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Letter to the Editor

Predicting recurrence of respiratory failure in critically ill =&
patients with COVID-19: A preliminary study

To the editor,

Coronavirus disease 2019 (COVID-19), which is caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
poses a serious global health threat. Clinical concerns include
rapid deterioration of respiratory failure requiring mechanical ven-
tilation, high mortality, and the possibility of reinfection after a
successful recovery.! Recently, COVID-19 relapse after transient
improvement has emerged as a clinically relevant issue?™*; re-
ports suggest that COVID-19-related inflammation can remain even
when patients have seemingly improved. Previous studies showed
that the degree of lymphopenia and the levels of anti-SARS-CoV-
2 antibodies were dependent on disease severity.” However, it re-
mains unclear whether these factors are associated with disease
recurrence in critically ill COVID-19 patients. Therefore, we evalu-
ated the association between these factors and the recurrence of
respiratory failure in COVID-19 patients who required mechanical
ventilation.

We screened all consecutive COVID-19 patients who required
invasive mechanical ventilation between March 2020 and October
2020 in the intensive care unit. SARS-CoV-2 positivity was con-
firmed by reverse transcription polymerase chain reaction (PCR)
using nasopharyngeal and throat swabs. All patients were ex-
tubated after a successful spontaneous breathing trial.® Post-
extubation respiratory failure was defined as the need for reintuba-
tion or death within 96 h. Laboratory data obtained within 24 h of
extubation were collected. We did not use noninvasive ventilation
or high-flow nasal cannula oxygen to avoid aerosolizing virus par-
ticles. Patients were excluded if they had coinfection such as bac-
terial, fungal, or viral infection or other differential diagnoses, in-
cluding thrombosis, heart failure, or aspiration. Patients who never
underwent extubation attempts were also excluded.

Data on serum SARS-CoV-2 PCR results and SARS-CoV-2 anti-
bodies at extubation were analyzed. Levels of anti-SARS-CoV-2 IgG
against nucleocapsid (N), spike S1, and spike receptor-binding do-
main (RBD) antigen, and the combination of N and S1 antigens
were measured using the iFlash 3000 fully automatic CLIA ana-
lyzer (YHLO Biotech Co., Ltd., Shenzhen, China) with a cutoff value
of 10 AU/mL. Antibody detection kits against N, S1, and RBD anti-
gens were obtained from Shenzhen YHLO Biotech Co., Ltd. Cryop-
reserved sera obtained within 48 h from the time of extubation
were included in this analysis. We evaluated factors involved in
COVID-19 recurrence. Data are presented as median and interquar-
tile range. The institutional review board approved this study and
waived the requirement for informed consent.

Twenty-two patients with a confirmed COVID-19 diagnosis re-
quired invasive mechanical ventilation in the intensive care unit
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during the study period. Of 22 patients, 17 who underwent extu-
bation attempts were finally enrolled. All patients were followed
up for at least 2 weeks after extubation. Among 17 patients, 4
were women and 13 were men; they had a median age of 72
(61-74) years. Four patients were reintubated for refractory hypox-
emia (relapse group) and 13 did not experience post-extubation
failure (non-relapse group). The median age was higher in the re-
lapse group than the non-relapse group (76.5 [73-80] years vs. 66
[58-73] years). The median times from symptom onset to intuba-
tion were 9.5 (8.75-10.25) days and 11 (9-13) days in the relapse
and non-relapse groups, respectively. The median durations of me-
chanical ventilation were 8 (6.5-10.75) days and 7 (5-9) days in
the relapse and non-relapse groups, respectively. Moreover, there
were no significant differences between the groups with respect
to sex, body mass index, smoking history, comorbidity, sequential
organ failure assessment score at intubation, or treatments, includ-
ing heparin, dexamethasone, and remdesivir. Although there were
no differences between the groups with respect to laboratory data
such as p-dimer, ferritin, and C-reactive protein levels, lymphocyte
counts at extubation were significantly lower in the relapse group
than in the non-relapse group (613/uL vs. 1046/uL; P=0.044)
(Fig 1).

