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Introduction
The novel Corona virus disease 2019 (COVID-19) is a potential threat 
for civilisation.  The disease caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Incubation period of SARS, 
COVID-19 is 1–14 days. SARS-CoV-2 commonly transmitted by 
either through aerosol or fomite [1]. Majority of patients were 
asymptomatic, and some patients present with symptoms of fever, 
cough, fatigue, breathing difculties, anaemia, cytopenia and loss of 
taste and smell [2]. 

Some patients on post-acute infectious sequel of COVID-19 reports 
following symptoms of fatigue, dyspnoea, chest pain, patients are 
asymptomatic or having mild symptoms and eventually recover, some 
COVID-19 patients experiencing symptoms long after their COVID-
19 polymerase chain reaction test (RT-PCR) turns negative; this is 
commonly referred to as “post-COVID-19 syndrome” or “long 
COVID.” As per the National Institute for Health and Care Excellence 
(NICE), Post COVID-19 syndrome is dened as, “signs and symptoms 
that develop during or after an infection consistent with COVID-19, 
continuing for more than 12 weeks (3 months), and not explained by an 
alternative diagnosis.” [3]. 

Pathophysiology of COVID
The lungs are the primary site of COVID-19 infection [4]. Human 
angiotensin-converting enzyme 2 (ACE2) is the major receptors for 
the entry of virus to the host cells. There are four main structural 
proteins: i) spike (S), ii) envelope (E) glycoprotein, iii) nucleocapsid 
(N), iv) membrane (M) protein. Other than four structural proteins, 
there are 16 non-structural and 5-8 accessory protein[5] .

Two subunit of spike protein S1 and S2 helps in binding of ACE2 
receptors of the host cells and imitate virus through transmembrane 
serin protease 2 (TMPRSS2) [6]. ACE2 receptors not only present 
abundantly on type II alveolar respiratory epithelium,  ACE2 receptors 
are also  present other organs such as the upper oesophagus, 
enterocytes of the gastro-intestinal tract such as ilium, 
cardiomyocytes, urogenital tract like proximal tubular cells of the 
kidney, and urothelial cells of the bladder[7]. 

SARS-CoV-2 mediated pneumonia may occur in two phases, in the 
early phase there are direct virus replication induced tissue damage, 

followed by infected host cells trigger the immune response. Immune 
reaction due to infected host cells mobilizes T lymphocytes, 
monocytes, and neutrophils. Mobilization of neutrophils, monocytes 
released various  cytokines such as, interleukin-1 (IL-1), interleukin-6 
(IL-6), ), IL-1β, IL-8, IL-12  tumour necrosis factor-α (TNF α), 
granulocyte-macrophage colony-stimulating factor (GM-CSF) and 
interferon (IFN)-γ. Occasionally circulatory high secretion of IL6 and 
TNF-α  may results in a 'cytokine storm'[8,9].Inammatory cytokines 
causes increase  vascular permeability and ensuing of pulmonary 
oedema , inammatory myocarditis, hepatic injury, GI mucosal injury 
etc. Peri-vascular inammation may initiate microvascular 
microthrombi deposition and vascular injury followed by 
haematological changes [10,11,12].  Binding with Toll-Like receptors 
(TLR) also persuade the release of pro-IL-1β, which splits the active 
mature IL-1β until lung brosis occurs [13]. Inammation intensely 
affects erythropoiesis through different mechanism, pro-inammatory 
cytokines like interferon γ, IL-1,IL-33,TNF-α  and interleukin-6 
initiate abnormal iron metabolism [14].All the inammatory 
mediators exerts inhibitory effects on erythroid progenitor and 
precursor cells that may reduce erythroid lifespan [15-19]. 
Inammatory processes associated with COVID-19 may initiate 
anaemia due to iron deciency. Serum ferritin is iron storage protein, a 
single ferritin molecule can sequester up to 4500 iron atoms. 
Circulatory low serum ferritin reects low intracellular storage of 
irons [20]. Serum ferritin also reect as a inammatory markers due to 
release of serum ferritin from damage cells [21].

