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Abstract
Purpose of Review Irrational use of antimicrobials has been reported in paediatric population during the COVID-19 time 
period. This may lead to potential development of antimicrobial resistance and increased morbidity and mortality among 
this vulnerable population. The purpose of this review is to ascertain the impact of COVID-19 pandemic on antimicrobial 
resistance among paediatrics and the possible strategies to minimize the menace of antimicrobial resistance.
Recent Findings Recent findings indicate that the COVID-19 pandemic has direct as well as indirect impact on the develop-
ment of antimicrobial resistance among paediatric population.
Summary This review article shows the impact of COVID-19 on the development of antimicrobial resistance and strategies 
to prevent it with special reference to antimicrobial stewardship programmes among paediatric population.
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Abbreviations
AMR  Antimicrobial resistance
AMS  Antimicrobial stewardship
SARS-CoV-2  Severe acute respiratory syndrome corona-

virus 2
FDA  Food and Drug Administration
WHO  World Health Organization

PICU  Paediatric intensive care unit
MRSA  Methicillin-resistant Staphylococcus 

aureus

Introduction

SARS-CoV-2 was discovered in November 2019 and it 
was declared a global pandemic by WHO in March 2020 
[1]. Even though various syndromic manifestations were 
documented, comprehensive data about the impact of 
SARS-CoV-2 on the paediatric population (0–21 years) 
is missing. A relatively limited percentage of COVID-19 
cases have been documented in this age group [2]. Chil-
dren constitute about 1–3% of COVID-19 cases reported 
across the world, with substantially fewer critical inci-
dence and mortality [3–6]. As per WHO, between Decem-
ber 2019 to September 2021, children under 5 years of 
age constituted 1.8% and 0.1% of the global cases and 
global deaths respectively, children aged 5 to 14 years 
represented 6.3% and 0.1% of global cases and deaths 
respectively and the adolescents between 10 and 24 years 
represented 14.5% and 0.4% of global cases and deaths 
respectively [7]. The incidence of SARS-CoV-2 in chil-
dren is not a direct marker of vulnerability or spread-
ing, because the anticipated incidence is dependent on 
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exposure, susceptibility, the proportion and mixing rates 
among children, and the social distancing initiatives that 
restrict gathering [8]. Furthermore, the present illness 
categorization is based on radiologic diagnosis, which 
includes computed tomography (CT) scans [9].

As the world responds towards COVID-19, a greater 
implicit menace of antimicrobial resistance (AMR) is 
emerging, which is harming thousands of individuals across 
the globe. Considering SARS-CoV-2, a viral illness that 
is mild among children, it is indeed doubtful that a child 
having COVID-19 should be prescribed antimicrobials on 
a regular basis. During the COVID-19 pandemic as such, 
there are rising concerns about the pandemic’s potential 
influence on antimicrobial usage patterns. Antimicrobial 
utilization in paediatric inpatients could be significantly 
impacted by the pandemic outbreak. Although the out-
break had only a few visible effects on children, improper 
prescriptions have the capacity to exacerbate an existing 
serious problem, namely antibiotic resistance [10, 11, 12•].

The aim of this review article is to explore the impact of 
COVID-19 on the usage of antimicrobials and the possible 
development of resistance in the paediatric population, and 
strategies to minimize antimicrobial resistance with special 
reference to antimicrobial stewardship programmes during 
the ongoing pandemic time period.

Methods

Searches were carried out on the study objectives with the 
help of search engines: Google Scholar, PubMed/Medline 
and Scopus. The search items used were a compendium 
of keywords such as antimicrobials use in paediatrics and 
COVID-19, COVID-19 and antimicrobial resistance, anti-
microbial stewardship and COVID-19. Additional keywords 
were used either alone or in combination with COVID-19 
such as infection prevention and control, control strategies 
and antimicrobial stewardship.

The articles included in this narrative review are most 
recent after the COVID-19 pandemic. Earlier material as 
early as year 2015 is also included based on its requirement 
and relevance. Related journals and articles were searched 
and selected, and their references were set aside for further 
information collection. The findings from this search are dis-
cussed under different heads within the preview of selected 
objectives.

