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Abstract

Background: Erythropoietin plays a significant role in the growth of red blood cells, hemoglobin levels, and tissue oxygenation in
critically ill patients, as well as anti-inflammatory and neuroprotective effects.
Objectives: This study aimed to evaluate the effect of recombinant erythropoietin on improving COVID-19 patients.
Methods: This study was conducted on 20 COVID-19 participants with hemoglobin of ≥ 9. The inclusion criteria was at least one
severe COVID-19 symptom/sign in this interventional study. The primary outcome was a combination of hospital stay length and
paraclinical evaluation (LDH and hemoglobin level). The outcomes and side effects were evaluated on day 0 (before the intervention)
and five (post-intervention).
Results: The mean hemoglobin level was 10 ± 1.1 gr/dL in the intervention group and 8 ± 0.7 gr/dL in the control group post-
treatment, indicating a significant difference between the groups (P = 0.04). The mean hospital stay length (6 ± 2 days) in the
intervention group was significantly less than the control group (9± 4 days) (P = 0.001). At the end of the treatment, the mean LDH
was significantly lower in the intervention group (503 ± 264 µ/L) than in the control group (725 ± 320 µ/L; P = 0.017).
Conclusions: According to the results, this study provides the first solid evidence for the positive effects of recombinant erythro-
poietin on COVID-19.
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1. Background

The severe acute respiratory syndrome Coronavirus 2
(SARS-CoV-2) outbreak was reported in late 2019 in Wuhan,
China, which turned into a pandemic within several
months with millions of reported cases (1). The range of the
clinical spectrum of COVID-19 varies from asymptomatic
to fatal pneumonia (2). According to the severity of symp-
toms, COVID-19 has been classified into four levels, includ-
ing mild, moderate, severe, and critical (3). Various crite-
ria, including dyspnea, characterize the severe and critical
levels of COVID-19, oxygen saturation of less than 93% in
ambient air, respiratory system dysfunction, septic shock,
and multiple organ abnormalities (3). Therefore, the use
of immediate and effective treatments to increase the im-

mune response and strengthen the respiratory system of
patients with severe or critical levels of COVID-19 is very
vital to save lives (4). Although vaccines and medications
have been developed, treatments for the disease are still
controversial, especially in severe cases (5, 6). When severe
hypoxemia is present with COVID-19, pneumolysis rapidly
develops and mechanical ventilation is required (7). There-
fore, these patients’ need for better tissue oxygenation,
and the effects of hemoglobin on tissue oxygenation have
received research attention. Huang et al. reported a re-
duction in hemoglobin levels in 38.2% of COVID-19 patients
(8). In addition, Wang et al. reported low hemoglobin lev-
els in 19.23% of COVID-19 patients, despite a concurrently
elevated hemoglobin level in 7.69% (9). However, Xu et
al., who examined asymptomatic patients, did not report
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hemoglobin level reduction (10).
Erythropoietin is a significant growth factor increas-

ing red blood cells, hemoglobin levels, and tissue oxy-
genation among patients in critical conditions (11). Addi-
tionally, erythropoietin exhibits neuroprotective and anti-
inflammatory properties, which have led to hypothesized
effects of erythropoietin prescription in COVID-19 patients
(12). In a brief review, Ehrenreich et al. have introduced ery-
thropoietin as a potentially effective medication for reliev-
ing the significant problems of severely affected COVID-19
patients (12). Moreover, Fishbane and Hirsch reported that
using erythropoiesis-stimulating agents (ESAs) for treat-
ment in hospitalized COVID-19 patients with anemia may
be a good idea (13). However, the efficacy of ESAs can be lim-
ited due to inflammation in most cases, so more research
is needed to address the possible efficacy of these agents
in these patients (13). Furthermore, in another study, it has
been reported that antiviral treatment along with recom-
binant human erythropoietin may reduce respiratory dis-
tress syndrome and confront the severe acute respiratory
syndrome in patients with COVID-19. However, more well-
organized clinical trials are suggested to be conducted to
assess the potential clinical benefits of erythropoietin with
its possible adverse effects in COVID-19 patients (14). De-
spite the potential positive effect of ESAs on respiratory
performance indicators based on the studies, a sufficient
number of relevant clinical trials have yet to demonstrate
the significant efficacy of ESAs among critically ill COVID-
19 patients in a variety of populations. In addition, the
interventional studies that investigated the possibility of
erythropoietin side effects (such as increasing patients’
prothrombotic status and embolism) in COVID-19 patients
were inconclusive.

