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Abstract

Our aim is to evaluate the evolution of Hemoglobin (Hb) and iron parameters in COVID-19 patients to optimize the therapeutic management of anemia in these
patients.

Hb, s-Ferritin, transferrin saturation (TSAT'), Haptoglobin, and inflammation markers were recorded. Correlation between parameters was studied using Pearson’s
test. Comparison between data at admission and one week after hospitalization was evaluated using t-test for dependent data or Wilcoxon signed rank test. Significance
level was fixed as P<0.05.

1,336 in-patients with COVID-19, 56.4% male and 43.6% females with an average age 62.9 years (sd 18.9).

At admission mean Hb was 13.2 g/dL (standard deviation SD 1.6 g/dL), s-ferritin median 508 pg/L (25-75 interquartiles 460-876 pg/L) and transferrin saturation
mean 19.3 % (SD 8%). All acute phase reactants had raised values. Hb showed a slow and progressive decrease in patients during admission, more marked in patients
with severe symptoms and days warded; mean Hb was 12.5 g/dL (SD 1.8 g/dL) in general ward and 11.2 g/dL (SD 2.1 g/dL) at intensive care unit, p<0.05.

Despite the significant inflammatory profile anemia in most patients is not severe, suggesting the use of iron and erythropoietin to prevent severe anemia in those

patients.

Introduction

In recent months coronavirus disease 2019 (COVID-19) has
become a global pandemic. In 10-20% of cases it causes severe acute
respiratory syndrome, sometimes fatal, with multiorgan failure and
death.

Diagnosis of SARS-CoV-2 Acute Respiratory Distress Syndrome
is based on a fraction of the partial oxygen pressure with the inspired
oxygen ratio is less than 300mmHg, presence of non-cardiogenic
pulmonary edema and the need for invasive mechanical ventilation [1-
2]. The most representative analytical features found in severe patients
are lymphopenia and increased D-dimer (DD), with C-reactive protein
elevation (CRP), interleukin 6 (IL6) [3]. Hypertransamisemia is detected
in cases of hepatic involvement, as well as elevation of creatinine kinase
and myoglobin in patients with myocardial involvement. In critical
patients, cytokine storm induces elevation of interleukin 7, interleukin
10, [2,4,5] coexist; the increase of troponin is common.

Studies have proven a decrease in hemoglobin (Hb) in almost 50%
of patients [5,6].

An inflammatory anemia can occur in a situation of acute immune
activation; this protective mechanism involves a low circulating iron
to prevent the virus from invading the organs, while increasing the

Hematol Med Oncol, 2020 doi: 10.15761/HMO.1000217

effectiveness of cellular immunity [7]. The pathophysiology of this
anemia related to decreased proliferation of erythropoietic progenitor
cells, reduced stimulation of erythropoietin and a decrease in the
half-life of erythrocytes [8]. The imbalance of iron homoeostasis in
inflammation is due to increased iron retention within the cells of the
reticle-endothelial system. These patients have very high ferritin levels,
as an acute phase reactant [9-10].

Nevertheless, some studies suggest that hemolysis and erythrocyte
structural changes could play the main role in the ferritin elevation
[11], and thus the use of iron chelating agents have been proposed [12].

Our aim is to evaluate the evolution of Hb and iron parameters
in COVID-19 patients for better understanding the physiopathology
of the disease, to optimize the clinical and therapeutic management of
these patients.
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Material and Methods

This is a multicenter observational study in which analytical
parameters have been collected from in patients affected by COVID-19
(positive PCR of nasopharyngeal smears) in two hospitals of North
Spain at Navarra (Pamplona and Estella) in the period March and April
2020.

Demographic, clinical and analytical data were retrieved from the
Hospital Information System and Laboratory Information SystemHIS
and LIS systems, Roche®, version 2.5.3.3596

Analytical parameters recorded: Hb, s-Ferritin, transferrin
saturation (TSAT), Haptoglobin, CRP, lactate dehydrogenase (LDH),
IL-6, DD and arterial Oxygen Saturation (SO,).

