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ORIGINAL ARTICLE

Anaemia and enhancement of coagulation are associated with severe
COVID-19 infection

Tuukka A. Helina , Marja Lemponena, Tapio Lahtiharjua, Miika Koskinenb, Riitta Lassilac and
Lotta Joutsi-Korhonena

aCoagulation Disorders Unit, Clinical Chemistry, HUSLAB Laboratory Services, HUS Diagnostics Center, Helsinki University Hospital and
University of Helsinki, Helsinki, Finland; bFaculty of Medicine, Analytics and AI development Services, Helsinki University Hospital and
University of Helsinki, Helsinki, Finland; cCoagulation Disorders Unit, Research Program Unit in Systems Oncology, Helsinki University
Hospital and University of Helsinki, Helsinki, Finland

ABSTRACT
Coagulation disturbances are common in severe COVID-19 infection. We examined laboratory markers
in COVID-19 patients during the first wave of the pandemic in Finland. We analysed a wide panel of
coagulation tests (IL ACL TOP 750/500VR ) from anonymously collected samples of 78 hospitalized
COVID-19 patients in intensive care units (ICUs; n¼ 34) or medical wards (n¼ 44) at Helsinki University
Hospital in April-May 2020. These coagulation data were supplemented with the laboratory informa-
tion system results, including complete blood count and C reactive protein (CRP). Coagulation and
inflammatory markers were elevated in most: FVIII in 52%, fibrinogen 77%, D-dimer 74%, CRP 94%,
platelet count 37%. Anaemia was common, especially in men (73% vs. 44% in women), and overall
weakly correlated with FVIII (women R2 ¼ 0.48, men R2 ¼ 0.24). ICU patients had higher fibrinogen
and D-dimer levels (p< .01). Men admitted to the ICU also had higher platelet count, leukocytes and
FVIII and lower haemoglobin than the non-ICU patients. None of the patients met the disseminated
intravascular coagulation (DIC) criteria, but 31% had a D-dimer level of at least 1.5mg/L. Presence of
both anaemia and high D-dimer together with FVIII is independently associated with ICU admission.
Antithrombin was reduced in 47% of the patients but did not distinguish severity. Overall, CRP was
associated with coagulation activation. Elevated FVIII, fibrinogen and D-dimer reflected a strong inflam-
matory response and were characteristic of hospitalized COVID-19 patients. The patients were often
anaemic, as is typical in severe inflammation, while anaemia was also associated with coagula-
tion activity.

ARTICLE HISTORY
Received 11 June 2021
Revised 13 October 2021
Accepted 29 October 2021

KEYWORDS
Anaemia; blood
coagulation; COVID-19;
disseminated intravascular
coagulation; inflammation

Introduction

Although the majority of coronavirus disease 2019 (COVID-
19) cases present as mild respiratory tract infection, a pro-
portion of patients develop severe disease with lung injury,
acute respiratory distress syndrome and organ dysfunction.
Coagulopathy in patients with severe COVID-19 is frequent
and contributes to morbidity and mortality [1,2]. Distinct
COVID-19-associated coagulopathy with a high inflamma-
tory component has been identified [3,4].

During the early days of the pandemic, the International
Society on Thrombosis and Haemostasis (ISTH) interim
guidance on the recognition and management of coagulop-
athy in COVID-19 infection recommended measuring pro-
thrombin time (PT), fibrinogen, D-dimer and platelet count
in all patients presenting at the hospital. With major findings,
that is, PT prolongation (<50% if expressed as activity), low
fibrinogen (<2.0 g/L), 3- to 4-fold increase in D-dimer

