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Abstract

COVID-19 patients typically present with lower airway disease, although involvement of other organ systems is usually
the rule. Hematological manifestations such as thrombocytopenia and reduced lymphocyte and eosinophil numbers are
highly prevalent in COVID-19 and have prognostic significance. Few data, however, are available about the prevalence and
significance of anemia in COVID-19. In an observational study, we investigated the prevalence, pathogenesis and clinical
significance of anemia among 206 patients with COVID-19 at the time of their hospitalization in an Internal Medicine unit.
The prevalence of anemia was 61% in COVID-19, compared with 45% in a control group of 71 patients with clinical and
laboratory findings suggestive of COVID-19, but nasopharyngeal swab tests negative for SARS-CoV-2 RNA (p=0.022).
Mortality was higher in SARS-CoV-2 positive patients. In COVID-19, females had lower hemoglobin concentration than
males and a higher prevalence of moderate/severe anemia (25% versus 13%, p=0.032). In most cases, anemia was mild
and due to inflammation, sometimes associated with iron and/or vitamin deficiencies. Determinants of hemoglobin con-
centration included: erythrocyte sedimentation rate, serum cholinesterase, ferritin and protein concentrations and number
of chronic diseases affecting each patient. Hemoglobin concentration was not related to overall survival that was, on the
contrary, influenced by red blood cell distribution width, age, lactate dehydrogenase and the ratio of arterial partial oxygen
pressure to inspired oxygen fraction. In conclusion, our results highlight anemia as a common manifestation in COVID-19.
Although anemia does not directly influence mortality, it usually affects elderly, frail patients and can negatively influence
their quality of life.

Keywords COVID-19 - Anemia - Oxygen partial pressure/oxygen concentration - Red blood cell distribution width -
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Introduction

Hematological abnormalities, such as thrombocytopenia,
reduced numbers of peripheral blood lymphocytes and
eosinophils with an increased polymorphonuclear-to-lym-
phocyte ratio are common features of novel coronavirus
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disease 2019 (COVID-19), especially in more severe cases
[1-7]. To date, no reports specifically addressed the inves-
tigation of anemia in COVID-19, with determination of its
prevalence, pathogenesis and prognostic significance. The
results from published case series are often conflicting,
with some papers reporting similar hemoglobin (Hb) con-
centrations in patients who survived and those who died
because of SARS-CoV-2 infection [1], or in intensive care
unit (ICU) compared with non-ICU patients [5], whereas
others reported lower Hb levels in patients with more
severe disease [8]. Recent case reports described the asso-
ciation of COVID-19 with autoimmune hemolytic anemia
(AHA), including one case of cold agglutinin disease AHA
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[9], but cases of AHA in COVID-19 are probably uncom-
mon, and it is still unknown if AHA prevalence is higher
in COVID-19 than in the general population [10, 11].

On the other hand, systemic inflammation is the rule
in COVID-19; in some cases, it progresses to a secondary
hemophagocytic lymphohistiocytosis-like condition, char-
acterized by hyperinflammation, endothelial cell damage
with systemic impairment of microcirculation and angio-
genesis, and acute respiratory distress syndrome (ARDS)
that, for many patients, represents the final cause of death
[12-16]. Inflammation profoundly affects erythropoiesis
through different mechanisms, partly sustained by abnor-
mal iron metabolism mediated by interleukin (IL)-6 over-
production and partly due to pro-inflammatory cytokines,
such as interferon-y, IL-1, IL-33 and tumor necrosis factor
(TNF)-a [17, 18]. The latter exert inhibitory effects on
erythroid progenitor and precursor cells and may reduce
erythrocyte lifespan [19-23]. These perturbations fre-
quently lead to the development of anemia of inflamma-
tion, the second most common form of anemia worldwide
and, probably, the most common among hospitalized
patients in industrialized countries. Given the importance
of inflammatory processes associated with COVID-19 and
their role in the pathogenesis of anemia, we investigated
the prevalence of anemia, with its clinical and biologic
correlates, in COVID-19 patients at the time of hospitali-
zation in the Internal Medicine unit of our Institution.