Nine patients were evaluated for SARS-CoV-2 IgG at extubation.
The median time from symptom onset to blood sample collec-
tion was 16 (14-17) days. All nine patients received corticosteroids
based on the results of the RECOVERY trial.” Lymphocyte counts
were increased in all patients except one who experienced post-
extubation respiratory failure (Fig 2A). The relapse group tended
to have lower lymphocyte counts and lower levels of SARS-CoV-2
IgG against S1 and RBD at extubation than the non-relapse group
(Fig 2B). Among patients who developed post-extubation respira-
tory failure, one had no antibody response and another had het-
erogeneous IgG responses, including a sufficient response to the
N antigen but an insufficient response to S1 and RBD antigens.
Among nine patients, three had positive serum PCR SARS-CoV-2
test results at extubation, of whom one avoided post-extubation
respiratory failure. This patient had sufficient IgG levels against S1
and RBD.

Our findings suggest that the concomitant presence of lym-
phopenia and low levels of anti-spike S1 and RBD IgG at extu-
bation is a potential risk of COVID-19 recurrence after extubation.
Patients with sufficient S1- or RBD-specific IgG were unlikely to
develop post-extubation respiratory failure, even if they had lym-
phopenia. Notably, these antibodies, rather than N-specific anti-
bodies, were essential for disease stabilization. The RBD is located
within the S1 portion of the spike protein, and RBD-specific anti-
bodies can neutralize SARS-CoV-2 and play an essential role in the
recovery of COVID-19 patients.?- Sufficient S1- and RBD-specific
IgG levels may have contributed to preventing post-extubation res-
piratory failure, even in patients who were positive for serum
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Fig. 1. Box plots showing lymphocyte counts at extubation in patients who did (re-
lapse group) and did not (non-relapse group) experience post-extubation respira-
tory failure. Lymphocyte counts at extubation were significantly lower in the re-
lapse group than in the non-relapse group (P=0.044).

SARS-CoV-2 PCR at extubation, indicating persistent robust inflam-
mation.!” A previous report showed that low antibody levels in-
crease the risk of re-detectable viral RNA.? Similarly, our results
indicate that low S1- and RBD-specific IgG levels at extubation
may increase the risk of post-extubation respiratory failure. There-
fore, the combination of lymphocyte counts and S1 and RBD anti-
body levels may serve as surrogate markers of remnant COVID-19-
related inflammation.

This study had some limitations. First, our study was a pre-
liminary retrospective study with a small sample, precluding def-
inite conclusions. Second, SARS-CoV-2 antibodies were not mea-
sured in all patients, which could lead to selection bias. Third, fac-
tors besides COVID-19 could not be excluded as the cause of post-
extubation respiratory failure. Finally, we did not analyze the neu-
tralizing activity of non-humoral mechanisms, including T-cell re-
sponses to SARS-CoV-2. Therefore, our findings should be regarded
as hypothesis generating for future studies.
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Fig. 2. Lymphocyte counts and IgG antibody levels of nine patients whose anti-
body levels were measured. (A) Comparison of lymphocyte counts at extubation
(Day 0) and 3 days before extubation (Day —3). Data from 3 days before extuba-
tion were used for comparison to avoid the influence of the timing of steroid ini-
tiation. All patients received corticosteroids for at least 4 days before extubation.
(B) Scatterplot of the lymphocyte counts and levels of SARS-CoV-2 IgG antibodies.
Blue dots indicate patients who did not develop post-extubation respiratory fail-
ure, and red dots indicate patients who did. Triangles indicate patients with pos-
itive serum PCR test results at extubation. The dashed line indicates the median
value. IgG=immunoglobulin G; SARS-CoV-2 =severe acute respiratory syndrome
coronavirus 2; PCR=polymerase chain reaction; N=nucleocapsid; RBD = receptor-
binding domain.
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