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[95% CI 1·71–18·32], p=0·0044). In 
the subgroup of patients who did 
not seroconvert after the first vaccine 
dose, an enhanced T-cell response was 
seen after the second dose in those 
who received ChAdOx1 nCoV-19 
(11 [48%] of 23 vs one [17%] of six 
with BNT162b2; p=0·17), although 
the difference was not significant, 
potentially due to small numbers of 
patients. Higher rates of seroconversion 
were observed after the second dose in 
those who received BNT162b2.

This study highlights the differences 
in T-cell and antibody responses after 
a single dose of vaccine between the 
ChAdOx1 nCoV-19 and BNT162b2 
vaccines in patients with rheumatoid 
arthritis taking DMARDs. Due to 
our small sample size, the responses 
to subsequent doses need further 
evaluation. Furthermore, the use of 
a delayed dosing schedule in the UK for 
the BNT162b2 vaccine might have led 
to bias and limits the generalisability 
of our study.

Whether these differences translate 
to variations in SARS-CoV-2 cases 
and hospital admissions is unknown. 
However, for patients with rheumatoid 
arthritis with reduced antibody 
responses to vaccines, the potential 
to enhance T-cell responses with the 
ChAdOx1 nCoV-19 vaccine is a finding 
that deserves further consideration.
BS reports personal fees from Pfizer and Galapagos, 
outside the submitted work. PE reports grants from 
AbbVie, Bristol Myers Squibb, Lilly, and Samsung; 
consulting fees from Bristol Myers Squibb, AbbVie, 
Merck Sharp & Dohme, Pfizer, Novartis, and Roche; 
and payment or honoraria for lectures, presentations, 
speakers bureaus, manuscript writing, or educational 
events from AbbVie, Gilead, Lilly, and Novartis, all 
outside the submitted work. All other authors declare 
no competing interests. All authors made substantial 
contributions to the conception or design of the 
study or to the acquisition, analysis, or interpretation 
of data; were involved in drafting the work or revising 
it critically for important intellectual content; and 
were in agreement to be accountable for all aspects of 
the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are 
appropriately investigated and resolved. LD, BS, and 
PE have directly accessed the raw data and verified the 
underlying data reported in the manuscript. All 
authors had full access to the data in the study and 
had final responsibility for the decision to submit for 
publication. This study was funded by grants from the 
National Institute for Health Research Leeds 

Musculoskeletal Biomedical Research Centre, Leeds 
Hospital Charity (grant number 124664), and Eli Lilly 
and Company (grant number 124893). We are 
thankful to the Leeds Rheumatology and 
Immunology vaccine initiative team.

*Benazir Saleem, Rebecca L Ross, 
Laurence Duquenne, Pam Hughes, 
Paul Emery
benazir.saleem@nhs.net

Rheumatology, Leeds Teaching Hospitals NHS Trust, 
Chapel Allerton Hospital, Leeds LS7 4SA, UK 
(BS, PE); Leeds Institute of Rheumatic and 
Musculoskeletal Medicine, Faculty of Medicine and 
Health, University of Leeds, Leeds, UK (RLR, LD, PE); 
Leeds Biomedical Research Centre, Leeds, UK 
(RLR, LD, PE); Transplant and Cellular Immunology, 
St James University Hospital, Leeds Teaching 
Hospitals NHS Trust, Leeds, UK (PH)

1	 Geddes L. AstraZeneca CEO links Europe’s 
Covid surge to rejection of its vaccine. https://
www.theguardian.com/world/2021/nov/23/
astrazeneca-chief-links-europes-covid-surge-
to-rejection-of-firms-vaccine. The Guardian. 
Nov 23, 2021 (accessed Jan 31, 2022). 

2	 Bertoletti A, Le Bert N, Qui M, Tan AT. 
SARS-CoV-2-specific T cells in infection and 
vaccination. Cell Mol Immunol 2021; 
18: 2307–12.

