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After the first cases of COVID-19 appeared in Wuhan, China at the end of 2019, the disease quickly
become a pandemic that has seriously affected the economic and health systems in more than 200
countries and territories around the world. Although most patients have mild symptoms or are even
asymptomatic, there are patients who can develop serious complications such as acute respiratory distress
syndrome or venous thromboembolism requiring mechanical ventilation and intensive care. Hence, it is
important to identify patients with a higher risk of complications in a timely manner. Thus, the objective of
this paper is to review the hematological laboratory parameters that consistently are altered in COVID-19
and to identify their relationship with the severity of the disease. According to 11 selected reports, the
frequency of patients aged > 65 years is higher among subjects severely affected or deceased; likewise,
males predominantly suffer from comorbidities such as hypertension, diabetes or obesity. Retrospective
studies have identified alterations in various hematological and inflammatory parameters as part of the
host’s response to infection and a secondary increased risk of different thrombotic events. Among these
altered parameters, D-dimer, C-reactive protein, and interleukin-6 have been tested as prognostic
biomarkers due to their close relationship with the severity of the disease. Actually, they can reliably
indicate the use of antithrombotic therapy at prophylactic or therapeutic doses (mainly D-dimer), as has
already been established in those patients who, after an individualized assessment, appear to be at high

risk for thrombotic events.
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Introduction

In December 2019, some patients affected from pneu-
monia of unknown etiology and who had visited the local
seafood market were detected in Wuhan city, Hubei prov-
ince, China (Rothan and Byrareddy 2020). Shortly after-
wards, a novel coronavirus was identified as the causative
pathogen and denominated Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV2); consequently, the
ensuing disease was named coronavirus disease of 2019
(COVID-19) by the World Health Organization (WHO) on
February 11, 2020 (Lai et al. 2020). Further critical clinical
manifestations are coagulopathy and thromboinflammation

secondary to infection that lead to sepsis-induced coagulop-
athy (SIC) and disseminated intravascular coagulopathy
(DIC) in severe cases and non-survivors (Connors and Levy
2020).

Coronaviruses are a subfamily of positive single-
stranded RNA viruses belonging to the Coronaviridae fam-
ily. Coronaviruses generally cause mild respiratory illness,
but two highly pathogenic coronaviruses have caused
worldwide epidemics and a sizeable number of deaths: in
2003, the severe acute respiratory syndrome coronavirus
(SARS-CoV) and in 2012, the Middle East respiratory syn-
drome coronavirus (MERS-COV) (Singhal 2020). Thus,
SARS CoV-2 is the third coronavirus that causes a human
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disease whose prognosis is usually unfavorable in elderly
people and/or in patients with underlying disorders that lead
to severe and even fatal respiratory complications. Indeed,
the current pandemic entails a large number of human
losses and serious repercussions on the economic and health
systems (Shanmugaraj et al. 2020; Wu and McGoogan
2020; Zhang et al. 2020a).

Recent investigations have identified different hemo-
static alterations related to COVID-19, including a notice-
able increase in D-dimer levels and mild thrombocytopenia,
which may confer a higher risk of complications or death.
In contrast, there are not enough results to establish a reli-
able relationship for other parameters. Taken together,
these hemostatic disorders increase the risk of suffering dif-
ferent thrombotic complications, although the underlying
mechanisms remain unknown; moreover, it has been proven
that anticoagulant therapy can reduce the mortality ratio in
patients with a high risk of thrombotic events such as
venous thromboembolism (VTE) (Bikdeli et al. 2020; Tang
et al. 2020a). Hence, a consensus guideline specialized in
the management and prevention of different thrombotic
complications in patients with COVID-19 is clearly needed.

This paper provides a traditional review according to
conventional criteria (Grant and Booth 2009) about the
hematological laboratory parameters that are consistently
altered in COVID-19 and their relationship with the sever-
ity of the disease. Hence, our review focuses on the link
between hematological findings and severity of COVID-19
in order to identify prognostic biomarkers and to provide a
useful guideline for the antithrombotic management of
patients infected with SARS-CoV-2.

Search in PubMed

Both authors searched independently relevant articles
in the PubMed database using alone or combined the fol-
lowing text terms and MeSH terms: (“COVID-19”
[Supplementary Concept]) AND “Hematologic
Tests”[Mesh], (covid-19) AND (clinical features), ((SARS-
CoV-2) AND (clinical characteristics)) AND (clinical
parameters) (COVID-19) AND (coagulation). The last
search was performed on May 5, 2020.

Selection Criteria

We considered only articles with two groups, one of
mildly affected and asymptomatic patients or control sub-
jects and another of severely affected or deceased patients
and in who prothrombin time (PT), activated partial throm-
boplastin time (APTT), fibrinogen, fibrin degradation prod-
ucts (FDP), D-dimer, C-reactive protein, interleukin 6 (IL-
6), and platelet count in diverse combinations were assessed
in most or all subjects. Review articles, comments, and let-
ters to the editor were excluded. All the articles retrieved
were revised independently by each author and any discrep-
ancy was resolved through a mutual discussion. Finally, 11
articles met the selection criteria.

Clinical Characteristics

Clinical manifestations of COVID-19 appear on aver-
age 11.5 days after infection; although most patients (81%)
present mild and even imperceptible symptoms, some of
them develop severe complications such as acute respira-
tory disease (ARD) and acute respiratory distress syndrome
(ARDS) (Akhmerov and Marban 2020; Muniyappa and
Gubbi 2020). The most frequently reported symptoms are
fever, cough, chest tightness, and dyspnea (Lake 2020),
while the least frequent are sputum, headache, hemoptysis
and diarrhea (Jin et al. 2020). However, the clinical spec-
trum of the disease is wide and even now, some peculiar or
new elements are still being identified (Landa et al. 2020).

