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The COVID-19 pandemic led to rapid global spread with far-reaching impacts on

health-care systems. Whilst pediatric data consistently shown a milder disease course,

chronic lung disease has been identified as a risk factor for hospitalization and severe

disease. In Africa, comprised predominantly of low middle-income countries (LMIC), the

additional burden of HIV, tuberculosis, malnutrition and overcrowding is high and further

impacts health risk. This paper reviewed the literature on COVID-19 and chronic lung

disease in children and provides our experience from an African pediatric pulmonary

center in Cape Town, South Africa. South African epidemiological data confirms a low

burden of severe disease with children <18 years comprising 8% of all diagnosed cases

and 3% of all COVID-19 admissions. A decrease in hospital admission for other viral lower

respiratory tract infections was found. While the pulmonology service manages children

with a wide range of chronic respiratory conditions including bronchiectasis, cystic

fibrosis, asthma, interstitial lung disease and children with tracheostomies, no significant

increase in COVID-19 admissions were noted and in those who developed COVID-19,

the disease course was not severe. Current evidence suggests that pre-existing

respiratory disease in children does not appear to be a significant risk factor for

severe COVID-19. Longitudinal data are still needed to assess risk in children with

immunosuppression and interstitial lung diseases. The indirect impacts of the pandemic

response on child respiratory health are notable and still likely to be fully realized and

quantified. Ensuring children have access to full preventive and care services during this

time is priority.

Keywords: COVID-19, SARS-CoV-2, pediatrics, lung disease, chronic lung disease in childhood, low

middle-income countries, pediatric tuberculosis

BACKGROUND

The COVID-19 pandemic caused by the novel coronavirus (SARS-CoV-2), commenced inWuhan,
China in late 2019 with rapid global spread, sparing no continent, with the first African case being
reported in Egypt in February 2020. By 29 September 2020, 33,249,563 cases globally had been
reported with 1,000,040 deaths, with 216 countries affected. Africa had reported 1,179,152 cases and
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25,760 deaths, 3.5 and 2.6% of the global burden, respectively
(1). As the pandemic spread, with high mortality, predominantly
from respiratory disease, and significant stress on healthcare
systems, a number of concerns were anticipated for the
World Health Organization (WHO) Africa region where HIV
prevalence and other infectious diseases such as tuberculosis
(TB) remains high and many countries still depend on fragile
healthcare systems (2). In Africa, South Africa has reported
the highest number of confirmed corona virus cases to date
(September 2020) (1). The pediatric data from around the world
has consistently showed a lower infection rate and milder disease
course in children. In a review of over 70 000 Chinese cases
of COVID-19, <1% were children under 10 years of age with
different and less severe symptoms to that in adults (3). Similarly,
a very large analysis of nearly 150 000 COVID-19 cases in
the United States of America found only 1.7% were children
<18 years of age, with a very small number requiring ICU
admission and extremely low mortality (4). However, multi-
center data from over 400 children in Latin-America showed a
more severe form of COVID-19, with 12.7% of children included
requiring ICU admission and a high proportion of multi-system
inflammatory syndrome (MIS-C) diagnosed, concluding more
severe disease form in Latin/Hispanic children or those of lower
socioeconomic level (5). Other low and middle income countries
(LMIC) have also reported fewer and less severe COVID-19
cases in children compared to adults (6). Chronic lung disease
has been one of the commonest pre-existing medical conditions
reported in hospitalized pediatric COVID-19 cases, both in
Europe and in South Africa (7, 8). It has been identified as a
risk factor for severe COVID-19 disease and death in adults
(9, 10). In children and adolescents chronic respiratory illness has
been associated with admission to an intensive care unit (ICU),
chronic respiratory illness conferring an increased risk of OR 3.1
(CI 1.2–8.2) for pediatric ICU admission (7). Similarly in South
Africa, underlying asthma and chronic respiratory illness was a
commonly reported underlying risk factor in children admitted
with COVID-19 (8). This has caused increased anxiety for
parents and children with chronic lung disease (11). Highlighting
the importance of better understanding risk for these children.
The impact of pre-existing lung disease on COVID-19 disease
severity has been a particular concern in LMIC where there is
a high burden of additional risk factors for severe respiratory
disease such as HIV, TB, malnutrition and overcrowding (12, 13).

In addition, the indirect effects of COVID-19 on child health
are not inconsequential (6, 14). Measures to curb the spreads
of SARS-CoV2 infection has led to many countries, including
South Africa, implementing “lock down” policies with far-
reaching socio-economic consequences including restrictions to
routine healthcare access (2, 15–17). Diversion of healthcare
resources to focus on COVID-19 care, including reducing routine
chronic clinic services and primary healthcare facility access has
meant that children have had limited access to routine care and
even immunization programmes (16–18). Fear of contracting
COVID-19 from healthcare facilities has further hampered
healthcare attendance. The impact of reduced essential maternal
and child health interventions from COVID-19 in LMIC is
estimated to contribute an increase of 9.8–44.7% in under-5 child

deaths per month, and an 8.3–38.6% increase in maternal deaths
per month (14).

In this paper we aim to review the literature on COVID-
19 in children with chronic lung disease globally and give our
experience from an African pediatric pulmonary center in Cape
Town, Western Cape Province, South Africa.

EPIDEMIOLOGY OF COVID-19 IN SOUTH
AFRICA

Although there is no public global database with age
disaggregated data and only 42 countries (about 1 in 4) with age
disaggregated COVID-19 publicly available data, the burden of
COVID-19 cases and severe disease in children <20 years age
is widely recognized to be less than that of adults, but varies
considerably across countries from 1% of all cases in Spain, to
23% in Paraguay (19). There is extremely limited more granular
age-disaggregated country-level COVID-19 data. Surveillance
studies using antibody testing of all SARS-CoV-2 infections
by age group have been relatively limited to date with some
suggesting lower infection rates in children, while others found
no difference (20–22). In South Africa, by 5 September 2020,
children <20 years accounted for ∼8% of 638,517 confirmed
COVID-19 positive cases, with 15–19 year olds accounting for
nearly half of these. The cumulative incidence risk of laboratory
confirmed COVID-19 cases per 100,000 increased with age in
children from 130 (age <5 years) to 520 (15–19 years), and was
considerably lower than the cumulative incidence for the country
as a whole of 1,086 cases/100,000 (8).