Patients and methods
Study design

In this observational study, we analyzed data from 206
patients hospitalized in the Internal Medicine Unit of
our Institution with a laboratory-confirmed diagnosis of
COVID-19 between March 1, 2020, and April 11, 2020.
For comparison, 71 patients admitted to the same Unit
with a clinical picture (fever, respiratory failure), chest
x-ray imaging (bilateral interstitial pneumonia) and labo-
ratory findings (increased serum concentrations of lactate
dehydrogenase (LDH), C-reactive protein, D-dimer and
ferritin with lymphopenia and eosinopenia) strongly sug-
gestive of COVID-19, but with a minimum of two naso-
pharyngeal swab tests negative for SARS-CoV-2 RNA,
were also investigated as controls. The study was approved
by the local ethics committee and performed in the respect
of the Helsinki declaration. Routine clinical data were
collected in an anonymized format; as such, the study is
exempt from the need to take specific written informed
consent.
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Patient investigations

Most patients presented to the Emergency Department
because of persistent fever and/or shortness of breath, often
associated with respiratory failure. Based on admission labo-
ratory tests, we determined the prevalence and pathogen-
esis of anemia and its relationship with outcome and other
clinical and laboratory findings. The patients were classi-
fied as anemic if Hb < 130 g/L in males and < 120 g/L in
females; mild anemia was defined by Hb > 95 g/L, moderate
anemia by 80 <Hb <95 g/L, severe anemia by Hb <80 g/L
[24]. Iron deficiency anemia was diagnosed if serum fer-
ritin < 30 mcg/L; with serum ferritin > 30 mcg/L but <100
mcg/L and transferrin saturation <20% the diagnosis was
iron deficiency with inflammation; a serum ferritin > 100
mcg/L with transferrin saturation < 20% defined anemia of
inflammation [17, 25]. The glomerular filtration rate was
estimated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [26]. Determination of
the individual patient burden of disease before the index
hospitalization was based on the number of different chronic
conditions affecting each patient [27].

Statistical analysis

Data were analyzed by descriptive statistics and results
reported as mean and SD or median and interquartile range
(IQR), depending on each variable value distribution; dif-
ferences between groups were tested by the Student’s t-test
or the Mann—Whitney U test. Categorical variables are pre-
sented as proportions and were compared by the Chi-square
test. Correlations were analyzed by either the Pearson or the
Spearman correlation coefficients and by multiple regression
in case of multivariate analysis. Survival data are shown
as Kaplan—-Meier Survival Plots and were analyzed by the
Cox proportional hazards model. All tests were two-sided;
differences and correlations were considered significant if
p<0.050.