Human umbilical cord blood (HUCB) contains an average of 80-90 ml 
of blood at term. Which is rich in foetal haemoglobin (HbF) that has the 
potential to carry 60 percent more oxygen than adult haemoglobin (Hb 
[22]. HUCB also has a higher platelet concentration of 750000 against 
250000 per micro litre of adult blood and a WBC count of 24,000 
against 6500-10,500 cells/µL in adult blood. [23] HUCB has also been 
found to contain an array of anti-inammatory cytokines like IL-10, 
IL-4 etc. [24]. 

Methods
The study was conducted at the Department of Regenerative Medicine 
and Translational Science, School of Tropical Medicine (STM) and 
Department of Biochemistry and Biophysics, Kalyani university after 
obtaining the ethical permission [CREC-STM/2020-AS-27 dated on 
18/08/2020] from the institute. The study was conducted from July 
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COVID-19 patients commonly present with lower respiratory symptoms with other systemic involvement. 
Haematological manifestation such as low haemoglobin, thrombocytopenia, lymphocytopenia also common in COVID-

19 patients. In this study, we investigated prevalence, association with serum ferritin in post COVID-19 anaemic patients, after human umbilical 
cord blood transfusion in relation to control group. Among 155 COVID-19 RT-PCR positive patients 36 (23%) was anaemic. In our study 18 
patients was transfused human umbilical cord blood, 12 patients were treated with haematinics and 6 patients denied taking any of the above. In 
most cases anaemia was moderate to severe that may be due to inammation or due to pre-existing iron deciency.Umbilical cord blood 
transfusion to post COVID -19 patients for the treatment of anaemia because of the unique composition of UCB. Haematological analysis and 
serum ferritin estimation reecting the treatment out come in post COVID-19 anaemic patients. There was a difference between the dependent 
variable's serum ferritin (p <.001) in anaemic COVID-19 patients. In conclusion, our result highlight serum ferritin is widely used in diagnosis 
and monitoring of COVID-19 disease. 
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2020 to December 2021.

Nearly 1500 COVID-19 RT-PCR reactive patients examined during 
July 2020 to December 2021 at different OPD or IPD, out of 155 
patients were participates in our study among them 36 were anaemic. 
The criteria for selecting subjects for the study were 18-70 years old, 
both male and female volunteers, patients having haemoglobin levels 
less than equal to 10g/dL and post COVID patients voluntary 
participating in study. While the patients suffering from COVID-19 
pneumonia & severe anaemic patients requiring urgent blood 
transfusion, not adhering to the study protocol, missing follow up 
visits, decision made by the expert clinical team. Anaemic patients due 
to unknown causes, haemoglobinopathies and systemic disease and 
patients having the presence of other chronic ailments e,g CKD, 
COPD, hypertension, malignancy were excluded from the study. The 
control group comprised of 12 Post Covid-19 patients with anaemia 
who had been treated with haematinics and other standard therapy as 
decided by the clinical expert team in the department. The 
experimental group consisted of 6 post Covid-19 patients with 
anaemia who had been transfused with freshly collected human 
umbilical cord blood (UCB). The study was conducted up-to 4 months 
from the day 0 or baseline study day. 

Collection of umbilical cord blood and transfusion.
Human umbilical cord blood was collected from consenting mothers 
aseptically after lower uterine caesarean section (LUCS) under general 
or regional anaesthesia. In case of gross prematurity or dysmaturity, or 
if the projected weight of the foetus was less than 2 kg in USG, or if the 
mother suffered from any specic disease like hepatitis, HIV, etc., the 
cord blood collection was abandoned. Cord blood was collected only 
from informed, healthy mothers with their consent, after their healthy 
babies were born. The collection was started only after the baby was 
safely removed from the operation eld, and the anaesthetist veried 
that the physical condition of the mother was stable. Decision to 
proceed with umbilical cord collection was taken by the obstetrician, 
only after that cord was immediately disinfected by spirit/Betadine 
solution. Umbilical cord blood was collected by puncture of the 
umbilical vein. A 16-g needle was attached umbilical cord blood 
collection bag. Blood bag contained 14 ml CPDA as anti-coagulant 
(citrate, phosphate dextrose adenine solution). Blood was collected as 
per owed by gravity, and generally it was taken 3to 5 minute for 80-
100 ml of the cord blood collection.