Data from the Western Cape province of South Africa
confirms a very low burden of severe COVID-19 disease in
children. As of 25 September 2020, there were 6,336 COVID-
19 positive cases in children aged <20 years comprising 6% of
all diagnosed cases in the province, 658 hospital admissions, 27
ICU admissions and 24 deaths (0.6% of all COVID-19 deaths
in the province) giving a diagnosed case fatality ratio of 0.4%.
The number of cases over time followed that of adults with a
peak of newly diagnosed cases in late June 2020 and subsequent
gradual decline. Multisystem inflammatory syndrome in children
(MIS-C) has recently become a notifiable disease in South Africa.
A case series of 23 MIS-C cases from the 2 tertiary hospitals
providing pediatric care in Cape Town has been published with
no deaths (23).

Several modeling studies have suggested that although
COVID-19 itself is mostly a mild disease in children, the
indirect effect of COVID-19 due to service disruptions may
have substantial impacts on maternal and child health with
possible increases in the incidence of several diseases and of
child death. National immunization coverage dropped during
South Africa’s lockdown from 82% in April 2019 to 61% in
April 2020 with particularly concerning declines in measles
coverage from 77 to 55%, especially in the Western Cape where
COVID-19 cases initially increased most rapidly and measles
vaccine coverage in April 2020 was only 48% (18). Concerns
have also been raised about reduced coverage of contraception,
reduced safe pregnancy terminations, reducedHIV diagnosis and

Frontiers in Pediatrics | www.frontiersin.org 2 January 2021 | Volume 8 | Article 614076

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Gray et al. COVID-19 and Pediatric Lung Disease

ART coverage in pregnancy with possible increased mother to
child transmission, and increased malnutrition due to the severe
economic consequence of lockdown (15).

PLANNING AND PREPARATION FOR
PANDEMIC AND IMPLICATIONS ON
RESPIRATORY CARE

The Red Cross War Memorial Children’s Hospital (RCWMCH)
in Cape Town is a dedicated tertiary and referral hospital that
offers a wide range of specialist pediatric services and is affiliated
to the University of Cape Town, South Africa (24). The pediatric
pulmonology unit manages children with a wide range of both
acute and chronic respiratory conditions thorough in-patient and
outpatient services. The COVID-9 pandemic has required an
adaptation of services to allow for continued care of children with
respiratory condition during this time (25).

In South Africa an early “hard” lockdown was accompanied
by an early and widespread adoption of public health measures
including social distancing, strict hand-sanitizing, and mask
wearing. Routine public transport was halted, non-emergency
health services were limited to shift resources to COVID-19
screening and treatment centers and social service offices were
closed; a response that has been credited in part for lower case
numbers and mortality rates compared to Europe and USA. In
the pediatric hospital this included cancellation of non-essential
visits, limited radiology services, cessation of lung function
testing, closing of pediatric beds, shifting of staff to adult and
COVID-19 services and in-hospital cohorting pathways that
reduced risk of COVID-19 infection spread, at the expense
of continuity of care. All factors that could impact on timely
diagnosis, management and follow-up of respiratory disease.

COVID-19: IMPACT ON ACUTE LOWER
RESPIRATORY TRACT INFECTIONS IN
CHILDREN

A notable drop in pediatric admissions for acute lower
respiratory tract infections (LRTI) other than COVID-19,
particularly viral LRTI, has been described in a number of
countries (26–28). In the Southern Hemisphere, the COVID-
19 pandemic coincided with the annual 2020 viral respiratory
season. Pediatric ICU (PICU) admission data from a large Latin-
American registry showed 83% fewer PICU admissions for LRTIs
in 2020 compared to the 2018/2019 average over the same period,
especially for respiratory syncytial virus and influenza (29). South
Africa has similarly seen markedly decreased incidence and
hospitalization rates for LRTI through the usual winter admission
surge (Olsen et al., under review). RSV-LRTI in particular has
been markedly reduced compared to the preceding 5 years.
A similar vastly reduced incidence of influenza and influenza
related hospitalization has been seen, with no pediatric hospital
admissions for influenza since May 2020. This marked reduction
in expected LRTI cases has also been noted in China and
Hong Kong, with a precipitous drop in viral-associated infections

coinciding with the onset of the initiation of COVID-19 related
public health measures (26).

COVID-19 IN CHILDREN WITH
PRE-EXISTING LUNG DISEASE AND
CO-MORBIDITIES (TABLE 1)

Bronchiectasis and Bronchiolitis
Obliterans
Individuals with pre-existing chronic lung disease, including
chronic obstructive pulmonary disease (COPD), are at increased
risk for severe COVID-19, in adults (10, 41). Bronchiolitis
obliterans (BO) is a chronic obstructive airway disease
characterized by airflow obstruction of the small airway.
Injury to airway epithelium leads to neutrophilic inflammatory
changes and scarring and eventual progression to chronic
obstructive lung disease (42). Patients with BO are at risk of
severe exacerbations with intercurrent respiratory infections,
hence the concern for increased risk of more severe COVID-19
(43). In addition, patients with chronic lung diseases have
increased epithelial expression of ACE2 receptors where SARS-
CoV-2 binds to gain access into the cells (44); and increased
morbidity and mortality in chronic lung disease may be
compounded by pre-existing reduced lung reserve (10). Pediatric
cohort studies have described chronic airway obstruction as
a comorbidity associated with COVID-19 severity (30, 31).
Underlying chronic obstructive airway disease, most commonly
asthma and bronchopulmonary dysplasia, has been reported in
5% of children <18 years in Europe admitted with COVID-19
and 13% of children requiring ICU admission (7). Bronchiectasis
was uncommon which reflects the low prevalence if these
conditions in HIC.

The respiratory out-patient clinic at RCWMCH, follows up a
cohort of approximately 120 children with bronchiectasis and/or
BO. Since the first case of COVID-19 was reported and lockdown
measures initiated in South Africa in March 2020, patients
were preferentially followed up telephonically. During this time,
the pulmonology division did not experience any up-surge in
bronchiectasis patient admission nor increased exacerbations,
with none of these patients requiring admission with COVID-
19. Data on pediatric COVID-19 admissions frommultiple South
African centers is currently being collected and will assist in
better understanding the prevalence and risk.