SARS-CoV-2 Pathogenesis

Despite being a disease of zoonotic transmission,
humans are the main infection targets since even recovered
patients— unlike to those with other infectious diseases —
often continue testing positive for SARS-CoV-2. Therefore,
management strategies should focus on developing effec-
tive measures to prevent spreading (Jin et al. 2020; Wu and
McGoogan 2020).

After entering through the mucous membranes, mainly
nasal and pharyngeal, SARS-CoV-2 virions reach the lungs
through the respiratory tract and then pass into the blood
circulation causing viremia and attacking its target organs,
i.e., those that express angiotensin-converting enzyme 2
(ACE2) receptor: heart, kidney, lung, gastrointestinal tract
and vascular endothelial cells (Lin et al. 2020).

The coronavirus binds to the ACE2 receptor of the
host cell through the spike protein located on its surface and
which acts as a mediator in the fusion of the cellular and
viral membranes facilitating the infection (Tang et al.
2020c). The spike protein (S) is made up of two regions,
namely S1 that joins to the host cell and S2 that participates
in the membranous fusion. The S1 region in turn consists
of one N-terminal domain and three C-terminal domains.
The receptor binding domain is in the C-terminal domain 1
which specifically recognizes its ACE2 receptor.
Susceptibility to infection has been related to the affinity
between the receptor binding domain and its ACE2 receptor
(He et al. 2020; Wan et al. 2020).

Once the spike protein S1 binds to its receptor, it needs
to be cleaved by the transmembrane protease serine 2
(TMPRSS2), a crucial step for membrane fusion to take
place and the subsequent entry of viral RNA into the cell
host (Atri et al. 2020).

The translation of the open reading frame (ORF) gen-
erates a unique polypeptide from which 16 non-structural
proteins are produced; in turn, these make up the replicase
transcriptase complex that participates in genome replica-
tion and subgenomic transcription. Subgenomic RNAs
encode structural and accessory proteins. After structural
protein translation (except Nucleocapsid or N protein),
these are directed to the membrane of the endoplasmic
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reticulum and then the endoplasmic reticulum-Golgi inter-
mediate compartment (ERGIC), where new replicated
RNA, nucleocapsid, and envelope proteins are assembled to
generate virions that will be released by exocytosis (Guo et
al. 2020; Li et al. 2020) (Fig. 1).

The main findings of the 11 studies here compiled,
ecach with two contrasting groups of subjects (for short,
mild/asymptomatic or control vs. severe or deceased), are
shown in Tables 1 to 4. Some additional remarks are made
here below.

Relationship of Demographic Characteristics with
the Severity of COVID-19

Although anyone can be infected, reports from the
National Health Commission of the People’s Republic of
China (May 2020) have shown that eight out of 10 deaths
caused by COVID-19 occur in patients older than 60 years
and that three quarters of these subjects suffered from
comorbidities such as diabetes or cardiovascular diseases;
moreover, according to the WHO the proportion of infected
men exceeds that of women (Baloch et al. 2020).

From 10 studies that analyzed sex as a variable related
to the severity of COVID-19, non-significant differences
were reported in seven but three of them identified a higher
frequency of men in the group of severely ill or deceased.
(Deng et al. 2020; Tang et al. 2020b; Zou et al. 2020).
Specifically, Deng et al. (2020) reported a higher frequency
of men in the group of deceased patients (67% versus 44%
in women, p < 0.001); these results are consistent with two
other studies conducted in Wuhan and Shanghai (Tang et al.
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2020b; Zou et al. 2020) (Table 1). A meta-analysis that
included 13 studies determined that critically ill or deceased
patients are almost twice more likely to be male (OR = 1.77,
IC 95% (1.43, 2.19), p < 0.00001) (Zheng et al. 2020).

Regarding age as a risk variable, seven of 11 studies
found an increased risk of serious illness or death in people
older than 60 years, and a lower risk in people of approxi-
mately 50 years (Deng et al. 2020; Liu et al. 2020; Tang et
al. 2020b; Zhang et al. 2020b; Zhou et al. 2020; Zhu et al.
2020; Zou et al. 2020) (Table 1). These findings are consis-
tent with the results reported by Zheng et al. (2020), who
reported that critically ill or deceased patients are six times
more likely to be older than 65 years.

Of the eight studies analyzing comorbidities, seven of
them determined a higher frequency of pre-existing dis-
eases in patients who died or had severe COVID-19. The
most frequent comorbidities among them were hyperten-
sion, chronic obstructive lung disease, diabetes, and renal
and cardiac diseases (Deng et al. 2020; Huang et al. 2020;
Zhang et al. 2020b; Zhou et al. 2020; Zhu et al. 2020; Zou
et al. 2020) (Table 2).

Another comorbidity that has been reported with great
frequency is obesity, which alone or together with its
derived complications of hypertension and diabetes influ-
ences the patient’s health; however, there are insufficient
data to determine the risk of mortality due to obesity (Finer
et al. 2020). Reports on the 2009 pandemic of AHINI1
influenza determined that concomitant obesity was a risk
factor for hospitalization, mechanical ventilation due to the
already known impact of obesity on lung function, and even
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Fig. 1. SARS-CoV-2 pathogenesis.
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Table 1. Selected studies and demographic characteristics of the groups.