Statistic Analysis

Demographic, clinical and analytical variables were summarized
using mean and standard deviation or median and interquartile
range for quantitative variables and via frequency and percentages
in the categorical ones. Association between analytical parameters
was computed using Pearson’s correlation coefficient. Comparisons
of the analytical and clinical parameters between hospitals was
performed using t-test, Anova test, Mann Whitney's U test or Kruskal
Wallis test. Comparison between data at admission and one week
after hospitalization was evaluated using t-test for dependent data or
Wilcoxon signed rank test. Significance level was fixed as a=0.05. All
analyses were carried out using IBM SPSS v.25 software.

Data Protection

The data has been collected identifying the patient with a numerical
code, thus respecting the confidentiality of patients (anonymized
base). The databases were merged and integrated into Tecnoquality’s
e-BDIplus quality management software® which has restricted access by
individual identification key (licensed program acquired and integrated
by the Navarro Health Service) in compliance with the requirements
of the General Data Protection Regulation of May 2018, established by
the information systems of the Government of Navarra. The authors had
access to the database as part of their routine work, using dissociated and
anonymized data, with the approval of the Ethics Committee.

Results

Table 1 summarizes the analytical data of 1,336 patients with
COVID-19, 56.4% male and 43.6% females mean age 62.9 years
standard deviation (SD) 18.9 years).

At admission mean Hb was 13.2 g/dL (standard deviation SD 1.9 g/
dL), s-ferritin median 508 ng/dL (25-75 interquartiles 460-876 ng/dL)
and transferrin saturation mean 19.3 % (SD 8%).

All acute phase reactants showed high values.

The correlation of s-Ferritin with the other acute phase reactants
was poor, positive correlation was found for CRP, IL-6, LDH and
TSAT (Table 2).

Haptoglobin was analyzed in patients with Hb < 10.0 g/dL and high
ferritin; the mean value was 310 mg/dL, so hemolysis was discarded.

Mean Hb at admission was 13.2 g/dL, 51.2 % of males had Hb<13.0
g/dL 51.9% in females had 12.0 g/dL 493 patients were warded after 1
week from admission; the evolution presented a significant decrease
of acute phase reactants and increase in D dimer (marker of fibrin
degradation and suggesting thrombosis) (Table 3).
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Table 1. Basal Values at admission

Variable Value
Age (years) Mean (sd) 62.9 (18.9)
Men 754 (56.4%)

Gender

Women 582 (43.6%)
Hemoglobin (g/dL) mean (sd) 13.2(1.9)
CRP (mg/L) median (IQR) 46.3 (105.7)
Glomerular flitration rate median (IQR) 87.2(24.2)
LDH (U/L) mean (sd) 338.1(161.4)
Ferritin (ug/L) median (IQR) 508.8 (876)
D Dimer (ng/L FEU) median (IQR) 735.0 (1099.0)
Iron (ng/dL) mediaa (IQR) 32.5(37.0)
Transferrin (mg/dL) mean (sd) 184.8 (57.8)
Transferrion saturation (%) mean (sd) 19.3 (21.8)
Cobalamin (pg/dL) median (IQR) 443.0 (238.0)
IL- 6 (pg/mL) median (IQR) 33.2(33.4)
Oxigen Saturation mean (sd) 92.3 (4.6)

Sd : standard deviation; IQR : interquartiles; CRP :
dehydrogenase; 11-6 : interleukin 6

C reactive protein; LDH : lactate

Table 2. Relation between variables

R p-value
Hb-Ferritin -0,071 0.804
Hb- SO2 -0,008 0.571
Ferritin-CRP 0,227 <0.001
Ferrtitin-1L6 0,243 0.348
Ferrtin-LDH 0,514 <0.001
Ferrtin-Transferrin Saturation 0,105 0.056

R: correlation coefficient; Hb: hemoglobin; SO,: Oxygen saturation; CRP: C reactive
protein; IL-6: interleukin 6; LDH: lactate dehydrogenase.

