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Abstract

Background
There are few reports of COVID-19 in pediatric patients with rheumatic diseases. This study describes the
clinical presentation and outcomes of COVID-19 in this population.

Methods
We analyzed a single-center case series of pediatric patients with rheumatic diseases and laboratory-
con�rmed COVID-19. Demographic, baseline and COVID-19 associated clinical features were compared
between ambulatory and hospitalized patients using univariate analysis.

Results
Forty cases were identi�ed: 32 (80%) in the ambulatory group and 8 (20%) hospitalized. Older age
(median age 18 years vs 16 years; p = 0.01) and African American race (OR 8.42; 95% CI [1.20-101.69]; p = 
0.01) predominated in hospitalized patients. Systemic lupus erythematosus (OR 6.77; 95% CI [1.01–
56.71]; p = 0.02), medium/high-dose corticosteroid use (OR 10.62; 95% CI [1.46–99.57]; p = 0.008),
mycophenolate use (OR 11.91; 95% CI [1.64-149.35]; p = 0.005), and severe immunosuppression (OR
16.83; 95% CI [1.74-861.43]; p = 0.004) were associated with increased odds of hospitalization. Patients
with fever (OR 11.91; 95% CI [1.64-149.35]; p = 0.004), dyspnea (OR 16.51; CI [1.10-998.37]; p = 0.02), and
myalgias (OR 13.40; 95% CI [1.43-194.56)]; p = 0.009) were more commonly encountered in the
hospitalized group. Rheumatic disease �ares were almost exclusive to hospitalized patients (OR 42.13;
95% CI [3.40-2463.87]; p < 0.001).. All patients recovered.

Conclusions
Medium/high-dose corticosteroid use, mycophenolate use, and severe immunosuppression were risk
factors for hospitalization. Fever, dyspnea and myalgias were high-risk symptoms. The type of rheumatic
disease, as well as disease �are could be contributing factors to the need for hospitalization.

Background:
COVID-19 results from infection with SARS-CoV-2, a novel coronavirus, and has been reported to have a
milder disease course in children compared to adults.(1, 2) However, the known susceptibility to
infections in patients with rheumatic diseases has been of great concern for pediatric rheumatologists
during the pandemic.(3, 4) Outcomes from the largest case series of adults with rheumatic diseases
reported 91% survival, despite a 50% hospitalization rate.(5) Although some studies of COVID-19 in
rheumatic disease patients include a few pediatric cases, with overall favorable outcomes, pediatric data



Page 3/16

remain scarce.(6–9) The aim of our study was to analyze the clinical presentation and outcomes of
COVID-19 in a case series of pediatric patients with rheumatic diseases, and to identify risk factors
associated with adverse outcomes.

Methods:
Pediatric patients (0–21 years) with rheumatic diseases followed at Children’s Healthcare of Atlanta
(CHOA) in the state of Georgia and laboratory-con�rmed SARS-CoV-2 infection from May 2020 to
November 2020 were retrospectively identi�ed. Diagnosis was established either through patient/family
report of positive SARS-CoV-2 test or by positive nasopharyngeal polymerase chain reaction (PCR) test
performed at CHOA. The present study was approved by the Institutional Review Board (IRB) at CHOA via
waiver of informed consent (IRB number STUDY00000771).

Cases were classi�ed into two groups based on need for hospitalization. Demographic (age, sex,
race/ethnicity), and clinical data (baseline rheumatic disease diagnosis/activity, comorbidities,
medications, degree of immunosuppression, COVID-19 exposure/symptoms, immunosuppression
management, and outcomes) were collected through chart review.

Rheumatic disease activity was assessed using the Systemic Lupus Erythematosus Disease Activity
Index-2000 (SLEDAI-2K) and Juvenile Arthritis Disease Activity Score (JADAS) when indicated. If unable
to calculate, physician assessment of disease activity was utilized. Active disease was de�ned as a
SLEDAI-2K score ≥ 6, JADAS-10 score > 1, or rheumatologist assessment indicating active disease.