Guidelines on Antimicrobial Prescribing

Various health organizations have developed guidelines on 
the clinical management of COVID-19 in both adult and 
paediatric populations. The WHO’s interim guidelines 

recommend that certain antimicrobials should not be admin-
istered as treatment or prophylaxis for COVID-19 outside 
of clinical trials [13••]. The National Institute of Health 
(NIH), Infectious Diseases Society of America (IDSA) and 
Michigan medicine guidelines are the other guidelines that 
recommend against antimicrobial use in COVID-19 patients. 
The antimicrobials that should not be used without any sup-
portive evidence/or associated with potential harm include 
Hydroxychloroquine, Hydroxychloroquine with Azithromy-
cin, Lopinavir/Ritonavir, Oseltamivir, Nitazoxanide, Baloxa-
vir and Ribavirin [14••, 15, 16••].

Effect of COVID‑19 on Antimicrobial 
Resistance in Paediatrics

The impact of an uncontrolled infection on the society is 
already proved by the COVID-19 pandemic, which is com-
parable to what have been prophesied for AMR in several 
papers. One of the many results of the pandemic is the 
significant impact on AMR with changes in antimicrobial 
usage, healthcare behaviour and also infection-control strate-
gies [17]. The impact of COVID-19 on antimicrobial resist-
ance in paediatric population is shown in Fig. 1.

In Clinical Settings

In a study conducted by Ashikkali et al. in Scotland, it 
was found that during the first wave of pandemic there 
was a noticeable reduction in paediatric emergency 
department (ED) visits and hospital admission of the 
paediatric population probably related to diminished gen-
eral infection spread, restricted ED and also ED underuse 
because of parental worry of children being susceptible 
to SARS-CoV-2 [18]. In a research study conducted in 
the UK by Isba et al., it is revealed that according to 
regional records, the number of kids going to the paedi-
atric emergency department has decreased by more than 
30% by March 2020. This has undoubtedly contributed 
to preventing overcrowding and provided time for new 
health-protection plans to be implemented. While this 
change in behaviour reduced unnecessary ED visits, it 
could also place children with significant diseases requir-
ing treatment at higher risk [19].

On Antimicrobial Usage Pattern

A research study conducted in Spain by Velasco-Arnaiz 
et al. indicated that the use of antimicrobials was sig-
nificantly higher, particularly in the paediatric intensive 
care units, during the first wave of COVID-19. The use of 
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Azithromycin along with hydroxychloroquine increased 
during the same time period. Ceftriaxone and teicoplanin 
use in PICU doubled in April 2020 compared to April 
2019. In non-PICU, the use of piperacillin-tazobactam and 
ciprofloxacin increased [12•, 20]. In another US-based 
study, researchers highlighted that infections were discov-
ered in 31% of COVID-19 patients, and antimicrobials 
were provided to 56% of patients during hospitalization; 
however, 100% of patients who required ICU care were 
given antibiotics [21–23]. Antimicrobials commonly used 
in the paediatric population during COVID-19 are shown 
in Table 1.

The symptoms of COVID-19 infection resemble that of 
respiratory tract infections like pneumonia [24]. Thus, the 
improper diagnosis leads to empiric antibiotic prescrib-
ing that may include the prescribing of broad-spectrum 
antibiotics or commonly used narrow-spectrum antibiotics 
which further leads to increased risk of mortality because 
of inappropriate therapy [25••, 26]. Stewardship advice, 
which is based on susceptibility evidence, has an impact on 
clinicians’ choice of antibiotic prescribing. Empiric therapy 

aims to manage a wide range of suspected microorganisms. 
As a result, AMR influences the antimicrobial choice rec-
ommended to COVID-19 patients [25••, 27].

On Antimicrobial Availability

In LMICs, economic impacts from COVID-19 regulations 
enhanced the demand of consumers for using OTC prod-
ucts, including unregulated antimicrobials, in an effort to 
cut costs on treatment. This increases the possibility of sub 
therapeutic medication dosages and antimicrobial course 
lengthening, as well as enhanced mortality [25••, 28•]. 
During the COVID-19 pandemic, there is the unavailability 
of recommended antimicrobials; thus, alternatives or sub-
standard or counterfeit drugs may be overused. This further 
results in AMR due to suboptimal antibiotic use [25••, 29]. 
Due to COVID-19, in India and Pakistan, BCG vaccina-
tion coverage has indeed decreased. This might have disas-
trous repercussions for TB meningitis rates among children 
[25••, 30•, 31].

