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Abstract 

Children are increasingly exposed to health risks as a result of adverse effects of climate change, including more 
frequent and intense extreme weather events, disruption of food systems, an increase in food-, water- and vector-
borne diseases, mental health issues, clean water scarcity and zoonoses, and habitat destruction causing “zoonotic 
spillovers”. To address these emerging and new health risks, a holistic approach is required. Understanding how these 
risk drivers impact the physiological and mental development of children is a highly complex challenge. Address-
ing this complexity requires the collaborative development of multi-disciplinary and comprehensive approaches. In 
addition, factors such as inadequate nutrition that leads to stunting, maternal characteristics (including age, height, 
pregnancy, and postnatal care), hygiene habits at home, gender disparity, and the financial situation of the house-
hold also play crucial roles. This review is prompted by the pressing need to tackle the substantial and diverse health 
impacts that will affect children throughout the current century. Emphasizing the importance of adopting the One 
Health approach, this review aims to mitigate these effects and pave the way for a healthier future for the younger 
generation.
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Background
The concept of ‘One Health’ was initially introduced in 
the years 2003–2004, primarily in response to the out-
break of severe acute respiratory syndrome (SARS) in 
early 2003. This term gained further prominence due to 
the global spread of the highly pathogenic avian influenza 

H5N1. Furthermore, the ‘Manhattan Principles’, a set of 
strategic goals formulated during a meeting of the Wild-
life Conservation Society in 2004, played a significant role 
in the development and integration of the One Health 
concept. These principles acknowledge the interconnec-
tion of human and animal health, as well as the potential 
risks that diseases might bring to food security and eco-
nomic stability [1, 2].

In the latter part of this century, both children born 
today and those yet to be born will encounter health 
impacts stemming from shifts in climate patterns, 
environmental alterations, ocean acidification, dete-
rioration of land, scarcity of water, depletion of marine 
resources, and the decline of biodiversity. Address-
ing these challenges demands a global perspective that 
extends beyond individual diseases or specific regions. 
Childhood growth impairment is another multifaceted 
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issue necessitating comprehensive, interdisciplinary 
approaches. Apart from insufficient nutrition, stunting is 
influenced by various factors such as maternal attributes 
(age, height, prenatal, and postnatal care), household 
sanitation practices, gender inequality, and the eco-
nomic status of the household [3].

The One Health strategy involves a substantial shift in 
how we handle disorders and diseases that affect children. 
It provides a hopeful strategy to understand, prevent, and 
ease the effects of pediatric diseases by acknowledging 
the complex relationship between human, animal, and 
environmental health and encouraging interdisciplinary 
collaboration. Applying an integrated strategy shows 
higher effectiveness as well as a greater ability to handle 
complex issues in our interconnected world, leading to 
improved well-being and bright possibilities for future 
generations [4].

In recent years, the evidence of the rise and spread of 
zoonotic diseases, infections that can be transmitted 
from animals to humans [5], in children has highlighted 
the urgent need for a comprehensive and cooperative 
strategy to combat these health hazards. Around 25% 
of people worldwide have one or more parasitic infec-
tions, with food- and vector-borne parasitic zoonotic 
diseases being the main causes of concern. Deforestation, 
urbanization, rising international travel, marketing, and 
commerce, significant changes in agricultural patterns, 
demographics, food choices, and climatic changes all play 
important roles in the introduction and reemergence of 
parasitic zoonoses. The total burden of food- and vector-
borne parasite infections accounts for about 60 million 
disability-adjusted life years (DALYs), though this num-
ber is probably underestimated [6].

There are approximately 200 zoonotic diseases. In 
2013, the World Health Organization (WHO) identified 
eight of them as neglected zoonotic diseases (NZDs). 
Of these eight NZDs, parasites are the cause of four 
diseases: cysticercosis, hydatidosis, leishmaniasis, and 
trypanosomiasis [6]. Children, in particular, are very vul-
nerable to these diseases due to their immature immune 
systems, close proximity to animals, and engagement in 
activities that increase their exposure to potential sources 
of infection. Pediatric zoonotic diseases involve a diverse 
array of infections, including bacterial, viral, and parasitic 
agents, among others. These diseases frequently exhibit 
a wide range of transmission methods, including direct 
contact with animals, ingestion of contaminated food 
or water, and exposure to vectors that carry the disease 
[7]. The One Health concept, which acknowledges the 
interdependence of human, animal, and environmental 
health, presents a viable solution to address the grow-
ing issue of pediatric zoonotic infections [4]. The One 
Health concept facilitates interdisciplinary collaboration 

among professionals in domains such as medicine, vet-
erinary science, ecology, and public health to collectively 
solve the intricate challenges associated with pediatric 
zoonotic infections (Fig. 1).