The level of immunosuppression was de�ned as severe if the subject reported use of one or more of:
intravenous (IV) cyclophosphamide (within 3 months), rituximab (within 6 months), medium/high-dose
(≥ 10 mg/day) oral corticosteroids (CS), outpatient IV CS. Patients on immunomodulators not meeting
these criteria were considered mild to moderately immunosuppressed.

Demographic and clinical features were compared between groups using Fisher exact test (with
corresponding Odds ratios (OR) and 95% con�dence intervals (CI)) for categorical variables, and Mann-U-
Whitney test for continuous variables, employing R software. P values ≤ 0.05 were considered
statistically signi�cant.

Results:

Patient cohort, demographics, and baseline clinical
features:
Forty cases were identi�ed: 8 (20%) required hospitalization, and 32 (80%) received ambulatory care.
Demographics are outlined in Table 1. Patients in the hospitalized group were signi�cantly older than
patients in the ambulatory group (median age 18 years vs 16 years; p = 0.01). The racial and ethnic
distribution differed between groups: a higher proportion of African American patients were encountered
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in the hospitalized group (OR 8.42, 95% CI [1.20-101.69]; p = 0.01), while Caucasian patients
predominated in the ambulatory group (OR 0.11, 95% CI [0.002–1.08]; p = 0.05).
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Table 1
Demographic and baseline clinical features

Category Total

n = 40

Hospitalized

n = 8

Ambulatory

n = 32

OR

(95% CI)

P

Demographics

Age in years 16 (14–
18)

18 (16.75-
19)

16 (13.75-
17)

  0.01

Female 31 (77.5) 6 (75) 25 (78.1) 0.84 (0.11–
10.34)

1

African American 14 (85) 6 (75) 8 (25) 8.42 (1.20-
101.69)

0.01

Asian 1 (2.5) 0 (0) 1 (3.1) 0 (0-155.62) 1

Caucasian 19 (47.5) 1 (12.5) 18 (56.3) 0.11 (0.002–
1.08)

0.05

Hispanic or Latino 6 (15) 1 (12.5) 5 (15.6) 0.77 (0.014–
8.83)

1

Baseline clinical features

Comorbidities 25 (62.5) 6 (75) 19 (59.4) 2.02 (0.29–
23.49)

0.68

Primary rheumatic disease

Juvenile Idiopathic
arthiritis

12 (30) 1 (12.5) 11 (34.4) 0.28 (0.006–
2.67)

0.39

Systemic lupus
erythematosus

11 (27.5) 5 (62.5) 6 (18.8) 6.77 (1.01–
56.71)

0.02

Juvenile
Dermatomyositis

5 (12.5) 0 (0) 5 (15.6) 0 (0-4.54) 0.56

Other 11 (27.5) 2 (25) 9 (28.1) 0.85 (0.07–
6.08)

1

Active rheumatic
disease

22 (55) 7 (87.5) 15 (46.9) 7.58 (0.82-
377.32)

0.05

Immunomodulatory medications

Numerical variables are expressed as median (IQR), and categorical variables as n (%).

Abbreviations: CI: Con�dence Interval; bDMARDs: biologic disease modifying anti-rheumatic drugs;
cDMARDs: conventional disease modifying anti-rheumatic drugs; OR: Odds ratio; IQR: Interquartile
range; TNFi: Tumor necrosis factor alpha inhibitors. aMethotrexate (n = 9), le�unomide (n = 3),
sulfasalazine (n = 1). bAbatacept (n = 3), tocilizumab (n = 2), ustekinumab (n = 1), anakinra (n = 1).
cn=37: Patients off immunomodulators excluded.
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Category Total

n = 40

Hospitalized

n = 8

Ambulatory

n = 32

OR

(95% CI)

P

Oral corticosteroids < 
10 mg

5 (12.5) 2 (25.0) 3 (9.4) 3.10 (0.21–
34.04)

0.26

Oral corticosteroids
≥10 mg

9 (22.5) 5 (62.5) 4 (12.5) 10.62 (1.46–
99.57)

0.008

IV pulse corticosteroids 3 (7.5) 0 (0.0) 3 (9.4) 0 (0–10.20) 1

Hydroxychloroquine 22 (55.0) 6 (75.0) 16 (50.0) 2.92 (0.43–
33.87)

