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Cytokeratin 18 cell death assays as biomarkers for
quantification of apoptosis and necrosis in COVID-19:
a prospective, observational study
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ABSTRACT

Background The mechanism by which SARS-CoV-2
triggers cell damage and necrosis are yet to be fully
elucidated. We sought to quantify epithelial cell death in
patients with COVID-19, with an estimation of relative
contributions of apoptosis and necrosis.

Methods Blood samples were collected prospectively
from adult patients presenting to the emergency
department. Circulating levels of caspase-cleaved
(apoptosis) and total cytokeratin 18 (CK-18) (total cell
death) were determined using M30 and M65 enzyme
assays, respectively. Intact CK-18 (necrosis) was
estimated by subtracting M30 levels from M65.
Results A total of 52 COVID-19 patients and 27
matched sick controls (with respiratory symptoms not
due to COVID-19) were enrolled. Compared with sick
controls, COVID-19 patients had higher levels of M65
(p=0.046, total cell death) and M30 (p=0.0079,
apoptosis). Hospitalised COVID-19 patients had higher
levels of M65 (p=0.014) and intact CK-18 (p=0.004,
necrosis) than discharged patients. Intensive care unit
(ICU)-admitted COVID-19 patients had higher levels

of M65 (p=0.004), M30 (p=0.004) and intact CK-

18 (p=0.033) than hospitalised non-ICU admitted
patients. In multivariable logistic regression, elevated
levels of M65, M30 and intact CK-18 were associated
with increased odds of ICU admission (OR=22.05,
p=0.014, OR=19.71, p=0.012and OR=14.12, p=0.016,
respectively).

Conclusion Necrosis appears to be the main driver of
hospitalisation, whereas apoptosis and necrosis appear
to drive ICU admission. Elevated levels CK-18 levels are
independent predictors of severe disease, and could be
useful for risk stratification of COVID-19 patients and
in assessment of therapeutic efficacy in early-phase
COVID-19 clinical trials.

INTRODUCTION

Recent histopathological studies have demon-
strated extensive pulmonary and extrapulmonary
tissue damage that drive morbidity and mortality
in patients with COVID-19." > The mechanisms by
which SARS-CoV-2 induces cell damage and death
are yet to be fully elucidated. In a recent study on
transgenic mice models, Li et @/’ found an increased
number of apoptotic bodies in SARS-CoV-2
infected cells vs control cells, as well as elevated
levels of apoptotic markers such as activated
caspases-3, 8 and 9, and cleaved poly (ADP-ribose)
polymerase 1.* Their results, together with findings

% Stefanie W Benoit,>*
7 Justin Benoit®

of necrotic cell debris in histopathological studies,
suggest an involvement of multiple pathways of
cell death in COVID-19. In the current study, we
sought to quantify epithelial cell death in patients
with COVID-19 with an estimation of the rela-
tive contributions of apoptosis and necrosis, using
circulating levels of full length and caspase-cleaved
cytokeratin 18 (CK-18). CK-18 is an intermediate
filament present in epithelial cells, such as pulmo-
nary alveolar cells, which is leaked into the plasma
following cell death. The plasma concentration of
CK-18 and caspase-cleaved CK-18 can be measured
via M30 and Mé635 cell death assays. M30 measures
caspase-cleaved CK-18 produced during apop-
tosis, while M65 measures the levels of both intact
CK-18 (produced by cells undergoing necrosis)
and caspase-cleaved CK-18.* We investigated the
association of M30 and M65 levels measured at
emergency department (ED) presentation and their
association with COVID-19 disease progression.

METHODS

Study design

This was a prospective observational cohort study.
Adults (=18 years) presenting to the ED of the
University of Cincinnati Medical Center during
the initial wave of COVID-19 in this community
(April-May 2020) with respiratory symptoms at
triage suggestive of COVID-19 and receiving both
a standard-of-care nasopharyngeal reverse tran-
scriptase-PCR (RT-PCR) test for COVID-19 and
blood draw were enrolled. Patients who presented
to the ED and had a positive RT-PCR test for
SARS-CoV-2 were enrolled as COVID-19 cases. In
contrast, patients with a negative test were further
evaluated using a multiple-step algorithm, as previ-
ously described,” employing both serology (anti-
SARS-CoV-2 IgM, IgA, IgG) testing and assessment
of pretest probability using the ‘corona score’ to rule
out false-negative RT-PCR tests.® Subjects negative
by RT-PCR, serology and corona scores were finally
enrolled as non-COVID-19 sick controls.

