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EditorialEditorialEditorialEditorialEditorial

By the first week of April ’21 the reported new cases of Covid 19 breached the mark of one lakh/day. The rising

curve of infection is rather steep with no certainty where it could lead to   and how long this trend will continue. However

this is not an unexpected phenomenon. That second wave is more likely to come was written on the wall but some of us

hoping against the hope and many were waiting to visit the second wave   with little urgency to track the course of the

epidemic and to make necessary preparation accordingly. This sort of lacklustre attitude on the part of the government

departments and many other research institutes in the country is difficult to explain. As if we all are sitting on a living

volcano and waiting for the eruption to happen. This is perhaps linked to our culture of ‘wait and watch’ and even some

of us were in the denial mode. In retrospection if we revisit our epidemic control plan and programme during the first

wave of the epidemic we could trace the same or similar approach and attitude in dealing with the pandemic. During the

first phase of the epidemic we delayed intervention till it spreads across states and then we suddenly took the decision to

implement lock down with no home work, not adequate assessment and nature of the spread infection. It highlights lack

of planning and adequate preparation before the implementation of one of the strictest lock down in the world.

Thanks to media, we have been made to believe that lock down is a panacea which could halt COVID pandemic.

It was not clear to many that the objective of the lock down is to flatten the peak of the epidemic and to buy times to

strengthen the existing heathcare delivery system to cope with the load of COVID cases which in turn could reduce

death among the hospitalised patients. Needless to mention that planning and implementation of any health intervention

programme is context specific. Secondly, we have to be very clear about the efficacy and limitation of the strategy.

Before implementing an intervention one needs to assess the sociodevelopmental perspective of the country, population

density, demographic profile, existing infrastructure in addition to behaviour and cultural more and practices of various

communities .The population density in metros like Kolkata, Delhi and Mumbai is extremely high where sixty to eighty

thousands people live per square mile area. Almost half of the population live in slums and around 20% on streets. Our

cities are not designed to ensure physical distancing between any two individuals, be it in the offices, shops, restaurants

or the public transport system. Poor infrastructure and constraints of spaces is everywhere which are characteristics of

our living and working environment in our cities. Our cities are not comparable with cities in Europe or in America where

the efficacy of implementation of lock down could be to the tune of 80% to 90%.Keeping all these factors in consideration

modellers of ICMR predicted that, imposition of lock down in Indian cities could be effective to the tune of   50% of its

potential at best and as per their projection this   could flatten the epidemic curve by 26% only. We have to be innovative

in designing interventions. It is a question of how we could optimise between time and available spaces. Where space is

limited we have to expand the time span to carry out essential activities thereby  spreading individuals over a longer

period of time be it  in work places, offices, market or in malls to ensure physical distancing. To help this approach to

succeed, appropriate transport systems has to be designed. Transport services could be made available throughout day

and night as human activities are stretched over a longer time period. At least some attempt could have been initiated to

implement pilot project to test this strategy selecting some cities. Restricting time of operation for these essential human

activities didn’t work. However the intervention strategists of our country never moved out of the binary of ‘lock down’

or ‘no lock down’ ignoring all other plausible strategies of intervention. The penal code of the Disaster Management Act

[2005] was invoked followed by our policy makers happily handed over the baton of epidemic control in the hands of

police and administration. The science of epidemic control and monitoring of programme activities took the back seat.
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This has ever happened in other disease control programme in our country. There are no less than two dozens of health

intervention programme which are in operation since last twenty to fifty years. These programmes are designed and

implemented based on the up to date knowledge and scientific methodologies, which are monitored, assessed and

evaluated regularly. On the other hand COVID 19 intervention programme and strategies hardly followed the basic

principles of scientific scrutiny. Our responses are primarily adhoc in nature and we sprang into action when we got

challenged by the rise of infection what is happening now.