0.26

Other cDMARDsa 13 (32.5) 1 (12.5) 12 (37.5) 0.24 (0.005–
2.31)

0.2

Mycophenolate 12 (30.0) 6 (75.0) 6 (18.8) 11.91 (1.64-
149.35)

0.005

Tofacitinib 2 (5.0) 1 (12.5) 1 (3.1) 4.2 (0.05-
357.33)

0.36

Intravenous
immunoglobulin

4 (10.0) 0 (0.0) 4 (12.5) 0 (0-6.38) 0.57

Cyclophosphamide 4 (10.0) 1 (12.5) 3 (9.4) 1.36 (0.02–
20.35)

1

TNFi 7 (17.5) 0 (0.0) 7 (21.9) 0 (0-2.76) 0.31

Rituximab 5 (12.5) 3 (37.5) 2 (6.3) 8.28 (0.76-
123.37)

0.05

Other bDMARDsb 7 (17.5) 1 (12.5) 6 (18.8) 0.62 (0.01–
6.71)

1

None 3 (7.5) 0 (0.0) 3 (9.4) 0 (0-10.20) 1

Severe
Immunosupressionc

15 (40.5) 7 (87.5) 8 (27.6) 16.83 (1.74-
861.43)

0.004

Numerical variables are expressed as median (IQR), and categorical variables as n (%).

Abbreviations: CI: Con�dence Interval; bDMARDs: biologic disease modifying anti-rheumatic drugs;
cDMARDs: conventional disease modifying anti-rheumatic drugs; OR: Odds ratio; IQR: Interquartile
range; TNFi: Tumor necrosis factor alpha inhibitors. aMethotrexate (n = 9), le�unomide (n = 3),
sulfasalazine (n = 1). bAbatacept (n = 3), tocilizumab (n = 2), ustekinumab (n = 1), anakinra (n = 1).
cn=37: Patients off immunomodulators excluded.

Table 1 details baseline clinical features. The frequency of underlying comorbidities was comparable
between groups. Reported comorbidities consisted of: asthma (n = 6), hypertension (n = 5), lupus nephritis
(n = 5), restrictive/interstitial lung disease (n = 4), obesity (n = 4), anemia of chronic disease (n = 2),
in�ammatory bowel disease (n = 3), and one patient each had pulmonary hypertension, end-stage renal



Page 7/16

disease on chronic dialysis, post-renal transplant status, left ventricular hypertrophy, chronic diarrhea,
cholestasis, esophageal dysmotility, adrenal insu�ciency, hyperparathyroidism, hypothyroidism, thyroid
disease, chronic neutropenia, sickle cell disease, recurrent infections, immunoglobulin G de�ciency, and
Wilms tumor. Patients with cardiovascular disease, namely left ventricular hypertrophy and hypertension,
were more likely to be in the hospitalized group (OR 8.28, 95% CI [0.76-123.37]; p = 0.05]. No signi�cant
differences were observed regarding the presence of the remaining speci�c comorbidities between
groups.

Juvenile idiopathic arthritis (JIA), systemic lupus erythematosus (SLE), and juvenile dermatomyositis
(JDM) were the most common primary rheumatic diagnoses among children with COVID-19.
Undifferentiated connective tissue disease (n = 3), idiopathic uveitis (n = 3), Takayasu’s arteritis (n = 1),
overlap syndrome (n = 1), systemic scleroderma (n = 1), Behcet’s disease (n = 2) and sarcoidosis (n = 1)
were also identi�ed as primary rheumatic diagnoses. Four patients had an additional rheumatic
comorbidity: SLE + rheumatoid arthritis (n = 1), SLE + macrophage activation syndrome (n = 2), JIA + 
Sjogren’s syndrome (n = 1). SLE was observed more frequently in the hospitalized group (OR 6.77, 95% CI
[1.01–56.71]; p = 0.02). Similarly, active disease was more commonly encountered in the hospitalized
group (OR 7.58, 95% CI [0.82-377.32]; p = 0.05).