Subjects Subjects per

Study studied Groups group Sex p Age (years) p
Tang et al. 183 Survivors 162 Increased risk of 0.035 52.4 <0.001
(2020b) . death in men . :
Non survivors 21 64
7h Non severe 63 s o
ang et al. 95 Non-significant 0195 Non-significant 0376
(2020a) Severe 30 differences ’ differences ’
Zhou et al. Survivors 137 Non-significant 32
2020 191 iff 0.15 <0.0001
( ) Non survivors 54 tilerences 69
Zhu et al. Non severe 1 Non-significant 49.95
(2020) 127 differences 0.457 0.03
severe 16 57.5
Gao et al. 53 Mild 28 Non-significant 0.194 Non-significant 0503
(2020) Severe 15 differences ’ differences ’
Huang et al. 41 ICU 13 Non-significant 024 Non-significant 0.60
(2020) No ICU 28 differences ’ differences ’
Liu et al. Mild 107 Non-significant 62
(2020) 140 differences 0.138 <0.0001
Severe 33 77
Han et al. 94 Healthy Control 40 ) ) Non-significant ~0.05
(2020) Patients 94 differences ’
Mild 277 . - 50
Zo;loeztoal. 303 Higher severity in 0.008 <0.001
( ) Severe 26 men 65
Zhang et al. Non severe 82 Non-significant S1.5
(2020b) 140 differences 0.219 <0.001
Severe 58 64
Deng et al. Recovered 116 Increased risk of 40
2020 225 death i <0.001 <0.001
( ) Deceased 109 cath in men 69

Selected studies for the analysis of the altered parameters in COVID-19. The number of subjects included and the study groups
as well as their demographic characteristics are presented. The age of the subjects is presented in means, a value of p < 0.05

was considered as statistically significant.
ICU, intensive care unit.

death. If we add the increase of inflammatory cytokines
associated with obesity, it can be inferred that obesity also
favors increased mortality in patients with COVID-19
(Dietz and Santos-Burgoa 2020; Ryan et al. 2020). Because
the proportion of obesity in each population is different, the
health services of countries with a high percentage of obese
patients, such as the United States and Mexico, must
develop effective plans for the treatment of these patients
(Dietz and Santos-Burgoa 2020).

Hemostatic and Inflammatory Parameters Related
to COVID-19 Severity

Inflammatory reactions and cytokines storms caused
by severe infections have pleiotropic repercussions such as
activation of the coagulation system through different pro-
coagulant routes; sometimes, it can be imperceptible, but

when this activation is very strong, it is reflected in pro-
longed PT and APTT and thrombocytopenia due to
increased requirements for clotting factors and platelets or
to development of disseminated intravascular coagulation
(DIC) (Connors and Levy 2020; Levi 2018).

Tang et al. (2020b) reported prolonged PT in patients
who died from COVID-19 (of which more than 70% met
the ISTH criteria for DIC), compared to surviving patients
(15.5 versus 13.6 respectively p < 0.001) (Tang et al.
2020b). Similar data were seen in three other descriptive
studies conducted simultaneously in deceased or critically
ill patients vs. mildly affected patients (Huang et al. 2020;
Zhou et al. 2020; Zou et al. 2020) (Table 3).

Whereas Zou et al. (2020) reported that subjects with
severe COVID-19 had a longer APTT compared to subjects
with mild COVID-19, no differences between these groups
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Table 2. Comorbidities in studied subjects with COVID-19.
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Frequency of specific

Study Groups Frequency of comorbidities p comorbidities p
Hypertension 0.0008
Survivors
Diabetes 0.0051
Zhou et al. Higher frequency of .
(2020) comorbidities in 0.001 Coronary heart disease <0.0001
Non survivors non-surviving subjects COPD 0.047
Chronic kidney disease 0.024
Zhu et al Non severe Higher frequency of
(2020) ’ comorbidities in subjects with 0.003 Hypertension 0.025
Severe severe COVID-19
Gao et al Mild Higher frequency of - Diabetes 0.005
' comorbidities in subjects with
2020 )
(2020) Severe severe COVID-19 COPD 0.037
No ICU
Hu(azrz)gzgt) al. Non-significant differences 0.53 - -
ICU
Liu et al Mild Higher frequency of Cardiopathy 0.029
’ comorbidities in subjects with -
2020 4
( ) Severe severe COVID-19 Hypertension 0.004
Zou et al Mild Higher frequency of
(2020 ’ comorbidities in subjects with <0.001 Not specified -
Severe severe COVID-19
Non severe Higher frequency of
Z}gr(;%gé)al. comorbidities in subjects 0.002 Electrolyte imbalance 0.028
Severe with severe COVID-19
Hypertension <0.001
Dene of al Recovered Higher frequency of
(2%20) ’ comorbidities in deceased <0.001 Lung disease <0.001
subjects -
Deceased Heart disease 0.031

Studies where significant differences were observed by the presence of the most frequent comorbidities in COVID-19. A value

of p <0.05 was considered as statistically significant.

ICU, intensive care unit; COPD, chronic obstructive pulmonary disease.

were found in four different studies, (Gao et al. 2020; Han
et al. 2020; Huang et al. 2020; Tang et al. 2020b) (Table 3).

As for platelet counts, Zhu et al. (2020) and Zhou et al.
(2020) observed a significant thrombocytopenia in severely
ill and deceased patients as compared to mild patients (Zhou
et al. 2020; Zhu et al. 2020); however, two other studies
reported non-significant differences in platelet count
between the groups (Huang et al. 2020; Zhang et al. 2020a)
(Table 3).

