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INTRODUCTION

The outbreak of coronavirus disease 2019 (COVID-19) in 
December 2019 has caused the global crisis in public health [1]. 
Although COVID-19 is a form of respiratory infection, associa-
tions between COVID-19 and rheumatic features have also been 
reported [2]. Several studies have investigated the association of 
spondyloarthritis (SpA) with COVID-19 [3], but the informa-
tion about SpA triggered by COVID-19 is still limited. 

Here we present cases of 23-year-old human leukocyte anti-
gen B27 (HLA-B27)-positive monozygotic twin brothers mani-
festing typical features of SpA after COVID-19. Furthermore, 

we investigated single-cell transcriptome profiles using their 
peripheral blood mononuclear cells (PBMCs).

This study was reviewed and approved by the Institutional 
Review Board of Seoul St. Mary’s Hospital of the Catholic Uni-
versity of Korea (approval number: KC21RISI0360). Written 
informed consent was obtained from each patient.

CASE REPORT

Twin A and Twin B were monozygotic twins living in the 
same place. On January 14, 2021, they had a meal with a COV-
ID-19-confirmed case at the same restaurant. 
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A subset of spondyloarthritis (SpA) called ‘reactive arthritis’ is triggered by causal pathogens, usually bacteria related to venereal 
disease or gastrointestinal infection. During the outbreak of coronavirus disease 2019 (COVID-19), there have been case reports 
about SpA after COVID-19, but the causality is still elusive. We described cases of 23-year-old monozygotic twins both diagnosed 
with SpA after COVID-19. The probable linkage between SpA and COVID-19 was elaborated with our cases as well as literature 
reviews. Of note, shared genetic traits by monozygotic twins, particularly HLA-B27 positivity, might have contributed to their 
susceptibility to COVID-19-induced SpA. Moreover, single-cell transcriptome analysis revealed that the transcriptomic profile of 
peripheral compartment of SpA after COVID-19 was distinctive from that of typical radiographic axial SpA as shown by differen-
tial expression of ribosomal protein S26 (RPS26) and small nucleolar RNA host gene 5 (SNHG5) in nearly all subsets of peripheral 
blood mononuclear cells.
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Case 1 (Twin A)
A 23-year-old male patient who had no known medical ill-

nesses or family history took a nasopharyngeal and throat swab 
test for severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection on January 18, 2021 (day 1). The swab by real-
time reverse transcription-polymerase chain reaction (RT-PCR) 
confirmed that the patient was positive for SARS-CoV-2. He 
was admitted to a community hospital accommodating COV-
ID-19 patients. During 10 days of hospitalization from January 
21 to January 30 (day 4 to 13), his clinical manifestations (fever, 
sore throat) was mild. On February 8 (day 22), he started to 
complain of swelling and pain in left knee and both ankles.

On March 19 (day 61), he was referred to Seoul St. Mary’s 
Hospital, a tertiary care university hospital and referral centre. 
On examination, his left knee and left ankle were tender and 
swollen. Laboratory investigations showed C-reactive protein 
(CRP) level of 48.8 mg/L, and erythrocyte sedimentation rate 
of 92 mm/hour. HLA-B27 was positive, but tests for other rheu-
matic diseases, bacterial, and viral pathogens were all negative. 
Simple radiographs of knees, ankles, and spine did not show 
any abnormal findings. Ultrasound evaluation and magnetic 
resonance imaging (MRI) documented the presence of left knee 
synovitis and coexisting left achilles tendinopathy (Figure 1A). 
Despite the absence of chronic inflammatory back pain, MRI of 
the sacroiliac joints demonstrated obvious bone marrow edema 
at both sides of sacroiliac joints (Figure 1B). 