Sample collection, processing and measurements
Blood samples were collected via routine draws
for clinical indications in the ED. After collec-
tion, blood samples were immediately centrifuged
at 2000g for 15min and subsequently frozen at
—80°C until measurement. The circulating levels
of caspase-cleaved (CK-18, ie, apoptosis), as well
as total CK-18 (cleaved and intact, ie, total cell
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death), were determined using M30 Apoptosense and Mé65
EpiDeath enzyme assays (PEVIVA, VLVbio/Diapharma, West
Chester, Ohio, USA) respectively. Cell death due to necrosis was
estimated by subtracting M30 levels from M65. Plasma concen-
trations of interleukin (IL)-1B, IL-6, IL-10 and tumour necrosis
factor-o. (TNF-0)) were quantified using Meso Scale Discovery
U-Plex assay (Rockville, Maryland, USA). Plasma concentra-
tions of ferritin and C reactive protein (CRP) were measured
with a BN II System (Siemens Medical Solutions USA, Malvern,
Pennsylvania, USA). Lactate dehydrogenase (LDH) was tested
on Dimension RxL Max Integrated Chemistry System (Siemens
Medical Solutions USA), while procalcitonin (PCT) was
measured with a chemiluminescent immunoassay on Diasorin
Liaison XL (DiaSorin S.p.A. Saluggia, Italy).

Outcomes and study definitions

Patients were monitored through hospitalisation until discharge/
death if admitted from the ED or for 30 days if discharged from
the ED. The primary outcome of interest was the need for inten-
sive care unit (ICU) admission at any point during the follow-up
window, while need for hospitalisation from the index ED visit
was the secondary outcome.

Statistical analysis

Analysis of the data was carried out using Prism V.8.4.3
(GraphPad Software, San Diego, California, USA) and SPSS
(IBM Statistics Software V.25). Categorical data were reported
as frequencies (%), while continuous data were reported as
median and IQR. Comparison of baseline total CK-18 (M65
levels, total cell death), cleaved CK-18 (M30 levels, apoptosis),
intact CK-18 (M65-M30, necrosis) and necrosis-apoptosis ratio
(M65-M30 divided by M30) between COVID-19 versus sick
controls, hospitalised versus discharged COVID-19 patients, and
in ICU versus non-ICU admitted COVID-19 patients was carried
out using Mann-Whitney U test. The diagnostic performance of
baseline levels of the above variables for predicting the need for
ICU admission was assessed using receiver operating charac-
teristics (ROC) curves, with calculation of the area under the
curve (AUC) and its 95% CI. Logistic regression was performed
to estimate the effect of elevated baseline total CK-18, cleaved
CK-18, intact CK-18 and necrosis-apoptosis ratio (>378.5U/L,
>149.5U/L, >239.6U/L and >1.450, respectively, based on
ROC analysis) on the primary outcome, adjusting for age, sex
and comorbidities, and to calculate adjusted ORs with the corre-
sponding 95% Wald CI. Additionally, the correlation between
baseline total CK-18, cleaved CK-18, intact CK-18 and necrosis-
apoptosis ratio and inflammatory biomarkers (IL-1f, IL-6,
IL-10, TNFo, LDH, ferritin, CRP and PCT) was performed
using Spearman’s correlation.

RESULTS

Patient characteristics

Seventy-nine patients were enrolled in the study, 52 with
SARS-CoV-2 infection and 27 sick controls. The median age
in the COVID-19 group was 50.5 (IQR: 39.3-66.0) years vs
56 (IQR: 30-64) in the control group (p=0.706). Males were
57.7% of the COVID-19 group and 74.1% of the control group
(p=0.134). The comorbidities of the COVID-19 patients are
shown in table 1. A total of 16 (32.6%) COVID-19 patients
developed the primary outcome (need for ICU admission), while
33 (63.5%) of the COVID-19 patients developed the secondary
outcome (need for hospitalisation).