The majority of patients in both groups were taking at least one immunomodulatory medication, as
detailed in Table 1. Besides those, additional immunosuppressants used in the ambulatory group
included cyclosporine (n = 1), tacrolimus (n = 1), and colchicine (n = 1). NSAID use was observed in 5
(62.5%) patients in the hospitalized group and 14 (43.8%) patients in the ambulatory group (p = 0.44).
The use of medium/high-dose CS (OR 10.62; 95% CI [1.46–99.57]; p = 0.008), mycophenolate (OR 11.91;
95% CI [1.64-149.35]; p = 0.005) and rituximab (OR 8.28; 95% CI [0.76-123.37]; p = 0.05) increased the
odds of hospitalization. No patients using tumor necrosis factor-alpha inhibitors (TNFi), intravenous
immunoglobulin (IVIG) or IV pulse CS were hospitalized. No signi�cant differences regarding use of other
DMARDs were observed. Severely immunosuppressed individuals had increased odds of hospitalization
(OR 16.83; 95% CI [1.74-861.43]; p = 0.004).

COVID-19 exposure, symptoms and diagnosis:
Table 2 lists symptoms and COVID-19 exposure history. Patients with fever, dyspnea, and myalgias had
increased odds of hospitalization (p < 0.05 for each comparison).
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Table 2
COVID-19 exposure and symptoms

Category Total

n = 40

Hospitalized

n = 8

Ambulatory n 
= 32

OR

(95% CI)

P

COVID-19 exposure 20 (50.0) 3 (37.5) 17 (53.1) 0.53 (0.07–
3.32)

0.69

Symptoms

Fever 12 (30.0) 6 (75.0) 6 (18.8) 11.91 (1.64-
149.35)

0.004

Rinorrhea/Congestion 8 (20.0) 1 (12.5) 7 (21.9) 0.52 (0.01–
5.33)

1

Cough 15 (37.5) 3 (37.5) 12 (37.5) 1 (0.13–6.28) 1

Dyspnea 4 (10.0) 3 (37.5) 1 (3.1) 16.51 (1.10-
998.37)

0.02

Chest pain 3 (7.5) 2 (25.0) 1 (3.1) 9.46 (0.43-
625.27)

0.1

Myalgias 6 (15.0) 4 (50.0) 2 (6.3) 13.40 (1.43-
194.56)

0.009

Abdominal pain 3 (7.5) 1 (12.5) 2 (6.3) 2.09 (0.03–
45.87)

0.5

Anorexia/Nausea/Emesis 7 (17.5) 2 (25.0) 5 (15.6) 1.77 (0.13–
14.69)

0.61

Diarrhea 9 (22.5) 3 (37.5) 6 (18.8) 2.53 (0.31-
18.00)

0.35

Anosmia/Ageusia 10 (25.0) 2 (25.0) 8 (25.0) 1 (0.08–7.27) 1

Rash 3 (7.5) 2 (25.0) 1 (3.1) 9.46 (0.43-
625.27)

0.1

Fatigue/Malaise 9 (22.5) 1 (12.5) 8 (25.0) 0.44 (0.008–
4.36)

0.65

Sore throat 7 (17.5) 1 (12.5) 6 (18.8) 0.62 (0.01–
6.71)

1

Headache 8 (20.0) 1 (12.5) 7 (21.9) 0.52 (0.01–
5.33)

1

Asymptomatic 8 (20.0) 0 (0.0) 8 (25.0) 0 (0-2.27) 0.17

Numerical variables are expressed as median (IQR), and categorical variables as n (%).

Abbreviations: CI: Con�dence Interval; Odds ratio: OR; IQR: Interquartile range.



Page 9/16

Eight patients (20%) were asymptomatic, all in the ambulatory group. Of those, one patient had a lung
in�ltrate in a surveillance chest tomography for metastatic Wilms tumor, prompting SARS-CoV-2 testing.

Nine patients had con�rmatory PCR testing performed at CHOA; the rest were diagnosed at an outside
facility. Of the 8 hospitalized patients, two were known to be SARS-CoV-2 positive prior to admission: the
�rst patient was symptomatic and tested one week earlier, with subsequent worsening clinical status
requiring hospitalization; for the second patient, PCR test results became available while still in the
emergency room.