(�1.5mg/L) or low platelet count (<100� 109/L) should be
admitted to the hospital even without clinical concerns for
the follow-up of possible rapid disease progression. Relating
to coagulation dysregulation, platelet counts, PT ratio,
fibrinogen, and D-dimer were suggested to be followed up
once or twice daily. Upon bleeding complications, only sup-
plementation therapies were recommended to target a PT
ratio below 1.5, fibrinogen above 1.5 g/L and platelet count
above 25–50� 109/L [5]. In COVID-19 infection, classic dis-
seminated intravascular coagulation (DIC) with PT prolonga-
tion, consumption of fibrinogen, high D-dimer and decreased
platelet count were later less frequently reported than in
China [2,6]. In contrast, most patients exhibit inflammatory
changes, shortened PT and high fibrinogen and high platelet
count [7,8]. Leukocytes are increased, but lymphocytopenia is
relatively common. A neutrophil-lymphocyte ratio of over 4.5
has been shown to predict severe infection [9]. The presence
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of anaemia is common in COVID-19 infection, likely due to
the inflammatory state [10,11].

The COVID-19 epidemic in Finland started in February
2020, with the first isolated cases in January. Major restric-
tions (remote working and schools, closure of nonessential
public facilities) and a lockdown of Southern Finland were
commenced in mid-March. The first wave of the epidemic
subsided by July 2020. At that time, in Southern Finland,
that is, in the Helsinki University Hospital district region, a
total of 5350 COVID-19 infections were reported, represent-
ing 74% of the total national incidence [12].

In this study, the laboratory profile of COVID-19
patients was examined during the first wave in April–May
2020. In April, a local guideline along the ISTH guidance
recommended coagulation laboratory testing from all
COVID-19 patients presenting to the hospital emergency
room [5]. Patients at infection and pulmonary wards and
intensive care units (ICUs) received low molecular weight
heparin prophylaxis, and we routinely tested their coagula-
tion status. We aimed to study the patients’ coagulation pro-
file and analysed disease severity (non-critically and
critically ill, that is, non-ICU vs. ICU stay) in association
with the laboratory findings. We also compared the study
cohort with the big data of all COVID-19 patients in terms

of laboratory results and disease severity in our hos-
pital district.

Patients and methods

This is a retrospective observational study on COVID-19
infection using collected citrated plasma combined with a
laboratory information system (LIS) database. We per-
formed this study during April–May 2020 at Helsinki
University Hospital, which serves Southern Finland
(Uusimaa region). As thromboprophylaxis, all patients
(unless contraindicated) received low molecular weight hep-
arin (enoxaparin) at a prophylactic or intermediate dose,
depending on risk factors of thrombosis.

As a background for the observations, we performed a
general survey of all COVID-19 patients at Helsinki
University Hospital during April-May 2020 using an LIS big
data search. Positive COVID-19 test (SARS CoV-2 with
PCR method), haemoglobin, C-reactive protein (CRP), D-
dimer and fibrinogen results were analysed, and the disease
severity, that is, whether the patient was treated in the med-
ical ward or ICU was recorded.

For a comprehensive assessment of coagulation, we
examined surplus citrated plasma samples from the patients

Figure 1. General trends of haemoglobin (A), C reactive protein (B), D-dimer (C) and fibrinogen (D) in hospitalized patients in the ICU (black line, dark shaded area
10th to 90th percentile) and non-ICU wards (grey line, light shaded area 10th to 90th percentile). In Panel A, haemoglobin (Hb) results for men (circles) and women
(crosses) are shown separately, with corresponding colours, black for ICU patients and grey for non-ICU wards. The number of measurements at each time point
are shown in Supplemental Table.
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in the medical wards and specific ICUs for COVID-19-
infected patients only. From the LIS (Myþ, MyLab,
Tampere, Finland), the patient’s other laboratory results
from the time of sample collection were recorded using
sample ID information. We randomly collected samples
from 78 individual patients. From the LIS, we recorded the
unit requesting the laboratory test (ICU or other wards),
admittance to the hospital, possible admittance to the ICU,
patient gender and age, and laboratory results. The samples
and data were collected anonymously, and no further clin-
ical details were available. The study was performed with
institutional approval (HUS/157/2020 and HUS/211/2020).