Secondly much of the success of the lock down depends on how effectively cases are identified followed by

isolation of contacts and quarantine of cases. Due to our compromised capacity we could not carry out number of tests

in large scale during the stricter phases of lock down which has further reduced the efficacy of lock down. The steady

rise of cases during these phases of lock down is not a surprising outcome. However in the initial phases government

officials claimed success of the lock down by comparing the number of cases detected against the projected numbers put

by the modellers. This is in no way a rational approach to monitor and assess programme implementation. Projected

numbers of infection based on the  models can’t be considered as  ‘gold standard’ which proved to be true as the actual

number of cases detected during the peak of the epidemic was 10-fold lesser than the projected numbers.

We are fortunate that the second wave of the pandemic came later in India and by the time we came up with the

discovery of preventive vaccines. We should be proud that we are one of the major vaccines producing country in the

world and a significant capacity to export. Unfortunately due to lack of adequate  planning, poor  monitoring and lack of

‘urgency’ on the part of the respective department we could not make best use of our strength. Government department

found to ignore the  occurrence of  vaccine hesitancy even among the frontline workers including healthcare professionals

and no appropriate steps were taken to address this challenge. Side by side there was no push on the part of the policy

makers  for quick expansion of the vaccine delivery programme which is linked to production of vaccine, maintenance of

supply chain and putting jabs to recipients. It look longer for the government department to comprehend that this kind of

large vaccination programme can’t be left to public healthcare delivery system alone. There was not enough work on

genetic sequencing to track emergence of mutant strains and to follow the spread more closely. This has happened not

due our incapacity but lack of planning and not putting due importance to follow mutagenic change which is a known

phenomenon for this kind of virus. There is a mounting fear that in response to vaccines, COVID19 will be mutating itself

in the direction which will bypass the existing testing tools and could make the vaccine less or not effective at all. So we

need a quick coverage at the shortest possible time which calls for a development of a robust vaccine delivery programme

and system guided by appropriate policy and strategy of implementation.

During the phases of unlocking processes similar things could be observed. Permission was given to open

offices, factories, mines in addition to shops and malls. As a result of which within days bus terminals were transformed

into a crowded place with the presence of huge numbers of commuters as the combined strength of public and private

bus services appeared inadequate to carry this load. To make things worse government decided not to resume local

trains and metro services which are the lifeline of metros like Kolkata, Delhi or Mumbai. Under these circumstances to

practise physical distancing which is essential to reduce transmission of COVID19 seems improbable. Commuters

found to jostle in catching buses except a few who could drive their own car or two wheelers. Individuals who enjoy

economic and social security were vociferous against the government policy for not extending  lock down even longer.

Police and administrators seem angry in dealing with ‘irresponsible’ behaviour of the commuters as many of them were

travelling without masks and not keeping physical distance which was impossible to practise. There was hardly any

serious attempt to delve into these issues and to think beyond the boxes. There was no serious attempt to restrict and
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regulate number of participants whether it relates to social, religious or political programme also. And in between four

major states in the country goes to poll which draws huge number of participants involved in various kinds of campaign

programmes and very few found to follow COVID19 specific norms and practices, neither relevant authority  issued

appropriate guidelines and to get it implemented. No one seems bother about the spread of infection then why to blame

only commoners?

 Positioning lock down as the only and standalone intervention is a major mistake. Our main focus was to calibrate

lock down and the unlocking process ignoring all other issues with special focus to influence human behaviour to reduce

transmission. It was extremely important to incorporate appropriate strategies to inculcate behavioural change and to

provide adequate support to sustain this change of behaviour which could have been the cornerstone of COVID

intervention programme. Barring one example in Dharabi [in Mumbai] where an intervention was mooted for behaviour

change through creating a supportive environment for a large slum population and it proved to be a successful intervention

programme. However National Government neither propagated this success nor captured the lessons from this intervention

programme with a view to emulate in other communities and cities elsewhere in the country. There could be any debate

that to address COVID, we have to implement behaviour change interventions through engaging different communities.

India succeeded in preventing HIV transmission through mobilising and empowering the most marginalised communities

like sex workers, transgenders including HIV-infected individuals. To implement behaviour intervention strategy there is

a need to create supportive environment for vulnerable communities. In public health parlance it is coined as ‘creating

enabling environment’ which we have mastermind in HIV intervention programme and taught to the world how to

strategise and implement this element of intervention. It is sad that we ignored the rich experience of our country while

dealing with COVID19 pandemic.