Fibrinogen values have been widely related to the
severity of the disease, but not consistently. Gao et al.
(2020) reported fibrinogen values that agree with those
obtained in other studies (Zhu et al. 2020; Zou et al. 2020).
An even larger difference was identified by Han et al.
(2020), with significant differences of fibrinogen levels in
patients with COVID-19 and healthy control subjects, while
Tang et al. (2020b) observed no differences between the
groups (Tang et al. 2020b) (Table 4).

Regarding FDP, their values have been reported to be

associated with COVID-19 severity in different studies.
Tang et al. (2020b) identified a higher level of FDP in
deceased patients than in survivors (Tang et al. 2020b); this
finding in agreement with two other studies, one carried out
in healthy control subjects and patients with COVID-19
(Han et al. 2020) and another in mild and severe patients
(Zou et al. 2020) (Table 4). Despite of the significant asso-
ciation of FDP in the progression and severity of COVID-
19, there are scarce studies on this parameter in part due to
the complexity and cost of the test. Instead, numerous
studies point out D-dimer as an important prognostic
parameter of thrombotic complications, and even though it
is not as precise as FDP, it provides a confident thrombosis
indicator that is widely available in clinical laboratories
(Tang et al. 2020b).

The increased concentration of C-reactive protein in
the group of deceased or severe patients found in 100% of
the studies assessing this item highlights its strong relation-
ship with the severity of the disease (Deng et al. 2020; Gao
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Table 3. Hemostatic parameters in studied subjects with COVID-19 and controls.

Platelet count

Study Group PT (s) P APTT (s) < 10°/L p
Survivors 13.6 41.2 - -
Ta;é%z%tbal- <0.001 0.096
( ) Non survivors 15.5 44.8 - -
Survivors 11.4 - 220
Zh(z)laze(t) al. 0.0004 . <0.0001
( ) Non survivors 12.1 - 165.5
Mild 12.08 27.29 - -
G?zoogto;ﬂ’ 0068 ———— 0089
Severe 11.26 30.41 - -
No ICU 10.7 27.7 149
Huarg ot al. 0.012 057 —————— 045
(2020) ICU 122 26.2 196
Healthy control 12.08 28.65 - -
Haznogtoal" 0419 ——— 0518
(2020) Patients 12.43 29.01 - -
Mild 13.4 39.2 - -
ZOZ“O%"”' 0003 ——— <0.001
(2020) Severe 13.8 432 ; ;
Non severe - - - -
Zhang et al. No difference >0.05
(2020a) Severe - - - -
Zhu et al. Non severe - - - - 205 001
(2020) Severe - - - - 155

The main results of the analyzed hemostatic parameters are summarized. A value of p < 0.05 was considered as

statistically significant.

PT, prothrombin time; APTT, activated partial thromboplastin time.

et al. 2020; Liu et al. 2020; Zhang et al. 2020a; Zhang et al.
2020b; Zhu et al. 2020) (Table 4).

There is evidence that monitoring the levels of differ-
ent inflammatory parameters such as D-dimer or IL-6 dur-
ing the course of the disease is of vital importance for the
timely identification of patients prone to developing serious
complications (Gao et al. 2020). Regarding D-dimer,
87.5% of studies (7/8) found it increased in severely ill or
deceased patients (Gao et al. 2020; Huang et al. 2020; Tang
et al. 2020b; Zhang et al. 2020a; Zhang et al. 2020b; Zhou
et al. 2020; Zou et al. 2020). Likewise, levels of IL-6 were
higher in severe or deceased patients than in survivors or
mildly affected subjects in 4/5 studies (Gao et al. 2020; Liu
et al. 2020; Zhou et al. 2020; Zhu et al. 2020); for instance,
Liu et al. (2020) documented that 97% of critically ill
patients had values > 7 pg/mL. Noticeably, even the single
study reporting non-significant differences between severe
and mild patients actually documented significant differ-
ences between severe patients and control subjects (p =
0.003) (Huang et al. 2020) (Table 4).

Recent investigations have attempted to determine
which parameters associated with the severity of COVID-
19 can be used as prognostic biomarkers. Gao et al. (2020)
proposed that higher levels of IL-6 and D-dimer are early
predictors of disease’s severity (Gao et al. 2020). They