Citrated plasma (3.2% Na-citrate, Becton Dickinson, New
Jersey, USA) was double-centrifuged at 2500 g for 15min
and subsequently stored at �80 �C. Coagulation tests were
performed in batches using ACL TOPVR 500 and 750 analy-
sers (Instrumentation Laboratory, Naples, Italy) with the fol-
lowing reagents: PT with Owren’s PT (MediroxVR , Nyk€oping,
Sweden), activated partial thromboplastin time (APTT),
FVIII activity, fibrinogen with Clauss method, and antith-
rombin activity, all with HaemosILVR reagents
(Instrumentation Laboratory, Naples Italy) and D-dimer
concentration (HaemosIL D dimer HS 500, FEU units). A
SysmexVR XN-9000 haematology analyser (Kobe, Japan) for
K2-EDTA tubes was used for complete blood count (CBC).
CRP and creatinine, including the estimated glomerular fil-
tration rate (GFR) with the EPI formula, were analysed with
a Siemens AtellicaVR Solution chemistry analyser (Siemens
Healthineers, M€unchen, Germany) from Li-heparin tubes.
We could not analyse patient outcomes based on a single
laboratory assessment, but the severity of the disease was
recorded (i.e. whether the patient was treated in the ICU
during their hospital stay), and the groups were compared
on the abovementioned variables.

For statistical analysis, Pearson correlations,
Kruskal–Wallis test, Mann–Whitney U-test and Wilks’
lambda multivariate analysis were run using IBM SPSS
Statistics version 25VR . We used nonparametric tests since
the data were not normally distributed. The p-value was
regarded as significant at the levels p< .05.

Results

Big data survey

In the general big data survey, a maximum of 159 results
were obtained from non-ICU wards, and 79 results were
obtained from ICU wards. A clear trend of CRP peaking at
day 5 was seen in the ICU, while haemoglobin decreased
and D-dimer increased, during prolonged hospitalization.
All four parameters correlated with one another. The correl-
ation was best at day 10 after a positive COVID-19 test,
with the highest R2 ¼ 0.56 between CRP and fibrinogen
and the lowest R2 ¼ 0.07 between haemoglobin and CRP
(Pearson correlation p< .01). This is in part due to selection
bias, as only the sickest patients remained throughout the
observation period (Figure 1(A–D), Supplemental Table).
For fibrinogen, the data were limited, with a maximum
number of measurements of 28 for hospitalized patients and
22 for ICU patients.

Plasma samples

From the surplus plasma samples, a total of 78 different
patients (44 men) with a mean age of 56 years (range
16–87) were analysed for the coagulation profile, and CBC,
CRP, and creatinine (and GFR) results were obtained from
the LIS during spring 2021, after all patients had been dis-
charged or deceased. During their hospital stay, thirty-four

Table 1. Laboratory findings in hospitalized COVID-19 patients.

n Mean Median SD Min. Max. Ref. interval Below ref. interval, n (%) Above ref. interval, n (%)