Results
General features of study patients

Table 1 shows the main demographic and laboratory
parameters of the patients investigated in the present study,
comparing subjects with laboratory-confirmed COVID-
19 and those with negative nasopharyngeal swab test. At
hospital admission, the group with a confirmed diagnosis
of COVID-19 was characterized by lower Hb concentra-
tion, a higher prevalence of overall anemia and moderate/
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Table 1 Demographic and general features of the study patients
Characteristics All patients (N=277) SARS-CoV-2 positive Controls, SARS-CoV-2 p value
patients (N =206) negative (N=71)
Age, years (SD) 71 (15) 71 (14) 71 (14) 0.610
Gender 0.204
Male, n (%) 171 (62) 133 (65) 40 (56)
Female, n (%) 105 (38) 72 (35) 31 (44)
Died or transferred to the ICU, n (%) 114 (41) 91 (44) 24 (34) 0.162
Hospitalization days, n (IQR) 11 (7-21) 13 (7-22) 9 (7-13) 0.061
Hemoglobin, g/L. (SD) 120 (22) 118 (23) 126 (18) 0.008
Anemic patients, n (%) 157 (57) 125 (61) 32 (45) 0.022
Moderate/severe anemia, n (%) 38 (14) 35(17) 34) 0.007
Hematocrit, % (SD) 35.9 (6.0) 35.3(6.3) 37.6 (4.7) 0.006
MCYV, fL (SD) 90.3 (7.6) 90.9 (7.3) 88.8 (8.4) 0.434
RDW, % (SD) 15.12.4) 152 (2.4) 149 (2.0 0.369
Platelet count, x 10°/L (SD) 216 (105) 206 (94) 244 (129) 0.008
White blood cell count, x 10°/L (IQR) 6.7 (4.9-9.4) 6.5 (4.6-9.2) 7.8 (5.8-10.6) 0.015
Lymphocyte count, x 10°/L (IQR) 0.7 (0.5-1.0) 0.7 (0.5-1.0) 0.8 (0.6-1.0) 0.139
Ferritin, mcg/L (IQR) 635 (255-1338) 640 (304-1338) 390 (144-1265) 0.4654
Transferrin saturation, % (IQR) 12 (8-20) 12 (7-21) 12 (8-16) 0.8965
Vitaming,, mcg/L (IQR) 539 (309-858) 520 (309-845) 582 (378-891) 0.6965
Folate, mg/L (IQR) 6.1 (3.8-11.2) 6.4 (3.8-12.0) 5.1 (3.2-8.6) 0.3222
Reticulocyte index, % (IQR) 0.37 (0.27-0.54)
hs-CRP, mg/dL (IQR) 11.47 (6.16-16.33) 11.50 (6.07-16.78) 10.73 (7.03-15.75) 0.7566*
ESR, mm/hour (IQR) 77 (46-99) 77 (47-102) 75 (34-91) 0.2340
PCTI, ng/ml (IQR) 0.24 (0.09-0.71) 0.26 (0.09-0.81) 0.18 (0.08-0.49) 0.3320%*
eGFR, mL/1.73 m*/min (IQR) 77 (46-94) 72 (44-92) 82 (55-99) 0.0488

hs-CRP, high sensitivity C-reactive protein; ESR erythrocyte sedimentation rate; PCTI, procalcitonin; eGFR estimated glomerular filtration rate;
bold p values represent statistically significant differences

severe anemia (OR 1.88, 95% CI 1.09-3.24, for overall
anemia and 4.16, 95% CI 1.39-15.68, for moderate/severe
anemia), reduced platelet counts and more compromised
renal function (Table 1). Inflammation and erythropoiesis-
associated indices were not significantly different between

Fig. 1 Kaplan—Meier survival
curves of (a) SARS-CoV-2
positive (red line) and control
SARS-CoV-2 negative (blue
line) patients and (b) of anemic
(red line) and non-anemic (blue
line) SARS-CoV-2 positive
patients. The difference between
SARS-CoV-2 positive and
SARS-CoV-2 negative patients
is significant (p =0.033)

the two groups. After a median follow-up of 22 days (IQR
8—-49 days), mortality was lower for SARS-CoV-2 RNA
negative patients than for those with a confirmed COVID-
19 diagnosis (OR 0.52, 95% CI 0.29-0.94, p =0.0332;
Fig. 1a).
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COVID-19 and anemia

Subsequent analysis was restricted to patients with labora-
tory-confirmed COVID-19. The global prevalence of ane-
mia was 61% and females had lower Hb concentrations than
males (112422 g/L vs 122 +22 g/L, p<0.001), although
the proportion of subjects with anemia was not different
between sexes (Table 2). Anemia was mild (Hb>95 g/L) in
91 out of 126 anemic subjects (72%), and moderate/severe
anemia was more prevalent among females (18 of 72 females
versus 17 of 134 males, OR 2.294, 95% CI 1.098—4.795,
p=0.032); age did not influence the severity of anemia (data
not shown). Figure 2 shows the pathogenesis of anemia in
the current series of patients. In 93% of cases, serum ferritin
concentration was above 100 mcg/L (> 300 mcg/L in 75%
of patients), usually in association with a transferrin satu-
ration below 20% and a reticulocyte count inadequate for
the degree of anemia (reticulocyte index < 2% in all but one
patient); all together, these observations suggest that most
cases of anemia were due to inflammation. Only one subject
had serum ferritin < 30 mcg/L, indicative of absolute iron
deficiency as the main mechanism of anemia, whereas 7%
of anemic patients had 30 <serum ferritin < 100 mcg/L, with

