graichen J. 2021. Infectious illnesses of young children: �nancial 
burden for rich countries - a literature review. Eur J Public Health 
31:514. https://doi.org/10.1093/eurpub/ckab165.514

117. Lambert SB, Allen KM, Carter RC, Nolan TM. 2008. The cost of 
community-managed viral respiratory illnesses in a cohort of healthy 
preschool-aged children. Respir Res 9:11. https://doi.org/10.1186/1465-
9921-9-11

118. Yin JK, Salkeld G, Lambert SB, Dierig A, Heron L, Leask J, Yui Kwan Chow 
M, Booy R. 2013. Estimates and determinants of economic impacts from 
in�uenza-like illnesses caused by respiratory viruses in Australian 
children attending childcare: a cohort study. In�uenza Other Respir 
Viruses 7:1103–1112. https://doi.org/10.1111/irv.12138

119. Mughini-Gras L, Pijnacker R, Heusinkveld M, Enserink R, Zuidema R, 
Duizer E, Kortbeek T, van Pelt W. 2016. Societal burden and correlates 
of acute gastroenteritis in families with preschool children. Sci Rep 
6:22144. https://doi.org/10.1038/srep22144

120. Wittenberg R, Damant J, Rehill A, Knapp M, Adeyemi T, Matthews I. 
2025. Estimated value of productivity lost due to childhood chickenpox 
in the United Kingdom: a survey of parents. Expert Rev Pharmacoecon 
Outcomes Res 25:197–203. https://doi.org/10.1080/14737167.2024.241
0257

121. Samant S, Haas H, Santos J, Mink DR, Pitman R, Petigara T, Pawaskar M. 
2024. The economic burden of varicella among children in France: a 

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 26

https://doi.org/10.2807/1560-7917.ES.2021.26.43.2100978
https://doi.org/10.1017/S095026882400181X
https://doi.org/10.3201/eid2709.204915
https://doi.org/10.1371/journal.ppat.1012703
https://doi.org/10.1136/bmjopen-2021-057772
https://doi.org/10.1016/S1473-3099(17)30693-X
https://doi.org/10.1371/journal.pone.0136789
https://doi.org/10.3389/fped.2022.753694
https://doi.org/10.1186/1471-5945-6-4
https://doi.org/10.1016/s0022-3476(94)70113-x
https://doi.org/10.1542/peds.105.5.e60
https://doi.org/10.1097/INF.0b013e31816a0e0a
https://doi.org/10.1016/S2666-5247(21)00332-3
https://doi.org/10.1093/fampra/cmy104
https://doi.org/10.1136/bmjopen-2016-014635
https://doi.org/10.1186/s12887-022-03215-3
https://doi.org/10.1097/INF.0000000000003884
https://doi.org/10.1542/peds.2006-0373
https://doi.org/10.1093/infdis/jiu327
https://doi.org/10.1111/j.1365-2214.2004.00411.x
https://doi.org/10.1542/peds.2015-3356
https://doi.org/10.1542/peds.2008-1757
https://doi.org/10.1038/s41598-019-40077-9
https://doi.org/10.1371/journal.pone.0259145
https://doi.org/10.1016/j.puhe.2013.05.011
https://doi.org/10.1186/s12879-017-2461-2
https://doi.org/10.1590/s0036-46652000000600002
https://doi.org/10.1111/j.1442-200X.2009.02937.x
https://doi.org/10.1093/eurpub/ckab165.514
https://doi.org/10.1186/1465-9921-9-11
https://doi.org/10.1111/irv.12138
https://doi.org/10.1038/srep22144
https://doi.org/10.1080/14737167.2024.2410257
https://doi.org/10.1128/cmr.00253-25


caregiver survey. Eur J Pediatr 183:5233–5243. https://doi.org/10.1007/s
00431-024-05763-5

122. Carter EC, Hill H, Solórzano C, Kerruish L, McLellan L, Dodd J, Smith AB, 
Joseph A, Lewis D, Fyles F, et al. 2025. High respiratory syncytial virus 
burden in children under 3 years of age across all care levels in England. 
medRxiv. https://doi.org/10.1101/2025.07.14.25331490

123. Chow MYK, Morrow AM, Booy R, Leask J. 2013. Impact of children’s 
in�uenza-like illnesses on parental quality of life: a qualitative study. J 
Paediatr Child Health 49:664–670. https://doi.org/10.1111/jpc.12261

