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Abstract

X-linked severe combined immunodeficiency (X-SCID) is a disorder of adaptive immunity caused 

by mutations in the IL-2 receptor common gamma chain gene resulting in deficiencies of T and 

natural killer cells, coupled with severe dysfunction in B cells. X-SCID is lethal without allogeneic 

stem cell transplant or gene therapy due to opportunistic infections. An infant with X-SCID 

became infected with SARS-CoV-2 while awaiting transplant. The patient developed severe 

hepatitis without the respiratory symptoms typical of COVID-19. He was treated with 

convalescent plasma, and thereafter was confirmed to have SARS-CoV-2 specific antibodies, as 

detected with a microfluidic antigen array. After resolution of the hepatitis, he received a 

haploidentical CD34 selected stem cell transplant, without conditioning, from his father who had 

recovered from COVID-19. SARS CoV-2 was detected via RT-PCR on nasopharyngeal swabs 

until 61 days post transplantation. He successfully engrafted donor T and NK cells, and continues 

to do well clinically.
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INTRODUCTION

The threat to human health imposed by COVID-19 is enormous, with ongoing studies 

attempting to ascertain the pathogenic mechanisms of SARS-CoV-2. The roles of innate and 

adaptive immunity remain ill-defined. The high infectivity and rapid community spread are 

posited to reflect lack of existing immunity in the general population. Lymphopenia and 

markers of T-cell exhaustion correlate with severe disease and poor outcome[1,2]. Passive 

immunization with convalescent plasma may help reduce disease severity[3,4]. T-cells 

specific to viral peptides, as well as neutralizing antibodies, were shown to be present in 

patients surviving SARS and MERS[5,6], supporting the hypothesis that the adaptive 

response to novel coronaviruses is crucial for viral clearance and patient survival.

Information on SARS-CoV-2 infection in patients with defined inborn errors of immunity 

(IEI) has been limited[7–10]. One IEI is X-linked SCID, a severe disorder of adaptive 

immunity caused by mutations in the IL2RG gene, which encodes the IL-2 receptor 

common gamma chain. Many cytokines signal through this receptor subunit, including IL-2, 

IL-4, IL-7, IL-9, IL-15 and IL-21[11]. Deleterious mutations in IL2RG cause severe 

deficiencies in T cell and NK cell development (due to ineffective signaling in response to 

IL-7 and IL-15, respectively). Furthermore, while mature B cells develop in these patients, 

they are unable to mount nascent antibody responses owing to a lack of T cell help coupled 

with defective signaling through IL-4 and IL-21 receptors. This disease is lethal due to 

opportunistic infections unless an allogeneic hematopoietic stem cell transplantation or gene 

correction with lentiviral vector-based gene therapy is undertaken[12].

We report for the first time an infant with uncorrected X-linked SCID who became infected 

with SARS-CoV-2 while awaiting stem cell transplantation. The atypical course of 

COVID-19 disease in this infant is discussed, including his associated hepatitis, and the 

transfusion of convalescent plasma found to have IgG binding activity to diverse SARS-

CoV-2 antigens. The patient was ultimately able to tolerate allogeneic stem cell 

transplantation. He had prolonged viral shedding, clearing after engraftment of donor T and 

NK cells.

METHODS:

Study Approval

The Institutional Review Board at UT Southwestern Medical Center approved this study 

(IRB# 072010–009 and IRB# 112010–013). Parental consent was obtained from the father 

of the child. Serum samples were also obtained from 1-year toddlers who presented for 

standard of care Wellness visits prior to the emergence of COVID-19. Serum samples from 

COVID-19 patients were used as positive controls. This component of the study was 

conducted by Dr. Nicolai S.C. van Oers and Christian A. Wysocki utilizing samples and data 
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supplied by the UT Southwestern SARS-CoV-2 Biorepository (https://

www.utsouthwestern.edu/covid-19/researchers/projects.html). This manuscript was prepared 

by the authors of the study and does not necessarily reflect the opinions or views of the UT 

Southwestern SARS-CoV-2 Biorepository leadership or staff.