Prothrombin time (%) 75 101 100 24 23 171 70–130% 4 (5.3%) 8 (10.7%)
APTT (s)a 67 40 34 17 18 103 28–37 s 2 (3.0%) 19 (28.4%)
FVIII (IU/mL) 69 183 177 106 30 489 60–160 IU/mL 9 (13.0%) 36 (52.2%)
Fibrinogen (g/L) 74 5.8 5.8 2.3 0.4 12.3 2.0–4.0 g/L 2 (2.7%) 57 (77.0%)
D-dimer (mg/L) 78 2.2 .9 6.5 0.2 56.7 <0.5mg/L 58 (74.4%)
Antithrombin (U/mL) 66 0.82 0.88 0.33 0.07 1.49 0.85–1.25 U/mL 31 (47%) 4 (6.1%)
CRP (mg/L) 76 81 56 84 4 398 <4mg/L 71 (94.4%)
Haemoglobin women (g/L) 34 117 120 15 84 140 117–155 g/L 16 (44.1%) 0 (0%)
Haemoglobin men (g/L) 44 120 123 22 73 172 134–167 g/L 32 (72.7%) 1 (2.3%)
Eryt women (�1012/L) 34 3.9 4.0 0.6 2.8 5.2 3.90–5.20� 1012/L 15 (44.1%) 0 (0%)
Eryt men (�1012/L) 44 4.0 4.0 0.8 2.5 5.6 4.25–5.70� 1012/L 27 (61.4%) 0 (0%)
HCT women (%) 34 36 37 5 25 44 35–46% 11 (32.4%) 0 (0%)
HCT men (%) 44 37 37 6 24 52 39–50% 26 (59.1%) 1 (2.3%)
MCV (fL) 78 92 92 5 79 107 82–98 fL 1 (1.3%) 9 (11.5%)
RDW women (%) 34 14 13 2 12 20 �15 NA 6 (17.6%)
RDW men (%) 44 14 13 2 11 21 �14 NA 3 (6.8%)
Platelet count (�109/L) 78 333 297 149 93 694 150–360� 109/L 5 (6.4%) 29 (37.2%)
Leukocytes (�109/L) 78 7.3 6.6 3.3 2.0 20.6 3.4–8.2� 109/L 2 (2.5%) 23 (29.5%)
Neutrophils (�109/L) 69 5.9 4.1 2.7 1.0 12.9 1.5–6.7� 109/L 4 (5.1%) 19 (27.5%)
Lymphocytes (�109/L) 63 1.5 1.5 .7 .3 5.1 1.3–3.6� 109/L 27 (42.9%) 1 (1.6%)
Neutrophil/lymphocyte ratiob 63 5.8 4.8 3.2 1.7 18.0
Creatinine women (mmol/L) 33 66 52 53 30 291 50–90mmol/L NA (16, 48.5%) 4 (12.1%)
Creatinine men (mmol/L) 42 88 64 77 29 365 60–100mmol/L NA (19, 42.9%) 5 (11.3%)
GFR-EPI (mL/min/1.73m2) 74 98 105 31 13 154 >59mL/min/1.73m2 9 (12.2%)
aIn 3 samples APTT could not be measured (pathological), bneutrophil-lymphocyte ratio was 4.5 or higher in 40 patients (54%); APTT, activated partial thrombo-
plastin time; CRP, C-reactive protein; Eryt, erythrocyte count; HCT, haematocrit; MCV, mean cellular volume; RDW, red cell distribution width; GFR-EPI – glomeru-
lar filtration rate, EPI-formula.
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patients were treated in the ICU, of which 23 (67%) were
men and 44 (48% men) were treated in medical wards.
Cross-sectional samples have obtained a median of 4 days
from hospitalization in the non-ICU patients and at 13 days
in ICU patients. The median length of ICU stay was 14 days
(median in women 8 days, in men 16 days, Mann–Whitey
U-test p¼ .03).

The majority of the laboratory results were abnormal
(Tables 1 and 2). Coagulation and inflammatory markers
were above the reference interval in most of the patients:
FVIII (52%), fibrinogen (77%), D-dimer (74%), and CRP (in
94%), and the neutrophil-lymphocyte ratio was above a cut-
off of 4.5 in 64%, consistent with the ongoing COVID-19
infection at the time of blood collection. Lymphocytopenia
was also common (43% prevalence, Table 1).