Table 1
admission

Characteristics of the COVID-19 patients and sick controls at

Sick controls

Age (median, IQR): 56 (30-64)
Sex (% male): 74

Illnesses

COVID-19 group
Age (median, IQR): 50.5 (39.3-66.0)
Sex (% male): 58
Comorbidities
Hypertension- 26 (50%)

Pneumonia/sepsis/pleural effusion/
pulmonary embolism- 10 (37%)

Acute heart failure- 3 (11%)
Cancer- 2 (7%)

Diabetic ketoacidosis- 2 (7%)
Myasthenia gravis- 1 (4%)
Encephalitis-1 (4%)
Postliver transplant- 1 (4%)
Seizure-1 (4%)

Peptic ulcer bleed-1 (4%)
Haemorrhagic stroke-1 (4%)
Cardiac arrest-1 (4%)

Coronary artery disease- 8 (16%)
Heart failure- 9 (17%)

Chronic kidney disease- 6 (12%)
Chronic liver disease- 7 (13%)
Cerebrovascular disease- 7 (13%)
Cancer- 4 (8%)

Atrial fibrillation- 3 (6%)
Hyperlipidaemia- 15 (29%)
Diabetes mellitus- 21 (40%)

Chronic obstructive lung disease- 8
(16%)

Smoking (current or former)- 23 (44%)  Hyponatraemia-1 (4%)

Cyokeratin-18 levels in COVID-19 patients versus sick controls
Compared with sick controls, COVID-19 patients had signifi-
cantly higher levels of M65 (384.2 (IQR: 261.2-764.8) vs
275.3 (IQR: 192.5-552.1) U/L; p = 0.046) and M30 (177 (IQR:
111.7-339.8) vs 97.3 (IQR: 76.7-200) U/L; p=0.0079). The
levels of non-cleaved CK-18 (M65-M30) (220.6 (IQR: 103.1-
438.8) vs 159.9 (IQR: 62.6-354.3) U/L; p=0.185) were compa-
rable between the two groups (figure 1A-D).

Cyokeratin-18 levels in hospitalised versus discharged
COVID-19 patients

Hospitalised COVID-19 patients had higher baseline levels
of M65 (441.1 (IQR: 305.0-811.4) vs 298.0 (IQR: (190.8-
464.8) U/L; p=0.014), non-cleaved CK-18 (M65-M30) (259.5
(IQR: 172.4-527.6) vs 117.2 (IQR: 27.2-355.9) U/L; p=0.004)
and necrosis-apoptosis ratio (1.5 (IQR: 1.2-2.0) vs 0.9 (IQR:
0.2-1.5)U/L; p=0.008) than patients discharged at index ED
visit. The levels of M30 were comparable between the two groups
(264.4 (IQR: 118.4-337.4) vs 170.8 (IQR: 108.9-357.4) U/L;
p=0.895) (figure 2A-D).

CK-18 levels in hospitalised ICU-admitted versus non-ICU-
admitted COVID-19 patients

Hospitalised ICU-admitted COVID-19 patients had higher
baseline levels of M65 (742.6 (IQR: 408.5-966.7) vs 336.2
(IQR: (235.2-659.6)U/L; p=0.0044), M30 (316.1 (IQR:
188.2-395.6) vs 133.1 (IQR: 96.6-289.6) U/L; p=0.0039) and
non-cleaved CK-18 (434.4 (IQR: 247.8-548.6) vs 206.3 (IQR:
148.7-336.2) U/L; p=0.0326) compared with hospitalised non-
ICU admitted patients. No differences were observed in the
necrosis-apoptosis ratio between the two groups (1.588 (IQR:
1.032-2.734) vs 1.454 (IQR: 1.202-1.956)U/L; p=0.9052)
(figure 3A-D).