3	 Parry H, Bruton R, Tut G, et al. Immunogenicity 
of single vaccination with BNT162b2 or 
ChAdOx1 nCoV-19 at 5–6 weeks post vaccine 
in participants aged 80 years or older: 
an exploratory analysis. Lancet Healthy Longev 
2021; 2: e554–60.

4	 Bray RA, Lee JH, Brescia P, et al. Development 
and validation of a multiplex, bead-based 
assay to detect antibodies directed against 
SARS-CoV-2 proteins. Transplantation 2021; 
105: 79–89.

5	 Wyllie D, Jones HE, Mulchandani R, et al. SARS-
CoV-2 responsive T cell numbers and anti-
spike IgG levels are both associated with 
protection from COVID-19: a prospective 
cohort study in keyworkers. medRxiv 2021; 
published online May 2. https://doi.
org/10.1101/2020.11.02.20222778 (preprint).

is not active viral replication in the 
pneumocytes, but rather antibody-
dependent inflammation leading to 
immunothrombosis.

First, in COVID-19, there is evident 
temporal and spatial dissociation 
between active viral replication in the 
respiratory tract and the development 
of lung injury. Although initial viral 
loads are higher and duration of viral 
shedding is longer in patients who 
develop severe illness (when compared 
with those who do not), the viral load 
typically trends downwards from the 
time of symptom onset, irrespective 
of eventual illness severity. Culturable 
virus is typically absent by the second 
week after symptom onset, when 
patients progress to severe illness.1 
Pathologically, there is a lack of 
topological correlation between the 
location of lung pathology and presence 
of the virus,2 suggesting tissue tolerance 
to viral multiplication and a mechanism 
of lung injury other than viral cytopathy. 
Supporting this interpretation, studies 
in humanised mice have shown that 
viral infection of alveolar cells is not 
necessary for severe COVID-19 to occur.

Second, as we have previously 
argued,3 the peripheral ground 
glass changes seen in patients with 
COVID-19, which typically appear in 
the later part of the first week of illness, 
represent pulmonary infarcts due 
to small-vessel immunothrombosis 
rather than viral alveolitis. Inhaled 
thrombolytics seem to resolve these 
radiological changes, which would be 
highly uncharacteristic of viral-induced 
alveolar injury. Consistent with this 
explanation, the characteristic silent 
hypoxaemia of COVID-19 indicates a 
predominant perfusion problem rather 
than a ventilation problem.3

Third, the key determinant of 
severe illness appears to be antibody-
dependent inflammation, 4 a 
phenomenon that occurs due to 
abnormal fucosylation of antibodies 
specific for viral spike protein during 
the seroconversion phase of COVID-19 
in susceptible patients. These aberrant 
antibodies are pro-inflammatory; 

Severe COVID-19 as 
a virus-independent 
immunothrombotic 
process
We read with interest the Viewpoint1 
by Dennis McGonagle and colleagues 
in which they question the strategy 
of universal immunosuppression in 
patients with moderate-to-severe 
COVID-19 because of a concern about 
ongoing alveolar viral replication in 
these patients. We believe that this 
concern is unwarranted, as the key 
pathology driving severe COVID-19 
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they activate platelets and macro
phages and disrupt alveolar endothelial 
integrity, promoting in-situ throm
bosis in the lung vasculature. The 
temporal association of severe 
illness with the onset of humoral 
immunity is also explained by this 
phenomenon. Autoantibodies directed 
at phospholipids, possibly emerging 
through molecular mimicry or redox-
related conformational changes of 
innate epitopes, could also play a 
prominent role in disease progression.5

As the initial viral load determines the 
strength and duration of the antibody 
response, it might be prudent to avoid 
downregulation of the innate immune 
response by immunosuppression 
during the early viral replication 
phase. However, if there is evidence of 
disease progression to the immuno
thrombotic phase, key treatment 
strategies include immunosuppression 
and anticoagulation to suppress 
the aberrant antibody response 
and lung-centric microthrombosis. 
Once immunothrombotic lung 
injury is fully established, with diffuse 
alveolar damage manifesting as 
clinical acute respiratory distress 
syndrome, neither antiviral therapy 
nor immunosuppression is likely to 
modify the disease trajectory, and the 
management would essentially be 
supportive.