Main text
Zoonotic diseases
There are three types of zoonotic diseases: emerging, 
reemerging, and neglected zoonotic diseases. World-
wide, especially in developing countries, many zoonotic 
diseases are endemic [7]. Southeast Asia, Central and 
South America, Eastern Europe, and Central and East 
Africa are home to most of the zoonotic animal host spe-
cies, including domesticated livestock, pets, poultry, bats, 
and rodents. Zoonotic diseases are transmitted between 
domestic and wild animals. Due to their close contact, 
domestic animals frequently spread infections to humans 
[8]. In general, there are several factors that have directly 
or indirectly impacted children’s health:

Biological vulnerability to zoonotic diseases
It is well known that children have unique biological 
vulnerabilities, compared to adults, that may affect the 
disease course or progression. Thorp et  al. [9] analyzed 
over 719 hantavirus pulmonary syndrome cases in the 
United States of America (USA),  from 1993 to 2018, to 
compare clinical and demographic characteristics in 
children, teenagers, and adults. The overall mortality 
rate was 35.4%, with no significant difference in mor-
tality observed between age groups. However, the time 
between symptom onset and death varied, with chil-
dren surviving a median of 2  days, adolescents 4  days, 
and adults 5  days. During the Monkeypox (Mpox) out-
breaks in West and Central Africa, where Mpox clade I 
is endemic, it has been observed that children, compared 
to other age groups, were at higher risk of morbidity 
and mortality rates from the disease. This is mainly due 
to complications, bacterial superinfection [10], and the 
risk of viral spread to other parts of the body and eyes 
through scratching [11].

Behavioral factors
While pets undeniably have a positive impact on the 
well-being and health of children, it is important to 
acknowledge that they can also pose a risk of transmit-
ting zoonotic diseases. This concern becomes even more 
complex when dealing with immunocompromised chil-
dren. These individuals are at increased risk of contract-
ing certain zoonotic diseases, which can cause more 
persistent or severe symptoms. Several factors play a role 
in this context, including age, the nature and stage of the 
underlying disease, CD4 + lymphocyte count, the pres-
ence of neutropenia, and the use of immunosuppressive 
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drugs [12]. Pathogens that can pose opportunistic infec-
tions and/or significant risks to human health through 
pet contact include organisms like Cryptosporidium, 
Bartonella, Salmonella, Campylobacter, Toxoplasma gon-
dii, Toxocara, and microsporidia. In Peña’s study [13], it 
was discovered that among pets owned by immunosup-
pressed children, 28 of them (63.6%) were identified to 
carry a zoonotic pathogen, and 7 (15.9%) were diagnosed 
with a facultative pathogen. Most of these zoonotic 
agents were identified in samples taken from the exter-
nal ear and intestine of the pets. It is worth noting that to 
effectively manage the transmission of infectious diseases 
from pets, it is crucial to implement rigorous hygiene 
practices. This includes ensuring proper nutrition for 
pets and adopting regular control measures against vec-
tors and parasites. These measures are recommended 
to mitigate the risk of zoonoses. For households with 
immunocompromised children, it is strongly advised to 
take specific precautions to minimize the potential risk of 

zoonotic infections. These precautions involve avoiding 
exotic pet animals (such as reptiles, rodents, and birds) 
and refraining from interacting with sick or stray animals 
[14].

Wildlife
Hunting, animal handling, and bushmeat consumption 
by children expose them to a higher risk of zoonotic dis-
ease, especially contact with certain species of rodents 
that are known to carry around 2 to 11 zoonotic diseases. 
A study conducted in Guinea demonstrated that children 
play a key role in the primary transmission of Lassa fever 
to humans by bringing the rodent home, exposing the 
younger sibling, and causing food contamination with 
kitchen utensils used to prepare meat [15]. In developed 
countries such as France, the number of macaques’ bite 
cases recorded was increasing due to behavioral change. 
The French Pediatric Emergency Department in 2014 

Fig. 1 This figure depicts the interconnectedness and interdependence of human, animal, and environmental health, emphasizing the “One 
Health” holistic approach. The concept emphasizes the recognition that the well-being of humans, animals, and the environment are inextricably 
linked and must be addressed collectively in order to effectively address health challenges
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highlighted the risk of simian Herpes (B-virus) for chil-
dren traveling to exotic destinations [16].