2. Objectives

This study aimed to evaluate the immunity-induction
and effectiveness of recombinant erythropoietin for pa-
tients with COVID-19 in a randomized two-armed study.

3. Methods

3.1. Study Patients

The flowchart of the study population is presented in
Figure 1. This study follows the CONSORT 2010 guidelines
for reporting clinical trials involving parallel groups (15).
The entire protocol of this study is published in another re-
port (16).

This study was conducted on all patients (n = 20 par-
ticipants) with a definitive diagnosis of COVID-19 visiting
Shahid Mohammadi Hospital of Bandar-e Abbas, Iran. the

inclusion criteria were hemoglobin of ≥ 9 and at least one
severe COVID-19 symptom/sign such as tachypnea: respi-
ration rate > 30 per minute; hypoxemia: oxygen satura-
tion≤93; arterial oxygen partial pressure ratio≤ 300; pul-
monary infiltration: ≥ 50% of the pulmonary field in 24-48
hours; progressive lymphocytopenia, LDH > 245 U/I, CRP
> 100. The exclusion criteria were a history of coagula-
tion disorders, thrombosis, deep vein thrombosis, chronic
pulmonary disease, diabetes mellitus, immunodeficiency,
end-stage renal disease, hepatic disease, taking contracep-
tives, systolic blood pressure > 160 mmHg, diastolic blood
pressure > 90 mmHg, age > 65 years, erythropoietin >
500, history of myocardial infarction or unstable angina,
and history of malignancies. The sampling continued un-
til 20 individuals were selected.

3.2. Protocol of Intervention

The patients were randomly assigned to the interven-
tion and control groups using online randomization tools
with a 1: 1 ratio after providing informed consent for par-
ticipation. The patients were blinded to their group al-
location. The intervention group comprised ten patients
who received standard of care (SOC) based on the Iranian
National Committee of COVID-19 protocols and recombi-
nant erythropoietin (EPREX Manufactured by Johnson and
Johnson Pharmaceutical Company with 300 units/kg or
4000 IU subcutaneously three times a day for five days. The
patients also received Enoxaparin 1 mg/kg daily subcuta-
neously to prevent thrombosis in the intervention group.
The control group received SOC based on the Iranian Na-
tional Committee of COVID-19 protocols and the placebo.
The primary outcome was a combination of hospital stay
length and paraclinical evaluation of the patients (LDH
and hemoglobin level), as well as the side effects of the
medication such as thrombosis, deep vein thrombosis, co-
agulation disorders, myocardial infarction, CVA, or em-
bolism. The outcomes and side effects were evaluated on
day 0 before the intervention and day five after interven-
tion.

3.3. Statistical Analysis

The collected data were analyzed in SPSS software ver-
sion 26. The baseline characteristics of subjects were ex-
pressed as mean ± SD continuous variables and percent-
age for qualitative variables. Since the sample size of
the current study was small, we used nonparametric tests
to analyze the data. The Mann-Whitney U test was per-
formed to compare the quantitative data between the two
groups, and the Wilcoxon test was conducted to compare
the quantitative data pre-and post-treatment. The percent-
age of gender distribution between intervention and con-
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Assessed for eligibility (n = 600)  

Excluded (n = 30)  

• Not meeting inclusion criteria (n= 330  ) 
•    Declined to participate (n = 200)    
•    Other reasons (n = 20)   

Analysed (n = 10)     

•  Excluded from analysis (give reasons) (n = 0)  

 

Lost to follow-up (give reasons) (n = 0)   

Discontinued intervention (give reasons) (n = 0)   
 

Allocated to intervention (n = 10)   

•  Received allocated intervention (n = 10)   

•  Did not receive allocated interve ntion (give 

reasons) (n = 0)   

Lost to follow-up (give reasons) (n = 0)   

Discontinued intervention (give reasons) (n = 0)  
 

Allocated to intervention (n = 10)   

•  Received allocated intervention (n = 10)   

•  Did not receive allocated intervention (give 

reasons) (n = 0)   

Analysed (n = 10)   

•  Excluded from analysis (give reasons) (n = 0)  

 

Allocation  

Analysis  

Follow-Up  

Randomized (n = 20)   

Enrollment  

Figure 1. Flowchart of the study population

trol groups was compared using the chi-square test. P-
values < 0.05 were considered statistically significant.

4. Results

This study was conducted on 20 hospitalized patients
with COVID-19 (65% men and 35% women) with a mean age
of 53 ± 12 years old. The patients were divided into two
groups of 10 based on receiving erythropoietin. The first
group (intervention) received erythropoietin three times
a day for four days, while the second group (control) re-
ceived the same dose of the placebo. The para-clinical find-
ings were examined and compared before and after the in-
tervention.