Diagnostic performance of CK-18 levels for ICU admission

ROC curves were generated for baseline total CK-18 (M65),
cleaved CK-18 (M30), intact CK-18 (M65-M30) and necrosis-
apoptosis ratio (M65-M30/M30) to predict the need for ICU
admission. The AUC was 0.81 (95% CI 0.69 to 0.92; p<0.001)
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Figure 1 (A-D) Comparison of cytokeratin levels in COVID-19 patients
versus sick controls. *Statistically significant. CK-18, cytokeratin 18; ns,
not significant.

for M65. Analysis of ROC data determined that an Mé635 cut-
off of =378.5U/L was associated with 94% sensitivity and 68%
specificity for predicting ICU admission, with a positive predic-
tive value (PPV) and negative predictive value (NPV) of 58%
and 96%. The AUC for M30 was 0.72 (95% CI 0.58 to 0.85;
p=0.013), with =149.5U/L cut-off displaying 88% sensitivity,
58% specificity, 50% PPV and 91% NPV. The AUC for non-
cleaved CK-18 (M65-M30) was 0.76 (95% CI 0.60 to 0.91;
p=0.003), with a cut-off of 2239.6U/L displaying 81% sensi-
tivity and 69% specificity, with a PPV and NPV of 55% and 89%
respectively. Lastly, the AUC for necrosis-apoptosis ratio was
0.61 (95% CI 0.43 to 0.78; p=0.227), with a cut-off of =1.450
displaying 56% sensitivity, 61% specificity, 40% PPV and 75%
NPV (figure 4A-D).

CK-18 levels as a predictor of the need for ICU admission

Multivariable logistic regression (adjusted for age, sex and
comorbidities) for baseline M65, M30 and intact CK-18 (M65-
M30) using the above ROC curve cut-offs (ie, =378.5U/L,
=149.5U/L and =239.6U/L, respectively) as independent
predictors of need for ICU admission at time of index ED visit
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Figure 2 (A-D) Comparison of cytokeratin levels in hospitalised
versus discharged COVID-19 patients. *Statistically significant. CK-18,
cytokeratin 18; ns, not significant.
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Figure 3  (A-D) Comparison of cytokeratin levels in ICU-admitted
versus non-ICU admitted patients. *Statistically significant. CK-18,
cytokeratin 18; ICU, intensive care unit; ns, not significant.

revealed that elevated baseline M65, M30 and intact CK-18
(M65-M30) were associated with increased odds of ICU admis-
sion (OR=22.05, 95%CI 1.84 to 263.04, p=0.014, OR 19.71,
95%CI 1.91 t0 203.14, p=0.012and OR 14.12, 95% CI 1.63 to
122.09, p=0.016, respectively) (table 2).

Correlation between CK-18 levels and various inflammatory
markers

Baseline M65 and non-cleaved CK-18 (M65-M30) positively
correlated with all inflammatory biomarkers tested (IL-1J,
IL-6, IL-10, TNFo, LDH, ferritin, PCT and CRP) (table 2),
whereas necrosis-apoptosis ratio correlated with all but IL-1B
and PCT. M30 correlated with IL-1p, IL-6, LDH, ferritin and
PCT (table 3).
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Figure 4 (A-D) ROC for baseline cytokeratin-18 levels for prediction

of ICU admission. ICU, intensive care unit; ROC, receiver operating
characteristics.

Henry BM, et al. J Clin Pathol 2021;0:1-6. doi:10.1136/jclinpath-2020-207242



Original research

Table 2 Age-adjusted and sex-adjusted multivariable logistic
regression for baseline total K-18 (M65), cleaved K-18 (M30), intact
K-18 (M65-M30) and necrosis-apoptosis ratio as independent
predictors of ICU admission

Variable Estimate SE OR (95% Cl) P value
Elevated M65 3.093 1.265 22.05(1.84t0 263.04)  0.014*
Elevated M30 2.981 1.190 19.704 (1.91 t0 203.14) 0.012*
Elevated M65-M30 2.648 1.101 1412 (1.63t0122.09) 0.016*

Elevated Necrosis-Apoptosis Ratio  0.328 0.738 1.388(0.331t05.899)  0.657

*Significant at significance level of 0.05.
ICU, intensive care unit.