124. He W-Q, Moore HC, Miller JE, Burgner DP, Swann O, Lain SJ, Nassar N. 
2025. Impact of early childhood infection on child development and 
school performance: a population-based study. J Epidemiol Commun­
ity Health 79:27–35. https://doi.org/10.1136/jech-2024-222040

125. Jaan A, Rajnik M. 2025. TORCH complex. StatPearls Publishing, Treasure 
Island (FL).

126. Radauceanu A, Bouslama M. 2020. Risks for adverse pregnancy 
outcomes and infections in daycare workers: an overview of current 
epidemiological evidence and implications for primary prevention. Int J 
Occup Med Environ Health 33:733–756. https://doi.org/10.13075/ijome
h.1896.01549

127. Morris SE, Nguyen HQ, Grijalva CG, Hanson KE, Zhu Y, Biddle JE, Meece 
JK, Halasa NB, Chappell JD, Mellis AM, Reed C, Biggersta� M, Belongia 
EA, Talbot HK, Rolfes MA. 2024. In�uenza virus shedding and 
symptoms: dynamics and implications from a multiseason household 
transmission study. PNAS Nexus 3:pgae338. https://doi.org/10.1093/pn
asnexus/pgae338

128. British Society for Immunology. 2023. A guide to childhood vaccina­
tions. British Society for Immunology

129. Shapiro ED, Marin M. 2022. The e�ectiveness of varicella vaccine: 25 
years of postlicensure experience in the United States. J Infect Dis 
226:S425–S430. https://doi.org/10.1093/infdis/jiac299

130. World Health Organisation. Table 1 summary of WHO position papers - 
recommendations for routine immunization. Available from: https://ww
w.who.int/publications/m/item/table1-summary-of-who-position-pape
rs-recommendations-for-routine-immunization. Retrieved 24 Sep 2025. 
Accessed September 24, 2025

131. Routine childhood immunisations from 1 January 2025 (babies born 
before 1 July 1553 2024). 2024. GOVUK. Available from: https://www.go
v.uk/government/publications/routine-childhood-immunisation-sched
ule/routine-childhood-immunisations-from-february-2022-born-on-or-
after-1-january-2020. Retrieved 24 Sep 2025.

132. Rader B, Walensky RP, Rogers WS, Brownstein JS. 2025. Revising US 
MMR vaccine recommendations amid changing domestic risks. JAMA 
333:1201–1202. https://doi.org/10.1001/jama.2025.3867

133. Iacobucci G. 2025. Measles: Liverpool “Tragedy” Must Be Turning Point, 
Says Nation’s Top Paediatrician. BMJ 390. https://doi.org/10.1136/bmj.r
1528

134. Amirthalingam G, Ramsay M. 2016. Should the UK introduce a universal 
childhood varicella vaccination programme? Arch Dis Child 101:2–3. htt
ps://doi.org/10.1136/archdischild-2015-308730

135. JCVI statement on a childhood varicella (chickenpox) vaccination 
programme. GOVUK. Available from: https://www.gov.uk/government/
publications/childhood-varicella-vaccination-programme-jcvi-advice-1
4-november-2023/jcvi-statement-on-a-childhood-varicella-chickenpox-
vaccination-programme. Retrieved 09 Jan 2026.

136. Jin P, Li J, Zhang X, Meng F, Zhou Y, Yao X, Gan Z, Zhu F. 2016. 
Validation and evaluation of serological correlates of protection for 
inactivated enterovirus 71 vaccine in children aged 6-35 months. Hum 
Vaccines Immunother 12:916–921. https://doi.org/10.1080/21645515.2
015.1118595

137. Lyons A, Long�eld J, Kuschner R, Straight T, Binn L, Seriwatana J, 
Reitstetter R, Froh IB, Craft D, McNabb K, Russell K, Metzgar D, Liss A, 
Sun X, Towle A, Sun W. 2008. A double-blind, placebo-controlled study 
of the safety and immunogenicity of live, oral type 4 and type 7 
adenovirus vaccines in adults. Vaccine (Auckl) 26:2890–2898. https://do
i.org/10.1016/j.vaccine.2008.03.037