Nutrition
Milk serves as a vital nutritional source, particularly 
crucial for infants and children who require nutrient-
rich foods to support their growth and cognitive devel-
opment. Numerous studies have demonstrated a link 
between milk consumption and reduced stunting. It is 
recommended that children suffering from malnutri-
tion should derive 25–33% of their dietary protein from 
dairy sources [17, 18]. Infants and children harboring 
Bifidobacterium, a bovine milk bioactive compound, in 
their guts, develop a protective intestinal microbiota that 
hinders the binding of pathogens to the intestinal lining 
through competitive inhibition. The establishment of 
these bacteria in the gut is associated with a reduction in 
stunting, improved cognitive development, and positive 
health outcomes [19]. It is important to note that Bifido-
bacterium is particularly sensitive to antibiotics. Children 
who are prescribed antibiotics or are exposed to antibi-
otic residues face the risk of disrupting the establishment 
of this crucial bacterial cornerstone in their gastrointesti-
nal tract [20]. Milk and dairy products are valued for their 
nutritional benefits, and these benefits are accessible to 
people in both developed and developing countries due 
to the commitment of dairy producers and manufactur-
ers to food safety measures. This guarantees the delivery 
of safe and nutritious products to consumers, fostering 
their well-being [21].

Food safety
Alongside food contamination that can lead to food-
borne disease in children, mastitis in animals occurs 
when bacteria enter the mammary gland through the teat 
end, subsequently colonizing the mammary tissue. Such 
pathogens may find their way into the food chain directly 
or via equipment contamination [22]. Milk is one of the 
main sources of proteins for children and is considered 
an optimal nutrient-rich medium for bacterial growth. 
Once they infiltrate the milk supply, they can rapidly 
multiply and establish biofilms within milk processing 
facilities. Certain organisms, such as Listeria, are adept at 
thriving at lower temperatures [23].

Antimicrobial resistance
In 2019, an estimated 4.95 million deaths were associ-
ated with bacterial antimicrobial resistance (AMR), with 
the highest all-age death rate in western sub-Saharan 
Africa and the lowest in Australasia. Lower respira-
tory infections accounted for over 1.5 million deaths, 
making it the most burdensome infectious syndrome 
[24]. According to global estimates for the year 2019, it 

was evident that children carry a significant proportion 
of mortality, as 254,000 out of the total of 1.27 million 
deaths can be directly attributed to AMR. More than 
99% of the 254,000 children deaths came from low- and 
middle-income countries (LMICs). Shockingly, over half 
of these children do not survive beyond their first month 
of life [25]. The six leading pathogens were Escherichia 
coli, Staphylococcus aureus, Klebsiella pneumoniae, 
Streptococcus pneumoniae, Acinetobacter baumannii, 
and Pseudomonas aeruginosa [24]. It is worth noting 
that the majority of childhood deaths occur in LMICs, 
mostly because of preventable diseases such as respira-
tory, vector-borne, and gastrointestinal diseases, includ-
ing cholera outbreaks [26]. Often, antibiotics are the only 
viable treatment option in resource-limited settings, but 
inadequate regulatory oversight and misuse of antibiot-
ics have led to a widespread surge in AMR. This scenario 
particularly affects the most vulnerable populations liv-
ing in regions with high levels of AMR. Progress has been 
made globally in the fight against AMR since the 2016 
United Nations General Assembly, where leaders com-
mitted to a “One Health” approach [27]. Nevertheless, 
the gap between the increasing incidence of AMR and 
the funding allocated to address it in LMICs continues 
to widen, demanding substantial efforts. To address these 
challenges, national and international partners have been 
concentrating on innovative strategies to combat AMR 
at the country level. In 2019, the WHO proposed the 
use of targeted strategies involving diverse stakeholders 
to advocate for the inclusion of AMR in national devel-
opment agendas [28]. Researchers are also taking on the 
task of creating evidence-based interventions against 
AMR. However, there has been limited exploration into 
the comprehensive factors across the One Health spec-
trum, especially in resource-constrained environments.