Asthma
Asthma is a common chronic disease in children in many
African countries. The prevalence of childhood asthma in Africa
is higher than the global average and the burden of childhood
asthma in Africa is increasing (45). At the beginning of the
pandemic asthma was considered a risk factor for severe COVID-
19. However, emerging data has not found asthma to increase risk
of hospitalization nor ICU admission with COVID-19 infection
(32, 33). In a recent European Respiratory Society survey of 94
centers including 945 children with COVID-19, 49 (5%) children
were asthmatic, most children had very mild symptoms and 20%
presented with classic asthma exacerbations, potentially triggered
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TABLE 1 | COVID-19 in children with chronic respiratory illness and respiratory co-morbidities.

Chronic lung disease

Bronchiolitis obliterans Chronic obstructive lung disease associated with severe COVID-19 in European children (7, 30).

Chronic lung disease a common co-morbidity in those admitted with COVID-19 in Europe (7, 31).

Bronchiectasis No published data on bronchiectasis in pediatric COVID-19.

Asthma No increased risk for COVID-19 related hospitalization nor ICU admission (32, 33).

Decreased asthma admissions reported in some centers (34, 35).

Uncontrolled asthma a risk for COVID-19 related mortality adults (10); highlighting importance of good asthma control.

Cystic fibrosis Not associated with severe COVID-19 disease (36, 37).

Interstitial lung disease Impact in children with ILD unknown. Increased COVID related mortality in adults with ILD suggests caution (38).

Severe COVID-19 pneumonia is a cause of diffuse alveolar damage and fibrosis. Restrictive lung function and decreased gas diffusion

reported in adults after severe COVID-19 pneumonia (39).

Co-morbidities

Tracheostomies No published data on increased risk for COVID-19 infection or severe disease in children with tracheostomies.

Any risk likely associated with underlying condition

Tuberculosis Tuberculosis, current or previous, has been associated with COVID-19 morbidity in South African adults (40); data not currently available in

children.

Clinical experience in children to date does not indicate that tuberculosis, infection or disease, is a major risk factors for COVID-19

morbidity and mortality. Data analysis is ongoing.

HIV infection HIV infection is risk factor for COVID-19 severity in Africa (40); data not currently available in children.

Clinical experience in children to date does not indicate that HIV nor HIV exposure are major risk factors for COVID-19 morbidity and

mortality. Data analysis is ongoing.

by coronavirus. Although 9% of asthmatic children required ICU
admission, all recovered with average length of hospital stay 6.9
± 5.2 days (46). Some centers have in fact reported decreased
asthma admissions during this period; probably a combination of
less exposure to infectious triggers during lockdown, improved
adherence due to fear of getting ill and avoidance of attending
health services (34, 35). We experienced a similar decrease in
asthma admissions during the early strict lockdown, and have
not seen the expected delayed spike in poor control. However,
despite SARS-CoV-2 appearing not to commonly cause wheezing
illness nor severe illness (47), there is a theoretical possibility that
asthmatics may have attacks triggered by COVID-19 infection;
good asthma control is essential as a general principle and as a
precautionary measure during this time.

Cystic Fibrosis
People with cystic fibrosis (CF) were considered at risk of severe
COVID-19 especially those with advanced lung disease based on
past experience of CF and the influenza A (H1N1) pandemic
in 2010 (48). However, an early report from 8 countries of
40 cases of COVID-19 in people with CF has dispelled this
initial concern (36). The majority were adults (youngest age 15
years), 38% had CF-related diabetes and 11 were lung transplant
recipients. Thirteen (32%) patients required oxygen therapy and
one (a lung transplant recipient) needed mechanical ventilation.
There were no deaths reported in this series. European CF
Society registry data reported (as of 10 September 2020), 144
COVID-19 cases in people with CF, of which only 36 were <20
years and all had mild illness or were asymptomatic (37). South
Africa has so far documented only 3 cases of COVID-19 in
people with CF (49). One of the speculated reasons for the low
incidence of COVID-19 in the CF population is their pre-existing
behavior of taking precautions to avoid infections. Preventing

infection is an important principle in CF care which preceded the
pandemic. However, a greater concern is the detrimental impact
on CF health caused by disruption to routine CF care. Cystic
fibrosis is a complex disorder that requires multidisciplinary
care and close monitoring. Typically, patients are seen every
1–3 months for routine check-ups, lung function and sputum
tests. In addition, treatment consists of daily chest physiotherapy
exercises and nebulized medications e.g., antibiotics. Since
COVID-19 lockdown restrictions were implemented, routine
medical care has been severely disrupted, including routine
referrals for diagnostic tests and suspension of lung transplant
programs. Furthermore, most patients and families are avoiding
health facilities where possible. Certain procedures common
in CF patients such as lung function tests, collecting sputum
samples and chest physiotherapy with nebulizers are considered
high risk due to increased aerosolization of respiratory droplets.
While it is reasonable to defer routine checkups in some, the
health and well-being of the more vulnerable or ill patient may
be compromised. This concern extends to CF research worldwide
where many active clinical trials have been suspended (50).
Guidelines and recommendations for CF care in South Africa
during COVID-19 pandemic have been published covering all
aspects from how to prevent SARS-CoV-2 infections, through
to reducing the risk of spreading SARS-CoV-2 and returning
to school or the workplace (51); highlighting re-instatement of
routine CF care with infection control measures as priority.

Interstitial Lung Disease
There is scarcity of data on the impact of COVID-19 ion
children with interstitial lung disease (ILD), especially in LMICs.
A European multicenter audit of patients older than 19 years
with a diagnosis of pre-existing ILD, hospitalized due to COVID-
19, showed a high mortality of 39.3% from COVID-19 in
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patients with underlying ILD, compared to 15.4% in age,
sex, disease severity matched COVID-19 patients without pre-
existing ILD (38). The severity of disease in these patients is
most likely related to a combination of COVID-19 causing
exacerbating ILD, exaggerated inflammatory responses and
coagulation abnormalities (38). The use of immune-suppressive
agents, which are the mainstay of therapy in ILD, have not been
consistently associated with severe COVID-19 disease (52). In
fact use of dexamethasone has been found to improve survival
and used in themanagement of COVID-19 pneumonia and acute
respiratory distress syndrome (53).

Severe COVID-19 pneumonia can itself result in interstitial
fibrosis. COVID-19 pneumonia has a histopathological picture
described as diffuse alveolar damage of acute respiratory distress
syndrome, with fibrosis as an end complication. Impaired gas
diffusion and restrictive lung function are the commonest lung
function abnormalities reported in adult cohort studies post
COVID-19 pneumonia. Lung function impairment being related
to disease severity (39). This is an important consideration
in the long-term follow-up of survivors of severe COVID-19
disease (54).