DISCUSSION

The findings of the current study provide important prelim-
inary insights into the dynamics of cell death in COVID-
19. CK-18 is type I intermediate filaments predominantly
expressed in the epithelia of organs such as the lung, kidney,
liver and gastrointestinal tract,” which are among the most
commonly affected organs in COVID-19. CK-18 provides
a flexible intracellular scaffold, resists external cellular
stresses and plays a role in cellular processes such as apop-
tosis and mitosis.” * During apoptosis, CK-18 is usually
cleaved by caspases, resulting in CK-18 fragments. Cell
death by necrosis, however, liberates only full-length (non-
cleaved) CK-18’ (figure 5).

Several observational studies have shown significant
elevations in CK-18 levels of critically ill patients with acute
respiratory distress syndrome'® and sepsis,''™"> which were
associated with adverse clinical outcomes. The findings of
elevated total CK-18 level in our study suggests that this
could also be the case in COVID-19. The supranormal rate
of cell death in COVID-19 is attributable to both direct and
indirect effects of SARS-CoV-2. The virus has been shown to
induce cell death through caspase-mediated apoptotic path-
ways, as evidenced by high circulating levels of caspases-3, 8
and 9.° It is thought that SARS-CoV-2 uses this phenomenon
to evade the immune system by suppressing T-cell functions,*
and this is consistent with observations of lymphopenia in
COVID-19 patients.”” The high rate of cellular injury and
death may also be the result of the immune response to
viral infection, in which infected cells are directly killed by
CD8+ T lymphocytes or indirectly injured by virus-specific
antibodies.’* As COVID-19 is associated with hypercyto-
kinaemia,'® proinflammatory cytokines such as IL-1, IL-6
and TNFa, which are capable of inducing caspase-mediated
cell death,'” may also be responsible for an increased rate of
cell death. This is consistent with the positive correlations

Gionise dse. Apoptotic cell

ase cle
of K18

Caspase cleaved K18

Intact K18

M65
" . =0 e

M30 Neoepitope

Figure 5 Mechanism of action of M30 and M65 cell death assays.

between CK-18 assays and inflammatory markers in this
study. Lastly, cell death could be a consequence of isch-
aemic cell injury due to reduced end-organ perfusion in
COVID-19 patients, particularly those who develop micro-
vascular and macrovascular thrombotic events.'® ' In such
cases, cytotoxic or ischaemic necrosis would be the predom-
inant pathway of cell death. Necrosis normally results in the
release of intracellular contents, which then evokes inflam-
matory responses,”’ as evidenced by the positive correlation
between non-cleaved CK-18 (M65-M30) and all inflamma-
tory biomarkers tested in this study.

It is noteworthy that M65 (total cell death) and M30
(apoptosis) were significantly elevated in COVID-19
patients compared with sick controls, while M65-M30
(necrosis) was not, thus suggesting that apoptosis, regardless
of COVID-19 severity, is a dominant cell death pathway in
comparison to other acute illnesses, consistent with recent
preclinical® and clinical SARS-CoV-2 studies.*! M30 (apop-
tosis) was, however, not significantly elevated in hospital-
ised COVID-19 patients compared with non-hospitalised
COVID-19 patients, thus underpinning that necrosis (M65-
M30) could be a major driver of hospitalisation among
COVID-19 patients. On top of total (M635), both apoptosis
(M30) and necrosis (M65-M30) were significantly elevated
in ICU-admitted COVID-19 patients versus hospitalised
non-ICU admitted patients. Elevated necrosis levels in
hospitalised ICU-admitted COVID-19 patients are consis-
tent with the higher rate of venous and arterial thrombotic
events, and subsequent ischaemic injuries, observed in these

