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Original article

Impact of COVID-19 on children with rheumatic diseases: a retrospective

cohort analysis

Background: Data concerning impact of COVID-19 on children with
rheumatic disorders in developing countries are limited.

Methods: We conducted a retrospective analysis, examining the medical
records of 49 children (15 males, 34 females) with rheumatologic
disorders who got infected with SARS-CoV2. They were recruited, over a
period of 17 months, from the Children’s Hospitals of Ain Shams,
Mansoura and Assiut Universities in Egypt. Data recorded were the type
and duration of rheumatologic, antirheumatic treatment received, and
COVID-19 presentation including severity, and outcome. Complete blood
count (CBC), erythrocyte sedimentation rate (ESR), C reactive protein
(CRP), lactate dehydrogenase enzyme (LDH), serum ferritin, and D-
dimer levels were recorded.

Results: Our series included 25 SLE, 16 JIA, two polyarteritis nodosa,
two dermatomyositis, two mixed connective tissue disease, one systemic
sclerosis, and one HSP patients. They had median (IQR) age of 13 (10-
14) years. Twenty-nine (59.2%) patients had active disease flare. Forty-
one (83.7%) patients were on corticosteroids, and 35 (71.4%) were on
add-on immunosuppressives. Twenty-nine patients were hospitalized with
median (IQR) admission duration of 25 (14-38) days. They included 8
mild/asymptomatic, 4 moderate, 6 severe, and 11 critical COVID-19
cases. Seven cases with critical COVID-19 passed away with mortality
rate of 14.3 %. The deceased cases had higher neutrophil/lymphocyte
ratio (p=0.003), higher CRP levels (p= 0.041) and higher D-dimer
(p=0.001) and ferritin levels (0.002) as compared to survivors.
Conclusion: Although reported to be milder in children, COVID-19
seems to have higher mortality among children with rheumatic disorders
compared to rates reported in the general population. We could not find
evidence for the impact of immunosuppressive treatment on COVID-19
related mortality, yet our findings need to be validated by wider scale
prospective studies.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), a
respiratory disease caused by the severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-
2), was declared a pandemic by the World Health
Organization (WHO) on March 11, 2020. Children
are as likely as adults to become infected with
SARS-CoV-2 but they seem to have a milder
disease course and better prognosis.>® With spread
of the virus, growing global data revealed rising
numbers of affected children with different grades
of COVID-19 severity including those presenting
with the multisystem inflammatory syndrome in
children (MIS-C).* It has been suggested that
children with underlying conditions, such as
congenital heart disease, bronchial pulmonary
hypoplasia, chronic kidney disease, respiratory tract
anomalies, severe malnutrition and immune
deficiency may be more susceptible to increased
COVID-19-related  morbidity and  mortality.®
However, data on the impact of COVID-19 on
children with rheumatic diseases are scant and this
poses a great challenge to pediatric rheumatologists.

Children with rheumatologic disorders are
believed to be immunocompromised by the diseases
itself and/or the wuse of immunosuppressive
treatment. In addition, their underlying immune
dysregulation may increase the risk of developing a
cytokine storm, multisystem organ inflammation
and failure, and the so-called “macrophage
activation syndrome™.®” The aim of our study was
to describe  epidemiological and clinical
characteristics of patients with rheumatologic
disorders presenting with COVID-19 in three
tertiary referral hospitals in Egypt, and to explore
the impact of COVID-19 on their outcome

METHODS

This retrospective analysis used the medical records
of children (less than the age of 18 years) with
rheumatologic disorders who were diagnosed with
SARS-CoV?2 infection. Patients were recruited from
three Egyptian cities: Cairo, Mansoura and Assiut
and the data were collected from 3 centers, namely:
the  Pediatric  Allergy, Immunology and
Rheumatology Unit, Children’s Hospital, Ain
Shams  University, the Pediatric Allergy,
Immunology and Rheumatology Unit, Children’s
Hospital, Assiut University and the Children’s
Hospital, Mansoura University, during the period
from March 1, 2020, to August 1, 2021. We
followed the Centre for Disease Control and
Prevention (CDC) case definition for COVID-19,2
and the World Health Organization (WHO)
classification for COVID-19 severity.®
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Records of the patients were examined for their
SARS-CoV-2  PCR/serology  results, data
concerning their rheumatologic diagnoses and
duration, and outcome of hospital admission. We
also collected data about COVID-19 clinical
presentation as well as results of complete blood
count, erythrocyte sedimentation rate (ESR), C
reactive protein (CRP), lactate dehydrogenase
enzyme (LDH), serum ferritin and D-dimer levels.
Radiological abnormalities were recorded when
present, in addition to the immunosuppressive
treatment received and patients’ adherence to
treatment in the last 3 months before acquiring
SARS-CoV-2 infection.