138. Mouthon L, Guillevin L, Tellier Z. 2005. Intravenous immunoglobulins in 
autoimmune- or parvovirus B19-mediated pure red-cell aplasia. 
Autoimmun Rev 4:264–269. https://doi.org/10.1016/j.autrev.2004.10.00
4

139. Penkert RR, Hankins JS, Young NS, Hurwitz JL. 2020. Vaccine design 
informed by virus-induced immunity. Viral Immunol 33:342–350. https:/
/doi.org/10.1089/vim.2019.0138

140. Holmgren J, Parashar UD, Plotkin S, Louis J, Ng S-P, Desauziers E, Picot 
V, Saadatian-Elahi M. 2017. Correlates of protection for enteric vaccines. 
Vaccine (Auckl) 35:3355–3363. https://doi.org/10.1016/j.vaccine.2017.0
5.005

141. Tan M. 2025. The impact of norovirus on children and adolescents: 
implications for ongoing vaccine development. Curr Pediatr Rep 13:21. 
https://doi.org/10.1007/s40124-025-00355-9

142. Cankat S, Demael MU, Swadling L. 2019. In search of a pan-coronavirus 
vaccine: next-generation vaccine design and immune mechanisms. Cell 
Mol Immunol 21:103–118. https://doi.org/10.1038/s41423-023-01116-8

143. Belshe RB, Heineman TC, Bernstein DI, Bellamy AR, Ewell M, van der 
Most R, Deal CD. 2014. Correlate of immune protection against HSV-1 
genital disease in vaccinated women. J Infect Dis209:828–836. https://d
oi.org/10.1093/infdis/jit651

144. Habib MA, Prymula R, Carryn S, Esposito S, Henry O, Ravault S, Usonis V, 
Wysocki J, Gillard P, Povey M. 2021. Correlation of protection against 
varicella in a randomized phase III varicella-containing vaccine e�cacy 
trial in healthy infants. Vaccine (Auckl) 39:3445–3454. https://doi.org/10
.1016/j.vaccine.2021.02.074

145. Emery VC. 2013. Human herpesvirus vaccines and future directions. Am 
J Transplant 13:79–86; https://doi.org/10.1111/ajt.12007

146. Osowicki J, Azzopardi KI, Fabri L, Frost HR, Rivera-Hernandez T, Neeland 
MR, Whitcombe AL, Grobler A, Gutman SJ, Baker C, et al. 2021. A 
controlled human infection model of Streptococcus pyogenes 

pharyngitis (CHIVAS-M75): an observational, dose-�nding study. The 
Lancet Microbe 2:e291–e299. https://doi.org/10.1016/S2666-5247(20)3
0240-8

147. Ajay Castro S, Dorfmueller HC. 2023. Update on the development of 
group A Streptococcus vaccines. NPJ Vaccines 8:135. https://doi.org/10.1
038/s41541-023-00730-x

148. Flatt A, Vivancos R, French N, Quinn S, Ashton M, Decraene V, 
Hungerford D, Taylor-Robinson D. 2024. Inequalities in uptake of 
childhood vaccination in England, 2019-23: longitudinal study. BMJ 
387:e079550. https://doi.org/10.1136/bmj-2024-079550

149. Videholm S, Wallby T, Silfverdal S-A. 2021. Breastfeeding practice, 
breastfeeding policy and hospitalisations for infectious diseases in early 
and later childhood: a register-based study in Uppsala County, Sweden. 
BMJ Open 11:e046583. https://doi.org/10.1136/bmjopen-2020-046583

150. Duijts L, Jaddoe VWV, Hofman A, Moll HA. 2010. Prolonged and 
exclusive breastfeeding reduces the risk of infectious diseases in 
infancy. Pediatrics 126:e18–e25. https://doi.org/10.1542/peds.2008-325
6

151. Duijts L, Ramadhani MK, Moll HA. 2009. Breastfeeding protects against 
infectious diseases during infancy in industrialized countries. A 
systematic review. Matern Child Nutr 5:199–210. https://doi.org/10.111
1/j.1740-8709.2008.00176.x

152. Frank NM, Lynch KF, Uusitalo U, Yang J, Lönnrot M, Virtanen SM, Hyöty 
H, Norris JM, TEDDY Study Group. 2019. The relationship between 
breastfeeding and reported respiratory and gastrointestinal infection 
rates in young children. BMC Pediatr 19:339. https://doi.org/10.1186/s1
2887-019-1693-2