COVID-19 diagnosis was reported to rheumatology during the acute infection period in 20 (62.5%)
ambulatory and 7 (87.5%) hospitalized patients; the report was delayed by up 3 months for 12 (37.5%)
ambulatory patients, and by 6 weeks for 1 (12.5%) patient admitted to an outside hospital.

Complications, management and outcomes:
Immunomodulatory management was comparable between groups (Table 3). In the ambulatory group,
treatment was largely symptomatic. Inpatient therapies are detailed in Table 3. Overall, three patients
(7.5%) required Intensive Care Unit (ICU) admission for respiratory support with high-�ow nasal cannula
oxygen.
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Table 3
Complications, management and outcomes

Category Total

n = 40

Hospitalized

n = 8

Ambulatory

n = 32

OR

(95% CI)

P

Rheumatic disease
�are

6 (15.0) 5 (62.5) 1 (3.1) 42.13 (3.40-
2463.87)

< 
0.001

Management of immunomodulators*

Temporarily
discontinued

13 (35.1) 3 (37.5) 10 (34.5) 1.13(0.14–7.35) 1

Continued 24 (64.9) 5 (62.5) 19 (65.5)    

Inpatient therapies

ICU care 3 (7.5) 3 (37.5)   NA    

Oxygen 4 (10.0) 4 (50.0)   NA    

Hemodialysis 1 (2.5) 1 (12.5)   NA    

COVID-19 speci�c therapies

Convalescent plasma 2 (5.0) 2 (25.0)   NA    

Remdesivir 2 (5.0) 2 (25.0)   NA    

Anticoagulation 4 (10.0) 4 (50.0)   NA    

Intravenous antibiotics 6 (15.0) 6 (75.0)   NA    

Length of stay in days 4.5 (2.5-
8)

4.5 (2.5-
8)

  NA    

Re-admission (14
days)

1 (2.5)+ 1 (12.5)   NA    

Follow-up in days 60 (17–88) 59 (41-
73.25)

62 (16.25-
88)

  0.95

Numerical variables are expressed as median (IQR), and categorical variables as n (%).

Abbreviations: CI: Con�dence Interval; ICU: Intensive Care Unit; IQR: Interquartile range; OR: Odds ratio;
NA: Non-applicable.

*n = 37: Patients off immunomodulators excluded. +SLE patient re-admitted 6 days after initial
discharge for worsening fever, hypoxia, and acute kidney injury. Recovered without dialysis;
discharged 3 days later.

Rheumatic disease �ares were almost exclusive to hospitalized patients (OR 42.13; 95% CI [3.40-2463.87];
p < 0.001) and managed by increasing oral CS doses (n = 3), starting IV pulse CS (n = 4), and/or starting
cyclophosphamide therapy (n = 1). One patient in the ambulatory group had a �are of gastrointestinal
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symptoms from Behcet’s disease after holding adalimumab for 2 weeks; this was managed by restarting
the medication.

In the ambulatory group, one patient with co-existent Group A Streptococcus infection was identi�ed.
Other complications, namely pneumonia (n = 3), acute kidney injury (n = 2), urosepsis (n = 1), and
Clostridium di�cile colitis (n = 1) were identi�ed in hospitalized individuals. One patient with lupus
nephritis �are needed hemodialysis. No patients required mechanical ventilation or died. No late
complications, including multisystem in�ammatory syndrome in children (MIS-C), were encountered after
a median post-COVID-19 follow-up period of 60 days.

Discussion:
This study describes the presentation and outcomes of a cohort of pediatric patients with rheumatic
diseases and laboratory-con�rmed COVID-19. Overall, approximately 20% of our patients required
hospitalization and 7.5% required ICU care. Although these rates are slightly higher than those reported in
the general pediatric population, our study had a limited sample size relying mostly on voluntary
reporting, and laboratory con�rmation was required.(10, 11) As such, some milder cases may have gone
unreported, and untested and/or asymptomatic cases were likely excluded. Additionally, severe COVID-19
has been linked to older pediatric age and African American race which were overrepresented in the
hospitalized group.(2, 12) Cardiovascular disease has been identi�ed as a risk factor for hospitalization
in adults;(5) similarly, it was found more frequently in the hospitalized group in our cohort, potentially
having in�uenced these patients’ outcomes, even if the con�dence interval for this association was wide.
(5) Reassuringly, none of our patients required mechanical ventilation and there were no fatalities,
supporting previous reports that patients with rheumatic diseases and COVID-19 overall recover well.(6–
9)