Antigen array analysis

Serum IgG antibody reactivities against SARS-Cov-2 antigens was assessed with a 

microfluidic antigen array comprising antigens from diverse Coronaviruses, including those 

from SARS-CoV-2. This customized antigen panel is available from the Genomics & 

Microarray Core Facility at The University of Texas Southwestern Medical Center. The 

various antigens are printed in quadruplet on a nitrocellulose membrane-coated slide with 16 

identical sub-arrays, allowing comparisons of 15 different serum samples along with a PBS 

control[13,14]. The antigen arrays were performed as previously described[14]. In brief, 

serum samples were first heat-inactivated (56°C 30 minutes) and 1 μl of serum from each 

sample was diluted 1:50 in PBS containing 0.01% Tween 20 (1/100). This was applied to the 

slide array with microfluidics, and IgG antibodies binding with antigens on the array was 

detected with Cy-3 conjugated anti-human IgG (1:1000) secondary antibody (Jackson 

ImmunoResearch Laboratory). The slides were scanned with a GenePix 4400A scanner 

(Molecular Device). Images in the array were converted to Genepix Report file (GPR) with 

Genepix Pro7.0 software (Molecular Device). The averaged fluorescent signal intensity of 

each antigen was subtracted by local background, the PBS control signal and normalized to 

internal controls to obtain the normalized signal intensity value (NSI).

RNA isolation from blood

RNA was isolated from the patient’s whole blood and a negative control sample (derived 

from an unrelated patient prior to the SARS-CoV-2 epidemic) using trizol reagent and 

Direct-zol™ RNA Miniprep kit (Zymo Research).

Quantitative Reverse Transcription PCR (qRT-PCR), blood

A 20 μL reaction contained 5 μL RNA, 5ul TaqMan Fast Virus 1-step Master mix, 1.8 μL 

SARS-CoV-2 Primer/Probe mix, 1.8 μL GAPDH Primer/Probe mix, 6.4 μL Hyclone Cell 

Culture Grade dH2O. SARS-CoV-2 primers and probe were designed as recommended by 

the Center for Disease Control (https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcrpanel-

primer-probes.html). GAPDH primers and probe were designed as published[15]. (Table 

S2). All oligonucleotides were synthesized by LGC Biosearch Technologies. RT was 

performed at 50°C for 5 minutes, followed by inactivation at 95°C for 2 minutes, and 40 

cycles of PCR (95°C for 3 seconds, 60°C for 30 seconds) on an ABI 7500 Fast thermocycler 

(Applied Biosystems).

SARS-CoV-2 positive control for qRT-PCR, blood

SARS-Cov-2 nucleocapsid (N) gene was amplified from a synthesized N gene fragment 

(IDT) with primers that introduced a T7 promoter sequence on the 3’ end (IDT) (Table S1). 

PCR product was purified using Qiagen PCR Purification Kit (Qiagen). In vitro transcription 

was performed using T7 RiboMAX Express Large Scale RNA Production System following 
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manufacturers protocol (Promega). RNA was quantitated by nanodrop on DS11 FX. In vitro 
transcribed RNA was used to generate a standard curve for qPCR from a 10-fold dilution 

series starting at 5e10 copies of RNA.

CASE DESCRIPTION

Severe combined immunodeficiency diagnosis and initial management

A male infant was born full-term to nonconsanguineous parents. He is their only child. 

Newborn screens revealed the absence of T-cell receptor excision circles (TRECs). Flow 

cytometry demonstrated a pattern of T- B+ NK- SCID (Table 1). Maternal engraftment 

studies were negative. Proliferation to the T-cell mitogen phytohemagglutinin was also 

absent. Genetic analysis revealed a likely pathogenic splice site mutation in the IL2RG gene 

(c.758–2A>G) (Figure 1A). Based on the above data, he met the diagnostic criteria for 

SCID[16].

The child was started on Bactrim and acyclovir prophylaxis along with monthly intravenous 

immunoglobulin (IVIG). Baseline IgG level prior to start of IVIG was 597mg/dL. Regular 

laboratory monitoring demonstrated normal complete blood counts (with the exception of 

lymphopenia related to his X-SCID), normal hepatic and renal function, and negative PCR 

surveillance for cytomegalovirus, Epstein Barr virus, adenovirus and human herpesvirus 6. 

Initial PCR for HIV, herpes simplex, varicella zoster, hepatitis B and C viruses was negative. 

Given the X-linked SCID genotype, the patient was referred for allogeneic stem cell 

transplant. His father was matched at 6 out of 10 HLA markers and was selected as the 

donor.