Anaemia pathogenesis
2% 9% = IDA
M IDA and Al
m Al
H IDA, Al and vitamin

deficiencies

M Al and vitamin
deficiencies

m Undetermined

Fig.2 Causes of anemia in 126 anemic patients with laboratory-con-
firmed COVID-19. Serum concentrations of vitamin B, and folate
were available only for a subset of patients (N =57); the prevalence of
vitamin deficiencies can, therefore, be underestimated

transferrin saturation < 20%, expression of iron deficiency
associated with inflammation.

Of 57 patients with anemia for whom serum concen-
trations of vitamin B, and folate were available, 13 had
vitamin deficiencies; of these, 11 had an associated anemia
of inflammation (transferrin saturation < 20% with serum

Table 2 Clinical and laboratory features of anemic and non-anemic SARS-CoV-2 positive patients

Characteristics All patients (N=206) Anemic patients (N=126) Non-anemic patients (N =80) p value
Age, years (SD) 71 (14) 71 (16) 72 (15) 0.833
Gender
Male, N (%) 134 (65) 82 (65) 52 (65) 1.000
Female, N (%) 72 (35) 44 (35) 28 (35)
Hospitalization days, N (IQR) 13 (7-22) 13 (7-25) 12 (7-19) 0.562
Hemoglobin, g/L (SD) 118 (23) 105 (16) 139 (13) <0.001
MCYV, fL (SD) 90.9 (7.3) 90.7 (8.5) 91.0 (4.8) 0.233
RDW, % (SD) 152 (24) 15.9 (2.8) 14.2 (1.3) <0.001
Reticulocyte index (available for 43 0.37 (0.27-0.54)

anemic patients), % (IQR)
Ferritin, mcg/L (IQR) 640 (304-1338) 635 (213-1338) 693 (437-1279) 0.222
Transferrin saturation, % (IQR) 12 (8-21) 11 (7-19) 18 (12-25) 0.624
Platelet count, x 10%/L (IQR) 197 (136-251) 204 (136-250) 193 (137-250) 0.887
White blood cell count, x 10°/L (IQR) 6.5 (4.6-9.2) 6.4 (4.6-8.7) 6.5 (4.6-10.2) 0.780
Lymphocyte count, X 10°/L (IQR) 0.7 (0.5-1.0) 0.7 (0.5-0.9) 0.7 (0.5-1.0) 0.492
eGFR, ml/1.73 m*min (IQR) 60 (32-89) 49 (26-87) 77 (45-90) 0.039
hs-CRP, mg/dL (IQR) 11.50 (6.07-16.78) 11.72 (5.45-17.66) 11.20 (6.52-15.39) 0.849
ESR, mm/h (IQR) 77 (47-102) 92 (68-107) 44 (34-59) <0.001
Cholinesterase, U/L (SD) 6201 (2187) 5698 (2169) 6970 (1995) <0.001
LDH, U/L (SD) 381 (146) 371 (138) 400 (153) 0.0265
Serum proteins, g/L (IQR) 63 (58-68) 61 (57-66) 66 (62-68) <0.001
Albumin, g/l IQR) 29 (26-32) 28 (25-31) 30 (28-33) 0.002
Number of chronic diseases, N (IQR) 2.0 (1.0-3.0) 2.0 (1.0-3.5) 1.0 (1.0-2.0) <0.0001
One-month mortality, N (%) 78 (38) 49 (39) 29 (36) 0.769

hs-CRP, high sensitivity C-reactive protein; ESR, erythrocyte sedimentation rate; eGFR, estimated glomerular filtration rate; significant differ-

ences are shown in bold
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ferritin > 100 mcg/L) and one had a combination of iron
deficiency anemia and anemia of inflammation.