To be brief, he had inflammatory arthritis of the left knee, left 
achilles tendinopathy, positive HLA-B27, sacroiliitis on MRI, 
and elevated CRP. He was diagnosed with peripheral SpA ac-
cording to the Assessment of SpondyloArthritis international 
Society (ASAS) criteria [3]. Because of the typical pattern of SpA 
plus the evidence of COVID-19 in the preceding two weeks, he 
was considered to have SpA triggered by COVID-19. He was 
treated with naproxen, sulfasalazine, and prednisolone and ad-
ministered intra-articular triamcinolone in the left knee joint. 
He had good responses to naproxen. He was discharged in a 
good general condition on March 30 (day 72).

Case 2 (Twin B)
He (Twin B) was 23-year old monozygotic twin brother of 

Case 1 (Twin A). He was exposed to COVID-19 case with his 
brother (Twin A) on January 14, 2021. His RT-PCR for SARS-
CoV-2 was equivocal on January 18 (day 1). He was quarantined 
for 14 days. During quarantine, he had malaise without fever. 

On February 5 (day 19), he suddenly started to experience fever 
and pain in the left buttock. On February 10 (day 24), he com-
plained of swelling and pain in the right sternoclavicular joint, 
let knee, and the left ankle.

On March 16 (day 58), he was referred to Seoul St. Mary’s 
Hospital, a tertiary care university hospital and referral centre 
for unremitting symptoms. He complained of fever, back pain, 
and swelling and pain in his left knee, both ankles, and the right 
sternoclavicular joint. At admission, he had fever up to 38.5°C 
(tympanic temperature). On examination, his left knee and 
both ankles were tender and swollen. Laboratory investigations 
showed raised CRP level of 85.3 mg/L, and HLA-B27 was posi-
tive. Ultrasound evaluation and MRI documented the presence 
of synovitis in the left knee and both ankles (Figure 1C). MRI of 
sacroiliac joints demonstrated bone marrow edema at both sac-
roiliac joints (Figure 1D). Furthermore, bone scan demonstrated 
arthritis in both sternoclavicular joints, both sacroiliac joints, 
ankles, left 5th metacarpophalangeal joint, and left knee. Tests 
for other rheumatic diseases, bacterial, and viral pathogens were 

A B

C D

Figure 1. MRI of the ankle and sacroiliac joints in Twin A and 
Twin B. (A) Sagittal plain T2-weighted images of Twin A displaying 
tendinopathy of the left Achilles tendon (white arrow). (B) STIR 
images of Twin A displaying the sacroiliac bone marrow edema 
(white arrow). (C) Sagittal plain T2-weighted images of Twin B 
displaying synovial proliferation and joint effusion (white arrow). 
(D) STIR images of Twin B displaying bilateral sacroiliac bone 
marrow edema (white arrows). MRI: magnetic resonance imaging, 
STIR: short tau inversion recovery. 
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negative. He was diagnosed with peripheral SpA according to 
ASAS criteria. He was treated with naproxen, sulfasalazine, and 
prednisolone and administered intra-articular triamcinolone in 
the left knee joint and the right sternoclavicular joint. He also 
had a good response to naproxen. He was discharged in good 
general conditions on March 30 (day 72).

 In this case, a SARS-CoV-2 RT-PCR test was equivocal. 
However, the diagnosis of COVID-19 was highly suspicious, as 
he had the contact history with the confirmed patient and alter-
native causes were ruled out. A temporal relation between SpA 
and COVID-19 was considered. The timing of disease onset was 
consistent with his monozygotic twin’s COVID-19 infection. 

Single-cell RNA sequencing (scRNA-seq)
Furthermore, we investigated single-cell transcriptome pro-

files of PBMCs from the twins in comparison with a 45-year old 
male patient with typical radiographic axial spondyloarthritis 
(axSpA) whose HLA-B27 was positive as well. Peripheral blood 
was obtained from the twins on March 29, 2021 (the 10th and 
13th day of treatment with naproxen, sulfasalazine, and pred-
nisolone, respectively). Peripheral blood was drawn from the 
patient with typical axSpA on March 30, 2021. He had been re-