SARS-CoV-2 infection and disease course

As the infant was awaiting transplant, his father developed fever, pharyngitis, and cough, and 

tested positive for SARS-CoV-2 infection. The 11-week old infant was also was determined 

to be SARS-CoV-2 positive by RT-PCR on a nasopharyngeal (NP) swab and was admitted 

for an assessment. He was afebrile, hemodynamically stable, respiratory rate was normal 

and oxygen saturation 99% on room air. His physical exam was normal. A chest radiograph 

showed mild bronchial wall thickening without focal opacity. Lab evaluations showed a 

significant and worsening hepatitis during the first several days of the hospitalization. 

Transaminases peaked on hospital day (HD) 6 with aspartate aminotransferase (AST) 1412 

U/L and alanine aminotransferase (ALT) 623 U/L. An extensive evaluation for other 

infections was performed including PCR tests for adenovirus, CMV, EBV, HSV, VZV, 

HHV-6, hepatitis A, hepatitis B, hepatitis C, hepatitis E, enterovirus, parvovirus, and an 

extensive panel of respiratory viruses, all of which were negative. He had a positive d-dimer. 

His activated partial thromboplastin time was slightly elevated while other coagulation tests 

were normal. He was not given anticoagulation. Ferritin and procalcitonin were elevated on 

admission. Sedimentation rate, C-reactive protein and fibrinogen were normal. IL-10 was 

modestly elevated, while pro-inflammatory cytokines such as IL-6, IL-1 beta, TNF-alpha, 

IL-12 and interferon-gamma were within normal reference ranges. He was neutropenic for 

the first 11 days of the hospitalization with nadir at day 7. Lymphocyte counts remained low 
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(in keeping with his SCID), but not below his pre-hospitalization baseline. A detailed view 

of lab data during the hospitalization is in supplementary table 1.

SARS-CoV-2 specific RT PCR was performed using NP swabs and was positive on HD6, 

HD7, HD13, HD20 and HD28 (Cepheid XPERTR Express SARS-CoV-2 assay, Sunnyvale, 

California, U.S.A.) (Table 2). The limit of detection with this assay is 0.0050 PFU/ml for the 

nucleocapsid gene (N2 region) (mean cycle threshold (Ct) 40.5), and 0.0200 PFU/ml for the 

envelope (E) gene (mean Ct 36.4). Available Ct values for patient samples are detailed in 

supplemental table 1. Although initially near the limit of detection, later samples were 

clearly not in equivocal ranges.

His worsening hepatitis precluded treatment with remdesivir. Given his immunodeficiency, 

he was treated with COVID-19 convalescent plasma at a dose of 20 mL/kg on HD6 and was 

continued on IVIG every 2 weeks. IgG specific for SARS-CoV-2 was assessed thereafter 

and was positive in serum on HD8 using a qualitative test (Abbott, Abbot Park, Illinois, 

U.S.A.). Seropositivity was still evident at HD11 and 19, eventually becoming negative on 

HD25 (supplemental table 1). RT-PCR on blood collected on HD19 was negative for SARS-

CoV-2, indicating a lack of systemic viremia at that timepoint (supplemental table 1).

To get a better perspective on the nature of the seropositivity to SARS CoV-2 after plasma 

treatment, a microfluidic antigen array containing diverse coronaviruses, SARS-CoV-2 

specific antigens and other infectious agents was used to screen the IgG binding reactivities. 

Serum samples from HD9, 11, 14, 22 and 24 were tested with these arrays (Figure 1C and 

D). The serum from each time point had IgG binding activity to the SARS-CoV-2 S1 and S2 

spike proteins, the receptor binding domain (RBD) of spike protein, the nucleocapsid protein 

(NCP) and the envelope protein. For comparison and to establish baseline levels of IgG 

reactivity, samples from a cohort of normal 1-year old toddlers was also tested. None of 

these samples demonstrated SARS-CoV-2 specific IgG responses. Unfortunately, no pre-

treatment serum sample was available from our patient. As positive controls, the serum from 

5 children (age range 5–12 years) with COVID-19 were also tested. While these samples 

showed positive reactivity towards diverse SARS-CoV-2 antigens, there were some 

individual variations regarding the proteins being recognized.

For the SARS-CoV-2-infected infant, the transaminitis began improving after the 

convalescent plasma infusion, normalizing by HD27. Neutropenia (presumed to be due to 

viral suppression) normalized on HD14. The patient did not develop cough or respiratory 

compromise at any point. During the patient’s hospitalization, his father became 

asymptomatic, and was able to donate hematopoietic stem cells after G-CSF mobilization. 