Food insecurity and stunting
Addressing food security is a worldwide imperative that 
demands a multidisciplinary strategy. Despite the nota-
ble growth in agricultural production over the past two 
decades, the prevalence of malnutrition among chil-
dren remains relatively high in many developing coun-
tries [29]. To address this issue, local initiatives, such as 
improving traditional livestock-crop systems, have the 
potential to offer sustainable solutions to the ongoing 
demographic challenges in Africa. These challenges are 
contributing to the growing demand for increased food 
availability, improved livelihood prospects, and reduced 
migration to urban areas [30]. Stunting, characterized 
by low height for age, affects about a quarter of chil-
dren under five and is associated with higher mortality, 
impaired brain development, increased risk of chronic 
diseases, and decreased productivity. While global 
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stunting rates are slowly declining, Africa’s stunted child 
population is growing due to rapid population growth 
[31]. Nutrition interventions, even with 90% coverage, 
would only lower stunting by 20%, necessitating addi-
tional approaches [32]. Improved water, sanitation, and 
hygiene (WaSH) to prevent diarrhea is a key strategy 
for reducing stunting [33]. However, recent molecular 
studies show that enteropathogenic colonization starts 
much earlier in LMICs than previously thought [34]. 
Subclinical carriage of these pathogens, rather than 
overt diarrhea, has a more significant negative impact 
on linear growth. This subclinical carriage is linked to 
environmental enteric dysfunction (EED), an underly-
ing gut disorder involving inflammation and malabsorp-
tion, contributing to stunting [35]. An often-overlooked 
aspect of WaSH programs is reducing microbial trans-
mission from animals to children. Animal feces can har-
bor entomopathogens that cause diseases in humans, 
especially children [36]. Balancing this with the impor-
tance of animals for rural livelihoods and the shared 
environment is crucial. A comprehensive perspective, 
aligning human, animal, and environmental health 
within the framework of One Health, could be pivotal in 
effectively tackling stunting [37].

Integration of the One Health approach in education
According to Jean Piaget, “The principal goal of educa-
tion in schools should be to create men and women 
who are capable of doing new things, not simply repeat-
ing what other generations have done”. Teachers are not 
speakers; their role should be to stimulate young people’s 
minds not only with theoretical lectures but also by let-
ting them do things because ‘playing is the child’s job’ 
and by acting they discover the world [38]. Currently, the 
integration of One Health education into medical schools 
is in its early stages and is trailing behind veterinary 
schools, where One Health has already become a central 
component of its educational programs. Recent initia-
tives that have been published involve collaborative train-
ing between institutions responsible for human health 
education and those responsible for veterinary medical 
training. These initiatives place emphasis on subjects like 
ensuring shared access to clean water [39]. Furthermore, 
additional educational initiatives include the develop-
ment of specialized One Health curricula customized for 
high school students. These curricula aim to enrich their 
knowledge of infectious diseases [40].

Pediatric disease prevention: a One Health success story
The significance of the One Health approach as a central 
strategy in disease prevention has become increasingly 
evident during the coronavirus disease 2019 (COVID-19) 
pandemic. In the context of One Health, the University 

of California Health (UCH) effectively addressed the 
challenges related to unaccompanied migrant children 
arriving at the southern border of the USA. Through 
collaboration with various government agencies, UCH 
established a quick and comprehensive response. They 
assembled a diverse team to offer specialized medical 
care to these children at two emergency intake sites in 
California. The children received trauma-sensitive medi-
cal treatment and culturally appropriate psychological 
and social support. Over a span of 5 months, both sites 
collectively provided care for 4911 children between the 
ages of 3 and 17 years. In particular, 782 children tested 
positive for COVID-19, and many were already infected 
prior to arrival. Most of the children (3931) were success-
fully reunited with their families or sponsors. To ensure 
continuity of care, an electronic health record system was 
employed post-reunification or upon placement in long-
term shelters [41].

During the winter of 2010 in northwestern Nigeria, 
Médecins Sans Frontières physicians were conducting 
meningitis screenings when they noticed an unusually 
high number of illnesses and deaths among children in 
four villages, particularly those under 5  years old [42]. 
The symptoms included vomiting, abdominal pain, head-
aches, and convulsions. Initial treatment efforts involv-
ing antimalarial and antibiotic therapies were ineffective. 
Further investigation revealed that the affected children 
were from villages engaged in unregulated subsistence 
gold mining, leading to blood lead levels (BLLs) rang-
ing from 168 to 370 mg/dL. This was far higher than the 
recommended intervention threshold of 5 mg/dL by the 
Centers for Disease Control and Prevention. Tragically, 
approximately 400 children died due to lead poisoning, 
with one village reporting a 30% mortality rate among 
children under 5 in a year. A subsequent report in 2012 
by Dooyema et  al. [43] showed that a significant por-
tion of northwest Nigeria was contaminated with lead, 
necessitating treatment for around 1500 to 2000 affected 
children. Alarming signs included the deaths of numer-
ous waterfowl and livestock, which acted as an early but 
overlooked warning signal. Approximately 4  months 
before the outbreak of lead poisoning among children, 
residents of the worst affected villages observed a nearly 
100% mortality rate among ducks that live in and around 
nearby ponds. It was later established that the few surviv-
ing ducks in the less contaminated villages had BLLs of at 
least 5 mg/dL, indicating that they had also suffered from 
lead poisoning. The 2010 epidemic of childhood lead poi-
soning in Northwestern Nigeria serves as a stark example 
of the consequences arising from human activities like 
small-scale artisanal gold mining. This incident high-
lights how alterations in animal health and behavior can 
act as early signals of significant environmental dangers, 
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offering a potential warning before these hazards have 
adverse impacts on human health [44].