It is an established fact that lock down comes with a huge cost both in terms of human life, livelihood and economy

of the country. In India 54 major and medium sized cities altogether contribute more than 40% of countries’ GDP

.Repeated and longer period   of  lock down  will not only cripple  our economy but  will kill lakhs of people  who will die

out of  hunger and under nutrition. We have to draw a  balance between death and damages out of  COVID19 and death

due to hunger, undernutrition and for other kinds of illnesses [who failed to receive  critical healthcare services due to

lock down and for non-availability of hospital beds, etc, which were blocked for the patients of COVID19]. A recent

publication in Lancet which is based on the meta-analysis of forty publications concluded that  COVID19 pandemic has

worsened the maternal and foetal outcome with significant increase in maternal death, stillbirth and ruptured ectopic

pregnancies. Due to lack of adequate research it is   left to the guesstimate of researchers regarding the type, nature and

quantum of lateral health damages caused by COVID19 epidemic in our country. As reported in many other countries

people suffering from other major illnesses eg, TB, HIV or malaria who could not receive adequate services due to

COVID19 and lock down,  we don’t know how many new cases of TB, HIV left undetected and how many resistant

strains had emerged  in connection to TB and HIV due to interruption of services which will further complicate the

already stretched National health intervention programmes for these diseases.

 More than 91% of our work force [ILO’s estimate is forty-one crore] belong to informal labour sector who do

not enjoy any ‘out of job’ benefit, neither they are covered under any sensible social security programme. For them and

for their family no work means no food, no medicine, etc, unlike their European and American counterpart who receive

living salary and other benefits while they were out of job due to Covid 19. In our country informal sector workers

remained invisible till the lock down was imposed. In the process the interstate migrant workers [numbering seven crore]

were forced to make themselves visible as it impacted their life and livelihood, which is cause of unplanned lock down.
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Imposing one more lock down to address the second wave of the pandemic could bring disaster for these kinds of

families.

We made similar mistakes like many other countries in the west through blindly following their   narratives

focussing only on hospital beds, medicine, ventilators, etc, as the sole issue of epidemic control. The medical and

pharmaceutical industry has swayed us in the direction which benefit them. COVID19 containment strategy shouldn’t be

boxed in this discourse. We have to frame epidemic control not just from the lens of health but looking from the broader

development perspective of the country. We need to expand the canvas of epidemic control through incorporating social

and ecological elements–which calls for a paradigm shift and a long term vision of present and plausible many other future

epidemics. It demands collective ownership and self confidence which is the precondition to build self reliant India. The

sooner we recognise it the better.

Fortunately death among the COVID infected individuals during the second wave  is less  in comparison to first

wave. It appears that mutant strains are more infectious but not lethal–which is explainable as per  the law of nature.

There is no quick fixed solution for COVID. We have to live with it. We need to adopt a combination prevention strategy

which should include behaviour change intervention, rapid expansion of vaccine programme and introduction of context

specific strategy to ensure physical distancing. Top down approach hardly works in public health interventions. Communities

like migrant workers, slum dwellers and others must be  incorporated  to  play their role not just  as  service recipient  but

an  implementer and gate keeper of COVID intervention programme. We have to change our gear from police and

administration led approach to bottom up community centric programming to reduce transmission and to mitigate impact

of the epidemic.
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Perspectives for the Generation of Blood Cells

Key words: Stem cell, blood transfusion, in vitro / ex vivo production of blood cells, haemopoiesis, erythropoiesis,

pluripotoent, haematopoietic transcription factor.

Introduction:

Transfusion of red blood cells (RBCs) and plate-

lets is one of the most common life-saving procedures used

in the clinic. Blood transfusions are needed to replace blood

lost through traumatic injury and surgery. Transfusions are

also used for the treatment of burn victims, recipients of

organ transplants, and patients with leukaemia, cancer,

sickle cell diseases, thalassaemia and thrombocytopenia.