Table 3. Evolution of analytical data one week after admission

Variable Admission 1 week p-value
Hb (n=485)! 13.0 (2.0) 12.6 (2.0) <0.001
Ferritin (n=277)* 712.4 (1133.8) 679.0 (853.3) <0.001
CRP (n=465)* 104.6 (137.0) 52.4 (65.0) <0.001
D Dimer (n=338)* 720.0 (800.0) 1027.0 (1577.0) <0.001
LDH (n=170)' 321.8 (121.1) 268.8 (104.9) <0.001

"Mean (Standard deviation) t test t
*Median (Interquartiles) Wilcoxon test
Hb: hemoglobin; CRP: C Reactive Protein; LDH, lactate dehydrogenase.

The evolution of Hb showed a slow and progressive decrease in
patients with more days of admission, none of the patients suffered a
severe anemia (Figure 1).

In addition, Hb decreased as the severity of the symptoms increased.

When the patients were divided in those at Intensive Care Unit
(ICU), general wards and those in the home hospitalization regime,
the mean Hb was 13.6 g/dL (SD 1.6 g/dL) in the latter group, with less
hypoxemia and lower level of inflammation (Table 4). In the critical
patients admitted ICU with invasive support, the Hb level was lower,
mean 11.1 g/dL, compared to 12.7g/dL in patients admitted in general
wards with non-invasive oxygen therapy (P<0.001). Likewise, ferritin
and DD increase significantly with the severity of disease.

Discussion

Half of the patients with COVID-19 suffered anemia, mean Hb at
admission was in reference range. The mean Hb level of the population
areas analyzed in this study is not available, however studies in a
neighborhood region suggest that this level is similar to that of the non-
COVID-19 population with similar average age [13,14].
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Table 4. Analytical data in different clinical conditions

General wards | Out patients

Variable ICU 27.6 % 61.4% 110 % p-valor

Hb' g/dL 1.1 2.1) 12.7 (1.9) 13.6 (1.6) <0.001

S0.2% 94.8 (32.7) 723 (23.8) - <0.001

Ferritin® pg/L 2055 (1389) 994 (978) 591 (591) <0.001
: 3

FDE%I)mer gL | 2269 (2658) 2842;‘(19794) 669 (857) <0.001

CRP?mg/L 6.6 (1.89) 102 (19) B <0.001

"Mean (standard deviation) anova

?Mean (standard deviation) t test

*Median (intequartils) Kruskal Wallis test

ICU: Intensive care unit; Hb: hemoglobin; SO,, Oxygen saturation; CRP: C reactive protein.

20,00
mean Hb gfdL
15,00
10,00
5,00
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days 1 7 14 21

Figure 1. Hemogloblin evolution during stay at hospital

Considering the mean age in our patients ,63 years, and the fact
that Hb tends to decline with age [14-16], we consider that low Hb in
patients affected by COVID-19 is not a characteristic of the disease.

Published studies reveal decreased Hb in 40-50% of cases [17];
however, other studies report normal Hb levels with the exception
of adolescents with pneumonia [18-19]. A meta-analysis shows that
Hb values are essentially reduced in COVID-19 patients with severe
disease, compared with mild pneumonia [20], the same trend we found
in our patients, with a significantly greater decrease of the Hb in the
most severe patients requiring ICU admission compared to the others
(Table 4).

This findings can lead to two types of considerations; first , the
progressive decrease in Hb suggests that this is a marker of worse
clinical progression and the need to maintain Hb levels must be
assessed, transfusion support, hematinics and/or erythropoietin
administration to prevent the evolution to severe disease; or second,
that anemia doesn 't predispose severity, it’s a consequence of clinical
course of the disease, taking into account also the iatrogenic component
due to multiple analyses (vampirism) [21] and the increase of bleeding
risk for the antithrombotic protocols.