determined that the optimal cut-off point for non-severe
pneumonia was 24.3 pg/ml for IL-6 and for D-dimer 0.28
ng/L. The sensitivity and specificity of severe COVID-19
prediction were 73.3% and 89.3% for IL-6 > 24.3 pg/ml;
and 86.7% and 82.1% for D-dimer > 0.28 ng/L.
Analogously, Liu et al. (2020) determined a cut-off point of
32.1 pg/ml for IL-6 for the development of severe compli-
cations with a sensitivity and specificity of 85.19% and
66.67% respectively. They also determined that the cut-off
point for C-reactive protein is 41.8 mg/L with a sensitivity
and specificity of 88.89% and 72.73% (Liu et al. 2020).
The relationship of each of these biomarkers with the
severity and prognosis of COVID-19 has also been indi-
vidually evaluated in independent studies. For D-dimer, a
cut-off of > 1.0 ug / ml as indicator of thrombotic events
and complications that lead to severe COVID-19 has been
included in recent guidelines for antithrombotic treatment
in COVID-19 (Zhai et al. 2020). Although the cut-off point
for predicting mortality has not been well established, one
study that analyzed D-dimer levels to predict mortality in
hospitalized patients determined that D-dimer levels > 2.0
ug/ml were valuable predictors with a sensitivity of 92.3%
and a specificity of 83.3% (Zhang et al. 2020c). Likewise,
the positive correlation of C-reactive protein levels with the
severity of disease and lung lesions highlights the useful-
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Table 4. Thrombo-Inflammatory parameters in studied subjects with COVID-19 and controls.
Stud Groups Fibrinogen FDP C-reactive protein D-dimer IL-6
uey up g/L pg/mL p mg/L p ng/mL p pg/mL p
Survivors 4.51 4 - 0.61 -
T"‘znég;otbal‘ 0.149 <0.001 - <0.001 ;
( ) Non survivors 5.16 7.6 - 2.12 -
Non severe - - . Severe -
Zhang et al. ) } Severe patients <0.001 patients <0.001 )
(2020a) Severe i i > 150 o i
Survivors - - - 0.6 6.3
Zh(zn(;ze(t) al. ) ) ] <0.0001 <0.0001
( ) Non survivors - - - 5.2 11
Non severe 423 - 8.47 0.1 3.82
thuoztoal‘ 0.018 . <0.001 0.195 <0.001
(2020) Severe 5.74 - 36.64 0.16 24.11
Mild 3.11 - 18.76 0.21 10.6
G"z"ogtoal' 0.014 - 0.011 0.007 0.002
(2020) Severe 3.84 ; 39.37 0.49 36.1
Huang et al. No ICU B ) B ) B ) 0.5 0.004 No 013
(2020) ICU ) ) ) 24 ’ differences '
. Mild - - . - Severe
Liu et al. ) . Severe patients <0.0001 _ patients <0.0001
(2020) Severe - - >8 - >7
Healthy control 2.9 1.55 - 0.26 -
Haznoztoal' <0.001 <0.001 - — <0001 ———— -
(2020) Patients 5.02 33.83 - 10.36 -
Mild 4.33 0.99 - 0.43 -
Z°2“0;t0al' 0.038 <0.001 - — <0001 ———— -
(2020) Severe 474 2.61 - 1.04 -
Non severe - - 28.7 0.2 -
Zh;g’;’ g; al. - - <0.001 —— <0001 ———— -
(2020b) Severe - - 476 0.4 -
Deng et al. Recovered - ) - ] 3.22 <0001 - ) - _
(2020) Deceased ] ; 109.25 - -

The main results of the analyzed thrombo-inflammatory markers are summarized. A value of p < 0.05 was considered as statistically

significant.
FDP, fibrin degradation product; IL-6, Interleukin 6.

ness of this biomarker in disease monitoring (Wang 2020).
As for IL-6, a meta-analysis that included nine studies with
a total of 1,426 patients from China determined a cut-off of
55 pg/ml and 80 pg/ml for predicting severe COVID-19
and a high risk of mortality, respectively. Hence, this bio-
marker can potentially identify patients at risk at the begin-
ning of the disease (Aziz et al. 2020).

Some of these biomarkers have been considered as
prognosis markers by a current guideline, endorsed by the
Prevention Treatment of VTE Associated with COVID-19
Infection Consensus Statement Group, composed by ten
medical international societies (Zhai et al. 2020).

The thrombotic events and complications that lead to
severe COVID-19 have been shown to be correlated mainly
with D-dimer (> 1.0 ug/ml) and with the increased values
of fibrinogen and FDP. It is therefore recommended to
consider therapeutic decisions about the use of thrombopro-
phylaxis or increased doses of therapeutic anticoagulation

(Zhai et al. 2020).

At the moment, the interaction among all these bio-
markers and their relationship individually or grouped with
the prognosis and severity of COVID-19 is unknown. A
prospective research under multivariable regression analy-
sis is necessary to approach this issue that will give impor-
tant data about the mechanisms involved in COVID-19
coagulopathy.

Antithrombotic Therapies

Despite of the evidence that thrombosis is an impor-
tant cause of severe complications in COVID-19, such as
VTE, pulmonary embolism (PE) or acute coronary syn-
dromes (ACS), and the vital assistance that antithrombotic
therapy may render, randomized and controlled studies are
needed to compare the benefits of prophylactic or therapeu-
tic doses of anticoagulants, and their combination with dual
antiplatelet treatment (DAPT) in different sceneries and
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individual conditions (Bikdeli et al. 2020). Particularly the
recommendation of LMWH at prophylactic doses for
severe coagulopathy treatment by COVID-19 (Thachil et al.
2020) has been discussed because, according to medical
practice, hypercoagulability related to DIC is treated with
early systemic anticoagulation (Barrett et al. 2020).

A retrospective study documented a significant
decrease in mortality of approximately 25% (p = 0.029) on
day 28 in patients at risk of coagulopathy (SIC score > 4)
who were treated with heparin (40-60 mg/day enoxaparin
or 10,000-150,000 U/day UFH) compared with those who
did not, in addition to a decrease in mortality of approxi-
mately of 20% patients with D-dimer levels 6 fold upper
the normal limit who were treated with heparin (p = 0.017),
while in patients with lower levels of D- dimer, mortality
was similar between heparin users and non-users (Tang et
al. 2020a). Therefore, different guidelines have been devel-
oped for prevention and management of thrombotic events
in patients with COVID-19. In fact, the ISTH has sug-
gested monitoring parameters such as D-dimer, prothrom-
bin time, platelet count and fibrinogen, since they seem to
determine the patient’s prognosis (Thachil et al. 2020).
Furthermore, ISTH endorsed the evidence-based guide pub-
lished by Bikdeli et al. (2020) for the management of
COVID-19 and thrombotic diseases. In Fig. 2, we have
summarized the considerations in antithrombotic manage-
ment of patients with COVID-19 in an algorithm for anti-
thrombotic therapy administration based mainly on such a
guideline. Similar resource has been currently proposed by

COVID-19 patients
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the Cooperative Latin-American Group of Hemostasis
(CLAHT), to be discussed by the hematologists and the
medical-scientific community in Latin-America, to be
applied under proper protocols, to generate an evidence-
based guide according to the ethnic and socioeconomic
characteristics in our region.

