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To the Editor

The coronavirus disease 2019 is a global health pandemic emer-
gency. The disease, named coronavirus disease 2019 (COVID-19, SARS-
CoV-2 infection) by the WHO, presents symptoms that range widely
from mild to severe and fatal, respiratory and systemic, conditions [1].
In patients with SARS-CoV-2 infection, sustained inflammatory re-
sponse results in cytokine storm, leading to activation of both coagu-
lation system and lectin plus alternative complement pathways [2-4].
Indeed, in patients with severe SARS-CoV-2 infection, recent studies
have shown increased D-dimer, as a poor prognostic marker, associated
with thrombocytopenia and mild prolonged prothrombin time (PT) [5].
These data together with the evidence of organ damage involving lung,
kidney and heart are very evocative of thrombotic microangiopathy
secondary to infection of COVID-19 [3].

Here, we carried out a retrospective study on 50 patients with
COVID-19 consecutively hospitalized for respiratory symptoms with a
chest X-ray compatible with bilateral interstitial pneumonia. Data on
complete blood count, liver function as alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), bilirubin, kidney function as
creatinine, lactate dehydrogenase (LDH), D-dimer, activated partial
thromboplastin time (APTT), PT, fibrinogen, ferritin, and C-reactive
protein (CPR) were collected simultaneous measurements at patients'
admission to COVID-19 area.

All calculations were performed using the IBM SPSS 23.0 (IBM Inc.,
Armonk, NY, USA) statistical package. While normal continuous vari-
ables were expressed as means * standard deviations, skewed variables
(e.g. CRP, creatinine, ALT, AST, bilirubin, ferritin, LDH, D-dimer,
ADAMTS13) were logarithmically transformed and geometric means
with 95% confidence intervals (CIs) were reported. The correlations
among continuous variables were analyzed by Pearson's correlation test
and by linear regression analysis. To assess the independent predictors
of D-dimer variability, all the variables showing an association with the
D-dimer at univariate analysis were included in a regression model with
backward stepwise selection of variables. LDH values across D-dimer
quartiles were evaluated by ANOVA with polynomial contrasts for
linear trend. A P-value < 0.05 was considered significant.