Similar to the global data, in our institution, none of our
patients with ILD were admitted with COVID-19. However, data
on the impact of COVID-19 on children with pre-existing ILD
is needed. Given the adult data, it is reasonable to consider
these children at increased risk and to advise strict infection
control measures.

Tracheostomies
Tracheostomy insertion and routine tracheostomy care are
aerosol generating procedures and therefore high risk for
COVID-19 transmission, particularly to health care workers
(55). Most of the literature on tracheostomy insertion and
care during the COVID-19 pandemic is in adults and from
high income settings. Guidelines have been published on safe
tracheostomy procedure and care in a COVID-19 patient (55–
57). This is of importance as many COVID-19 patients require
prolonged ventilation and benefit from tracheostomy insertion
(55, 56). Additional measures that can be utilized to limit virus
transmission in tracheostomy routine care include the use of
cuffed tracheostomy tubes, closed suctioning circuits and heat
and moisture filters (55, 57).

The RCWMCH’s Breatheasy© program, is a holistic
multidisciplinary programme that manages children who require
home-based tracheostomy care and/or long-term ventilation
(58, 59). As of September 2020, the programme was managing
a total of 202 children. Due to the COVID-19 pandemic
ambulatory clinics in this service moved to a telehealth platform
with only essential hospital visits being made. Only two patients
tested positive for COVID-19 and both had mild symptoms;
both had a close family member as the contact. This suggests
that despite children with tracheostomies in general being at
increased risk of lower respiratory tract infections (60), severe
COVID-19 was not observed in our patient cohort.

One of the strengths of the Breatheasy© program is that
it facilitates weekly support groups for caregivers of children
admitted to hospital (59). This creates a strong psychosocial

support structure, particularly for caregivers of children with new
tracheostomies interacting with more experienced caregivers. To
facilitate social distancing this support group was suspended with
negative effects evidenced by increased parental emotional and
psychological stress. Caregiver anxiety was further compounded
by hospital regulations, that limited movement of caregivers in
and out of hospital as well as hospital visitors. These limitations
have had significant impact on family dynamics, especially in
families whose children required prolonged hospitalization for
training in tracheostomy care.

TUBERCULOSIS (TB) AND HUMAN
IMMUNODEFICIENCY VIRUS (HIV)

Sub-Saharan Africa is facing the pre-existing dual-epidemic of
TB and HIV, in addition to the COVID-19 pandemic. Globally,
10 million people developed TB disease in 2018, of these 1.1
million were children, themajority from sub-Saharan Africa (61).
Of the 1.8 million children living with HIV, 90% are in sub-
Saharan Africa (62). HIV infected children are at an increased
risk for acute and chronic respiratory conditions and may be
more susceptible to severe COVID-19 disease. In addition HIV
exposed uninfected infants are at risk of more severe lower
respiratory tract infections with worse outcomes in early life (63)
and similairly may be more suscpetible to COVID-19. TB disease
is associated with chronic respiratory illness, raising concerns
that it too will be associated with increased risk of COVID-
19 and of severe disease. Conversely, having had TB may in
fact upregulate innate immunity boosting immune responses to
COVID-19, the theory for why BCG vaccine may be partially
protective for severe disease (64). BCG given at birth does
not however appear to confer protection against SARS-COV-
2 infection (65), although multicentre studies are ongoing. It
is unclear if latent tuberculosis infection and co-infection with
SARS-COV-2 induces immune storm but two case studies in
China reported use of immune modulators in adult patients with
LTBI co-infected with COVID-19 was useful (66).

Initial data from Africa suggests that HIV is a risk factor
for COVID-19 severity in adults infected with HIV, although
not a consistent finding globally (40). A case series from Italy
did not report HIV as a predictor for severe COVID-19 nor
death especially in patients who were virally suppressed (67). A
recent meta-analysis showed increased odds for severe COVID-
19 disease in patients with immunosuppression (776 patients; OR
= 3.29, 95% CI: 0.89–12.21, P = 0.075), though the causes of
immunosuppression reported in this paper were multifactorial
not just HIV (68). In Western Cape, South Africa, HIV and
current or previous TB were both independently associated with
COVID-19 related death in adults, with HIV adjusted hazard
ratio (aHR) 2.14; 95% confidence interval (CI) 1.70–2.70 and
current and previous TB aHR (95%CI) were 2.70 (1.81–4.04) and
1.51 (1.18–1.93), respectively (40). However, clinical experience
to date does not indicate that HIV or TB are major risk factors
for COVID-19 death in children, however, analyses of provincial
data are ongoing.
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With the lockdown and de-escalation of health services that
were seen globally, patients have had reduced access to health
facilities to collect chronic medications for HIV/TB or other
chronic diseases, both due to lockdown regulations and for
fear of exposure to COVID-19. Screening services for other
common conditions like TB have experienced competition,
e.g., gene expert cartridges for TB being used for COVID-
19 (69); sputum specimens being prioritized for COVID-19
testing delaying diagnosis of TB and inappropriate use of BCG
in response to the unproven theory that BCG may protect
against COVID-19 (64). It is anticipated that a major decline in
number of TB cases screened and tested has occurred and that
disruption in the treatment programs for these diseases will ensue
unless the COVID-19 screening and testing program can run
simultaneously with HIV/TB programs (70).

The clinical presentation for COVID-19, TB or other
respiratory disease, is non-specific. Health care workers in high
burden areas must insist on standard screening of TB and HIV
in children presenting with respiratory tract illness, in addition to
COVID-19 testing. Data is needed to better understand the risk of
not onlyHIV infection but alsoHIV exposure onCOVID-19 risk.
In addition, the implications of BCG vaccination, previous TB
disease and current co-infection with TB for COVID-19 severity
in children requires further investigation.

SUMMARY

COVID-19 is associated with milder disease in children
compared to adults. Despite initial fears over risk for children
with chronic lung diseases, current evidence suggests that

pre-existing respiratory disease in children does not appear
to be a significant risk factor for severe COVID-19. This

has important implications for planning with social care and
schooling. Longitudinal and larger datasets are still needed to
assess risk in children with immunosuppression and interstitial
lung diseases, and caution should be taken with these groups.
The long-term consequence of COVID-19 on lung health is
unknown. In addition, the increasing global recognition of MIS-
C as an important cause of COVID-19 related morbidity and
mortality in children must not be underestimated, necessitating
early recognition and management. Ongoing strict public health
measures are essential to reduce the impact of the pandemic
on children with respiratory illness and their families. Most
importantly, the indirect impacts of the pandemic response on
child respiratory health are notable and still likely to be fully
realized and quantified. Ensuring children have access to full
preventive and care services during this time is priority.