Anaemia and red blood cell indices emerged as a major
distinguishing feature among the patients treated in the ICU
versus medical wards. Forty-seven patients (60%) exhibited
anaemia: 16/34 (47%) women, but 32/44 (73%) men were
anaemic (i.e. haemoglobin below the reference interval
<117 g/L in women and <134 g/L in men). Patients who
were admitted to the ICU during their hospital stay had
lower haemoglobin levels (median 110 vs. 125 g/L) overall,
and the prevalence of anaemia was higher (27/34, 79%) than
in those not admitted to the ICU (21/44, 48%; Table 2).
Anaemic patients had only minor differences in their red
cell indices, that is, higher red cell distribution width
(RDW, median 14% vs. 13%) and higher mean cellular vol-
ume (MCV, median 94 vs. 91 fL) than in non-anaemic
patients (data not shown), suggesting normocytic anaemia
without significant red cell size variation in most cases.

Anaemia was associated with coagulation variables.
Anaemic patients had both higher FVIII and D-dimer levels
than non-anaemic patients (Figure 2). In addition to

anaemia, D-dimer was another biomarker readily distin-
guishing the two patient groups. The patients with high D-
dimer levels (�1.5mg/L) had higher FVIII activity (263 vs.
128 IU/mL), lower haemoglobin (100 vs. 124 g/L) and higher
platelet count (436 vs. 274� 109/L). Most patients (23/34,
68%) in the ICU had thrombocytosis and higher CRP (83
vs. 52mg/L) (Figure 3). Platelet count was increased in 29
patients and was significantly higher in patients admitted to
the ICU than in those who were not admitted to the ICU
(436 vs. 236� 109/L, p< .001, Table 2). FVIII levels also
modestly correlated with haemoglobin concentration (in
women R2 ¼ 0.48 and in men R2 ¼ 0.24; both Pearson cor-
relation coefficient p< .001). Lymphocytopenia was com-
mon, but the neutrophil-lymphocyte ratio only poorly
correlated with D-dimer (R2 ¼ 0.15, p¼ .002) without any
correlation with haemoglobin levels. D-dimer elevation was
associated with a longer stay in the ICU (16 vs. 7 days),
relating to more severe disease overall.

Overall, CRP correlated modestly with fibrinogen
(R2 ¼ 0.44; p< .001). The neutrophil-lymphocyte ratio cor-
related with all coagulation and inflammatory markers quite
poorly (FVIII R2 ¼ 0.09, Pearson correlation p¼ .025;
fibrinogen R2 ¼ 0.11, p< .009; D-dimer R2 ¼ 0.10, p¼ .002;
CRP R2 ¼ 0.32, p< .001). Most of the markers
were also more pathological in patients who were admitted
to the ICU (n¼ 34) than in the others (Mann-Whitey U test
p< .05; Table 2). In our study, of the single laboratory
variables, CRP, fibrinogen, antithrombin, PT, lymphocytes
or neutrophil-lymphocyte ratio were not different in
ICU vs. non-ICU patients. In a multivariate analysis, the
presence of anaemia, high FVIII, fibrinogen, D-dimer and
CRP, and platelet counts achieved greater significance for
ICU than non-ICU status (Wilks’ lambda multivariate,
0.54, p< .001).

Table 2. Laboratory findings in hospitalized COVID-19 patients treated in medical wards (non-ICUs) and intensive care units (ICUs) according to gender. Only
significant results are shown (Mann–Whitney p<0.05). The median time of sampling was 4 days after admission for non-ICU patients and 13 days for
ICU patients.

NON-ICU ICU

Mann–Whitney p-valueMedian Range Median Range

FVIII (IU/mL) All 128 30–489 234 32–484 .001
Men 132 62–268 237 32–454 .007

D-dimer (mg/L) All 0.5 0.2–11.3 1.6 0.4–56.7 <.001
Women 0.4 0.2–11.3 1.1 0.4–2.2 .013
Men 0.5 0.3–2.1 2.1 0.4–56.7 <.001

Haemoglobin (g/L) All 125 84–172 110 73–144 .002
Men 132 86–172 109 73–144 .002

Erythrocytes (�1012/L) All 4.2 2.5–5.6 3.7 2.5–4.8 .004
Men 4.3 2.5–5.6 3.7 2.5–4.8 .006

