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To the Editor,

The COVID-19 pandemic caused by the SARS-CoV-2 virus has
resulted in over 771million confirmed cases andmore than 6
million deaths worldwide by the end of 2023 [1]. While the
pandemic has since slowed down due to vaccination and
natural immunity, understanding the molecular mecha-
nisms behind infection and disease progression remains
crucial not only for the remaining COVID-19 patients but also
to further our understanding of other severe infectious
diseases like sepsis.

One major shortcoming during the COVID-19 pandemic
was the prediction of disease severity in SARS-CoV-2 positive
patients. While well-known risk factors like age, BMI and
pre-existing conditions were also associated with COVID-19
disease severity, also many young and seemingly healthy
people developed severe conditions [2]. Furthermore,
classic laboratory parameters of inflammation and disease
severity like interleukin-6 (IL-6) and procalcitonin (PCT)
were of limited value. Treatment with corticosteroids like

dexamethasone, which is standard of care for ventilated
COVID-19 patients, severely downregulates these two
markers [3].

To overcome these shortcomings, we evaluated the
prognostic potential of C-terminal alpha-1-antitrypsin
peptides (CAAPs). These peptides are proteolytic cleavage
products of alpha-1-antitrypsin (AAT), an important immu-
nomodulatory protease inhibitor. As acute phase protein,
AAT is highly upregulated during inflammation and has
multifaceted roles in the innate immune response [4].
Several endogenous as well as pathogen-derived proteases
have been described to interact with and cleave AAT,
resulting in the release of CAAPs. Importantly, CAAPs have
already been found in several infectious and inflammatory
conditions. C42 has been previously proposed as sepsis
marker, andwe already showed in a pilot study that both C36
and C42 are found to be elevated in the plasma of COVID-19
patients [5, 6].

In this work, we measured CAAPs plasma concentra-
tions in 84 patients with severe COVID-19 on day one to four
after their admission to the ICU. In our cohort, we observed a
mortality rate of 26.2 % (Table 1). Non-survivors were older
than survivors (median 74.5 vs. 63 years), while BMI and sex
ratio did not differ significantly between the groups. In
accordance with disease severity, non-survivors had higher
SOFA scores and needed ECMO, dialysis and mechanical
ventilation interventionsmore often than survivors.We also
determined the levels of IL-6 and PCT as gold standard and
found them significantly elevated in non-survivors (42.1 vs.
18.5 ng/L and 0.29 vs. 0.14 μg/L, respectively). These concen-
trations are in accordance with previously published re-
ports, except for the PCT levels in non-survivors, whichwere
usually higher than in our cohort.

Regarding the C-terminal AAT peptides, we observed a
trend of elevated plasma concentrations in non-survivors,
with the exception of one peptide, C44, which showed an
opposite trend. In addition, we calculated CAAP/IL-6 ratios
analogous to Philippe et al. investigating the AAT/IL-6 ratio
as a measure of immune system deregulation [7]. Ratios of
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C42, C43 and C44 with IL-6 were significantly decreased in
non-survivors (Table 1). We further confirmed that those
ratios offer additive predictive value regarding hospital
mortality compared to IL-6 or PCT alone. Logistic regression
models using IL-6 or PCT as predictors performed better
regarding their akaike information criterion (AIC) and
McFadden’s R2 when C36, C40, C42, C44 or any CAAP/IL-6
ratio was added (Supplement Table 1).

Lastly, we identified the most informative predictors of
hospital mortality among CAAPs and CAAP/IL-6 ratios by
logistic regression. A forward and backward selection based
on the AIC was performed using the stepAIC function of the
MASS package in R. Thefinalmodel consisted of C40 and C44/
IL-6 as predictors and was compared to models using only
IL-6 or PCT as predictors (Figure 1, Supplement Table 2). We

trained all models in a random 70 % split of the cohort
(training set) and evaluated them in the remaining 30 % (test
set). In the training set, best performance characterized by
highest area under the receiver operating characteristic
curve (AUC) was achieved by our model (AUC=0.758),
followed by PCT (AUC=0.742) and IL-6 (AUC=0.699). Next, we
calculated optimal cutoffs for prediction of hospital mortal-
ity as determined by Youden’s index for all threemodels and
applied them in the test set. Here, our model containing
CAAPs (sensitivity 78 %, specificity 63 %) and the IL-6 model
(sensitivity 67 %, specificity 75 %) both performed compa-
rably well (Figure 1B). In contrast, PCT only displayed a
sensitivity and specificity of 44 % and 50 %, respectively.