For the past 30 years, the Gorakhpur division in Uttar 
Pradesh, India, encompassing Gorakhpur and nearby dis-
tricts like Deoria, Kushinagar, and Maharajganj, has been 
grappling with seasonal outbreaks of acute encephalitis 
syndrome (AES) affecting children. In 2005, investiga-
tions revealed that the Japanese encephalitis (JE) virus 
was responsible for AES cases. Efforts to control the dis-
ease were successful, as JE vaccinations and other strate-
gies led to a decline in its incidence. However, outbreaks 
of acute febrile illnesses with neurological symptoms per-
sisted. Subsequent research identified Orientia tsutsuga-
mushi, the causative agent of scrub typhus, as the primary 
cause of AES outbreaks in the region. Through surveil-
lance of acute febrile diseases in children attending local 
health facilities, scrub typhus emerged as a significant 
cause of fever during the monsoon and post-monsoon 
periods. Population-based serosurveys indicated a high 
prevalence of scrub typhus. Entomological studies high-
lighted that the vector mites and small animal hosts were 
naturally infected with Orientia tsutsugamushi. Children 
usually contract infection outdoors while playing, visiting 
fields, or defecating in open areas. Some of the children 
with scrub typhus progressed to central nervous system 
manifestations. Therefore, prompt administration of 
appropriate antibiotics is crucial to prevent the escalation 
of acute febrile illness due to scrub typhus into AES [45].

In July 2018, several individuals fell ill after coming 
into contact with water near a natural playground. Most 
of the reports involved children who had interacted with 
both a recreational lake and a nearby natural playground, 
which features shallow water for play, over the weekend 
prior to the notifications. The characteristics of the out-
break and its symptoms pointed towards a possible noro-
virus (NoV) outbreak. The rapid onset and disappearance 
of symptoms like diarrhea and vomiting aligned with 
the patterns associated with NoV outbreaks, which are 
commonly linked to untreated recreational water. In this 
investigation, a comprehensive One Health approach was 
employed, considering factors from human, animal, and 
environmental perspectives [46].

In Tanzania and Zambia, the prevalence of stunting in 
children under 5 years, a critical factor in personal devel-
opment, stands at approximately 42% and 45%, respec-
tively. This persistent issue remains despite substantial 
efforts in agricultural research and development. In 
response, both countries are actively seeking sustainable 
remedies to address food security challenges and enhance 
human nutrition by bolstering household income and 
dietary variety. The primary goal of a 5-year funded pro-
ject was to combat childhood undernutrition. This would 
be achieved by examining and implementing strategies to 

empower women to optimize the integration of poultry 
and crop systems, thereby boosting efficiency and bol-
stering household nutrition in an ecologically responsible 
manner. Employing a One Health approach, the project 
amalgamates expertise from animal, crop, and human 
health specialists, as well as economists, ecologists, and 
social scientists, to collaborate with participating com-
munities. This collective effort aimed to enhance poultry 
and crop value chain efficiency, elevate household food 
security, and improve overall nutritional well-being [30].

Conclusions
The One Health approach is indispensable for safeguard-
ing child health by acknowledging the significant inter-
dependence between human, animal, and environmental 
health and emphasizing its critical role in the identifica-
tion, prevention, and management of diseases that affect 
these interconnected domains. Government officials, 
researchers, and workers spanning various sectors on 
local, national, regional, and global scales should col-
laborate to address health threats through coordinated 
efforts. This involves establishing shared databases and 
surveillance systems that span multiple sectors, along 
with devising innovative approaches that tackle the 
underlying causes and connections between risks and 
consequences. With a holistic strategy, we can better pre-
dict, prevent, and respond to the complex health threats 
and risk factors that children face, ensuring a healthier 
future for the youngest and most vulnerable members 
of our global community. Engaging with communities is 
crucial to foster habits and attitudes that minimize risks 
while aiding in the early identification and control of dis-
ease threats.
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