Despite some doubts on whether administering antico-
agulants at pharmacological doses improves the patient’s
prognosis, the American Society of Hematology recom-
mends that patients with severe COVID-19 should receive
therapeutic anticoagulation before or as soon as VTE is
confirmed. Analogously, Kollias et al. (2020) proposed
mandatory prophylactic anticoagulation for all hospitalized
patients and pharmacological doses in severe cases.

Nevertheless, there is no evidence of a dose-effect
relationship on coagulopathy in COVID-19. Actually, the
controversy on whether using thromboprophylaxis or thera-
peutic anticoagulation for COVID-19 coagulopathy is a
“hot topic” approached by different randomized protocols
in progress. For instance, one of these trails aims to com-
pare the efficacy and safety of high vs. low doses of LMWH
in Italian patients with severe COVID-19 pneumonia and
related coagulopathy but who do not require mechanical
ventilation (Marietta et al. 2020).

Management of COVID-19 in Patients with
Hypocoagulability
Because COVID-19 will likely have a significant
impact in patients with different coagulation disorders such

| } |
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patients

Mild patients but with
significant comorbidities

| Discharged | | Pregnant

Patients with
elevated risk of
VTE, PE or ACS
and low risk of

bleeding

|

Extended
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LMWH or DOACs

!

Respiratory failure
Comorbidities
Intensive Care

Bedridden
VTE/PE/ACS
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|

Prophylactic or
therapeutic
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Contraindications

Active bleeding or
very low patelet count

active at home

No

|
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2. Prothrombin time
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LMWH,

DAPT

Mechanical
prophylaxis in

3. Platelet count
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ized patients

count < 100
there are no

Patients with D-dimer markedly raised, prolonged prothrombin time, platelet

x 10%/L and fibrinogen < 2.0 g/L, must be hospitalized even if
other complications.

Fig. 2. Anticoagulation recommendations for COVID-19 patients with thrombotic risk.
The recommendations recently endorsed by ISTH are summarized.
LMWH, low molecular weight heparin; UFH, unfractionated heparin; DAPT, dual antiplatelet treatment; DOACs, direct
oral anticoagulants. (Bikdeli et al. 2020; Thachil et al. 2020).
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as hemophilia, it is necessary to know better the natural his-
tory of COVID-19 and its possible repercussions to develop
strategies for the early treatment of eventual complications
(Hermans et al. 2020).

So far, the concurrence of severe hemophilia A and
COVID-19 has only been described in a 35-year-old male
patient who presented with myalgia of the extremities and
was treated with FVIII; he had mild COVID-19 and a clini-
cal course similar to that in patients without hemophilia, not
to mention that no bleeding events occurred (Cui et al.
2020). This indicates that mild SARS-CoV-2 infection does
not trigger bleeding events in hemophilia patients and that
replacement therapy at the start of COVID-19 may be use-
ful. In addition, hemophilia patients can be treated in an
outpatient clinic with antiviral medications such as
Oseltamivir or antibiotics such as Cefdinir for which no
bleeding side effects have been reported (Cui et al. 2020).

Conclusions

Although D-dimer is confirmed as the most consistent
biomarker of VTE in COVID-19-related coagulopathy,
C-reactive protein and IL-6 appear to be also reliable prog-
nostic biomarkers. Given the proneness to hypercoagula-
tion, COVID-2019 patients should be monitored closely,
and those with a high risk of VTE, treated timely with anti-
coagulation drugs. More clinical data are needed to investi-
gate specific issues about interactions among biomarkers
and their joint relationships with disease progression, as
well as about the most effective and safest anticoagulation
regimen in COVID-2019 management. Hemophilia
patients may not develop bleeding events and be treated
conventionally.

Acknowledgments

We are indebted to Dr. Horacio Rivera for his valuable
revision of the manuscript. We thank Dr. Yeminia-Maribel
Valle-Delgadillo, Coordinator of Human Genetics Ph.D.
Program, from CUCS, Universidad de Guadalajara, for her
kind support with Similarity-Check plagiarism screening
for the manuscript with Turnitin©.

Conflict of Interest
The authors declare no conflict of interest.

References

Akhmerov, A. & Marban, E. (2020) COVID-19 and the Heart.
Circ. Res., 126, 1443-1455.

Atri, D., Siddiqi, H.K., Lang, J., Nauffal, V., Morrow, D.A. &
Bohula, E.A. (2020) COVID-19 for the cardiologist: a current
review of the virology, clinical epidemiology, cardiac and
other clinical manifestations and potential therapeutic strate-
gies. JACC Basic Transl. Sci., 5, 518-536.

Aziz, M., Fatima, R. & Assaly, R. (2020) Elevated interleukin-6
and severe COVID-19: a meta-analysis. J. Med. Virol., doi:
10.1002/jmv.25948. [Epub ahead of print].

Baloch, S., Baloch, M.A., Zheng, T. & Pei, X. (2020) The corona-
virus disease 2019 (COVID-19) pandemic. Tohoku J. Exp.
Med., 250, 271-278.

Barrett, C.D., Moore, H.B., Yaffe, M.B. & Moore, E.E. (2020)
ISTH interim guidance on recognition and management of
coagulopathy in COVID-19: a comment. J. Thromb.
Haemost., 18, 2060-2063.