153. Bowatte G, Tham R, Allen KJ, Tan DJ, Lau M, Dai X, Lodge CJ. 2015. 
Breastfeeding and childhood acute otitis media: a systematic review 
and meta-analysis. Acta Paediatr 104:85–95. https://doi.org/10.1111/ap
a.13151

154. Conti MG, Terreri S, Piano Mortari E, Albano C, Natale F, Boscarino G, 
Zacco G, Palomba P, Cascioli S, Corrente F, Capponi C, Mirabella M, 
Salinas AF, Marciano A, De Luca F, Pangallo I, Quaranta C, Alteri C, Russo 
C, Galoppi P, Brunelli R, Perno CF, Terrin G, Carsetti R. 2021. Immune 
response of neonates born to mothers infected with SARS-CoV-2. JAMA 
Netw Open 4:e2132563. https://doi.org/10.1001/jamanetworkopen.202
1.32563

155. UKHSA. 2022. Ventilation to reduce the spread of respiratory infections, 
including COVID-19. GOVUK. Available from: https://www.gov.uk/guida
nce/ventilation-to-reduce-the-spread-of-respiratory-infections-includin
g-covid-19. Retrieved 02 Sep 2025.

156. Centers for Disease Control and Prevention. 2025. About ventilation 
and respiratory viruses. Ventilation. Centers for Disease Control and 
Prevention. Available from: https://www.cdc.gov/niosh/ventilation/abo
ut/index.html. Retrieved 02 Sep 2025.

157. Vartiainen VA, Hela J, Luoto A, Nikuri P, Sanmark E, Taipale A, Ehder-
Gahm I, Lastovets N, Sormunen P, Kulmala I, Säämänen A. 2024. The 
e�ect of room air cleaners on infection control in day care centres. 

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 27

https://doi.org/10.1007/s00431-024-05763-5
https://doi.org/10.1101/2025.07.14.25331490
https://doi.org/10.1111/jpc.12261
https://doi.org/10.1136/jech-2024-222040
https://doi.org/10.13075/ijomeh.1896.01549
https://doi.org/10.1093/pnasnexus/pgae338
https://doi.org/10.1093/infdis/jiac299
https://www.who.int/publications/m/item/table1-summary-of-who-position-papers-recommendations-for-routine-immunization
https://www.gov.uk/government/publications/routine-childhood-immunisation-schedule/routine-childhood-immunisations-from-february-2022-born-on-or-after-1-january-2020
https://doi.org/10.1001/jama.2025.3867
https://doi.org/10.1136/bmj.r1528
https://doi.org/10.1136/archdischild-2015-308730
https://www.gov.uk/government/publications/childhood-varicella-vaccination-programme-jcvi-advice-14-november-2023/jcvi-statement-on-a-childhood-varicella-chickenpox-vaccination-programme
https://doi.org/10.1080/21645515.2015.1118595
https://doi.org/10.1016/j.vaccine.2008.03.037
https://doi.org/10.1016/j.autrev.2004.10.004
https://doi.org/10.1089/vim.2019.0138
https://doi.org/10.1016/j.vaccine.2017.05.005
https://doi.org/10.1007/s40124-025-00355-9
https://doi.org/10.1038/s41423-023-01116-8
https://doi.org/10.1093/infdis/jit651
https://doi.org/10.1016/j.vaccine.2021.02.074
https://doi.org/10.1111/ajt.12007
https://doi.org/10.1016/S2666-5247(20)30240-8
https://doi.org/10.1038/s41541-023-00730-x
https://doi.org/10.1136/bmj-2024-079550
https://doi.org/10.1136/bmjopen-2020-046583
https://doi.org/10.1542/peds.2008-3256
https://doi.org/10.1111/j.1740-8709.2008.00176.x
https://doi.org/10.1186/s12887-019-1693-2
https://doi.org/10.1111/apa.13151
https://doi.org/10.1001/jamanetworkopen.2021.32563
https://www.gov.uk/guidance/ventilation-to-reduce-the-spread-of-respiratory-infections-including-covid-19
https://www.cdc.gov/niosh/ventilation/about/index.html
https://doi.org/10.1128/cmr.00253-25