The laboratory characteristics of the study sample are reported in
Fig. 1A. Beyond the expected inflammation-related alterations, COVID-
19 patients had a pronounced increase of D-dimer plasma
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concentration. D-dimer values correlated directly with creatinine
(R = 0.490, P < 0.001), CRP (R = 0.323, P = 0.024), bilirubin
(R = 0.305, P = 0.031), LDH (R = 0.345, P = 0.027), and inversely
with albumin (R = —0.295, P = 0.042). Including all these para-
meters, as well as sex and age, in a regression model with backward
stepwise selection of variables, only creatinine (standardized beta-
coefficient 0.300, P = 0.035) and LDH (standardized beta-coefficient
0.308, P = 0.028) remained significantly associated with D-dimer va-
lues. Stratifying the study population according D-dimer values, LDH
progressively increased from the lowest to the highest D-dimer quartile
as shown by Fig. 1 (P = 0.015 by ANOVA with polynomial contrasts for
linear trend) (Fig. 1B). Abnormal shaped red cells and were evaluated
by Sysmex® XN-9000 analyzer (Sysmex Corp.) instrument and the
presence of schistocytes was confirmed by optical microscopy. The
amount of schistocytes was lower than 5% in all patients (average of
schistocytes 2—-4%, Fig. 1C). On the basis of this association and taking
into account that the presence of schistocytes and the increase LDH
characterizes thrombotic microangiopathy (noteworthy, in our study
sample LDH showed also an inverse correlation with platelet count,
R = —0.344, P = 0.028 but not with Hb), in a subgroup of 13 subjects
we performed a further laboratory evaluation of D-dimer and
ADAMTS13 activity. The analysis confirmed the increase in D-dimer
values (1700 ng/mL with 95%CI 1367-2515, normal range < 500 ng/
mL) and showed a mild reduction of ADAMTS13 activity (47% with
95%CI 40-55, normal range 60-130%). Although not statistically sig-
nificant, there was a trend of inverse correlation between D-dimer and
ADAMTS13 (R = —0.355, P = 0.233). Our results showing a corre-
lation between D-dimer and LDH, while no association was found with
traditional coagulation parameters, appear consistent with thrombotic
microangiopathy (TMA) secondary to COVID-19 more than dis-
seminated intravascular coagulation or infection induced coagulopathy
[3]. Moreover, to the best of our knowledge, our data are the first
suggesting a relative decrease of ADAMTS13 activity in patients with
SARS-CoV2 severe infection, thereby addressing for a potential role for
ADAMTS13 impairment in COVID-19 [6]. Relative ADAMTS13 defi-
ciency has been previously reported in severe inflammation or infec-
tion, as poor prognosis marker [7]. Endothelial dysfunction plays a key
role in microvascular thrombosis secondary to amplified inflammatory
response. Among the different mechanisms involved in relative defi-
ciency ADAMTS13, the reduction in either cleavage activity of
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A Demographic and laboratory data of COVID-19 patients at the B
time of admission to COVID-19 area.
COVID-19 pts Normal
(n=50) range values 10007 5_0.015
by ANOVA with polynomial contrasts for linear trend
Male sex (%) 46.0 - 8001
Age (years) 71.8+15.2 - -
S 600
Hemoglobin (g/dL) 12.8+2.0 12.0-17.0 2
I
White blood cells 79+6.0 4.5-10.0 3 4007 503 357 250
(x1000/mcL) ? 57 %
Platelets (x1000/mcL) 211 £ 61 150-400 20
C-reactive protein (mg/L) 72.2 (56.8-91.8) <5 o
Creatinine (mcmol/L) 85.6 (74.4-97.5) 53-115 SIS OIS0 ISA0EN0E  2a08
D-dimer (ng/mL)
ALT (U/L) 29 (23-35) 5-45 c
AST (U/L) 43 (37-50) 5-45
Bilirubin (mcmol/L) 8.5(7.0-10.2) <18.0
Albumin (g/L) 35.1+5.2 35.0-50.0
Ferritin (mcg/L) 692 (508-944) 10-320
LDH (U/L) 332 (296-372) 135-225
PT (ratio) 1.16£0.18 0.80-1.17
aPTT (ratio) 0.96 +0.13 0.80-1.20
Fibrinogen (g/L) 6.1+1.3 2.0-4.0
D-dimer (ng/mL) 1,652 (1,394- <500
1,978)
ADAMTS 13 activity (%) * 47 (40-55) 60-130
*data were available for a subgroup of 13 subjects ©
Normal continous variables are expressed as means + standards deviations, °°°
while skewed variables are reported as geometric means with 95% confidence 0 () °°
intervals. Categorical variables are reported as relative prevalence.

Fig. 1. A. Demographic and laboratory data of COVID-19 patients. B. Box plot showing LDH values across D-dimer quartiles in the study sample of COVID-19
patients. Median values are also reported. P value was calculated by ANOVA with polynomial contrasts for linear trend. C. Representative images of schistocytes from
COVID 19 patients. May-Griinwald-Giemsa—stained smears were imaged under oil at 100 X magnification using a PanFluor objective with 1.30 numeric aperture on a

Nikon Eclipse DS-5M camera and processed with Nikon Digital Slide (DS-L1).

ADAMTS13 or degradation of ADAMTS13 related to severe inflamma-
tion might be invocated in patients with SARS-CoV-2 infection, who
show increased interleukin 6 [8]. Indeed, increased plasma von Will-
ebrand factor has been reported in patients with SARS-CoV-2 infection
[9,10]. Noteworthy, amplified and sustained inflammatory response in
TMA promotes the activation of alternative complement pathway. In
animal models of SARS-CoV-2 infection, recent reports indicate the
activation of both lectin and alternative complement pathways. The
beneficial therapeutic effects of either C5 or C3 blockers described in
patients with SARS-CoV-2 infection further support the clinical im-
portance of TMA secondary to COVID-19 [7]. Taken together these
findings further support a possible link between SARS-CoV-2 infection
and secondary TMA. On the other hand, our data are hypothesis-gen-
erating so far and further studies are needed to address the hypothesis
of a COVID-19 disease-specific reduction of ADAMTS13 activity, not
only and merely related to general inflammatory processes and/or
critical illness conditions [11]. Nonetheless, it is worthy to note that
clinical management of secondary TMA is based on infusion/exchange
of plasma and complement pathway blockers, as well as recent collec-
tion of cases on the use of low volume of plasma or plasma exchange
highlight the importance to identify the COVID19 patients who might
benefit of either complement inhibition or plasma supplementation [3].
The determination of ADAMTS13 activity in COVID19 patients with

higher D-Dimer might be useful in select patients for intensive treat-
ment of secondary TMA.
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