Fig. 1  Impact of COVID-19 on antimicrobial resistance in paediatric population
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Other Infections

Co-infections involving frequent pulmonary organisms 
are much more prominent in children compared to adults, 
and pneumococcus plays a significant role in the progres-
sion of lower respiratory tract infections related to pae-
diatric COVID infection [32•]. The increased hospital 
stays because of COVID-19 hasten the peril of acquir-
ing nosocomial infections to resistant pathogens (MRSA, 
Candida auris, Pseudomonas aeruginosa, Acinetobacter 
baumannii) [25••, 33]. Clostridioides difficile infection 
(CDI) is one of the most severe HAIs, presenting a major 
health issue. However, there seems reduction in CDI 
reporting due to boosting of infection prevention strate-
gies; moreover, many hospitals have reduced the efficacy 
of these strategies, raising the chances of hospital-acquired 
CDI. The reduction in C. difficile tests and rising usage 
of broad-spectrum antibiotics during the pandemic have 
aroused new concerns. Overuse of antibiotics and disin-
fectants may result in the emergence of resistant C. dif-
ficile variants [34•]. In a study conducted by Bhatt et al., 
secondary infections in COVID-19 patients have been 
reported. Among these, 91.4% were having bacterial infec-
tions and 5.5% had fungal infections. Patients with second-
ary blood-stream infections have more severe respiratory 
difficulty, as reflected by reduced oxygen saturation. These 
symptoms could be a result of bacterial or fungal sepsis 
compounded by severe COVID-19, or they could be a sign 
of COVID-19-related critical condition. Children with sec-
ondary infections and influenza have shown similar symp-
toms of respiratory distress and sepsis. In this condition, 
we could not neglect the use of antimicrobial agents [35•].

Indirect Impact

Attention is given to the immediate effects of the disease 
during the pandemic. Vulnerable children are subjected 
to poor treatment at home due to the limited access of 
healthcare facilities during the pandemic [36]. Inade-
quate immunisation is always a concern and during pan-
demics, it is easy to overlook this situation. This could 
put populations in danger of a vaccine-preventable ill-
ness outbreak [37, 38]. An indirect effect of COVID-19 
is a surge in vaccine-preventable diseases and related 
issues that leads to elevated antimicrobial use and the 
likelihood of resistance [25••, 39, 40]. The economic 
ramifications of the disaster imply that the healthcare 
services that are already struggling to offer adequate 
access to antimicrobials may face new obstacles, and 
for those who are already poor, access to medications 
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might become much more difficult. This could lead to an 
elevation in mortality, and it has been linked to a greater 
incidence of avoidable diseases in children below the 
age of five, like community-acquired pneumonia. As a 
result, a combination of inadequate antibiotic usage and 
decreased accessibility can increase selection pressure 
in favour of AMR while also boosting mortality by an 
infection that could have been prevented [25••, 41]. The 
frequent use of biocides leads to the development of 
cross-resistance [42••].

Antimicrobial Stewardship Programmes 
in Paediatrics

Substantial data suggests that antimicrobial stewardship 
programmes (ASPs) have a significant impact on antimi-
crobial use, even in children. The ASP is being considered 
as a reference for preparing and managing to the COVID-
19 outbreak. Modifying clinical variables may have a neg-
ative impact on the quality of antibiotic prescriptions dur-
ing pandemic. Revised COVID-19 protocols are constantly 
updated to reflect current findings, and earlier standards 
were adjusted to improve infection control. The pandemic 
does have the propensity to exert a large impact upon anti-
microbial usage in paediatric population; paediatric ASP 
surveillance and remedies, minimum for the short terms, 
be essential in preserving the appropriateness of prescrip-
tions [12•].

Strategies to Minimize Antibiotic Resistance

In low- and middle-income countries (LMICs), identifying 
bacterial pathogens seems difficult because there were no 
easily accessible and cost-effective diagnostic or biomark-
ers that may successfully distinguish between bacterial and 
viral infections. Due to the risk of COVID-19 spreading, 
there is expanding recognition of the relevance of anti-
microbial stewardship programmes, as well as infection 
prevention and regulation measures [55]. Figure 2 shows 
the strategies for maintaining ASP during COVID-19 
pandemic.

Policy Level

In 2021, a policy for reducing AMR was created by the 
WHO. The purpose of the policy is to better understand 
how antimicrobial resistance develops and spreads, and also 
to design antimicrobial programmes, rationalize antimicro-
bial usage and foster the growth of newer, more effective 
antimicrobials. Improving infection prevention and control 
methods, as well as teaching, training, and motivating all 
parties on the rational use of antimicrobials. According to 
the WHO, approximately only half of the nations have basic 
processes and controls in place to ensure that the medica-
tions are administered safely [58••]. Adopting and execut-
ing national standard treatment recommendations, creating 
an essential drug list (EDL), and expanding immunisation 
coverage are all examples of national solutions.