Statistical methods

Data were statistically described in terms of range,
median and interquartile range, or frequencies
(number of cases) and percentages when
appropriate. Numerical data were tested for the
normal assumption using Kolmogorov Smirnov
test. Comparison of numerical variables between
the study groups was done using Mann Whitney U
test for independent samples. For comparing
categorical data, Chi-square (X?) test was
performed. Exact test was used instead when the
expected frequency is less than 5. Two- sided p
values less than 0.05 was considered statistically
significant. IBM SPSS (Statistical Package for the
Social Science; IBM Corp, Armonk, NY, USA)
release 22 for Microsoft Windows was used for all
statistical analyses.

RESULTS

Over 17 months period, 49 children and adolescents
with rheumatologic diseases (15 males, 34 females)
received the diagnosis of COVID-19 being defined
as 28 confirmed and 21 probable cases. Out of our
series, 29 underwent hospital admission while the
remaining 20 were managed as outpatients. The
whole cohort included 25 patients (51%) with
systemic lupus erythematosus (SLE), 16 (32.7%)
with juvenile idiopathic arthritis (JIA), two (4.1%)
with polyarteritis nodosa (PAN), two (4.1%) with
dermatomyositis, two (4.1%) with Mixed
connective tissue disease (MCTD), one (2.1%) with
systemic sclerosis and one (2.1%) with Henoch
Schoenlein purpura (HSP). Their age ranged from
6 to 16 with median (IQR) value of 13 (10-14)
years. Twenty-nine (59.2%) patients had
rheumatologic disease flare at the time of SARS-
CoV-2 acquisition while symptoms of the
remaining 20 (40.8%) were controlled. Forty-one
(83.7%) patients were on corticosteroid therapy for
their rheumatic illness, and 35 (71.4%) were on



add-on immunosuppressives. Fourteen patients
were not adherent to their antirheumatic treatment,
6 of them stopped their treatment completely for
periods ranging between 2 and 8 weeks before
presentation for fear of being more susceptible to
SARS-CoV-2 infection. The main
clinicodemographic and laboratory features for the
whole cohort are shown in tables 1 and 2. The 29
patients who were admitted to the COVID-19
isolation ward stayed for periods ranging from 9 to
65 days with a median (IQR) duration of 25 (14-38)
days. These included 8 mild/asymptomatic, 4
moderate, 6 severe and 11 critical COVID-19 cases.
The remaining 20 patients were managed as
outpatients and had mild/asymptomatic COVID-19
infection. Table 3 and figures 1-3 show the main
clinical features of the hospitalized patients (n=29).

COVID-19 in children with rheumatic diseases

All patients with critical, severe, and moderate
COVID-19 illness received n-methyl prednisolone
pulsed therapy, eight received intravenous
immunoglobulins (1-2 gm/kg) and four received
anti-IL-6 (tocilizumab at 8 mg per kg), in addition
to antibiotic treatment. COVID-19 severity among
the studied cases did not show significant variation
with gender (p= 0.14), rheumatic diagnosis (p=
0.201), rheumatic disease activity status (p= 0.072)
or adherence to the anti-rheumatic treatment (p=
0.159), but varied significantly with the type of
immunosuppressive received, as 10 of the 11
critical COVID-19 cases were on
cyclophosphamide, rituximab, or mycophenolate
mofetil. All patients receiving methotrexate had
mild/asymptomatic COVID-19 illness (X?=43.769,
p=0.001) (figure 4).