Bikdeli, B., Madhavan, M.V,, Jimenez, D., Chuich, T., Dreyfus, 1.,
Driggin, E., Nigoghossian, C., Ageno, W., Madjid, M., Guo,
Y., Tang, L.V., Hu, Y., Giri, J., Cushman, M., Quéré, 1., et al.
(2020) COVID-19 and thrombotic or thromboembolic
disease: implications for prevention, antithrombotic therapy,
and follow-up: JACC State-of-the-Art Review. J. Am. Coll.
Cardiol., 75, 2950-2973.

Connors, JJM. & Levy, J.H. (2020) COVID-19 and its implica-
tions for thrombosis and anticoagulation. Blood, 135, 2033-
2040.

Cui, D., Zhang, A., Liu, A. & Hu, Q. (2020) Clinical findings in a
patient with haemophilia A affected by COVID-19. Haemo-
philia., 26, e214-¢216.

Deng, Y., Liu, W., Liu, K., Fang, Y.Y., Shang, J., Zhou, L., Wang,
K., Leng, F., Wei, S., Chen, L. & Liu, H.G. (2020) Clinical
characteristics of fatal and recovered cases of coronavirus
disease 2019 in Wuhan, China: a retrospective study. Chin.
Med. J. (Engl.), 133, 1261-1267.

Dietz, W. & Santos-Burgoa, C. (2020) Obesity and its implications
for COVID-19 mortality. Obesity (Silver Spring), 28, 1005.

Finer, N., Garnett, S.P. & Bruun, J.M. (2020) COVID-19 and
obesity. Clin. Obes., 10, €12365.

Gao, Y., Li, T., Han, M., Li, X., Wu, D, Xu, Y., Zhu, Y., Liu, Y.,
Wang, X. & Wang, L. (2020) Diagnostic utility of clinical
laboratory data determinations for patients with the severe
COVID-19. J. Med. Virol., 92, 791-796.

Grant, M.J. & Booth, A. (2009) A typology of reviews: an analysis
of 14 review types and associated methodologies. Health
Info. Libr. J., 26, 91-108.

Guo, Y.R., Cao, Q.D., Hong, Z.S., Tan, Y.Y., Chen, S.D., Jin, H.J.,
Tan, K.S., Wang, D.Y. & Yan, Y. (2020) The origin, transmis-
sion and clinical therapies on coronavirus disease 2019
(COVID-19) outbreak-an update on the status. Mil. Med.
Res., 7, 11.

Han, H., Yang, L., Liu, R., Liu, F., Wu, K.L., Li, J,, Liu, X.H. &
Zhu, C.L. (2020) Prominent changes in blood coagulation of
patients with SARS-CoV-2 infection. Clin. Chem. Lab. Med.,
58, 1116-1120.

He, J., Tao, H., Yan, Y., Huang, S.Y. & Xiao, Y. (2020) Molecular
mechanism of evolution and human infection with SARS-
CoV-2. Viruses, 12, 428.

Hermans, C., Weill, A. & Pierce, G.F. (2020) The COVID-19
pandemic: new global challenges for the haemophilia commu-
nity. Haemophilia, 26, 371-372.

Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., Zhang, L.,
Fan, G., Xu, J., Gu, X., Cheng, Z., Yu, T., Xia, J., Wei, Y., Wu,
W., et al. (2020) Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet, 395,
497-506.

Jin, Y., Yang, H., Ji, W., Wu, W., Chen, S., Zhang, W. & Duan, G.
(2020) Virology, epidemiology, pathogenesis, and control of
COVID-19. Viruses, 12, 372.

Kollias, A., Kyriakoulis, K.G., Dimakakos, E., Poulakou, G., Ster-
giou, G.S. & Syrigos, K. (2020) Thromboembolic risk and
anticoagulant therapy in COVID-19 patients: emerging
evidence and call for action. Br. J. Haematol., 189, 846-847.

Lai, C.C., Shih, T.P.,, Ko, W.C., Tang, H.J. & Hsueh, P.R. (2020)
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and coronavirus disease-2019 (COVID-19): the
epidemic and the challenges. Int. J. Antimicrob. Agents, 55,
105924.

Lake, M.A. (2020) What we know so far: COVID-19 current clin-
ical knowledge and research. Clin. Med. (Lond), 20, 124-127.

Landa, N., Mendieta-Eckert, M., Fonda-Pascual, P. & Aguirre, T.
(2020) Chilblain-like lesions on feet and hands during the



336 D. Ornelas-Ricardo and A.R. Jaloma-Cruz

COVID-19 Pandemic. Int. J. Dermatol., 59, 739-743.

Levi, M. (2018) Pathogenesis and diagnosis of disseminated intra-
vascular coagulation. Int. J. Lab. Hematol., 40 Suppl 1,
15-20.

Li, X., Geng, M., Peng, Y., Meng, L. & Lu, S. (2020) Molecular
immune pathogenesis and diagnosis of COVID-19. J. Pharm.
Anal., 10, 102-108.

Lin, L., Lu, L., Cao, W. & Li, T. (2020) Hypothesis for potential
pathogenesis of SARS-CoV-2 infection-a review of immune
changes in patients with viral pneumonia. Emerg. Microbes
Infect., 9, 727-732.

Liu, F., Li, L., Xu, M., Wu, J., Luo, D., Zhu, Y., Li, B, Song, X. &
Zhou, X. (2020) Prognostic value of interleukin-6, C-reactive
protein, and procalcitonin in patients with COVID-19. J. Clin.
Virol., 127, 104370.

Marietta, M., Vandelli, P., Mighali, P., Vicini, R., Coluccio, V. &
D’Amico, R.; COVID-19 HD Study Group (2020)
Randomised controlled trial comparing efficacy and safety of
high versus low low-molecular weight heparin dosages in
hospitalized patients with severe COVID-19 pneumonia and
coagulopathy not requiring invasive mechanical ventilation
(COVID-19 HD): a structured summary of a study protocol.
Trials, 21, 574.