Indoor Environments 1:100007. https://doi.org/10.1016/j.indenv.2024.1
00007

158. Andrup L, Kolarik B, Klingenberg AM, Stephansen L, Krogfelt KA, 
Madsen AM. 2025. Indoor air quality and symptoms of acute respiratory 
infections and gastrointestinal issues in children and employees in day-
care nurseries. Am J Infect Control 53:458–466. https://doi.org/10.1016/
j.ajic.2024.12.006

159. UKHSA. 2025. Health protection in children and young people settings, 
including education. GOVUK. Available from: https://www.gov.uk/gove
rnment/publications/health-protection-in-schools-and-other-childcare
-facilities. Retrieved 02 Sep 2025.

160. CDC. 2025. How to clean and disinfect early care and education 
settings. Water Sanit Environ Relat Hyg WASH. Centers for Disease 
Control and Prevention. Available from: https://www.cdc.gov/hygiene/
about/how-to-clean-and-disinfect-early-care-and-education-settings.ht
ml. Retrieved 02 Sep 2025.

161. Pijnacker R, Mughini-Gras L, Vennema H, Enserink R, Van Den Wijngaard 
CC, Kortbeek T, VAN Pelt W. 2016. Characteristics of child daycare 
centres associated with clustering of major enteropathogens. 
Epidemiol Infect 144:2527–2539. https://doi.org/10.1017/S0950268816
001011

162. Bright F, Pacheco Da Silva E, Amat F, Bonnet P, Eworo Nchama A, Sévin 
E, Siroux V, Mandin C, Le Moual N, Dumas O. 2025. Daycare use of 
disinfectants and cleaning products and wheeze among children: 
cross-sectional analyses in the French CRESPI cohort. Sci Total Environ 
958:178016. https://doi.org/10.1016/j.scitotenv.2024.178016

163. Ibfelt T, Engelund EH, Schultz AC, Andersen LP. 2015. E�ect of cleaning 
and disinfection of toys on infectious diseases and micro-organisms in 
daycare nurseries. J Hosp Infect 89:109–115. https://doi.org/10.1016/j.jh
in.2014.10.007

164. Azor-Martinez E, Garcia-Fernandez L, Strizzi JM, Cantarero-Vallejo MD, 
Jimenez-Lorente CP, Balaguer-Martinez JV, Torres-Alegre P, Yui-Hifume 
R, Sanchez-Forte M, Gimenez-Sanchez F. 2020. E�ectiveness of a hand 
hygiene program to reduce acute gastroenteritis at child care centers: a 
cluster randomized trial. Am J Infect Control 48:1315–1321. https://doi.
org/10.1016/j.ajic.2020.03.011

165. Zomer TP, Erasmus V, Looman CW, Tjon-A-Tsien A, Van Beeck EF, De 
Graaf JM, Van Beeck AHE, Richardus JH, Voeten HACM. 2015. A hand 
hygiene intervention to reduce infections in child daycare: a random­
ized controlled trial. Epidemiol Infect 143:2494–2502. https://doi.org/10
.1017/S095026881400329X

166. Morley GL, Wacogne ID. 2018. UK recommendations for combating 
antimicrobial resistance: a review of “antimicrobial stewardship: 
systems and processes for e�ective antimicrobial medicine use” (NICE 
guideline NG15, 2015) and related guidance. Arch Dis Child Educ Pract 
Ed 103:46–49. https://doi.org/10.1136/archdischild-2016-311557

167. Butler AM, Brown DS, Durkin MJ, Sahrmann JM, Nickel KB, O’Neil CA, 
Olsen MA, Hyun DY, Zetts RM, Newland JG. 2022. Association of 
inappropriate outpatient pediatric antibiotic prescriptions with adverse 
drug events and health care expenditures. JAMA Netw Open 
5:e2214153. https://doi.org/10.1001/jamanetworkopen.2022.14153

168. Ball TM, Holberg CJ, Aldous MB, Martinez FD, Wright AL. 2002. In�uence 
of attendance at day care on the common cold from birth through 13 
years of age. Arch Pediatr Adolesc Med 156:121–126. https://doi.org/10.
1001/archpedi.156.2.121

169. Gudnason T, Hrafnkelsson B, Laxdal B, Kristinsson KG. 2012. Can risk 
factors for infectious illnesses in children at day care centres be 
identi�ed? Scand J Infect Dis 44:149–156. https://doi.org/10.3109/0036
5548.2011.599331

170. Daysal NM, Ding H, Rossin-Slater M, Schwandt H. 2021. Germs in the 
family: the short- and long-term consequences of intra-household 
disease spread. National Bureau of Economic Research. https://doi.org/
10.3386/w29524.