Table 1. Clinicodemographic parameters of the studied rheumatic children with COVID-19 (n=49)

Variable Number (%) or Range [median (IQR)]
Age (years) 6-16 [13 (10-14)]
Rheumatic disease duration (years) 0-4 [2 (0.18-3)]
Gender Male 15 (30.6%)
Female 34 (69.4%)
Rheumatic illness Previously diagnosed 40 (81.6%)
New onset 9 (18.4%)
Rheumatic disease diagnosis SLE 25 (51%)
JIA 16 (32.7%)
Polyarteritis nodosa 2 (4.1%)
Dermatomyositis 2 (4.1%)
MCTD 2 (4.1%)
HSP 1 (2%)
Systemic sclerosis 1 (2%)
Rheumatic disease activity Flare 29 (59.2%)
Quiescent 20 (40.8%)
Rheumatic disease treatment Corticosteroids 41 (83.7%)
Methotrexate 16 (32.7%)
Cyclophosphamide 8 (16.3%)
Mycophenolate mofetil 7 (14.3%)
Cyclophosphamide and 2 (4.1%)
Rituximab
Cyclosporine 1 (2%)
Etanercept 1 (2%)
Compliance on anti-rheumatic treatment | Non-compliant 14 (28.6%)
Compliant 35 (71.4%)
COVID-19 severity Asymptomatic/mild 28 (57.1%)
Moderate 4 98.2%)
Severe 6 (12.2%)
Critical 11 (22.4%)
COVID-19 outcome Survivors 42 (85.7%)

Deceased (non-survivors)

7 (14.3%)

HSP: Henoch Schoenlein purpura; JIA: juvenile idiopathic arthritis; MCTD: mixed connective tissue disease; SLE: systemic lupus

erythematosus
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A total of 9 cases were admitted to the
pediatric intensive care unit (PICU) with critical
COVID-19 illness, of whom 7 required
mechanical ventilation and eventually passed
away with an overall mortality rate of 14.3 %.
The 7 deceased cases comprised one boy and 6
girls. Their original illness was SLE (5 cases),
systemic JIA (one case) and PAN (one case). Six
out of the seven patients had rheumatic disease
activity at time of SARS CoV-2 infection
acquisition, and three were not adherent to their
antirheumatic medications. Three cases were on
cyclophosphamide monthly infusion therapy, one

Table 2. Laboratory parameters of the studied
rheumatic children with COVID-19 (n=49)

was on combined therapy of cyclophosphamide with
rituximab, one on mycophenolate mofetil and 2 were
on corticosteroid therapy only. Survivors (n=42) of
COVID-19 illness had comparable data with non
survivors (n=7) in terms of age (p= 0.908), gender (p=
0.414), rheumatic diagnosis (p= 0.571), rheumatic
disease activity status (p= 0.129), anti-rheumatic
treatment (p= 0.197) and adherence to treatment (p=
0.366). However, the deceased cases had higher
neutrophil/lymphocyte ratio (z= -2.959, p=0.003),
higher CRP levels (z= -2.042, p= 0.041) and higher D-
dimer and ferritin levels (z= -3.427, -3.068; p=0.001,
0.002, respectively).

Table 3. Clinical and imaging features of the
hospitally admitted children with rheumatologic
disorders and COVID-19 (n=29)

Feature Range Median (IQR)
TLC /ul 2300-28280 (323&-1201?100)
ANC /ul 756-26360 (25670%23320)
ALC /ul 276-3360 (70101-2330)
N/L ratio 0.77-21.42 (3'_88)

Hgb (gmv/dI) 5.9-12.62 (8.0-910.5)
PLT /ul 120000-639400 (1938’33?25?0000)
CRP (mg/L) 4.8-284 (9.91%3)
(Erﬁrlj]/hr) 15-124 (70?510)
LDH (1U/L) 164-658 (31422-200)
(I?J g;nr?ng) 420-8408 (70%1;9190)
(Fr?é;:::g 106-4531 (20142_2800)

ALC: absolute lymphocyte count; ANC: absolute
neutrophil count; CRP: C reactive protein; ESR:
Erythrocyte sedimentation rate; Hgb: hemoglobin; LDH:
lactate dehydrogenase; N/L ratio: neutrophil/lymphocyte
ratio; PLT: platelets count; TLC: total leukocyte count.
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Feature Number
(percentage)

Fever 29 (100 %)
Cutaneous manifestations

Vasculitic rash 7 (24 %)

Malar rash 3 (10.3 %)