These were CD34 selected and administered to the patient without conditioning, on HD27. 

Post-transplant course was complicated only by mild skin GVHD, resolving with a 3-day 

course of oral steroid. Chimerism testing at day +33 post-transplantation showed 100% 

donor in CD3+ T cells, 99% in CD56+ NK cells, with 0% in CD19+ B cells and CD33+ 

cells, as expected. Day +47 post-transplant, flow cytometry showed evidence of T and NK 

cell recovery (Table 1). The patient remained positive for SARS-CoV-2 by RT-PCR on NP 

swabs on days +2, 9 and 33 post-transplant, yet remained asymptomatic with normal liver 

function tests. RT-PCR on NP swabs became negative on transplant day +61 and remained 
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negative on day +75 (Figure 1B). Therefore, the total time of RT-PCR positivity in nasal 

swabs was at least 59 days (from the first hospital day, through the last negative test on day 

+33 after transplant), and the total time to negative PCR testing was 87 days (from the first 

hospital day until post-transplant day +61).

DISCUSSION

The X-linked SCID patient described in the current study had an atypical course with 

SARS-CoV-2 infection, with hepatitis, minimal respiratory involvement and prolonged viral 

shedding, raises intriguing questions as to the role which adaptive immunity and NK cells 

play in disease severity and viral clearance. The notion that adaptive immune dysfunction 

may not portend severe COVID-19 disease is supported by findings in HIV patients[17], 

patients with congenital agammaglobulinemia[7], patients immunocompromised due to 

malignancy or transplant[18], and in a recent retrospective analysis of 94 mainly adult 

patients with diverse inborn errors of immunity[9]. Furthermore, a detailed comparison of 

immune responses in patients with COVID-19 demonstrated that an early and sustained 

elevation in type 1, 2 and 3 cytokines correlated with severe disease[19], suggesting that the 

strength and persistence of the adaptive and cellular immune response to SARS-CoV-2 

infection may determine the severity of the clinical manifestations. The relative role of the 

innate type I interferon response in determining disease severity has been suggested by the 

enrichment in deleterious variants in genes involved in type I interferon signaling, and high 

frequency of autoantibodies against interferon-omega or interferon-alpha in patients with 

life-threatening COVID-19 disease[10,20]. This in turn suggests that the lack of T and NK 

cells in our patient may have mitigated immune and inflammatory damage in typical sites 

such as lung, while the innate type I interferon response remained intact to provide 

containment of infection.

The duration of SARS-CoV-2 viral shedding in pediatric patients with COVID-19 has been 

examined in detail. A recent systematic review compiled data on 69 children from 17 

published studies, and found that positivity by RT-PCR on NP swabs ranged 0–24 days, with 

the mean duration of viral shedding in symptomatic patients 11.1 days after symptom onset, 

and mean total viral shedding in asymptomatic patients 9.4 days[21]. A report on 110 

children from Wuhan, China showed a range of 5–37 days (median 15 days), with 

symptomatic infection, fever, pneumonia and lymphopenia associated with longer durations 

of viral shedding[22]. While data on the duration of viral shedding in patients with IEI are 

lacking, data in transplant patients on cellular immunosuppressants indicate prolonged 

periods of viral shedding. In one study in adult renal transplant patients, only 8 of 40 study 

patients cleared the virus by RT-PCR within the 53 day follow up period[23]. Our patient 

had a very protracted period of viral shedding in comparison to immunocompetent children, 

with clearance by RT-PCR on NP swabs correlating with engraftment of donor T and NK 

cells. This suggests that while adaptive and cellular immunity may contribute to the 

deleterious effects of SARS-CoV-2 infection, they may ultimately be necessary for viral 

clearance.

Although this patient did not have respiratory compromise, his severe hepatitis suggests viral 

cytopathology in the liver. The SARS-CoV-2 receptor, angiotensin converting enzyme 2 
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(ACE2) is expressed on cholangiocytes and to a lesser degree on hepatocytes[24]. In fact, 

hepatitis is seen in 14–53% of COVID-19 cases, caused by direct viral cytopathic effect, 

immune and inflammatory damage, sepsis, thrombotic disease and/or drug induced 

injury[25]. In our patient’s case the isolated hepatitis was perplexing with no evidence of 

sepsis, and no disseminated intravascular coagulation. He did not meet the case definition 

criteria for multisystem inflammatory disease in children (MIS-C)[26,27]. The infant 

tolerated all prophylactic medications according to pre-hospitalization labs with no evidence 

of drug induced injury.