With new advances in medical treatment and an ageing

population, the demand for blood products continues to

increase1. Currently, all blood components utilised for trans-

Alok Bandyopadhyay1

Abstract:

Generally, a common multipotent stem cell is the origin of various  blood cells, including erythrocytes,

lymphocytes, granulocytes, and macrophages. Particularly in adult, haemopoietic stem cells are mainly seen in

bone marrow, and they depend on contact-mediated signals from the marrow stromal (connective-tissue) cells to

maintain their stem-cell character. The stem cells normally divide infrequently to produce more stem cells (self-

renewal) and various committed progenitor cells (transit amplifying cells), each able to give rise to only one or a few

types of blood cells. Blood transfusions hold an indispensable part in the modern healthcare system. Up to date,

the blood supply is largely dependent on donations and further its supply is limited due to clinical guide, So it is

required to produce blood in some other means. In the meantime,  the concept of in vitro/ex vivo production of

blood cells has been emerging and many attempts have been focused on manufacturing mature erythrocytes, In this

review, a focus is made on (a) cell fate reprogramming using haematopoietic transcription factors (TFs) (b) genetic

modifications for immortalisation of blood-derived erythroblasts. The limitations and future perspective to overcome

the limitations are discussed.

1PhD, RAC, AB Consulting LLC, Lansdale, Pa 19446, USA
Corresponding author: Dr Alok Bondyopadhyay, 1/68 Canterbury Drive, Lansdale, Pa 19446, USA, Tel: +12157400551,

E-mail: alokbandy@gmail.com
[Senior global regulatory consultant, is associated with AB consulting LLC. He worked under renowned virologist Dr

Joseph Melnick at Baylor College of Medicine and continued the work on retrovirus at National Cancer Institute prior
to the joining in Pharmaceutical Industry. He has more than 15 years of pharmaceutical experience. He held positions
at several pharmaceutical companies and has published several articles and abstracts.]

fusion therapy are obtained through voluntary donation,

which creates periodic shortages and concerns about dis-

ease transfer.

The many types of blood cells, including

erythrocytes, lymphocytes, granulocytes, and macrophages,

all derive from a common multipotent stem cell. In the adult,

haemopoietic stem cells are found mainly in bone marrow,

and they depend on contact-mediated signals from the

marrow stromal (connective tissue) cells to maintain their

stem cell character. The stem cells normally divide

infrequently to produce more stem cells (self-renewal) and



various committed progenitor cells (transit amplifying cells),

each able to give rise to only one or a few types of blood

cells. The committed progenitor cells divide extensively

under the influence of various protein signal molecules

(colony-stimulating factors, or CSFs) and then terminally

differentiate into mature blood cells, which usually die after

several days or weeks.

Studies of haemopoiesis have been greatly aided

by in vitro assays in which stem cells or committed

progenitor cells form clonal colonies when cultured in a

semisolid matrix. The progeny of stem cells seem to make

their choices between alternative developmental pathways

in a partly random manner. Cell death by apoptosis,

controlled by the availability of CSFs, also plays a central

part in regulating the numbers of mature differentiated blood

cells2-4.

Haematopoietic Stem Cells:

Haematopoietic stem cells (HSCs) have the

property of self-renewal and through cell division and

differentiation, form populations of progenitor cells which

are committed to the main marrow cell lines: Erythroid,

granulocytic and monocytic, megakaryocytic, and

lymphocytic. The earlier progenitor cells are multipotent,

but as division and differentiation proceed, later progenitors

are formed that are committed to three, two, or one cell

line5,6. In the strictest sense, depending on potency (ie, the

capacity to differentiate into specialised cell types), stem

cells are either totipotent or pluripotent. Totipotent cells

differentiate into embryonic and extraembryonic cell types,

whereas pluripotent cells are defined as the descendants of

totipotent cells and differentiate into cells derived from any

of the three germ layers, although multipotent or unipotent

progenitor cells are sometimes referred to as stem cells.