Bullous rash 1(3.4%)
Polyarthritis 6 (20.7 %)
Acute kidney injury 6 (20.7 %)
GIT

Vomiting, diarrhea, abdominal 8 (27.6 %)

pain

Acute pancreatitis 3 (10.3 %)
Respiratory

Respiratory distress 16 (55.2 %)

Ground glass opacities 10 (34.5 %)

Consolidation patches 12 (41.4 %)

Pneumothorax 3 (10.3 %)
Cardiac

Carditis 7 (24 %)

Pericardial effusion 10 (34.5 %)

Valvular lesions 8 (27.6 %)
Neurological

Agitation, abnormal behavior 2 (6.9 %)

Convulsions 3(10.3 %)

Tremors, choreoathetosis 1 (3.4 %)

Impaired consciousness 3 (10.3 %)

Hemiparesis 1 (3.4 %)
Vascular

Pulmonary embolism 2 (6.9 %)

Retinal vascular insult 2 (6.9 %)
Shock (cardiogenic or septic) 9 (31%)
Cytokine storm syndrome 11 (38 %)
COVID-19 severity

Asymptomatic/ mild 8 (33.3%)

Moderate 4 (13.8 %)

Severe 6 (20.7 %)

Critical 11 (37.9 %)
Mechanical ventilation and death 7 (24 %)
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Figure 1. Chest X-ray of an SLE patient with COVID-19 showmg bllateral consolidation (A).
the patient developed spontaneous pneumothorax later on (B)

Figure 2. Vasculitic rash in an SLE patient with COVID-19

d

Figure 3. Bullous eruptlon ina newly diagnosed SLE patient with confirmed COVID-19
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Antirheumatic treatment

Figure 4. COVID-19 degree of severity with different antirheumatic treatment modalities among studied
children (n=49)
CS: corticosteroids; Cyc: cyclophosphamide; MTX: methotrexate; MMF: mycophenolate mofetil; Rx: rituximab

DISCUSSION

Our study describes the presentation and outcome
of a cohort of SARS-CoV-2 infected pediatric
patients with various rheumatic diseases. Out of 49
cases, 4 had moderate, 6 had severe and 11 had
critical COVID-19 illness while mortality rate
reached up to 14.3%. COVID-19 related mortality
is reported to be rare in the pediatric age group in
general. In another multicenter study in Egypt,°
that included 40 SARS-CoV-2 infected children
with no underlying chronic illness, there was no
severe/critically ill cases, and no deaths were
reported. A relevant study reported hospital
admission in 10/55 pediatric rheumatology patients
due to COVID-19 with one case deceased.!* Using
the European Alliance of Associations for
Rheumatology COVID-19 Registry, the Childhood
Arthritis and Rheumatology Research Alliance
(CARRA) Registry, and the CARRA-sponsored
COVID-19 Global Paediatric Rheumatology
Database, Kearsley-Fleet et al, analyzed the data f
607 pediatric patients with rheumatic disease who
acquired SARS-CoV?2 infection from 25 different
countries. They observed a hospital admission rate
of 7 % and mortality rate of 0.4 %.2 Another group
of investigators compared 152 pediatric patients
with rheumatic disorders and COVID-19 to 506
non-rheumatic COVID-19 children. They noted that
the presence of rheumatic disease increased the risk
of both hospitalization and symptomatic infection
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but did not increase the mortality risk.** Data from
Sudan, however, showed a mortality rate of 5.4%
among children with rheumatic illness in general.*

The presence of underlying disease, a
heightened inflammatory response, disease and/or
drug related organ damage and the possible effect
of immunosuppression, in addition to the
socioeconomic conditions and incautious health
behaviors are all possible factors that might explain
the more severe/fatal presentation of COVID-19
among our rheumatic patients. Worth to note that
our study relied mostly on their presentation rather
than active screening, and thus some milder or
asymptomatic cases might have gone unreported or
untested, which might have led to overestimation of
the morbidity and mortality rates among our series.
Comparison of our patients to non-rheumatic
COVID-19 affected children and adolescents could
have provided more conclusive results.