AUTHOR CONTRIBUTIONS

DG and AV collated and wrote the final version of the
manuscript. HZ, MZ, andM-AD provided additional intellectual
input. All authors contributed to researching and writing sub-
sections of the article, reviewed, and commented on the final
version of the manuscript.

FUNDING

DG was funded by the Wellcome Trust and HZ by the MRC
South Africa. Gray Wellcome Fund Number: 204755/Z/16/Z.

REFERENCES

1. World Health Organization. WHO Coronavirus Disease (COVID-19)

Dashboard 2020. (2020). Available online at: https://covid19.who.int/

(accessed September 4, 2020).

2. Paintsil E. COVID-19 threatens health systems in sub-Saharan Africa: the eye

of the crocodile. J Clin Invest. (2020) 130:2741–4. doi: 10.1172/JCI138493

3. Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, et al. SARS-CoV-2 infection in

children. N Engl J Med. (2020) 382:1663–5. doi: 10.1056/NEJMc2005073

4. CDC COVID-19 Response Team. Coronavirus disease 2019 in children -

United States, February 12-April 2, 2020. MMWR Morb Mortal Wkly Rep.

(2020) 69:422–6. doi: 10.15585/mmwr.mm6914e4

5. Antunez-Montes OY, Escamilla MI, Figueroa-Uribe AF, Arteaga-Menchaca E,

Lavariega-Sarachaga M, Salcedo-Lozada P, et al. COVID-19 and multisystem

inflammatory syndrome in latin American children: a multinational study.

Pediatr Infect Dis J. (2020) 18:1–10. doi: 10.1097/INF.0000000000002949

6. Zar HJ, Dawa J, Fischer GB, Castro-Rodriguez JA. Challenges of COVID-19

in children in low- and middle-income countries. Paediatr Respir Rev. (2020)

35:70–4. doi: 10.1016/j.prrv.2020.06.016

7. Gotzinger F, Santiago-Garcia B, Noguera-Julian A, Lanaspa M, Lancella L,

Calo Carducci FI, et al. COVID-19 in children and adolescents in Europe: a

multinational, multicentre cohort study. Lancet Child Adolesc Health. (2020)

4:653–61. doi: 10.1016/S2352-4642(20)30177-2

8. COVID-19 Special Public Health Surveillance Bulletin. NICD: National

Institute of Communicable Diseases (2020). Available online at: https://www.

nicd.ac.za/wp-content/uploads/2020/09/COVID-19-Special-Public-Health-

Surveillance-Bulletin-_Issue-3.pdf (accessed September 8, 2020).

9. Lippi G, Henry BM. Chronic obstructive pulmonary disease

is associated with severe coronavirus disease 2019 (COVID-

19). Respir Med. (2020) 167:105941. doi: 10.1016/j.rmed.2020.1

05941

10. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.

Factors associated with COVID-19-related death using OpenSAFELY.Nature.

(2020) 584:430–6. doi: 10.1038/s41586-020-2521-4

11. Ademhan Tural D, Emiralioglu N, Tural Hesapcioglu S, Karahan S, Ozsezen B,

Sunman B, et al. Psychiatric and general health effects of COVID-19 pandemic

on children with chronic lung disease and parents’ coping styles. Pediatr

Pulmonol. (2020) 55:3579–86. doi: 10.1002/ppul.25082

12. Ahmed S, Mvalo T, Akech S, Agweyu A, Baker K, Bar-Zeev N, et al. Protecting

children in low-income and middle-income countries from COVID-19. BMJ

Glob Health. (2020) 5:e002844. doi: 10.1136/bmjgh-2020-002844

13. Migliori GB, Thong PM, Akkerman O, Alffenaar JW, Alvarez-Navascues F,

Assao-Neino MM, et al. Worldwide effects of coronavirus disease pandemic

on tuberculosis services, January-April 2020. Emerg Infect Dis. (2020)

26:2709–12. doi: 10.3201/eid2611.203163

14. Roberton T, Carter ED, Chou VB, Stegmuller AR, Jackson BD, Tam

Y, et al. Early estimates of the indirect effects of the COVID-19

pandemic on maternal and child mortality in low-income and middle-

income countries: a modelling study. Lancet Global Health. (2020) 8:e901–

e8. doi: 10.1016/S2214-109X(20)30229-1

15. van Bruwaene L, Mustafa F, Cloete J, Goga A,Green RJ. What are we doing to

the children of South Africa under the guise of COVID-19 lockdown? SAMJ

South Afr Med J. (2020) 110:1–2. Available online at: http://www.samj.org.za/

index.php/samj/article/view/12949

Frontiers in Pediatrics | www.frontiersin.org 6 January 2021 | Volume 8 | Article 614076

https://covid19.who.int/
https://doi.org/10.1172/JCI138493
https://doi.org/10.1056/NEJMc2005073
https://doi.org/10.15585/mmwr.mm6914e4
https://doi.org/10.1097/INF.0000000000002949
https://doi.org/10.1016/j.prrv.2020.06.016
https://doi.org/10.1016/S2352-4642(20)30177-2
https://www.nicd.ac.za/wp-content/uploads/2020/09/COVID-19-Special-Public-Health-Surveillance-Bulletin-_Issue-3.pdf
https://www.nicd.ac.za/wp-content/uploads/2020/09/COVID-19-Special-Public-Health-Surveillance-Bulletin-_Issue-3.pdf
https://www.nicd.ac.za/wp-content/uploads/2020/09/COVID-19-Special-Public-Health-Surveillance-Bulletin-_Issue-3.pdf
https://doi.org/10.1016/j.rmed.2020.105941
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1002/ppul.25082
https://doi.org/10.1136/bmjgh-2020-002844
https://doi.org/10.3201/eid2611.203163
https://doi.org/10.1016/S2214-109X(20)30229-1
http://www.samj.org.za/index.php/samj/article/view/12949
http://www.samj.org.za/index.php/samj/article/view/12949
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Gray et al. COVID-19 and Pediatric Lung Disease

16. Arndt C, Davies R, Gabriel S, Harris L, Makrelov K, Robinson S, et al. Covid-

19 lockdowns, income distribution, and food security: an analysis for South

Africa. Global Food Secur. (2020) 26:100410. doi: 10.1016/j.gfs.2020.100410

17. Buonsenso D, Cinicola B, Raffaelli F, Sollena P, Iodice F. Social consequences

of COVID-19 in a low resource setting in Sierra Leone,West Africa. Int J Infect

Dis. (2020) 97:23–6. doi: 10.1016/j.ijid.2020.05.104

18. Baleta A. Covid-19 side-effect: dramatic drop in SA’s immunisation rates

[press release]. Daily Maverick. (2020). Available online at: https://www.

dailymaverick.co.za/article/2020-06-24-covid-19-side-effect-dramatic-

drop-in-sas-immunisation-rates/ (accessed June 24, 2020).