Pluripotent cells are capable of forming virtually all of the

possible tissue types found in human beings. Multipotent

stem cells are partially differentiated, so that they form a

limited number of tissue types. Multipotent cells produce

only cells of a closely related family of cells (eg,

haematopoietic stem cells differentiate into red blood cells,

white blood cells, platelets). Unipotent cells produce only

one cell type but have the property of self-renewal which

distinguishes them from non-stem cells (eg, muscle stem

cells). During blood-cell development, pluripotent HSCs

undergo either self-renewal or differentiation into

multilineage committed progenitor cells: Myeloid stem cells

or lymphoid stem cells, which are CD4 (CD4 antigen), CD8

(CD8 antigen) and T-cell antigen receptor (TCR)

negative7,8.

Studies pioneered by Luc Douay’s group

demonstrated the feasibility of ex vivo production of red

blood cells (RBC) from CD34+ HSCs/progenitors isolated

from cord blood, bone marrow or peripheral blood2.

However, somatic HSCs are difficult to expand, which limits

the possibility of using these cells for high scale industrial

production of major blood components. Human embryonic

stem cells (ESC) are pluripotent stem cells (PSC) capable

of unlimited proliferation while maintaining the ability to form

all the cells of the body, including blood cells3,4. Human ESC

can be grown in unlimited numbers, thus their derivatives

can also be produced in unlimited numbers. In 2006,

Yamanaka’s group demonstrated that mouse skin fibroblasts

could be reprogrammed to a pluripotent ESC-like state

via ectopic expression of four factors9. Soon after, induced

PSC were obtained from human skin fibroblasts9-11.  Like

human ESC, human induced PSC proliferate indefinitely

and can be efficiently differentiated into blood cells12,13.

 Since induced PSC can be generated from any individual

without the ethical controversy associated with obtaining

human ESC, they can be used to generate blood cells with

phenotypic characteristics matching those of any living

individual. Because human induced PSC were initially

obtained using lentiviral vectors and reprogramming factors,

some of which are known oncogenes, proviral integration

was the most significant concern regarding translation of

the use of these cells into the clinic. However, this obstacle

has been overcome in a short period and technologies

allowing for the generation of transgene-free human induced

PSC have already been developed14.

Recently, several groups have demonstrated the
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feasibility of RBC production from human ESC15,16.  The

work by Lapillonne et al17 shows that RBC can be

produced from induced PSC on a large scale. By

differentiating induced PSC and human ESC, the authors

were able to obtain up to 3.5×109 RBC from 106 PSC. As

one pack of RBC concentrate contains approximately

2×1012 cells, only 109 PSC would be required to produce

one unit of cells for transfusion. Given the huge expansion

potential of PSC, these achievements bring the possibility

of manufacturing blood cells closer to reality. However, in

spite of these technological advances, the high costs

associated with culturing and differentiating cells in

vitro remain major challenges to the industrial production

of RBC. Nevertheless, manufacturing RBC has several

important advantages for clinical use. First, the continuity

of blood supplies could be improved significantly; RBC of

any blood group could be produced demand, and an

unlimited number of universal type (O Rh negative) RBC

could be available for use in patients with acute haemorrhage

with an unknown blood group. Manufactured blood

products would also virtually eliminate the risk of viral, prion

(the cause of fatal spongiform encephalitis), and bacterial

transmission. RBC could be obtained without the presence

of contaminating plasma, granulocytes and lymphocytes,

significantly reducing the incidence of non-haemolytic

transfusion reactions and graft-versus-host disease in

immunocompromised patients. Younger RBC (neocytes)

could also be produced, reducing the number of transfusions

required for patients with chronic anaemias, and therefore

reducing haemosiderosis due to iron overload and its

sequelae: Diabetes, cardiac failure and death. Finally,

genetically modified ESC or induced PSC with a rare blood

group phenotype could be produced to generate RBC that

fit specific clinical needs.

When patients lose blood they also need platelet

transfusions. Platelets are extremely fragile and currently

there is no clinically applicable method for their long-term

storage. A total shelf-life of only 5 days translates into 3

days of potential use for hospitals after testing and shipping,

so most blood banks have constant platelet shortages.

Alloimmunisation and development of refractoriness to

platelet transfusions remain significant clinical problems,

especially for patients with severe thrombocytopenia and

bone marrow failure. The use of human PSC to produce

platelets has the potential to reduce alloimmunisation

significantly by providing platelet products free of leucocytes

and by manufacturing HLA-matched platelets on demand.