Symptoms of acute COVID-19 were similar to those described in the general pediatric population.(2, 10,
11) Symptom reporting in the hospitalized group may have been less subject to recall bias. Notably, while
respiratory and gastrointestinal symptoms are typically attributable to acute infection, fever and myalgias
are also features of rheumatic disease �ares. Fever, myalgias, and dyspnea predominated in hospitalized
patients; furthermore, patients with active rheumatic disease were more likely to be in the hospitalized
group, although the strength of this association was weak. These observations suggests that the
interplay between rheumatic disease activity and �are, and severe COVID-19 may in�uence the need for
admission, as proposed by Ye et al.(6)

Interestingly, while all JDM patients were managed in the ambulatory setting, SLE diagnosis was
associated with hospitalization, raising the possibility of disease type playing a role in the outcomes as
well. Indeed, the pattern of immune activation in patients with severe COVID-19 has been recently
described, and is reported to bear many similarities to active SLE.(13) Moreover, therapy and presence of
comorbidities vary by disease, offering another possible explanation for this observation.
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Echoing the �ndings of Gianfrancesco et al., medium/high-dose corticosteroid use was associated with
increased odds of hospitalization.(5) Similar associations were observed for mycophenolate and severe
immunosuppression; the latter may have been driven by the effect of medium/high-dose steroid use or
re�ect the underlying disease and its severity. Patients receiving rituximab therapy were also more likely
to be in the hospitalized group, although the con�dence interval for this association was substantially
wide. While mycophenolate use has not been reported to increase the hospitalization risk in adults,
rituximab use was found to be associated with higher rates of hospitalization and death from COVID-19
in a small cohort of adult patients with rheumatic diseases.(14) Larger, multicenter studies are still in
need to further investigate and con�rm these �ndings.

Our results align with the reported inverse association of TNFi and hospitalization in adults with
rheumatic diseases,(5) as none of our TNFi recipients were hospitalized. Similar observations were noted
for IVIG and IV pulse CS users, a previously unreported trend. Despite these �ndings not reaching
statistical signi�cance, they merit further exploration. Therapy with other DMARDs or NSAIDs did not
in�uence hospitalization status, comparable to adults.(5, 15)

Importantly, management of immunomodulators did not signi�cantly differ between groups. Withholding
immunosuppression in patients with rheumatic diseases and symptomatic COVID-19 has been reinforced
by the American College of Rheumatology (ACR).(16) Each case should be assessed individually, as both
COVID-19 and rheumatic disease exacerbations entail risks for hospitalization, especially considering
that disease �are usually warrants an increase in immunosuppression.

Our study's major strength is that, to our knowledge, this is the largest case series describing laboratory-
con�rmed COVID-19 in pediatric patients with rheumatic diseases. Limitations include its retrospective
nature, and the method of patient selection which precludes us from calculating incidence and obtaining
generalizable conclusions regarding severity compared to children without rheumatic diseases. The
relatively small sample size precluded us from testing for collinearity between variables and performing
multivariable analyses. Despite these limitations, we were able to achieve our aim of conveying the
outcomes of COVID-19 in a cohort of pediatric rheumatic disease patients, setting precedent for larger
studies needed to con�rm the potential associations described in this manuscript. Multicenter studies
would be useful to more comprehensively de�ne the spectrum of COVID-19 and its natural history in
children with rheumatic diseases.

Conclusions:
In conclusion, the need for hospitalization for COVID-19 in this cohort of pediatric patients with rheumatic
diseases was associated with older age, African American race, cardiovascular disease, activity and type
of rheumatic disease, medium/high-dose prednisone use, mycophenolate use, rituximab use and severe
immunosuppression. Fever, dyspnea and myalgias were high-risk symptoms which should be closely
monitored when present. Decisions to continue or discontinue rheumatic disease therapy should be made
on a case-by-case basis, following current ACR guidelines.
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