Fig. 2  Strategies for main-
taining ASP in COVID-19 
pandemic [56•, 57]
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Organization Level

The most recent edition of WHO’s interim guideline on 
the clinical management of COVID-19 includes antibi-
otic stewardship principles and specific recommendations. 
Until the signs and symptoms of infection are evident, anti-
biotic therapy is not suggested for individuals with mild 
or moderate infection [53]. According to the guidelines on 
management of COVID-19 in children (below 18 years) 
by Ministry of Health and Family Welfare, Government 
of India, antimicrobials should not be prescribed for treat-
ment or prophylaxis in asymptomatic and mild cases; in 
moderate to severe cases, it should not be recommended 
unless there is clinical speculation of a superadded infec-
tion; and during septic shock, empirical antimicrobials 
(according to body weight) are commonly introduced to 
conceal all likely pathogenic organisms  based on clinical 
assessment, patient immune status, local epidemiological 
studies and the hospital’s antimicrobial policy [54].

Hospital Level

The principles of ethical prescriptions and optimal use of 
antimicrobials, as well as effective diagnosis and treat-
ment, and infection reduction and prevention, lead anti-
microbial stewardship initiatives. During the COVID-
19 outbreak, there are several issues that could affect 
antimicrobial stewardship activities and drive drug resist-
ance [55]. Boosting clinical competence among health pro-
viders who treat COVID-19 patients with tailored training. 
Second, ensuring that vital health services are available, 
as well as a constant supply of high-quality and low-cost 
antimicrobials, such as antiretroviral and tuberculosis 
drugs, immunisations, COVID-19 testing turnaround time 
should be shortened, and biocides should be used with 
extreme caution for environmental and personal disinfec-
tion. There should be accurate and low-cost diagnostic 
assays that discriminate between bacterial and viral res-
piratory tract illnesses [48]. A procalcitonin-guided (PCT-
guided) antimicrobial treatment plan has been shown to 
be effective in patients with pneumonia and bacteremia 
during clinical investigations. In order to improve antibi-
otic stewardship, hospital guidelines should include proc-
alcitonin in their treatment policies [59•]. More recently, 
a multicenter, randomised controlled trial found that PCT-
guided treatment reduced antimicrobial use better than the 
standard treatment. A subsequent study of the same data 
revealed that sequential assessments could reliably rule out 
early-onset sepsis [60•]. These initiatives would help to 
prevent the spread of drug-resistant illnesses and diseases, 

which could trigger a new public health disaster. Even 
though procalcitonin measurement helps to reduce infec-
tions and antimicrobial use there is some inadequacy in 
identifying community-associated bacterial infections. The 
recommendations based on PCT should be individualized 
based on patient comorbidities and also depends on the 
physician [59•, 60•].

Antimicrobial Stewardship Programmes 
During COVID‑19

If left uncontrolled, the increased administration of antibi-
otics in response to COVID-19 will exacerbate the world’s 
already-growing antimicrobial resistance problem. COVID-
19 will remain a major issue due to uncertainty about SARS-
CoV-2 resistance, the probability of cyclical outbreaks, and 
the shortage of a vaccine. This shifting environment neces-
sitates the adaptation of antimicrobial stewardship (AMS) 
tactics.

The increased prevalence of AMR has prompted the crea-
tion of proposals to ensure that AMS, that has been one of 
few ways which has shown the highest success in reduc-
ing overuse of antibiotics and mishandling in adults, seems 
being an enticing alternative in children [56•]. Antibiotic 
stewardship has been introduced into hospital policies across 
the globe, with the aim to enhance antimicrobial treatment 
effectiveness [57].