These findings add to a growing list of diagnostic and
prognostic value of AAT and CAAPs. Our observation that
most CAAP concentrations, especially of C36 and C42, are
elevated in non-survivors is in accordance with previous
findings linking CAAPs to various inflammatory conditions.
Like in bacterial sepsis, the main clinical driver of disease
severity in COVID-19 seems to be a deregulated immune
response [2]. An overwhelmingly inflammatory state is
reportedly correlated with poor outcome and higher CAAPs
concentrations are therefore to be expected in those
patients.

In contrast, onenovel and interestingfinding of this study
is the reduced plasma concentration of C44 in patients who
later died in hospital, in contrast to other CAAPs increasing in
those patients. Only one protease, the matrixmetalloprotease
11 (MMP-11, also knownas stromelysin 3), is known to produce
C44 upon cleavage of AAT in vitro [8]. One possible explana-
tion for reduced plasma levels of C44 in patients with poor
outcome could be that the immune response in those patients
is more severely deregulated than in surviving patients.
Overwhelming inflammation is known to correlate with
increased serum levels of proteases that cleave AAT to pro-
duce e.g. C42 and C37 (neutrophil and macrophage associated
MMPs), C36 (neutrophil elastase) or C40 (cathepsin L) [9].
Increased abundance and activity of those inflammation-
associated proteases could lead to a preferred cleavage of AAT
at the corresponding cleavage sites, leaving less AAT to be
cleaved at the C44 site. Furthermore, it has been shown that
expression of MMP-11 in pulmonary microvascular endothe-
lial cells (PMVEC) is significantly reduced in an in vitro sepsis
model [10]. Thismight hint towards lower circulatoryMMP-11
levels and therefore reduced production of C44 under in-
flammatory conditions.

To summarize, C-terminal AAT peptide levels at ICU
submission tend to be different in patients who later died in
hospital compared to those who survived. Some of these
peptides, as well as CAAP/IL-6 ratios provided additional

Table : Characteristics at sampling timepoint (day – after ICU
admission) and pre-existing conditions of patients who later died in
hospital or survived and were discharged.

Non-survivor,
n=a

Survivor, n=a p-Valueb

Age, years . (., .) . (., .) .
Sex .
f  (%)  (%)
m  (%)  (%)

BMI . (., .) . (., .) .
Arterial hypertension  (%)  (%) .
COPD  (.%)  (.%) >.
Diabetes mellitus  (%)  (%) .
Liver cirrhosis  (.%)  (%) .
SOFA . (., .) . (., .) .
ECMO  (%)  (.%) .
Dialysis  (%)  (%) <.
Mechanical
ventilation

 (%)  (%) <.

PCT, µg/L . (., .) . (., .) .
IL-, ng/L . (., .) . (.,

.)
.

C, nM  (, )  (, ) .
C, nM  (, )  (, ) .
C, nM  (, )  (, ) .
C, nM  (, )  (, ) .
C, nM  (, )  (, ) .
C, nM  (, )  (, ) .
C/IL- . (., .) . (., .) .
C/IL- . (., .) . (., .) .
C/IL- . (., .) . (., .) .
C/IL- . (., .) . (., .) .
C/IL- . (., .) . (., .) .
C/IL- . (., .) . (., .) <.

aMedian (IQR); n (%), bWilcoxon rank sum test; Pearson’s Chi-squared test;
BMI, bodymass index; COPD, chronic obstructive pulmonary disease; SOFA,
sequential organ failure assessment score; ECMO, extracorporeal
membrane oxygenation support; PCT, procalcitonin; IL-, interleukin-,
f, female; m, male.
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predictive value compared to classic parameters IL-6 or PCT
in our cohort. Especially C40 and C44/IL-6 were promising
markers in our analysis underscoring them as worthwhile
targets for future analyses. Although this study is a retro-
spective analysis of a small, monocentric cohort, our find-
ings provide novel insights into the prognostic value of
C-terminal alpha-1-antitrypsin peptides in critically-ill
COVID-19 patients and might also spark new investigations
in other systemic inflammation disorders like sepsis.
Replicating our findings in larger cohorts and exploring
the mechanistic links between CAAPs, AAT, and the patho-
genesis of various infectious diseases may shed light on the
underlying biological processes driving severe disease
courses.
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