Table 3 Correlation between baseline total K-18 (M65), cleaved K-18 (M30), intact K-18 (M65-M30) and necrosis-apoptosis ratio and various

inflammatory markers

IL-1p IL-6 IL-10 TNFa CRP LDH Ferritin Procalcitonin

M65 r=0.383 r=0.555; r=0.533 r=0.445; r=0.414; r=0.637; r=0.602; r=0.356; p=0.010*
p=0.031* p<0.001* p<0.000* p=0.001* p=0.002* p<0.001* p<0.001*

M30 r=0.352; r=0.257; r=0.262; r=0.201; r=0.009; r=0.468; r=0.374; r=0.183; p=0.195
p=0.048* p=0.071* p=0.064 p=0.156 p=0.951 p<0.001* p=0.006*

M65-M30 r=0.378; r=0.650; r=0.561 r=0.451; r=0.566; r=0.595; r=0.576; r=0.312; p=0.024*
p=0.033* p<0.001* p<0.000* p=0.001* p<0.001* p<0.001* p<0.001*

Necrosis-Apoptosis ratio r=0.246; r=0.492; r=0.371 r=0.282; r=0.637; r=0.285; r=0.285; r=0.222; p=0.113
p=0.174 p<0.001* p=0.007* p=0.045* p<0.001* p=0.040* p=0.040*

*Significant at significance level of 0.05.

CRP, C reactive protein; IL-1, interleukin 1; LDH, lactate dehydrogenase; TNFo., tumour necrosis factor alpha.

Henry BM, et al. J Clin Pathol 2021;0:1-6. doi:10.1136/jclinpath-2020-207242



Original research

patients.”*** Interestingly, the ratio of necrosis to apoptosis
was not different between hospitalised COVID-19 patients
requiring ICU admission versus those who did not, thus
suggesting that it is the overall rate and quantity of cell
death driving critical illness, as opposed to any substantial
changes in underlying pathophysiology or mechanisms of
cell death. Overall, both apoptosis and necrosis appear to
drive severity among COVID-19 patients as confirmed by
multivariate logistic regression, and M30/M65 levels at ED
presentation are independent predictors of disease progres-
sion, with high sensitivities (up to 94%). This suggests
that CK-18 assays could be useful in risk stratification of
COVID-19 patients and, given their relatively short half-
life,* may also serve as quantitative cell death biomarkers
for assessing therapeutic efficacy in early-phase COVID-19
clinical trials, especially given the inconsistent (waxing and
waning) pattern of inflammatory biomarkers,?® along with
well-known difficulties in establishing objective clinical
outcomes for interventional trials. Cell death pathways also
present a potential therapeutic avenue for COVID-19. This
is supported by several preclinical mice models of sepsis,
in which modulation of Fas/Fas-ligand apoptotic pathways
resulted in improved survival.?’~?’

The small sample size limited our study. Additionally, the
potential influence of illnesses within the sick controls on
baseline CK-18 levels cannot be ruled out. However, this
was delimited by age, sex and comorbidity adjusted regres-
sion analysis within the COVID-19 group. Lastly, we did not
perform serial assays of M30 and M6S5 over the course of
hospitalisation. Future studies should focus on the temporal
changes of CK-18 along the clinical course of COVID-19
patients to further clarify the dynamics of cell death among
COVID-19 patients.

CONCLUSION

COVID-19 is associated with a higher rate of cell death.
Necrosis appears to be the main driver of hospitalisation,
whereas apoptosis and necrosis appear to drive ICU admis-
sion. Elevated levels of total CK-18 (M65), cleaved CK-18
(M30), intact CK-18 (M65-M30) are independent predictors
of the need for intensive care and could be useful in risk
stratification of patients with SARS-CoV-2 infection and as
biomarkers for assessing therapeutic efficacy in COVID-19
clinical trials.

Take home messages

» Necrosis appears to be the main driver of hospitalisation,
whereas apoptosis and necrosis appear to drive intensive
care unit admission.

» Elevated levels cytokeratin-18 levels are independent
predictors of severe COVID-19.

» Cytokeratin-18 levels could be useful for risk stratification of
COVID-19 patients and in assessment of therapeutic efficacy
in early-phase COVID-19 clinical trials.
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