Antimicrobial indications should be carefully stated, 
and only people who might be suspected of having a sig-
nificant bacterial illness should be prescribed antibiotics. 
Early detection of SARS-CoV-2 using intensive testing 
could perhaps decrease needless antibiotic prescribing in 
resource-rich countries. Antiviral or immunomodulatory 
therapies during early course of infections may help to 
prevent infection advancement and ICU admissions, as 
well as lessen healthcare-related consequences and anti-
microbial prescribing. Since the vaccine for SARS-CoV-2 
is available, the most important AMS strategy for limiting 
antibiotic usage in the setting of COVID-19 was its pre-
vention through immunisation, as with many other deadly 
viral diseases [58••, 61••, 62, 63]. Despite the fact that 
clearing out COVID-19 coinfection with bacterial or fun-
gal infection could enhance antibiotic stewardship, diag-
nosing co or superinfections among COVID-19 sufferers 
seems difficult. Intrusive detection methods, including 
bronchoscopy and radiologic imaging, are limited due to 
the virus’s tremendous infectivity, which can produce aer-
osols and expose healthcare professionals to the infection. 
This is exacerbated due to low responsiveness of standard 
identification tests in pinpointing the pathogen that cause 
respiratory problems; as a result, the administration of a 
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wide range of antibiotics may be unavoidable [64–68]. 
Antimicrobial policies should be stricter, with more 
awareness campaigns to educate health personnel and the 
general public about AMR. Biocides are used with cau-
tion for individual and environmental disinfection, and 
biocidal agents with no or minimal selection pressure for 
antibiotic resistance must be preferred. In order to avoid 
nosocomial infections in COVID-19 patients, strict infec-
tion–control methods should be undertaken [69]. Antimi-
crobial stewardship programmes are crucial parts of an 
effective COVID-19 approach, and strategies to enhance 
effective antimicrobial usage are widely advocated.

COVID‑19 Vaccination in Paediatrics

The juveniles are generally allotted in clinical studies only 
after proof of a favourable benefit–risk data in adults. Sim-
ilarly, some of COVID-19 vaccines were first studied on 
adults (starting at 16 years) and then subsequently broadened 
to younger ones. In a study which includes 2260 subjects 
aged 12 to 15 years resulted in the sanction of Comirnaty, 
which was the first COVID-19 vaccine permitted in Western 
nations for population less than 16 years. Comirnaty clear-
ance for usage was granted to adolescence (12–15 years) 
by FDA on May 10, 2021 [64, 65] and thereafter by the 
European Medicines Agency on May 28, 2021, following 
favourable appraisal of the relevant safety and efficacy find-
ings for paediatrics [70, 71••, 72, 73]. On July 23, 2021, the 
European Medicines Agency’s human medicines committee 
(CHMP) suggested Spikevax authorisation can be extended 
to children of 12–17 years of age [74•, 75].

In children aged 5 to 11, COVID-19 immunisation 
plan comprising of two 10 μg doses of BNT162b2 given 
in 3 weeks’ interval have been proven to be acceptable, 
highly specific and effective (ClinicalTrials.gov identifier: 
NCT04816643; BioNTech and Pfizer funding) [76]. Despite 
many drugs, the dose of vaccine is determined by age of 
child on the day of vaccination rather than their bodyweight. 
If a child turns 11 to 12 years old in between the first and 
second doses, the latter dose of vaccine should be that for 
children aged 12 up [69, 77•, 78].

Adolescents (12–17 years) had slight to medium sys-
temic and local responses in preauthorization trials of the 
Pfizer-BioNTech vaccine. In post authorization surveil-
lance, myocarditis was found following vaccination with 
mRNA vaccines. In a study conducted in the USA, children 
aged 12–17 years frequently indicated local and systemic 
responses following vaccination with the Pfizer-BioNTech 
vaccine, particularly after second dose. A limited percent-
age of these symptoms are indicative of myocarditis [70]. In 
India until March 3, 2022, 5,50,25,490 children belonging 

to the class 15–18 years received first dose and 2,87,35,449 
received second dose of vaccination respectively [71••].

Conclusion

COVID-19 outbreak has thrown light to inherent flaws in 
healthcare systems across the world. During COVID-19 
outbreak, antibiotic usage in SARS-CoV-2 sufferers out-
paced the rate of bacterial coinfections and subsequent 
illnesses, implying that antibiotics were prescribed inap-
propriately and excessively. Despite in places where AMS 
programmes had been in place for a long time, there have 
been flaws in how antibiotics were used during the crisis. 
One of the most effective methods to combat AMR is to 
focus in upgrading healthcare approaches and readiness 
for pandemics as well as similar infectious disease out-
breaks. Improving the clinical competence among health 
professionals, maintaining access to key health facilities 
as well as a constant stock of high-quality and low-cost 
antimicrobials, vaccines, reducing COVID-19 testing 
turnaround time, use of biocides with prudence would aid 
in the prevention of drug-resistant illnesses and diseases. 
To set these protections, all stakeholders such as public 
health authorities, regulatory agencies, policymakers, sci-
entific community and pharmaceutical companies must 
work together for better outcomes.
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