Muniyappa, R. & Gubbi, S. (2020) COVID-19 pandemic, corona-
viruses, and diabetes mellitus. Am. J. Physiol. Endocrinol.
Metab., 318, E736-E741.

Rothan, H.A. & Byrareddy, S.N. (2020) The epidemiology and
pathogenesis of coronavirus disease (COVID-19) outbreak. J.
Autoimmun., 109, 102433.

Ryan, D.H., Ravussin, E. & Heymsfield, S. (2020) COVID 19 and
the patient with obesity-the editors speak out. Obesity (Silver
Spring), 28, 847.

Shanmugaraj, B., Siriwattananon, K., Wangkanont, K. & Phool-
charoen, W. (2020) Perspectives on monoclonal antibody
therapy as potential therapeutic intervention for Coronavirus
disease-19 (COVID-19). Asian Pac. J. Allergy Immunol., 38,
10-18.

Singhal, T. (2020) A review of coronavirus disease-2019 (COVID-
19). Indian J. Pediatr., 87, 281-286.

Tang, N., Bai, H., Chen, X., Gong, J., Li, D. & Sun, Z. (2020a)
Anticoagulant treatment is associated with decreased mortality
in severe coronavirus disease 2019 patients with coagulopathy.
J. Thromb. Haemost., 18, 1094-1099.

Tang, N., Li, D., Wang, X. & Sun, Z. (2020b) Abnormal coagula-
tion parameters are associated with poor prognosis in patients
with novel coronavirus pneumonia. J. Thromb. Haemost., 18,
844-847.

Tang, T., Bidon, M., Jaimes, J.A., Whittaker, G.R. & Daniel, S.
(2020¢) Coronavirus membrane fusion mechanism offers a
potential target for antiviral development. Antiviral Res., 178,
104792.

Thachil, J., Tang, N., Gando, S., Falanga, A., Cattaneo, M., Levi,
M., Clark, C. & Iba, T. (2020) ISTH interim guidance on

recognition and management of coagulopathy in COVID-19.
J. Thromb. Haemost., 18, 1023-1026.

Wan, Y., Shang, J., Graham, R., Baric, R.S. & Li, F. (2020)
Receptor recognition by the novel coronavirus from Wuhan:
an analysis based on decade-long structural studies of SARS
coronavirus. J. Virol., 94, e00127-20.

Wang, L. (2020) C-reactive protein levels in the early stage of
COVID-19. Med. Mal. Infect., 50, 332-334.

Wu, Z. & McGoogan, J.M. (2020) Characteristics of and impor-
tant lessons from the coronavirus disease 2019 (COVID-19)
outbreak in China: summary of a report of 72314 cases from
the Chinese Center for Disease Control and Prevention. J4MA
323, 1239-1242.

Zhai, Z., Li, C., Chen, Y., Gerotziafas, G., Zhang, Z., Wan, J., Liu,
P., Elalamy, I. & Wang, C.; Prevention Treatment of VTE
Associated with COVID-19 Infection Consensus Statement
Group (2020) Prevention and treatment of venous thrombo-
embolism associated with Coronavirus Disease 2019 Infec-
tion: a consensus statement before guidelines. Thromb.
Haemost., 120, 937-948.

Zhang, G., Zhang, J., Wang, B., Zhu, X., Wang, Q. & Qiu, S.
(2020a) Analysis of clinical characteristics and laboratory
findings of 95 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a retrospective analysis. Respir: Res., 21, 74.

Zhang, J.J., Dong, X., Cao, Y.Y., Yuan, Y.D., Yang, Y.B., Yan, Y.Q.,
Akdis, C.A. & Gao, Y.D. (2020b) Clinical characteristics of
140 patients infected with SARS-CoV-2 in Wuhan, China.
Allergy, 75, 1730-1741.

Zhang, L., Yan, X., Fan, Q., Liu, H., Liu, X., Liu, Z. & Zhang, Z.
(2020c) D-dimer levels on admission to predict in-hospital
mortality in patients with Covid-19. J. Thromb. Haemost., 18,
1324-1329.

Zheng, Z., Peng, F., Xu, B., Zhao, J., Liu, H., Peng, J., Li, Q.,
Jiang, C., Zhou, Y., Liu, S., Ye, C., Zhang, P., Xing, Y., Guo, H.
& Tang, W. (2020) Risk factors of critical & mortal
COVID-19 cases: a systematic literature review and meta-
analysis. J. Infect., 81, el 6-e25.

Zhou, F.,, Yu, T,, Du, R., Fan, G, Liu, Y., Liu, Z., Xiang, J., Wang,
Y., Song, B., Gu, X., Guan, L., Wei, Y., Li, H., Wu, X., Xu, J.,
et al. (2020) Clinical course and risk factors for mortality of
adult inpatients with COVID-19 in Wuhan, China: a retrospec-
tive cohort study. Lancet, 395, 1054-1062.

Zhu, Z., Cai, T., Fan, L., Lou, K., Hua, X., Huang, Z. & Gao, G.
(2020) Clinical value of immune-inflammatory parameters to
assess the severity of coronavirus disease 2019. [Int. J. Infect.
Dis., 95, 332-339.

Zou, Y., Guo, H., Zhang, Y., Zhang, Z., Liu, Y., Wang, J., Lu, H. &
Qian, Z. (2020) Analysis of coagulation parameters in patients
with COVID-19 in Shanghai, China. Biosci. Trends, doi:
10.5582/bst.2020.03086. [Epub ahead of print].