ceiving naproxen and sulfasalazine for 8 years, but adalimumab 
was newly added due to the acute deterioration of axSpA a 
month before the blood sampling for scRNA-seq. Mononuclear 
cells were isolated from the peripheral blood using Ficoll-Paque 
gradient centrifugation. CD45+ cells were isolated using mag-
netic beads. The single-cell samples were loaded on Chromium 
Controller (10X Genomics) for library preparation, and the 
barcoded libraries were constructed using the Chromium Single 
Cell 3’ Reagent Kit. The libraries were ran multiple times on 
Illumina Novaseq 6000 for sequencing and following the manu-
facturer’s instructions. PBMCs analyzed for genetic profiles were 
clustered using Uniform Manifold Approximation and Projetion 
using the R package Seurat version 4.0.6 [4]. Fourteen clusters 
were identified (Figure 2A). Difference in frequency of cell pop-
ulation is displayed in bar graphs (Figure 2B). The most obvious 
difference between SpA after COVID-19 and typical axSpA was 
found in T lymphocytes. The population of naïve CD4+ T cells 
and naïve CD8+ T cells was more expanded in SpA after CO-
VID-19. Memory CD4+ T cells and cytotoxic CD8+ T cells were 
more frequent in typical axSpA. Differentially expressed genes 
of each cell subset were investigated. The mRNA expression of 
ribosomal protein S26 (RPS26) was systematically down-regu-
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Figure 2. Cell clusters identified by single-cell RNA sequencing analysis. (A) Identification of 14 clusters in pooled peripheral blood 
mononuclear cells from twins who developed spondyloarthritis after COVID-19 and one patient with typical radiographic axial 
spondyloarthritis. (B) Difference in frequency of cell population is displayed in bar plots. COVID-19: coronavirus disease 2019, UMAP: 
Uniform Manifold Approximation and Projetion.
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lated in most subsets of SpA after COVID-19 compared to that 
in typical axSpA (Figure 3A). The expression of small nucleolar 
RNA host gene 5 (SNHG5) was consistently upregulated in SpA 
after COVID-19 compared to that in typical axSpA (Figure 3B).

DISCUSSION

This study described two cases of HLA-B27-positive monozy-
gotic twin brothers who almost simultaneously developed SpA 
after COVID-19. To the best of our knowledge, this is the first 
report on SpA in monozygotic twins after COVID-19. Our re-
sults suggest a causal relation between SpA and COVID-19 and 
genetic susceptibility to COVID-19-triggering SpA, particularly 
stressing out HLA-B27.

To study more about SpA after COVID-19, we performed a 
comprehensive review of the literature. A total 8 cases from 7 
papers were classified as SpA according to ASAS criteria (Table 
1) [3,5-10]. The median age of these cases was 44 years old 
(range: 21~65 years). Males were predominant (5 cases out of 
8). Axial involvement was detected in 4 cases [3,6-8]. Enthesitis 
was reported in one case. There were no cases with dactylitis [9]. 
Psoriasis was present in 2 cases [6,10]. Oral non-steroidal anti-
inflammatory drugs (NSAIDs), corticosteroid, and sulfasalazine 
were administrated to treat SpA. In only one case, tumor necro-
sis factor-alpha inhibitor was administered. Our two cases were 
also males with axial involvement and elevated CRP. HLA-B27 
was positive in 5 cases out of 8 [3,5,7,9]. Individuals with the 
HLA-B27 allele or with a family history of SpA have a higher 

Figure 3. The differentially expressed 
genes from single-cell RNA sequencing 
analysis. (A) The mRNA expression 
of ribosomal protein S26 (RPS26) is 
systematically down-regulated in most 
subsets of spondyloarthritis (SpA) after 
coronavirus disease 2019 (COVID-19) 
compared to that in typical axial 
spondyloarthritis. (B) The expression 
of small nucleolar RNA host gene 5 
(SNHG5) is consistently upregulated 
in most subsets of SpA after COVID-19 
compared to that in typical axial 
spondyloarthritis.
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risk of developing reactive arthritis [11]. Therefore, shared ge-
netic traits by monozygotic twins, particularly HLA-B27 posi-
tivity, might have contributed to their susceptibility to COVID-
19-induced SpA. 