Table 1 presents that the mean age of the patients is
53.4 ± 11.7 years in the intervention group and 52.9 ± 12.2
years in the control group, showing no significant differ-
ence (P = 0.700). The intervention group had 60% men and
40% women, while the control group had 70% men and
30% women (P = 0.210) (Table 1).

According to Table 2, the mean hemoglobin level is 10.0
± 1.1 g/dL in the intervention group and 8.0 ± 0.7 g/dL in
the control group after treatment, showing a significant
difference between the two groups (P = 0.040). In the inter-
vention group, the mean hemoglobin level was 9.0 ± 0.8
g/dL before and 10.0 ± 1.1 g/dL after the treatment, indicat-
ing a significant increase (P = 0.001). In the control group,
the mean hemoglobin level was 9.0 ± 0.8 g/dL before and
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Table 1. The Characteristics of Participants Based on Intervention and Control Groups Classification

Variables Intervention Group (n = 10) Control Group (n = 10) P-Value a

Age (y) (mean ± SD) 53.4 ± 11.7 52.9 ± 12.2 0.700

Sex (%) 0.210

Men 60 70

Women 40 30

a P-value was calculated using the Mann-Whitney U test for COVID-19 variable and chi-square test for the qualitative variable.

8.0 ± 0.7 g/dL g/dL after the treatment, showing a signifi-
cant reduction (P = 0.002). The mean MCV was 73.0 ± 10.5
fL in the intervention group and 57.0±6.0 fL in the control
group after receiving the medication or placebo, indicat-
ing a significant difference (P = 0.017). In the intervention
group, the mean MCV was 73.0 ± 11.1 fL before and 73.0 ±
10.5 after the treatment, but this difference was insignifi-
cant (P = 0.60). In the control group, the mean MCV was
68.0 ± 8.0 fL before and 57.0 ± 6.0 fL after the treatment,
indicating a significant decrease (P = 0.002).

The mean hospital stay length (6 ± 2 days) in the in-
tervention was significantly less group than in the control
group (9 ± 4 days) (P = 0.001). At the end of the treatment,
the mean LDH in the intervention group (503 ± 264 u/L)
was significantly lower than the control group (725 ± 320
u/L) (P= 0.017) (Table 3).

No side effect was reported for any patient during the
hospital stay and the follow-up period due to recombinant
erythropoietin or placebo injection, including thrombo-
sis, deep vein thrombosis, coagulation disorders, myocar-
dial infarction, CVA, or embolism.

5. Discussion

The purpose of this study was to examine the
hemoglobin levels of patients with COVID-19 after they
had received recombinant erythropoietin. The results
demonstrated a significant increase in hemoglobin level
of the intervention group after receiving recombinant
erythropoietin compared to the pre-intervention level (P
= 0.001). The comparison of mean hemoglobin levels in
the two groups also revealed a significant difference after
receiving erythropoietin and placebo (P = 0.04). As noted
in the Introduction, the severity of COVID-19 may affect
the reduction in hemoglobin levels (8, 10). Cai et al. ex-
amined the factors affecting COVID-19 ICU admission and
found no relationship between hemoglobin level and ICU
admission (17). Other studies have reported a relationship
between COVID-19 progress-related reduced hemoglobin
and the higher prevalence of anemia cases in deceased
patients (18, 19). The comparison of hemoglobin pre- and

post-placebo in the control group suggested a significant
reduction in hemoglobin level (P = 0.002).

Almost all diseases are influenced by iron metabolism,
which is essential for erythrocytosis and oxygen transport
(20). Thus, the similarity in the distant amino acid se-
quence between ARS-CoV-2-spiked glycoprotein cytoplas-
mic tail and hepcidin protein, as well as the possibility of
SARS-CoV-2 attacking the beta chain of hemoglobin could
be due to hemoglobin reduction in these patients (21, 22).
The results of Yagci et al. showed a significant decrease
in hemoglobin and haptoglobin in critical and deceased
COVID-19 patients (20), explaining the effectiveness of re-
combinant erythropoietin in the current study. The find-
ings of Viruez-Soto et al. also demonstrated a 2.5-times
lower mean erythropoietin level and a 25% reduction in
hemoglobin level in deceased patients than in surviving
patients (7). Erythropoietin is the primary growth factor
that promotes red blood cell formation and tissue oxy-
genation (23), but it also has nonerythropoietic effects.
Erythropoietin acts against vascular constriction, thereby
improving oxygenation to the heart, brain, and other or-
gans by increasing the endothelial capacity for produc-
ing nitric acid (24). COVID-19 also directly affects the res-
piratory centers of the brain stem, stimulates normoxic
and hypoxic respiration, as well as preventing the in-
flammation caused by it (7, 24, 25). In addition, COVID-
19 affects the retinoic acid-inducible gene I (RIG-I) and
melanoma differentiation-associated gene 5 (MDA5) vi-
ral pattern recognition receptor that produces interferon
and maintains vascular endothelium, which may reduce
thrombotic events by activating innate immunity against
virus RNAs through the beta-globin (26). As a result of these
factors and the adjusted dose, erythropoietin injections
may have had reduced side effects in our study.