19. Idele P, Anthony D, Mofenson LM, Requejo, J, You D, Luo C, et al. The

Evolving Epidemiologic and Clinical Picture of SARS-CoV-2 and COVID-19

Disease in Children and Young People. InnocentiWorking Papers no. 2020-07.

Florence: UNICEF Office of Research - Innocenti (2020).

20. Viner R, Mytton O, Bonell C, Melendez-Torres G, Ward J, Hudson L, et

al. Susceptibility to SARS-COV-2 infection among children and adolescents

compared with adults: a systematic review and meta-analysis. JAMA. (2020).

doi: 10.1001/jamapediatrics.2020.4573

21. Stringhini S, Wisniak A, Piumatti G, Azman AS, Lauer SA, Baysson

H, et al. Seroprevalence of anti-SARS-CoV-2 IgG antibodies in Geneva,

Switzerland (SEROCoV-POP): a population-based study. Lancet. (2020)

396:313–9. doi: 10.1016/S0140-6736(20)31304-0

22. United Kingdom Office for National Statistics. Coronavirus

(COVID-19) Infection Survey. Available online at: https://www.

ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/

conditionsanddiseases/datasets/coronaviruscovid19infectionsurveydata

23. Webb K, Abraham DR, Faleye A, McCulloch M, Rabie H, Scott C, et al.

Multisystem inflammatory syndrome in children in South Africa. Lancet Child

Adolesc Health. (2020) 4:e38. doi: 10.1016/S2352-4642(20)30272-8

24. Red Cross War Memorial Children’s Hospital (2020). Available online

at: https://www.westerncape.gov.za/your_gov/149

25. University of Cape Town. Paediatric Pulmonology. (2020). Available

online at: http://www.paediatrics.uct.ac.za/scah/clinicalservices/medical/

pulmonology

26. Wong NS, Leung CC, Lee SS. Abrupt subsidence of seasonal influenza after

coronavirus disease outbreak, Hong Kong, China. Emerg Infect Dis. (2020)

26:2753–5. doi: 10.3201/eid2611.200861

27. Manzoni P, Militello MA, Fiorica L, Cappiello AR, Manzionna M. Impact

of COVID-19 epidemics in paediatric morbidity and utilisation of Hospital

Paediatric Services in Italy. Acta Paediatr. (2020) 1–2. doi: 10.1111/apa.15435

28. Kadambari S, Abo YN, Phuong LK, Osowicki J, Bryant PA. Decrease

in infection-related hospital admissions during COVID-19: why are

parents avoiding the doctor? Pediatr Infect Dis J. (2020) 39:e385–

6. doi: 10.1097/INF.0000000000002870

29. Vásquez-Hoyos P, Diaz-Rubio F, Monteverde-Fernandez N, Jaramillo-

Bustamante JC, Carvajal C, Serra A, et al. Reduced PICU respiratory

admissions during COVID-19. Arch Dis Childhood. (2020) 1–4.

doi: 10.1136/archdischild-2020-320469

30. Oualha M, Bendavid M, Berteloot L, Corsia A, Lesage F, Vedrenne M, et al.

Severe and fatal forms of COVID-19 in children. Arch Pediatrie. (2020)

27:235–8. doi: 10.1016/j.arcped.2020.05.010

31. Parri N, Magista AM, Marchetti F, Cantoni B, Arrighini A, Romanengo

M, et al. Characteristic of COVID-19 infection in pediatric patients: early

findings from two Italian pediatric research networks. Eur J Pediatr. (2020)

179:1315–23. doi: 10.1007/s00431-020-03683-8

32. Hartmann-Boyce J, Gunnell J, Drake J, Otunla A, Suklan J,

Schofield E, et al. Asthma and COVID-19: review of evidence

on risks and management considerations. BMJ Evid Based Med.

(2020). doi: 10.1136/bmjebm-2020-111506. [Epub ahead of print].

33. Lovinsky-Desir S, Deshpande DR, De A, Murray L, Stingone JA, Chan A, et al.

Asthma among hospitalized patients with COVID-19 and related outcomes.

J Allergy Clin Immunol. (2020) 146:1027–34.e4. doi: 10.1016/j.jaci.2020.

07.026

34. Krivec U, Kofol Seliger A, Tursic J. COVID-19 lockdown dropped the

rate of paediatric asthma admissions. Arch Dis Child. (2020) 105:809–

10. doi: 10.1136/archdischild-2020-319522

35. Chavasse RJ. Covid-19: reduced asthma presentations in children. BMJ. (2020)

370:m2806. doi: 10.1136/bmj.m2806

36. Cosgriff R, Ahern S, Bell SC, Brownlee K, Burgel PR, Byrnes C, et al. A

multinational report to characterise SARS-CoV-2 infection in people with

cystic fibrosis. J Cyst Fibros. (2020) 19:355–8. doi: 10.1016/j.jcf.2020.04.012

37. Society ECF. COVID-19 in People With CF in Europe. (2020) Available online

at: https://www.ecfs.eu/covid-cf-project-europe

38. Huang H, Zhang M, Chen C, Zhang H, Wei Y, Tian J, et al.

Clinical characteristics of COVID-19 in patients with preexisting ILD: a

retrospective study in a single center in Wuhan, China. J Med Virol. (2020)

13:10.1002/jmv.26174. doi: 10.1002/jmv.26174

39. Mo X, Jian W, Su Z, Chen M, Peng H, Peng P, et al. Abnormal pulmonary

function in COVID-19 patients at time of hospital discharge. Eur Respir J.