Haematocrit (%) All 38 25–52 35 24–43 .006
Men 41 27–52 35 24–43 .007

MCV (fL) All 91 79–107 94 85–100 .048
Platelet counts (�109/L) All 237 93–518 436 144–694 <.001

Women 232 93–518 417 201–694 .002
Men 243 128–411 437 144–689 <.001

Leukocytes (�109/L) All 5.5 2.0–20.6 7.2 4.1–16.1 .003
Men 6.1 3.3–11.1 8.2 4.1–16.1 .009

Neutrophils (�109/L) All 3.6 1.0–12.9 4.6 2.5–12.4 .028
Men 3.6 1.3–9.3 4.9 2.5–12.4 .024

Creatinine (mmol/L) All 63 39–365 52 29–265 .003
Women 56 39–291 40 30–52 <.001
Men 70 48–365 59 29–265 .018
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Figure 3. Histogram of D-dimer distribution among patients (A), boxplots of FVIII (B), haemoglobin (C), and platelet count (D), according to their D-dimer levels.
One patient with a D-dimer value of 57mg/L is not shown. Variables were selected according to medians showing significant differences (Mann–Whitney U-test for
differences at a D-dimer level of 1.5mg/L). Lines, reference intervals; thick line in box, median; box, first and third quartiles; whiskers, range; outlier �1.5 box
lengths from median, circle; extreme outlier �3.0 box lengths from median, asterisk.

Figure 2: Histogram of haemoglobin distribution among patients (A), boxplots of patient age (B), FVIII (C) and (D) D-dimer according to anaemia status. The high-
est D-dimer result of 57mg/L is not shown. Variables were selected according to medians showing significant differences (Mann–Whitney U-test). The number of
patients with anaemia was 48/78 (62%) in total, 32/44 men (72%), 16/34 women (47%), 27/34 ICU patients (79%), and 7/44 non-ICU patients (16%). Lines, refer-
ence intervals; thick line in box, median; box, first and third quartiles; whiskers, range; outlier �1.5 box lengths from median, circle; extreme outlier �3.0 box
lengths from median, asterisk.
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The gender of the patients showed differences not only
in haemoglobin but also in D-dimer levels (median in
women 0.7mg/L, men 1.1mg/L), while men and women
were of similar age, mean 56 years. Anaemic men also had a
higher platelet count (400 vs. 234� 109/L) and lower mean
cellular haemoglobin concentration (MCHC) in red cells
(327 vs. 331 g/L) than non-anaemic men (p< .03).

According to the ISTH criteria, none of the patients pre-
sented with overt DIC findings [8]. PT was abnormal (below
70%) in only 4 patients, and thrombocytopenia was rare
(<150� 109/L in 5 patients and below 100� 109/L in a sin-
gle patient). Fibrinogen was below the local reference inter-
val of 2.0 g/L in only two patients, while in the majority
(74%), it was above the local reference interval of 4.0 g/L.
However, 74% of the patients had D-dimer at or over the
reference 0.5mg/L, and 31% exceeded 1.5mg/L.
Antithrombin was below the reference interval in 47% and
significantly decreased (below 0.50 IU/mL) in 15% (Table 1).