Patients with anemia had a higher number of comorbidi-
ties (Table 2), whereas the proportion of patients on anti-
coagulant or antiplatelet treatment at hospital admission
was not different between the two groups (53 of 126 anemic
compared with 38 of 80 non-anemic patients, p=0.474).
Several laboratory parameters correlated with Hb (Table 3);
on multivariate analysis, however, only erythrocyte sedimen-
tation rate, total serum protein concentration, cholinesterase,
the logarithm of serum ferritin and the number of chronic
diseases affecting each patient preserved significant correla-
tions (multiple regression coefficient R =0.792). No asso-
ciation was found between anemia or Hb concentration and
the neutrophil-to-lymphocyte or the platelet-to-lymphocyte
ratios (data not shown).

Anemia had no influence on overall survival (Fig. 1b
shows the Kaplan—Meier survival curves for anemic and
non-anemic patients) and other outcome measures includ-
ing transfer to the ICU and/or death during hospitalization
and death within one month from hospital admission. Cox
proportional hazards survival regression, on the contrary,
showed that the red blood cell distribution width (RDW),
together with age, LDH and the ratio of partial oxygen pres-
sure to fraction of inspired oxygen (PaO2/FiO2) in arterial
blood, were independent predictors of mortality (Table 4).
The only clinical outcome showing a significant inverse

Table 3 Correlations of Hb with demographic and laboratory param-
eters in SARS-CoV-2 positive patients

Parameter Univariate analysis Multivariate analysis
Correlation p value Partial correla- p value
coefficient tion coefficient

Age -0.015 0.830 - -

Gender 0.210 0.003 - -

Ferritin* 0.209 0.040 0.360 0.028

hs-CRP* 0.134 0.058 - -

ESR -0.570 <0.001 —0.4006 0.013

AST 0.229 0.001 - -

ALT 0.194 0.006 - -

Cholinesterase  0.279 <0.001 0.344 0.037

LDH 0.250 <0.007 %% - -

Serum proteins  0.305 <0.001 0.380 0.020

eGFR 0.178 0.006%** - -

Number of 0.366 <0.001 -0.328 —0.047

chronic
diseases
PO,/FiO, —0.198 0.039 - -

*Analysis was performed using the logarithms of serum ferritin and
hs-CRP; **indicate Spearman rank order correlations; the other cor-
relations were determined using the Pearson correlation coefficient
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Table 4 Cox proportional hazards survival regression
Covariates Risk ratio 95% C1 p value
RDW 1.1853 1.0436-1.3463 0.0089
Age 1.0639 1.0317-1.0971 0.0001
P/F 0.9957 0.9924-0.9991 0.0128
LDH 1.0026 1.0005-1.0046 0.0162

Covariates significantly associated with mortality in SARS-CoV-2
RNA positive patients;

P/F, oxygen partial pressure/oxygen concentration

correlation with Hb was the length of hospital stay for
females surviving to discharge (r= —0.393, p=0.010 in
females vs. r=—0.001, p=0.987 in males).

Within 1 week from hospital admission, Hb further
decreased a mean of 7 g/L. in SARS-Cov-2 positive patients,
the reduction being more pronounced in non-anemic com-
pared with anemic patients (11 g/L, vs. 4 g/L., p=0.008).