Although not directly tested, the patient’s ability to mount a nascent IgG antibody response 

to SARS-CoV-2 infection was likely severely compromised by both his age and IL-2 

common gamma chain deficiency. We therefore attempted to provide passive IgG immunity 

through transfusion of COVID-19 convalescent plasma. A recent Cochrane systematic 

review indicated uncertainty as to whether convalescent plasma reduces COVID-19 disease 

mortality, although noted that it may increase improvement in symptoms at 15–30 days post-

infusion[28]. In our patient’s case we may have provided additional passive neutralizing 

anti-SARS-CoV-2 IgG through his IVIG infusions[29]. We were able to confirm the 

presence in the patient’s circulation of broad IgG binding activity against SARS-CoV-2 viral 

proteins at several timepoints after plasma transfusion. The improvement in the patient’s 

hepatitis which was observed after administration of convalescent plasma was intriguing 

although only correlative.

In summary, the lack of T cells, NK cells, and functional B cells in our patient did not lead 

to fulminant or severe respiratory compromise typical of COVID-19 disease, but instead was 

associated with an atypical course which included hepatitis of presumed viral etiology and 

prolonged viral shedding in nasal samples. Clinical improvement correlated with delivery of 

convalescent plasma with broad binding activity against SARS-CoV-2 antigens. Viral 

clearance correlated with engraftment of donor T and NK cells after allogeneic stem cell 

transplant. The findings in this unique patient should inform future studies on the role of 

adaptive immunity and NK cells in determining the severity and clinical manifestations of 

COVID-19 and viral clearance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS:

The presence of uncorrected X-linked SCID in an infant who became infected with 

SARS-CoV-2 lead to a mild COVID-19 disease course.

COVID-19 disease in this X-SCID infant was characterized by hepatitis, and prolonged 

viral shedding.

The prolonged period of viral shedding continued post-transplant, with viral clearance 

correlating with donor T and NK cell engraftment.
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Figure 1. 
A. IL2RG gene map with patient’s mutation at the intron 5 splice acceptor. B. Time course 

of events throughout the patient’s life. Grey filled horizontal bar represents the 

hospitalization. Small yellow triangles represent positive RT-PCR tests for SARS-CoV-2. 

Small blue triangles indicate negative tests. C. Heatmap of IgG binding activity in patient 

serum at various timepoints after convalescent plasma, in samples from non-SARS-CoV-2 

infected infants, and COVID-19 patients from a patient registry. D. Relative IgG binding 

activity for SARS-CoV-2 spike proteins S1 and S2, RBD, NCP as well as S2 extracellular 

domain (ECD), 3CL and Papain-like proteases (Plpro), and M and Envelope proteins. Y axes 

represent net signal intensity (NSI) in which background staining is subtracted from each 

sample.
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Table 1.

Lymphocyte enumeration in blood by flow cytometry (Day of life (DOL), hospital day (HD) and post-

transplant day (T)) (note: absolute lymphocyte counts for flow cytometry were calculated on separate samples 

than CBC with differential from same day, thus slight differences exist between data in this table and 

supplemental table 1).

DOL 28 DOL 53 DOL 83 (HD#4) DOL 104 (HD#25) DOL 154 (T 
+47) Reference range

Absolute Lymphocyte Count (/ul) 977 1271 1510 2512 3920

CD3+ % 11.7 1.3 2.7 0.7 31.3 51−77%

CD3+ abs (/ul) 114 16 39 18 1300 2500−5800/ul

CD3+4+ % 1.2 0.4 1.1 0.4 27 35−58%

CD3+4+ abs (/ul) 12 5 15 9 1120 1800−4000/ul

CD3+8+ % 9.7 0.9 2.4 0.6 5.1 12−23%

CD3+8+ abs (/ul) 95 12 34 16 213 590−1600/ul

CD16/56+ % 5.5 2.3 0.3 0.5 12 3−14%

CD16/56+ abs (/ul) 54 29 4 13 497 170−830/ul

CD19+ % 78.8 95.1 94.6 95 51.3 11−41%

CD19+ abs (/ul) 770 1208 1340 2386 2133 430−3000/ul

CD3+4+RA+62L+ % of tot CD4 <0.1 33.3 <0.1 64−92%

CD3+8+RA+62l+ % of tot CD8 8.3 15 <0.1 53−88%
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