Discussion

In this retrospective study with randomly selected samples
from hospitalized COVID-19 patients, a wide array of
coagulation and other laboratory tests were assessed. One of
our main findings was a high prevalence of anaemia (61%).
In the general population over the age of 44 years, the
prevalence of anaemia is estimated to be 3% [13]. In all
COVID-19 patients at Helsinki University Hospital, haemo-
globin tended to decrease with longer hospital stays. This is
also correlated with the lower haemoglobin in ICU patients,
in whom the samples were taken after longer hospital stays
than patients in non-ICU wards. Anaemia also aligned with
coagulation abnormalities: low haemoglobin was associated
with high FVIII activity. This emphasizes the important
interplay of red blood cells and haemostasis in various
inflammatory processes [14]. Anaemia is common among
severely ill patients due to inflammation [15]. However,
anaemia alone increases total mortality, coronary disease
and cancer mortality [16]. Haemoglobin and lymphocyte
levels have been previously described in a clinical study
including all COVID-19 patients from mainland China
between December 2019 and January 2020 [17]. In our
study, 41% of patients had lymphocytopenia, whereas its
prevalence exceeded 80% in non-severe Chinese patients
and 96% in severe patients. While in the Chinese study
median haemoglobin differed by only 7 g/L between severe
and nonsevere cases, our ICU patients had 17 g/L lower
haemoglobin [17]. Indeed, anaemia was more common than
lymphocytopenia among our patients. The neutrophil-
lymphocyte ratio and CRP level predicted more severe dis-
ease in a cohort from Wuhan, while in our study it did not
predict ICU treatment [18].

Low haemoglobin levels in severe COVID-19 infection
have been reported. A recent meta-analysis including 63
studies found that severe COVID-19 cases have lower
haemoglobin levels than moderate cases (weighted mean dif-
ference 4 g/L; [10]). Anaemia at hospital admission corre-
lates with a worse prognosis [19–21]. However, many

studies presenting coagulation laboratory results exclude the
contribution of anaemia. In the 12 referenced original
COVID-19 studies including laboratory test results, only 6
reported haemoglobin levels. Red blood cells exhibit major
effects on haemostasis, including but not limited to vessel
wall interaction, thrombin generation, FXIII interaction and
inhibition of fibrinolysis [14,22–24].

Systemic inflammation and bacterial sepsis affect erythro-
cyte membrane composition, predisposing patients to
anaemia due to accelerated clearance of erythrocytes [11,25].
Lower haemoglobin levels at baseline in kidney transplant
patients predicted severe COVID-19 infection in a UK study
[26], whereas Chinese studies did not find differences in
haemoglobin levels of severe vs. non-severe COVID-19 dis-
ease patients [2,6,17]. Moreover, the RDW index can be
abnormal in severe COVID-19 due to haemolysis, with
increases in lactate dehydrogenase and ferritin [27,28]. In
our patients, RDW was rarely abnormal. Red blood cell-
derived microvesicles bind to platelets and promote primary
haemostasis as well as coagulation on phosphatidylserine-
positive surfaces [29]. We did not study microvesicles, an
important topic for future research. In extreme COVID-19
cases, red blood cell lysate contributes to the pathogenesis
of COVID coagulopathy with increased lactate dehydrogen-
ase and ferritin [29,30]. COVID-19 profoundly alters blood
count, with the majority of COVID-19 patients having
abnormal blood smears and alterations in platelet size [31].

Concordantly with previous studies [1], we measured ele-
vated fibrinogen and D-dimer levels. We also observed these
biomarkers longitudinally in the entire COVID-19 cohort in
Helsinki University Hospital. In contrast, platelet counts did
not generally decrease, and PT was rarely prolonged. Thus,
our study, like others published after the first experiences,
did not signature DIC. Only 6% of our patients were throm-
bocytopenic, whereas early pandemic studies have encoun-
tered low platelet counts (<150� 109/L) in 70–95% of
patients with severe COVID-19 [1,6]. Platelet counts tend to
increase during the disease course, [32], and as in ours, a
Swedish study also found that anticoagulation use increases
platelet counts and improves prognosis [33]. In Finland
prophylactic anticoagulation is consistently applied early on,
which may improve the platelet counts. In contrast, high D-
dimer levels appear to be the key uniform observation, asso-
ciated with hypercoagulation and increased mortality; D-
dimer over 1.0mg/L at admission coincided with 18-fold
higher mortality [2]. Moreover, the incidence of venous
thromboembolism is high in hospitalized COVID-19
patients, a rate of 18% in a recent meta-analysis [34].