(2020) 55:2001217. doi: 10.1183/13993003.01217-2020

40. Boulle A, Davies MA, Hussey H, Ismail M, Morden E, Vundle Z,

et al. Risk factors for COVID-19 death in a population cohort study

from the western cape province, South Africa. Clin Infect Dis. (2020)

29:ciaa1198. doi: 10.1093/cid/ciaa1198

41. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L,

et al. Features of 20 133 UK patients in hospital with covid-19 using the

ISARIC WHO clinical characterisation protocol: prospective observational

cohort study. BMJ. (2020) 369:m1985. doi: 10.1136/bmj.m1985

42. Chiu CY, Wong KS, Huang YC, Lin TY. Bronchiolitis obliterans in children:

clinical presentation, therapy and long-term follow-up. J Paediatr Child

Health. (2008) 44:129–33. doi: 10.1111/j.1440-1754.2007.01209.x

43. RosewichM, Zissler UM, Kheiri T, Voss S, Eickmeier O, Schulze J, et al. Airway

inflammation in children and adolescents with bronchiolitis obliterans.

Cytokine. (2015) 73:156–62. doi: 10.1016/j.cyto.2014.10.026

44. Leung JM, Yang CX, Tam A, Shaipanich T, Hackett TL, Singhera

GK, et al. ACE-2 expression in the small airway epithelia of smokers

and COPD patients: implications for COVID-19. Eur Respir J. (2020)

55:2000688. doi: 10.1183/13993003.00688-2020

45. Asher MI, Montefort S, Bjorksten B, Lai CK, Strachan DP, Weiland SK,

et al. Worldwide time trends in the prevalence of symptoms of asthma,

allergic rhinoconjunctivitis, and eczema in childhood: ISAAC phases one and

three repeat multicountry cross-sectional surveys. Lancet. (2006) 368:733–

43. doi: 10.1016/S0140-6736(06)69283-0

46. Moller A. COVID-19 Impact in ChildrenWith Chronic Respiratory Conditions.

Lausanne: European Respiratory Society Congress (2020).

47. Papadopoulos NG, Custovic A, Deschildre A, Mathioudakis AG,

Phipatanakul W, Wong G, et al. Impact of COVID-19 on pediatric asthma:

practice adjustments and disease burden. J Allergy Clin Immunol Pract. (2020)

8:2592–9.e3. doi: 10.1016/j.jaip.2020.06.001

48. Viviani L, Assael BM, Kerem E, Group EHNs. Impact of the A (H1N1)

pandemic influenza (season 2009-2010) on patients with cystic fibrosis. J Cyst

Fibros. (2011) 10:370–6. doi: 10.1016/j.jcf.2011.06.004

49. Zampoli M. Cystic fibrosis: what’s new in South Africa in 2019. South Afr Med

J. (2019) 109:16–9. doi: 10.7196/SAMJ.2018.v109i1.13415

50. Colombo C, Burgel PR, Gartner S, van Koningsbruggen-Rietschel

S, Naehrlich L, Sermet-Gaudelus I, et al. Impact of COVID-

19 on people with cystic fibrosis. Lancet Respir Med. (2020)

8:e35–e6. doi: 10.1016/S2213-2600(20)30177-6

51. South African Cystic Fibrosis Association. COVID-19 Guidelines and FAQS.

Available online at: https://www.sacfa.org.za/covid-19-guidelines/

52. D’Antiga L. Coronaviruses and immunosuppressed patients: the

facts during the third epidemic. Liver Transplantation. (2020)

26:832–4. doi: 10.1002/lt.25756

53. Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O, Rosa RG, Veiga

VC, et al. Effect of dexamethasone on days alive and ventilator-free in

patients with moderate or severe acute respiratory distress syndrome and

COVID-19: the CoDEX randomized clinical trial. JAMA. (2020) 324:1307–

16. doi: 10.1001/jama.2020.17021

54. Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, et al. Radiological findings

from 81 patients with COVID-19 pneumonia in Wuhan, China: a descriptive

study. Lancet Infect Dis. (2020) 20:425–34. doi: 10.1016/S1473-3099(20)3

0086-4

55. Chiesa-Estomba CM, Lechien JR, Calvo-Henriquez C, Fakhry

N, Karkos PD, Peer S, et al. Systematic review of international

guidelines for tracheostomy in COVID-19 patients. Oral Oncol. (2020)

108:104844. doi: 10.1016/j.oraloncology.2020.104844

Frontiers in Pediatrics | www.frontiersin.org 7 January 2021 | Volume 8 | Article 614076

https://doi.org/10.1016/j.gfs.2020.100410
https://doi.org/10.1016/j.ijid.2020.05.104
https://www.dailymaverick.co.za/article/2020-06-24-covid-19-side-effect-dramatic-drop-in-sas-immunisation-rates/
https://www.dailymaverick.co.za/article/2020-06-24-covid-19-side-effect-dramatic-drop-in-sas-immunisation-rates/
https://www.dailymaverick.co.za/article/2020-06-24-covid-19-side-effect-dramatic-drop-in-sas-immunisation-rates/
https://doi.org/10.1001/jamapediatrics.2020.4573
https://doi.org/10.1016/S0140-6736(20)31304-0
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/coronaviruscovid19infectionsurveydata
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/coronaviruscovid19infectionsurveydata
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/coronaviruscovid19infectionsurveydata
https://doi.org/10.1016/S2352-4642(20)30272-8
https://www.westerncape.gov.za/your_gov/149
http://www.paediatrics.uct.ac.za/scah/clinicalservices/medical/pulmonology
http://www.paediatrics.uct.ac.za/scah/clinicalservices/medical/pulmonology
https://doi.org/10.3201/eid2611.200861
https://doi.org/10.1111/apa.15435
https://doi.org/10.1097/INF.0000000000002870
https://doi.org/10.1136/archdischild-2020-320469
https://doi.org/10.1016/j.arcped.2020.05.010
https://doi.org/10.1007/s00431-020-03683-8
https://doi.org/10.1136/bmjebm-2020-111506
https://doi.org/10.1016/j.jaci.2020.07.026
https://doi.org/10.1136/archdischild-2020-319522
https://doi.org/10.1136/bmj.m2806
https://doi.org/10.1016/j.jcf.2020.04.012
https://www.ecfs.eu/covid-cf-project-europe
https://doi.org/10.1002/jmv.26174
https://doi.org/10.1183/13993003.01217-2020
https://doi.org/10.1093/cid/ciaa1198
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1111/j.1440-1754.2007.01209.x
https://doi.org/10.1016/j.cyto.2014.10.026
https://doi.org/10.1183/13993003.00688-2020
https://doi.org/10.1016/S0140-6736(06)69283-0
https://doi.org/10.1016/j.jaip.2020.06.001
https://doi.org/10.1016/j.jcf.2011.06.004
https://doi.org/10.7196/SAMJ.2018.v109i1.13415
https://doi.org/10.1016/S2213-2600(20)30177-6
https://www.sacfa.org.za/covid-19-guidelines/
https://doi.org/10.1002/lt.25756
https://doi.org/10.1001/jama.2020.17021
https://doi.org/10.1016/S1473-3099(20)30086-4
https://doi.org/10.1016/j.oraloncology.2020.104844
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Gray et al. COVID-19 and Pediatric Lung Disease