The transcriptomic profiling has not drawn any conclusion 
in our analysis, and the result might be attributable to inter-in-
dividual differences and medication status. The downregulated 
gene, RPS26, is a ribosomal protein gene that regulates mRNA-
specific translation by recognizing Kozak sequence elements 
[12]. RPS26 is commonly mutated in Diamond–Blackfan ane-
mia [13]. As suggested in a previous expression quantitative trait 
loci analysis of T cells, RPS26 gene expression is associated with 
autoimmune diseases [14]. The upregulated gene, SNHG5, is 
known as one of cytoplasmic long non-coding RNA genes. It is 

closely associated with various cancers by exerting tumorigenic 
or suppressive actions [15]. However, the role of SNHG5 in au-
toimmune conditions is not well-defined yet.

SUMMARY

In this study, we presented cases of HLA-B27-positive mono-
zygotic twins developing SpA after COVID-19. To the best of 
our knowledge, this is the first report on SpA in monozygotic 
twins after COVID-19. Our results suggest a possible causal 
relation between SpA and COVID-19, emphasizing genetic sus-
ceptibility to COVID-19-triggering SpA, especially HLA-B27. 
Moreover, we first compared the transcriptomic landscape of 
PBMC between SpA after COVID-19 and typical radiographic 

Figure 3. Continued.
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axSpA. Further studies are needed to elucidate the mechanistic 
role of these differentially expressed genes in SpA after CO-
VID-19.
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Table 1. Demographic and clinical characteristics of each case of spondyloarthritis after COVID-19 

Author Sex/Age Onset
(after COVID-19) Clinical features Treatment

Case 1 (Twin A) M/23 22 days Peripheral arthritis
Achilles tendinitis
Inflammatory back pain
HLA-B27(+)
Sacroiliitis on MRI

NSAIDs, prednisolone, sulfasalazine,  
IA corticosteroid

Case 2 (Twin B) M/23 19 days Peripheral arthritis
Inflammatory back pain
HLA-B27(+)
Sacroiliitis on MRI

NSAIDs, prednisolone, sulfasalazine,  
IA corticosteroid

Schenker et al. [5] F/65 10 days Peripheral arthritis
Cutaneous vasculitis
HLA-B27(+)

Prednisolone

Novelli et al. [6] F/27 5 months Peripheral arthritis
Inflammatory back pain
Psoriasis
HLA-B27(−)
Sacroiliitis on MRI

-

Coath et al. [7] F/53 - Peripheral arthritis
Inflammatory back pain
HLA-B27(+)
Sacroiliitis on MRI

NSAIDs, IM methylprednisolone

Saikali and Gharib [8] F/21 3 months Inflammatory back pain
HLA-B27(−)
Sacroiliitis on MRI

NSAIDs, TNF inhibitor

El Hasbani et al. [3] (Case 1) M/25 19 days Peripheral arthritis
Inflammatory back pain
HLA-B27(+)
Sacroiliitis on MRI

NSAIDs, prednisolone, sulfasalazine

El Hasbani et al. [3] (Case 2) M/57 1 month Peripheral arthritis
HLA-B27(+)

NSAIDs, prednisolone

Ciaffi et al. [9] M/55 2 months Peripheral arthritis
Achilles tendinitis
HLA-B27(+)

-

De Stefano et al. [10] M/30s 24 days Peripheral arthritis
Psoriasis
HLA-B27(−)

NSAIDs, topical steroids

COVID-19: coronavirus disease 2019, HLA-B27: human leukocyte antigen B27, M: male, F: female, NSAID: non-steroidal anti-inflammatory 
drugs, IA: intra-articular, MRI: magnetic resonance imaging, IM: intramuscular, TNF inhibitor: tumor necrosis factor inhibitor.
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