After collecting the cord blood in cord blood bag (Terumo penpolTM 
,Mfg Date-06-05-2020 & Exp Date 05-05-2022), all units safely 
preserve at normal room temperature (20-240C) until the transfusion 
related infective markers was negative. All units were tested for HIV, 
HbsAg, antiHCV by ELISA (enzyme linked immune sorbent assay) by 
RPR (rapid plasma regain) for Syphilis & microscopical examination 
for malaria. All screening negative units were tested for ABO & Rh 
blood group. Volume and specic gravity were calculated by 
CompoScale CS300 (Terumo penpolTM).  Peripheral smear was 
examined by using freshly prepared slides by gimsa stain for 
identifying morphology of different cells along with validate the test 
result by cell counter ( Sysmex ,Erba, Transasia).

ABO group [using antisera of J.mitra,Tulip and Meri  as per 
availability ] matched available units were transfused in day care basis 
under supervision at their nearest hospital prior taken a consent of 
COVID-19 anaemic recipients, average 90 ml of cord blood transfused 
by blood transfusion set under supervision. 

Parameters of laboratory investigation and follow up
All COVID-19 patients were followed up for consecutive 4 months, 
which had been conducted from Day 0 or baseline study day. Both 
control groups and experimental groups were assessed clinically along 
with other laboratory parameters. The patients were classied anaemic 
mild >9.5g/L, moderate anaemia < 9.5g/L to 8 g/L and sever if <8 g/L[ 
..]. Iron deciency anaemia diagnosed as per value of MCV, MCH 
value. Serum ferritin estimation during enrolment and end of follow of 
patients along with CBC reports helps in monitoring the COVID-19 
patients. Low haemoglobin, MCV < 80, MCH < 26 pg, and serum 
ferritin < 30ng/ml suggestive anaemia; a serum ferritin > 100 with 
CBC features dened anaemia in chronic disease. Consecutively all 
COVID-19 patients were tested for Direct Coombs test, Indirect 
Coombs test and auto control using column agglutination card [Tulip 
diagnostic(P) Ltd, matrix gel system) along with complete blood count 
( Sysmex ,Erba, Transasia).  for monitoring the transfusion related 
adverse events. 

Collection of umbilical cord blood under local anaesthesia 
aseptically from operation theatre .

Statistical analysis:
Data were analysed by descriptive statistics and result reported as 
mean, median and SD, depending on each variable value distribution. 
Difference between groups were test by Kruskall-wallis test followed 
by Mann-Whitney's test, Bonferroni Post-hoc test. All tests were two-
sided difference and correlation were considered signicant if p<0.05.

All data are checked and analysed by online “DATAtab” calculator 
with analytical software Excel & IBM SPSS .20 

Results:  
In table 1 laboratory parameters of the patients investigated in the 
present study. Comparing COVID-19 patients laboratory data 
characterized by lower Hb concentration and serum ferritin was 
analysed in different groups. In this study mean serum ferritin was 
higher in pre-transfused COVID-19 patients that is 307.76ng/ml than 
patients those were taking haematinics 93.63 ng/ml.

Table-1

Gr-1 (COVID-19 patients with medication) serum ferritin pre/post 
treatment
Gr-2 (COVID-19 patients with cord blood transfusion pre /pos 
treatment.

Box plot -fig -1
In table2, descriptive analysis pre medication and pre transfusion 
serum ferritin in COVID-19 male patients were 113.73 ng and 325.15 
ng , in female patients 33.33 ng  and 262.54 ng . In this study in table -3 
pre-treatment MCV was 78.33  and 77.5  respectively, which 
signied as microcytosis (Normal MCV- 80-100 ). Post medication 
follow up study serum ferritin was 95.33 pg and 75.67 in male and 
female participants whereas post transfusion serum ferritin was 39.15 
 and 37.8 among male and female participants.

Table-2 Descriptive analysis   
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Ser Fe (Gr-1-
pre)   Gr-1 - Post   Gr-2 pre   Gr-2 post   

Mean   93.63    90.42    307.76    38.78    
Std. Deviation   98.47    23.92    202.32    10.94    
Minimum   21    64    29    22    
Maximum   287    132    721    67    

   
   

   Sex (Gr-1)   
M   F   

   Frequency   13    5    
Ser Fe (Gr-1-pre)    
   
   
   

Mean   113.73    33.33    
Std. Deviation   107.2    9.24    
Minimum   21    28    
Maximum   287    44    

Gr-1 - Post    
   

Mean   95.33    75.67    
Std. Deviation   25.54    10.12    



Bar chart -fig 2
Table -3

Table- 4 statistical analysis

In table 4 There was a difference between the dependent variables of 
serum ferritin in different group p< 0.001 which signicant.