56. Schultz P, Morvan JB, Fakhry N, Morinièred S, Vergeze S,

Lacroix C, et al. French consensus regarding precautions during

tracheostomy and post-tracheostomy care in the context of COVID-

19 pandemic. Eur Ann Otorhinolaryngol Head Neck Dis. (2020)

137:167–9. doi: 10.1016/j.anorl.2020.04.006

57. Coronavirus: Update for the ENT Surgeon Recommendations Compiled by

the University of Cape Town Division of Otolaryngology. Available online

at: https://www.globalchildrenssurgery.org/wp-content/uploads/2020/04/67-

UCT_COVID-19_Otolaryngology_ENTAfrica_Guidelines.pdf

58. Groenendijk I, Booth J, van Dijk M, Argent A, Zampoli M. Paediatric

tracheostomy and ventilation home care with challenging socio-economic

circumstances in South Africa. Int J Pediatr Otorhinolaryngol. (2016) 84:161–

5. doi: 10.1016/j.ijporl.2016.03.013

59. Din T, McGuire J, Booth J, Lytwynchuk A, Fagan J, Peer S. The assessment

of quality of life in children with tracheostomies and their families in a low

to middle income country (LMIC). Int J Pediatr Otorhinolaryngol. (2020)

138:110319. doi: 10.1016/j.ijporl.2020.110319

60. Glasper A. Safeguarding children with long-term conditions fromCOVID-19.

Br J Nurs. (2020) 29:533–4. doi: 10.12968/bjon.2020.29.9.533

61. WHO. Global Tuberculosis Report. (2019). Available online at: https://www.

who.int/tb/publications/global_report/en/

62. UNAIDS. Fact Sheet - Global HIV Statistics. (2020) Available online at: https://

www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf

63. Cohen C, Moyes J, Tempia S, Groome M, Walaza S, Pretorius

M, et al. Epidemiology of acute lower respiratory tract

infection in HIV-exposed uninfected infants. Pediatrics. (2016)

137:e20153272. doi: 10.1542/peds.2015-3272

64. Miller A, Reandelar MJ, Fasciglione K, Roumenova V, Li Y, O’tazu GH.

Correlation between universal BCG vaccination policy and reduced mortality

for COVID-19. medRxiv [Preprint]. (2020). doi: 10.1101/2020.03.24.200

42937

65. de Chaisemartin C, de Chaisemartin L. BCG vaccination in infancy does not

protect against COVID-19. Evidence from a natural experiment in Sweden.

Clin Infect Dis. (2020) 23:ciaa1223. doi: 10.1093/cid/ciaa1223

66. Liu C, Yu Y, Fleming J, Wang T, Shen S, Wang Y, et al. Severe COVID-19 cases

with a history of active or latent tuberculosis. Int J Tuberc Lung Dis. (2020)

24:747–9. doi: 10.5588/ijtld.20.0163

67. Gervasoni C, Meraviglia P, Riva A, Giacomelli A, Oreni L, Minisci

D, et al. Clinical features and outcomes of patients with human

immunodeficiency virus with COVID-19. Clin Infect Dis. (2020) 71:2276–

8. doi: 10.1093/cid/ciaa579

68. Gao Y, Chen Y, Liu M, Shi S, Tian J. Impacts of immunosuppression and

immunodeficiency on COVID-19: a systematic review and meta-analysis. J

Infect. (2020) 81:e93–e5. doi: 10.1016/j.jinf.2020.05.017

69. Udwadia ZF, Vora A, Tripathi AR, Malu KN, Lange C, Raju RS. COVID-

19 -Tuberculosis interactions: when dark forces collide. Ind J Tuberculosis.

doi: 10.1016/j.ijtb.2020.07.003

70. Togun T, Kampmann B, Stoker NG, LipmanM. Anticipating the impact of the

COVID-19 pandemic on TB patients and TB control programmes. Ann Clin

Microbiol Antimicrob. (2020) 19:21. doi: 10.1186/s12941-020-00363-1

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Gray, Davies, Githinji, Levin, Mapani, Nowalaza, Washaya,

Yassin, Zampoli, Zar and Vanker. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 8 January 2021 | Volume 8 | Article 614076

https://doi.org/10.1016/j.anorl.2020.04.006
https://www.globalchildrenssurgery.org/wp-content/uploads/2020/04/67-UCT_COVID-19_Otolaryngology_ENTAfrica_Guidelines.pdf
https://www.globalchildrenssurgery.org/wp-content/uploads/2020/04/67-UCT_COVID-19_Otolaryngology_ENTAfrica_Guidelines.pdf
https://doi.org/10.1016/j.ijporl.2016.03.013
https://doi.org/10.1016/j.ijporl.2020.110319
https://doi.org/10.12968/bjon.2020.29.9.533
https://www.who.int/tb/publications/global_report/en/
https://www.who.int/tb/publications/global_report/en/
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://doi.org/10.1542/peds.2015-3272
https://doi.org/10.1101/2020.03.24.20042937
https://doi.org/10.1093/cid/ciaa1223
https://doi.org/10.5588/ijtld.20.0163
https://doi.org/10.1093/cid/ciaa579
https://doi.org/10.1016/j.jinf.2020.05.017
https://doi.org/10.1016/j.ijtb.2020.07.003
https://doi.org/10.1186/s12941-020-00363-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	COVID-19 and Pediatric Lung Disease: A South African Tertiary Center Experience
	Background
	Epidemiology of COVID-19 in South Africa
	Planning and Preparation for Pandemic and Implications on Respiratory Care
	COVID-19: Impact on Acute Lower Respiratory Tract Infections in Children
	COVID-19 in Children With Pre-Existing Lung Disease and Co-Morbidities (Table 1)
	Bronchiectasis and Bronchiolitis Obliterans
	Asthma
	Cystic Fibrosis
	Interstitial Lung Disease
	Tracheostomies

	Tuberculosis (TB) and Human Immunodeficiency Virus (HIV)
	Summary
	Author Contributions
	Funding
	References