In addition, the higher the peak D-dimer level, the more
severe lung injuries and more ICU admissions have been
reported [35]. CRP levels were also predictive of more
severe lung injury, emphasizing the important crosstalk
between inflammation and coagulation in severe COVID-19.
The inflammatory markers CRP, FVIII, fibrinogen, and D-
dimer also correlated with one another, as in a large US
study [36]. In bacterial sepsis, plasminogen activator inhibi-
tor 1 (PAI-1) and thrombin activatable fibrinolysis inhibitor
(TAFI), among others, inhibit fibrinolysis, associated with
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higher mortality, while D-dimer levels are not high [37,38].
In some COVID-19 patients, fibrinolysis may be inhibited
as well, and patients with higher PAI-1 levels may require
supplemental oxygen more frequently, irrespective of D-
dimer or tissue plasminogen activator (tPA) levels [39].

Tang and coworkers reported that antithrombin levels
were similar at admission, but in patients who died, they
were lower than those in survivors at day 7 after admission
[40]. Almost half of our samples had antithrombin levels
below the reference interval but without an impact on the
severity of COVID-19 (non-ICU vs. ICU), D-dimer level or
anaemia status.

COVID-19-associated coagulopathy differs from classic
DIC, while PT is not often prolonged, D-dimer is almost
invariably markedly increased in severe COVID-19.
Platelet counts (<100� 109/L) and fibrinogen (<1.0 g/L)
are rarely low [8]. In fact, none of our results fulfilled
the DIC criteria. In unique coronavirus-associated coagul-
opathy, inflammation predominates and tends to increase
platelet counts, FVIII levels and fibrinogen concentrations
[4]. Similar to our study where inflammatory markers and
FVIII, fibrinogen and D-dimer levels were elevated in
ICU-admitted patients, a French study observed that the
same markers were progressively higher in hospitalized
patients than in outpatients [41]. FVIII may also be asso-
ciated with lung injury and is secreted from the local
endothelium [42]. Indeed, in our study, FVIII levels were
high and correlated with fibrinogen and D-dimer and
inversely correlated with haemoglobin, especially in
ICU patients.

The main limitations of our study were the lack of clin-
ical outcome data on the patients and the cross-sectional
nature, without any sequential follow-up. In Finland, the
total mortality of COVID-19 patients has been 4%, while
the mortality of the critically ill patients has been 12% dur-
ing ICU, and 16% during the hospitalisation period in
April–May 2021 [12,43]. In contrast, before the COVID-19
pandemic, national ICU mortality was 6% and 10%, respect-
ively. [44]. The timing of the sample collection varied dur-
ing the hospital stay; in ICU the samples were obtained
later in the course of the disease than in those who were
non-critically ill. Big data analysis confirmed the results of
our plasma sample cohort with single occasion data. The
major biomarkers, that is, haemoglobin, CRP, D-dimer, and
fibrinogen, differed in relation to critical versus non-critical
illness in the big data. This analysis followed the patients
longitudinally after positive SARS-CoV2-test (Figure 1).
Laboratory marker levels were significantly associated with
outcome, with higher levels in ICU- and hospital-admitted
patients than in outpatients [34]. Higher D-dimer and FVIII
also predispose patients to an increased risk for thrombotic
events at 30 days (OR 1.7–2.9) [34]. Anaemia and high D-
dimer levels are associated with poorer prognosis in
COVID-19 patients and in general [2,15]. Our findings sup-
port these earlier studies, and emphasize the importance of
the follow-up of inflammation and coagulation biomarkers
in patient management.

Conclusions

We observed strong inflammatory and coagulation activity
profiles, in hospitalised COVID-19 patients, with high CRP
and FVIII, fibrinogen and D-dimer. These increases are
accentuated in the critically ill. We also found that anaemia
is frequent, especially in men, exposing patients to worsen-
ing hypoxia, and risk of adverse events and poor prognosis.
The clinical implications of the association of anaemia and
coagulation biomarkers warrant further study.
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