In our records the mean Hb progressively decreases, dropping to
10.0 gr/dL in patients who remain warded for two weeks (Figure 1), while
Vincent, et al. found similar results after 4 weeks [22]. We consider this
primarily an inflammatory anemia, associated to inflammation, as acute
phase reactants such as ferritin, CRP and LDH, revealed [9],
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In addition, low TSAT reflected an underlying iron deficiency
in many patients, while normal level of haptoglobin ruled out the
suspicion of hemolysis in these cases. This finding is against studies
suggesting possible direct damage of SARS-CoV-2 to the globulin
chain causing porphyrin damage with hemolysis and hypoxia [11].

Another important fact is the elevation of inflammatory parameters
in these patients. Various publications highlight the consequences
of inflammation and anemia in ICU septic patients, the elevation of
inflammatory cytokines are associated with low functional iron [23].
The evolution of parameters related to inflammatory anemia (s-
erythropoietin, s-ferritin, IL-6 and especially hepcidin) in these critical
patients is associated with increased mortality [24]. The results of a
study suggest that Hb and ferritin may be biomarkers for identifying
disease severity.

SARS-CoV-2 induces the Inflammation-driven increase in
hepcidin concentrations which blocks the correct use of iron, increasing
ferritin while inducing serum iron deficiency and a decline of Hb [25].
For this reason, anti-inflammatory drugs such as tocilizumab will
likely suppress hepcidin synthesis and so increase serum iron [26]. In
these patients with such high numbers of inflammatory markers, the
level of Hb should be lower than those reported, probably due to the
stimulus of hypoxia on erythropoiesis [27], as they are patients with
low oxygen saturation. Severe cases of COVID-19 revealed a decreased
ratio of arterial oxygen partial pressure to fractional inspired oxygen
with hypoxia, tachypnea and hypocapnia (low levels of carbon dioxide)
[28]. This hypoxia and hypocapnia in severe cases, could stimulate
renal and hepatic erythropoietin and the uptake of iron, improving
erythropoiesis, which compensate the inflammatory anemia.

One of the limitations of this study is the lack of s-erythropoietin
data that would have allowed us to analyze the relationship with the
other parameters studied.

The acute respiratory distress in patients with severe COVID-19
leads tolow blood oxygenation levels and can be directlylife-threatening
because of the body’s organs dependence upon adequately oxygenated
blood. In case of renal and/or liver failure or severe inflammatory
anemia and the production of blood cells cannot compensate the
stimulus of hypoxemia allogenic blood transfusion may be necessary
to increase tissue oxygenation. It is clinically important to avoid this
situation due to its immunomodulatory effect in these patients with
an altered immune system. Other treatments used at the beginning
of pandemic such as chloroquine and hydroxychloroquine could
have a secondary benefit by increasing Hb production an increasing
Hb availability for oxygen binding and acetazolamine by causing
hyperventilation [29].

The management of anemia requires the evaluation of its etiology
to select the appropriate therapy to benefit the patient avoiding the
potential harms; based in the experience in warded patients with
low Hb and TSAT and inflammatory conditions, the administration
of intravenous iron and erythropoietin at limited doses could be the
therapy to be applied, closely controlled due to the high thrombotic
risk associated [28,30].

Conclusions

- Hb decreases in patients with more days of hospitalization, this
trend is more pronounced in severe clinical conditions (ICU).

- No hemolysis has been detected, proven by the stable haptoglobin
levels.
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The increase of inflammatory markers, including ferritin, low Hb,
low TSAT are compatible with the hypothesized dysregulation in
erythropoiesis.

Despite the significant inflammatory profile with particularly high
ferritin numbers, inflammatory anemia in most patients is not
severe; TSAT reflects iron deficiency, so the administration of iron
and erythropoietin could be the best therapy.

We must not forget that critical patients have very long stays with
blood draws for daily analysis. It is important to exclusively extract
the necessary samples, the use micro-samples can aid to avoid
iatrogenic anemia.
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