Discussion

At hospital admission in the Internal Medicine unit of our
Institution, anemia affected 61% of COVID-19 patients,
compared with a 45% prevalence observed in control sub-
jects with similar clinical and laboratory features, but nega-
tive COVID-19 nasopharyngeal swabs, who were admitted
during the same period. Most cases of COVID-19-associated
anemia were due to inflammation, as suggested by normal/
high serum ferritin concentrations combined with reduced
transferrin saturation and by increased inflammatory indices
such as erythrocyte sedimentation rate and high sensitivity
C-reactive protein in the large majority of cases. Low trans-
ferrin saturation and a reticulocyte index < 2.0 suggest that
functional iron deficiency, due to macrophage iron retention,
and inadequate bone marrow response to anemia were major
factors contributing to the development of anemia.
COVID-19 is commonly associated with a coagulopathy
that has been suggested to represent a combination of low-
grade disseminated intravascular coagulation and localized
pulmonary thrombotic microangiopathy and might contrib-
ute to anemia through intravascular hemolysis [28]. In our
series, however, the absence of any correlation of Hb with
bilirubin, the weak positive correlation with LDH (that lost
significance on multivariate analysis), together with a low
reticulocyte index and a low prevalence of thrombocyto-
penia (platelet count < 100 X 109/L was present in 18 out
of 206 SARS-CoV-2 positive patients) rule out a role for
hemolysis and/or thrombotic microangiopathy as contribut-
ing factors in most cases of COVID-19-associated anemia.
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Iron and vitamin deficiencies, either isolated or associ-
ated with inflammation, were detected in less than 10% of
COVID-19 patients with anemia; however, our definition
of iron deficiency with or without inflammation, based
on serum ferritin concentration < 100 mcg/L and transfer-
rin saturation < 20%, may be too restrictive for COVID-19
patients in whom serum ferritin is often markedly increased
due to “hyperinflammation”, thus leading to underestima-
tion of iron deficiency prevalence. At hospital admission,
no cases of anemia due to bleeding were observed although,
as previously reported, five patients from the present series
subsequently developed severe anemization from peptic
ulcer bleeding while on thromboprophylaxis with fraction-
ated heparin [29].

Of the hematologic parameters included in complete
blood counts, only RDW had prognostic significance,
increased RDW representing an independent risk factor
for mortality. Similar observations have been reported in
COVID-19 by Wang et al. [8] and Foy et al. [30], who found
that higher RDW values were associated with more severe
COVID-19 and increasing mortality rates, in heart disease,
sepsis and in critically ill patients [31-36]. Although the
underlying mechanisms relating elevated RDW with critical
disease and mortality are unclear, it has been suggested that
systemic inflammation, oxydative stress, renal dysfunction
and malnutrition represent common pathogenetic mecha-
nisms leading to increased RDW and to a more severe course
of the underlying disease [33]; all these factors are common
features of severe COVID-19.

The patients described in the present study are older
than typical COVID-19 subjects investigated in other stud-
ies, mean age being 71 years compared with medians of
41-65 years in previously published series of hospitalized
COVID-19 patients [1-7, 37]. As a consequence, our results
may overestimate the prevalence of anemia in COVID-19
at hospitalization. Older age is a well-known risk factor for
anemia; the prevalence of elderly anemia is up to 12% in
subjects 65 years or older living in the community and 47%
in nursing home residents and is often characterized by low-
grade inflammation [38—44]. Exacerbation of inflammation
by the cytokine storm which occurs during the SARS-CoV-2
infection can explain the high prevalence of anemia found in
our study, although we could not show any influence of age
on Hb concentration. Older age, in addition, is a risk factor
for a more severe course of SARS-CoV-2 infection [45, 46]
and probably accounts for the high mortality rate reported
in this study (38% at one month from hospital admission).

In conclusion, our data show that anemia is a common
and persistent finding in COVID-19 during hospitalization
outside of the ICU. Given the impact that anemia has on
quality of life [44, 47], the problem cannot be overlooked
and the pathogenesis of anemia should be investigated and
treatment instituted whenever possible. Given high costs,

@ Springer

risk of side effects and shortage of blood supply, a prob-
lem that has become more serious during the COVID-19
pandemic, red blood cell transfusions in COVID-19 should
be used according to effective blood management strate-
gies and efforts must be directed to reduce anemia preva-
lence and severity [48]. Since iron deficiency anemia can
be effectively treated without red blood cell transfusions,
stringent and accurate criteria defining iron deficiency and
iron-restricted erythropoiesis in COVID-19, especially dur-
ing the “hyperinflammatory” phase of the disease, must be
established. Hopefully, together with emerging treatment
strategies [49], the correct diagnosis and effective treatment
of iron deficiency will reduce the clinical burden of anemia
in COVID-19.
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