In our retrospective cohort, COVID-19 severity
varied significantly with the anti-rheumatic
treatment used, where 10/11 critical COVID-19
were on cyclophosphamide, rituximab, or
mycophenolate mofetil, while all those on
methotrexate had asymptomatic/mild COVID-19
illness. This might reflect the effect of rheumatic
disease severity that necessitated more aggressive
therapy rather than the effect of the medications
themselves. Our observation is weakened by the
small sample size and the consecutive non-stratified



random sampling employed that did not allow for
the even distribution of the studied sample
according to the antirheumatic treatment modalities.
Thus, the safety of the antirheumatic drugs whether
conventional or biological cannot be confirmed
from our analysis. Rheumatic-disease factors that
were reported to be associated with the risk of death
included disease activity in addition to
glucocorticoid, rituximab and/or sulfasalazine use.®
According to the American College of
Rheumatology = Guidance, the task force
unanimously agreed that primary control of
underlying rheumatic disease with judicious use of
immunosuppressive  treatment is of  utmost
importance, to minimize diseases flares and
immune dysregulation.’* In a cohort of children
with rheumatic diseases, biological treatments did
not have a negative impact on COVID-19 outcome
and the authors recommended that caution should
be taken during the infection period because
interruption of treatment might exacerbate the
rheumatic disease activity. The decision should be
taken on individual basis considering the current
biological agent, primary disease status, COVID-19
severity, and the available guidelines.t” Also,
patients with rheumatic disorders are encouraged to
strictly adhere to their treatment to avoid disease
relapse and the need for hospital admission that
may expose them to SARS-CoV-2 infection.

Pulmonary embolism was rarely reported in
pediatric COVID-19 patients.’® It was detected in
two of our patients with confirmed COVID-19
without evidence of other deep venous thrombosis
and both patients eventually died. The first was a
known patient with SLE and crescentic class IV
lupus nephritis who was on regular hemodialysis.
She had lupus anticoagulant antibody and elevated
D-dimer level (9020 ug/mIFE); yet could not be
maintained on  anticoagulation  due to
thrombocytopenia, repeated mucosal bleeding and
eventually hemothorax. The second patient had
PAN with history of previous bilateral foot
gangrene. She has been on low molecular weight
heparin before developing pulmonary embolism. It
has been demonstrated that the hyperinflammatory
response to SARS-CoV-2 can lead to massive
endothelial damage, and generalized viral induced
coagulopathy, resulting in pulmonary embolism,
venous, arterial, and microvascular thrombosis,
lung endothelial injury and acute respiratory
distress syndrome.*®

Ferritin, D-dimer and neutrophil/lymphocyte
ratio results in our series showed significantly
higher levels among deceased patients versus

COVID-19 in children with rheumatic diseases

survivors, reinforcing the potential predictive value
of these markers for COVID-19 related mortality.
COVID-19 coagulopathy on top of dysregulated
immune responses orchestrated by inflammatory
cytokines, lymphocyte cell death, hypoxia, and
endothelial damage has been  previously
addressed. 2

Clinical and laboratory differentiation between
COVID-19 and flare of the rheumatic disease
especially SLE can be challenging in clinical
practice. Both can present with similar
constitutional symptoms and when severe can lead
to multisystem organ failure and features that
mimic septic shock. Carditis, hepatitis, vasculitic
skin rash and renal disease which are usual
rheumatologic manifestations are reported as well
in COVID-19.22%5 peripheral, bilateral, ground
glass opacities (GGO) and multifocal GGO of
rounded morphology with or without consolidation
or visible intralobular lines (crazy-paving) are not
specific for COVID-19 pneumonia and can be seen
in several rheumatic diseases.?®?” There could be
elevation of acute phase reactants such as the ESR,
serum ferritin and CRP as well as hypoalbuminemia
in both conditions. Lymphopenia which is a
constant feature of a large sector of COVID-19
patients is also a sign of SLE activity and a side
effect of glucocorticoid therapy.?? COVID-19 was
reported to present with a wide spectrum of
neurological defects that might be present in neuro-
lupus as well; radiological and CSF picture offer
limited value in the differentiation.?®%° Also, MIS-c
clinical and laboratory features overlap with those
of sJIA activity, but fortunately, treatment is the
same. 332 Meticulous clinical observation and
laboratory/radiological data interpretation together
with the judicious introduction/tapering of anti-
rheumatic treatment on case-by-case basis are all
essential during management of SARS-CoV-2
infected rheumatic patients.
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