RNAaemia seen at this stage might 
not have implications for therapy, but 
rather might be a marker of disease 
severity and immune paralysis, 
portending poor prognosis.
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We fully agree with Cherian 
and colleagues that small-vessel 
immunothrombosis is central to the 
pathogenesis of COVID-19 pneumonia, 
but this nevertheless represents a 
strategy to restrict viral spread via 
containment of viral dissemination.3 As 
set out in figure 3 of our Viewpoint,1 we 
agree that immunosuppression works 
in several different ways, especially 
in patients in whom viral replication 
has ceased in the alveolar territory. We 
did not include the antibody response 
in our figure, and we fully agree that 
anti-SARS-CoV-2 antibody responses 
in the second week could contribute 
to immunopathology and could 
be another mechanism underlying 
immunosuppression, especially 
in patients without alveolar viral 
replication.4 

Finally, we fully agree with 
Cherian and colleagues that very 
early immunosuppression might be 
detrimental and that once clinical 
acute respiratory distress syndrome 
has developed, medical therapy is 
also limited and antiviral agents to 
counteract RNAaemia would be of 
limited value.1

We declare no competing interests.

*Dennis McGonagle, Abdulla Watad,
Charles Bridgewood
d.g.mcgonagle@leeds.ac.uk

Leeds Institute of Rheumatic and Musculoskeletal 
Medicine, University of Leeds, Leeds LS7 4SA, UK 
(DM, AW, CB); National Institute for Health Research 
Leeds Biomedical Research Centre, Leeds Teaching 
Hospitals, Leeds, UK (DM); Department of Medicine 
B, Rheumatology Unit, Sheba Medical Center, 
Tel Aviv, Israel (AW); Sackler Faculty of 
Medicine, Tel Aviv University, Tel Aviv, Israel (AW) 

1	 McGonagle D, Kearney MF, O’Regan A, et al. 
Therapeutic implications of ongoing alveolar 
viral replication in COVID-19. Lancet Rheumatol 
2022; 4: e135–44.

2	 Dorward DA, Russell CD, Um IH, et al. Tissue-
specific immunopathology in fatal COVID-19. 
Am J Respir Crit Care Med 2021; 203: 192–201.

3	 McGonagle D, Bridgewood C, Meaney JF. 
A tricompartmental model of lung 
oxygenation disruption to explain pulmonary 
and systemic pathology in severe COVID-19. 
Lancet Respir Med 2021; 9: 665–72.

4	 Hoepel W, Chen HJ, Geyer CE, et al. High titers 
and low fucosylation of early human anti-
SARS-CoV-2 IgG promote inflammation by 
alveolar macrophages. Sci Transl Med 2021; 
13: eab8654.

Authors’ reply
We thank Robin Cherian and colleagues 
for their interest in our Viewpoint1 
discussing the potential importance 
of RNAaemia in severe COVID-19 
and its possible implications for 
refining therapy with a goal of 
improving survival.1 We wish to 
emphasise that we acknowledge the 
value of immunosuppression, but 
we question the value of universal 
immunosuppression for all patients 
with moderate-to-severe COVID-19, 
and specifically in the subgroup of 
patients with ongoing alveolar viral 
replication as set out in figure 1 of our 
Viewpoint. We agree with Cherian and 
colleagues that viral shedding from the 
upper airways has ceased by the time 
patients develop severe disease, but our 
focus was specifically on alveolar viral 
territory replication in the face of strong 
immunosuppression.

As stated in our Viewpoint, culturable 
virus might be absent in the second 
week after symptom onset, when 
patients progress to severe illness, but 
nevertheless there is a subgroup of 
patients in whom upper airway viral 
replication persists. The impact of 
this on viral replication in the alveolus 
remains poorly defined, and alveolar 
viral replication is likely important 
for immunosuppression.1 Cherian 
and colleagues point out a lack of 
topological correlation between the 
location of lung pathology and viral 
presence, but this is based on one small 
cross-sectional study,2 so it is difficult to 
extrapolate from these data.