Among 30 COVID-19 anemic patients, 20 were male and 10 were 
female. Mean base line pre transfusion hemoglobin was in male 
individual 7.77 gm/dl and female individual 8.09 gm/dl (table -3). 
Persons those were offered for hematinic (Ferus sulphate tablet as per 
dose), had mean base line Hb for male 7.81m/dl and female 8.07gm/ dl. 
Hemoglobin of all categories were measured after 24 hours and 1 
month after the initial managements. Post transfusion Hb was male 
8.16 gm/dl and female individual was 8.59 gm/dl and symptoms for 
anemia also relived. Whereas there were changes of Hemoglobin (Hb) 
were observed person having medication for anemia after 24 hours.

Discussion.
Serum ferritin is a iron storage protein, a single ferritin molecule can 
sequester up to 4500 iron atoms. Circulatory low serum ferritin reects 
low intracellular storage of irons [25]. Serum ferritin also reect as an 
inammatory marker due to release of serum ferritin from damage 
cells [26]. In this study in spite low MCV <80  (normal MCV -80-100 
), low haemoglobin serum ferritin increase > 100 . Here more serum 
ferritin signies release of ferritin from damage cells due to COVID-
19 mediated inammatory reaction. All the inammatory mediators 
exert inhibitory effects on erythroid progenitor and precursor cells that 
may reduce erythroid lifespan [27,28,29,30,31]. Inammatory 
processes associated with COVID-19 may initiate anaemia due to iron 
deciency.

Blood and blood products mainly used for correction of anaemia, 
thrombocytopenia, granulocytopenia, coagulation enzyme deciency 
for correction diseases during emergency. All developed and 
developing countries mostly uses blood and blood components 
collected from voluntary non remunerated blood donors. Red blood 
cell alloimmunization and autoimmunization remain a major issue 
related blood transfusion [32]. Reliable supply of whole blood 
transfusion is a major issue in blood transfusion practice.  Human 
umbilical cord blood transfusion is not a routine practice for correction 
of anaemia due to ethical related issues. Bhattacharya et all published a 

data in relation to cord blood transfusion and its safety efcacy [33]. In 
this study 18 COVID-19 anaemic patients were transfused compatible 
cord blood units for correction of anaemia, there was a signicant 
change of haemoglobin in post 24 hours of cord blood transfusion. but 
with very little effects of serum ferritin in post cord blood transfusion, 
signies inability to correct iron deciency, whereas patients treated 
with medication recovered slowly, but correction of iron deciency 
was more pronounced in medicinal treatment.  Compare to medication 
and cord blood units' transfusion anaemic patients were 
symptomatically improved earlier. After following up none of them 
develop neither develop transfusion related allo or auto antibodies [34-
35]. There were several advantages of cord blood transfusion is -i) 
Ease to procurement, processing, and storage. ii) there was minimum 
to no risk umbilical cord blood donors. iii) Reduce risk of cord blood 
transfusion related infection [36,37]. Iv) umbilical cord blood possess 
a smaller number of antigenic sites over the red cell membrane and 
HLA antigens in nucleated cells [38,39,40,41]. V) cord blood contain 
various immunomodulatory cells which is anti-inammatory in 
nature.

Conclusion:
Serum ferritin has a dual role, which is a good indicator of iron 
deciency anaemia and alternatively increase serum ferritin is a bio 
marker for acute inammation.
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Minimum   67    64    
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Gr-2 pre    
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Minimum   67    29    
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Gr-2 post    
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Fequency 13 5
Minimumue 22 29
Maximum   67 46

   MCV Gr-1   MCV-Gr2   
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Std. Deviation   3.57    4.63    
Minimum   69    67    
Maximum   82    85    

   
Type III Sum of 
Squares   df   Mean Squares   F   p   

Treatment   555,366.69   3   185,122.23   12.4   <.001   
Within   1,047,968.25   36   29,110.23         
Error   492,601.56   33   14,927.32         
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