Although the feasibility of megakaryocyte and platelet

production from human ESC has been demonstrated18,19

the differentiation systems currently used require xenogeneic

feeder cells and are not robust enough to enable industrial

production.

Granulocyte transfusions are used to treat severe

neutropenia in patients undergoing myelotoxic therapies.

Granulocytes have a very short shelf-life (24 hours) and

have to be HLA-matched to prevent alloimmunisation. As

an alternative approach, myeloid progenitors with the

potential to differentiate into mature myelomonocytic cells

can be generated from stem cells and used to improve

immune function in patients with bone marrow failure.

Recent studies demonstrated that Lin– CD34+ CD43+

CD45+ multipotent myeloid progenitors could be generated

from human ESC and induced PSC, expanded with

granulocyte-monocyte CSFs, and differentiated, with high

efficiency, into almost all types of mature myelomonocytic

cells, including neutrophils, eosinophils, dendritic cells,

Langerhans’ cells, macrophages, and osteoclasts15. The

methodology described already enables the production of

more than 106 CD34+CD45+ highly proliferative myeloid

progenitors from 106 human PSC. Although the potential

of human PSC-derived myeloid progenitors to restore

myeloid cell production in vivo remains to be evaluated in

animal models, these cells can already be used to screen

the myelotoxicity of chemotherapeutic drugs. Despite the

relative ease with which human PSC can be differentiated

into erythromyeloid cells, generation of human PSC-derived

lymphoid cells remains a significant challenge. Kaufman’s

group demonstrated successful differentiation of human ESC
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into natural killer cells20. T cells were obtained from human

ESC using DLL1-expressing OP9 stromal cells or by

transplanting differentiating human ESC together with human

thymic tissue into immunocompromised mice21,22. While the

potential of human ESC to generate B cells has been

shown23,24 significant improvements in differentiation

conditions are needed to achieve efficient production of B

cells from human PSC.

Human PSC lines with the most commonly used

RBC and platelet genotypes/phenotypes can be obtained

and used for continuous manufacturing of blood products.

To meet specific clinical needs (eg, transfusion of

alloimmunised patients, patients with rare blood groups),

cells with unique genotypes/phenotypes can be obtained

from a stem cell bank to manufacture blood products on

demand (Fig 1). In addition, human PSC can be genetically

modified to produce RBC for drug delivery or platelets for

targeting specific pathways in the coagulation cascade to

treat bleeding disorders or coagulopathies. Human PSC-

derived haematopoietic progenitors can be used to treat

bone marrow failure due to chemotherapy-induced

myelotoxicity. Human PSC also provide an opportunity to

manufacture dendritic cell-based vaccines for cancer

immunotherapy with a broad variety of MHC genotypes/

Fig 1 –  Human Induced Pluripotent Stem Cells (PSC) and Human Embryonic Stem Cells for Manufacturing Blood

Products
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phenotypes. By using human PSC genetically engineered

to express tumour-specific T-cell receptor, cytotoxic T cells

can be produced to target malignant tumours.

Advances in the identification of reprogramming

factors, the generation of human induced PSC, and their

differentiation to blood cells provide a unique opportunity

for the development of novel technologies for manufacturing

patient-customised blood products. Current studies clearly

demonstrate the feasibility of massive ex vivo production

of erythromyeloid cells from human PSC. The next key

steps toward clinical translation of human PSC-based

therapies for blood diseases include development of

completely defined, animal product-free conditions for the

PSC differentiation; bioreactor based-technology for further

scaling up of cell production; and evaluation of the

therapeutic potential and safety of human PSC-derived

blood cells in animal models25.

Erythropoiesis:

A limited resource of blood, blood group

compatibility (ABO and Rh antigens), and the risks of

infection can present great challenges for blood

transfusion26, 27. Therefore, any alternative solution methods

would be most helpful for patients with rare blood groups27.

Mature RBCs or erythrocytes/erythroid cells in a complex

process called erythropoiesis are produced from HSCs28.