The findings of post-recombinant erythropoietin injec-
tion in the intervention group did not show any significant
difference in MCV compared to pre-intervention. However,
the comparison between the control and erythropoietin
groups showed a significant reduction in MCV in the con-
trol group (P = 0.017). In line with our findings, the results
of Wang et al. demonstrated a significant decrease in the
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Table 2. Hemoglobin and MCV Level Changes of Patients in Intervention and Control Groups During the Study Period

Biochemical Variables
Study Groups a

P-Value b

Intervention (n = 10) Control (n = 10)

Hemoglobin level (mg/dL) 0.040

Before 9.0 ± 0.8 9.0 ± 0.8

After 10.1 ± 1.1 8.0 ± 0.7

P-Value b 0.001 0.002

MCV (fL) 0.017

Before 73.0 ± 11.1 68.0 ± 8.0

After 73.0 ± 10.5 57.0 ± 6.0

P-Value c 0.600 0.002

a Values are expressed as mean ± SD.
b Between-group P-value was set using the Mann-Whitney U test.
c Within-group P-value was determined using the Wilcoxon test

Table 3. The Change in Mean Hospital Stay Length and LDH Levels of Participants Based on Intervention and Control Groups During the Study Period a

Variables Intervention Group (n = 10) Control Group (n = 10) P-Value b

Hospital stay length (day) 6 ± 2 9 ± 4 0.001

LDH level (u/L) 503 ± 264 725 ± 320 0.017

a Values are expressed as mean ± SD.
b P-value was specified using the Mann-Whitney U test.

MCV of patients with a poor outcome compared to those
with a good outcome (27). Taj et al. did not show any signif-
icant difference in the MCV of mild, moderate, and severe
disease groups, which could be explained by the reduced
statistical power due to the sample size (28). The MCV level
was significantly lower post-placebo in the control group
(P = 0.002), indicating the protective effect of the recombi-
nant erythropoietin injected into the intervention group
compared to the control group.

Moreover, the hospital stay length in the interven-
tion was significantly less than in the control group (P =
0.001). To date, there has not been a study of erythro-
poietin administration in patients with COVID-19 to de-
termine how long they are hospitalized, but studies have
been conducted on patients with other diseases. Powe et
al. found that the hospital stay length of patients under-
going dialysis from the first to the second nine-month pe-
riod in the group receiving recombinant erythropoietin
was less than in the control groups (29). Comparing the
post-intervention LDH in the two groups indicated a sig-
nificant decrease in LDH of the group receiving erythropoi-
etin compared to the group receiving placebo (P = 0.017). In
a meta-analysis by Ghahramani et al., LDH elevation in se-
vere cases was introduced as a diagnostic factor for COVID-
19 severity compared to non-severe cases (30). Zhang et al.’s
meta-regression also mentioned LDH as a predictor of mor-

tality, hospitalization, and acute respiratory distress syn-
drome (ARDS) (31). Several studies, as well as other stud-
ies, report LDH as a risk factor for increased severity (32-35).
According to our findings, recombinant erythropoietin ad-
ministration in the intervention group prevented the exac-
erbation of COVID-19, though its mechanism of action and
possible effects on COVID-19 severity require further inves-
tigation.

This small sample size limited this study due to the
multiplicity of exclusion criteria to avoid the side effects of
erythropoietin, and the possible hazards associated with
its administration. In addition, the information of the cur-
rent study on some characteristics of participants, includ-
ing body mass index, socioeconomic status, physical activ-
ity, and smoking, has not been determined, which could al-
low for more analysis and a more robust interpretation of
the results.

5.1. Conclusions

The current study showed a high degree of confidence
that recombinant erythropoietin had a positive effect on
COVID-19 patients due to the random allocation of patients
into the groups.
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