171. Miller JE, Carter KW, de Klerk N, Burgner DP. 2021. The familial risk of 
infection-related hospitalization in children: a population-based sibling 
study. PLoS One 16:e0250181. https://doi.org/10.1371/journal.pone.02
50181

172. Glynn JR, Moss PAH. 2020. Systematic analysis of infectious disease 
outcomes by age shows lowest severity in school-age children. Sci Data 
7:329. https://doi.org/10.1038/s41597-020-00668-y

173. Nakajo K, Nishiura H. 2022. Age-speci�c hospitalization risk of primary 
and secondary respiratory syncytial virus infection among young 
children. Int J Infect Dis 124:14–20. https://doi.org/10.1016/j.ijid.2022.0
9.008

174. Moline HL, Toepfer AP, Tannis A, Weinberg GA, Staat MA, Halasa NB, 
Boom JA, Klein EJ, Williams JV, Schuster JE, et al. 2025. Respiratory 
syncytial virus disease burden and nirsevimab e�ectiveness in young 
children from 2023-2024. JAMA Pediatr 179:179. https://doi.org/10.100
1/jamapediatrics.2024.5572

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 28

https://doi.org/10.1016/j.indenv.2024.100007
https://doi.org/10.1016/j.ajic.2024.12.006
https://www.gov.uk/government/publications/health-protection-in-schools-and-other-childcare-facilities
https://www.cdc.gov/hygiene/about/how-to-clean-and-disinfect-early-care-and-education-settings.html
https://doi.org/10.1017/S0950268816001011
https://doi.org/10.1016/j.scitotenv.2024.178016
https://doi.org/10.1016/j.jhin.2014.10.007
https://doi.org/10.1016/j.ajic.2020.03.011
https://doi.org/10.1017/S095026881400329X
https://doi.org/10.1136/archdischild-2016-311557
https://doi.org/10.1001/jamanetworkopen.2022.14153
https://doi.org/10.1001/archpedi.156.2.121
https://doi.org/10.3109/00365548.2011.599331
https://doi.org/10.3386/w29524
https://doi.org/10.1371/journal.pone.0250181
https://doi.org/10.1038/s41597-020-00668-y
https://doi.org/10.1016/j.ijid.2022.09.008
https://doi.org/10.1001/jamapediatrics.2024.5572
https://doi.org/10.1128/cmr.00253-25


AUTHOR BIOS

Sarah L. Caddy is an Assistant Professor 

at the Baker Institute for Animal Health, 

Cornell University, USA, and an expert 

in viral immunity with a particular focus 

on maternal antibodies. Sarah trained 

in the UK at the University of Cam­

bridge, Imperial College London and the 

MRC Laboratory of Molecular Biology. 

She began her independent research 

program as a Wellcome Trust Clinical 

Research Career Development Fellow in 2019, before relocating 

her laboratory to Ithaca, New York, in 2022. Her research explores 

how immune protection against viral infection is generated and 

transferred, with an emphasis on understanding how antibod­

ies induced by enteric infection or vaccination protect infants 

during early life. She investigates host–virus interactions and the 

mechanisms mediating antibody transfer during pregnancy and 

breastfeeding, aiming to inform improved neonatal and maternal 

immunization strategies.

Lucy van Dorp is a UKRI Future 

Leaders Fellow and Principal Research 

Fellow in Microbial Genomics at UCL 

Genetics Institute, University College 

London, UK. She completed her PhD 

in human population genetics, working 

with ancient and modern human data, 

before moving into microbial genom­

ics, where she applied population 

genetic approaches to modern bacterial 

genomes to investigate the drivers of diversity in major 

hospital-associated pathogens. In 2020, she was awarded a UCL 

Excellence Fellowship, after which she played a central role 

in the genomic analysis of SARS-CoV-2 during the COVID-19 

pandemic, contributing to understanding viral evolution and 

transmission at scale. In recognition of her work, she received 

the Genetics Society’s Balfour Lecture in 2023 for outstanding 

contributions to genetics by an early career investigator. She is 

a group leader in microbial genetics at UCL, where her research 

develops evolutionary and genomic approaches to infectious 

disease epidemiology across both ancient and contemporary 

timescales.

Leo Swadling is an Associate Professor 

in the Infection and Immunity divi­

sion at University College London, UK, 

supported by a Wellcome Trust Career 

Development Award, UKRI DPFS and the 

Rosetrees trust. He did his PhD at the University of Oxford, 

developing genetic and molecular technologies to optimise 

T-cell vaccines for hepatitis C (Profs. Ellie Barnes and Paul 

Klenerman). He moved to London to study tissue-residency 

with Prof. Mala Maini. During the COVID-19 pandemic he 

characterised SARS-CoV-2-speci�c immunity as part of UK-CIC 

(www.uk-cic.org/) and COVIDsortium (covid-consortium.com/). 

This work helped to identify a role for T-cells in early aborted 

infections, and the protective role of pre-existing cross-reactive 

memory T-cells. He established the ‘T-cell vaccines lab’ at UCL 

in 2022, which aims to identify T-cell correlates of protection, 

through integrating studies of T-cell quality (function, pheno­

type, tra�cking) and speci�city (virus, protein, epitope, TCR 

clonality) and to rationally design vaccines to recapitulate these 

correlates.

Yuan Wis Wang-Koh is a Specialty 

Registrar in Emergency Medicine at the 

North Middlesex University Hospital, 

London, UK. She completed her 

pre-clinical [BA (Hons)] and clinical 

(MB, BChir) studies at the University of 

Cambridge and is currently �nishing her 

training in Emergency Medicine in the 

North East Central London deanery. She 

recently completed a Diploma in Child 

Health from the Royal College of Paediatrics and Child Health. 

Wis also undertook undergraduate research on the genetics of 

bdelloid rotifers in the laboratory of Prof. Gos Micklem (Depart­

ment of Genetics, University of Cambridge).

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 29

https://doi.org/10.1128/cmr.00253-25


Charlotte J. Houldcroft is an assis­

tant professor in the Department of 

Genetics, University of Cambridge, UK. 

She completed her PhD at the Wellcome 

Sanger Institute in the laboratory of 

Prof. Paul Kellam, studying the impact 

of human genetic variation on control of 

Epstein-Barr virus latency. Subsequently, 

she has worked on the genomics of DNA virus infections in 

immune compromised children (UCL Institute of Child Health, 

Prof. Judith Breuer), and the T cell immunology of cytomega­

lovirus control in solid organ transplant recipients (University 

of Cambridge, Prof. Mark Wills). Her virus genomics group at 

Cambridge researches DNA viruses from global health, genomic 

and immunological angles, including the pandemic potential of 

adenoviruses. Charlotte is also passionate about how ancient 

DNA can transform our understanding of the transmission and 

evolution of common human viruses in deep time.

Review Clinical Microbiology Reviews

Month XXXX  Volume 0  Issue 0 10.1128/cmr.00253-25 30

https://doi.org/10.1128/cmr.00253-25

	Germ factories or immune boot camps? Infection and immunity in childcare settings
	INTRODUCTION
	INFANT AND TODDLER IMMUNE RESPONSE: IMMUNE NAIVETY AND THE DEVELOPMENT OF ADAPTIVE IMMUNITY THROUGH ANTIGEN EXPOSURE
	EPIDEMIOLOGY OF RESPIRATORY, GASTROINTESTINAL, AND EXANTHEMATOUS INFECTIONS IN INFANTS AND TODDLERS
	Respiratory infections
	Acute gastroenteritis
	Rash-associated illnesses: exanthems and dermatological infections

	IMPACT OF CHILDCARE ON RISK OF CONTRACTING INFECTIOUS DISEASES
	Respiratory infection and childcare
	Enteric infection and childcare
	Exanthematous illness and childcare

	ECONOMIC IMPACT OF CHILDCARE ILLNESSES
	WHAT’S THE SOLUTION?
	Vaccination
	Role of breastfeeding in protection from infection
	Interventions in the childcare setting to reduce infectious disease transmission
	Supporting working parents and caregivers as their children enter formal childcare
	Illness now or illness later?

	CONCLUSIONS
	Definitions