Erythroblasts (precursors of RBCs) are difficult to proliferate

in vitro26,29. In past decades, several groups have generated

erythrocytes from umbilical cord blood (UCB)-derived

HSCs30. The capacity for self-renewal, the large-scale in

vitro/ex vivo HSCs expansion and differentiation into

RBCs is a difficult task30. Ex vivo cultured RBCs can also

be obtained from immortalised erythroid precursors and

PSCs31. Human PSCs including embryonic stem cells

(although multipotent HSCs have ESCs) and induced

pluripotent stem cells (iPSCs) have the potential to

proliferate indefinitely in culture and give rise to lineages of

ectoderm, mesoderm, and endoderm32. Therefore, much

attention has focused on human PSCs to replace current

transfusion banking33. Several previous studies have revealed

that human ESCs can differentiate into functional oxygen-

carrying erythrocytes with normal function33. Unfortunately,

the ex vivo expansion of human ESC-derived RBC is

ethically and politically controversial34. In contrast, human

iPSCs have less ethical and social issues compared to human

ESCs33. Human iPSCs are produced by the manipulation

of differentiated somatic cells34. Reprogramming of human

somatic cells through the ectopic expression of transcription

factors has provided a new avenue for disease modelling

and regenerative medicine34,35. As human iPSCs have similar

properties with human ESCs, these cells can be a suitable

therapeutic choice for the in vitro/ex vivo manufacture of

RBCs to eliminate blood supply shortages34,35. Various

techniques have been developed to generate enucleated

RBCs from human iPSCs31, 33, 34. Genome editing and human

iPSCs technology has greatly accelerated the use of

autologous transfusion therapies17,34,35. In this review, we

focused on the generation of human iPSC-derived

erythrocytes to present an overview of the current status

and applications of this field.

In vivo and in vitro erythropoiesis –  Erythropoie-

sis is a complex process in the bone marrow in which HSCs

proliferate and give rise to erythroid committed progenitors

(EPC) and mature RBCs36 . Following differentiation toward

the erythroid lineage, HSCs lose their self-renewal properties

and become restricted to generate burst-forming unit (BFU-

E), colony-forming unit-erythroid (CFU-E), basophilic

(BasoE), polychromatophilic (PolyE), orthochromatic

erythroblasts (OrthoE), reticulocytes (Retic), and RBCs,

(Fig 2)28. This developmental procedure is controlled by

cell-cell/cell-matrix interactions along with several cytokines

and growth factors including IL-3, IL-6, erythropoietin

(EPO) (the main erythropoietic stimulating hormone), EPO-

receptor, members of the transforming growth factor-β

(TGF-β), activin A, activin receptor-II, Flt3 ligand (Flt3-

L), vascular endothelial growth factor (VEGF), stem cell

factor (SCF), thrombopoietin (TPO), and granulocyte

colony-stimulating factor (G-CSF)26, 35,36. Erythropoiesis is
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controlled and characterised via multiple transcriptional

regulators, including myb, Sox6, Bcl11A, Gata1, and

Klf137.

Up to date, several culture systems have been

established to obtain a sufficient number of mature and

functional RBCs in vitro8. Three culture systems including

erythroid cells lines (the murine erythroleukaemia cell line

and the human K562 cell line); HSCs derived from

peripheral blood (PB) and UCB, and stem cells [human

ESCs, neonatal cord blood, mesenchymal stem cells

(MSCs), and human iPSCs] have been evaluated to obtain

RBCs26,37. An immortalised or continuous cell lines have a

homogenous karyotype that can be altered following

continuous cell culture, which might not be the most

appropriate for preclinical studies or clinical

applications38,39. In contrast, human PSCs-derived RBCs

can be achieved in larger scale cultures38,39. Many attempts

have been made previously to establish all blood lineages,

including lymphocytes, megakaryocytes, neutrophils, and

RBCs from human ESCs40-42. Kaufman et al41  for the first

time revealed that human ESCs on the murine bone marrow

cell line or a yolk sac endothelial cell line could give rise to

erythroid cells. Similar results were investigated by other

laboratory using human foetal liver cells to improve the yield

of human ESCs-derived erythroid cells41. However, the use

of human ESCs has faced several challenges, including the

host immune response toward ESCs and the ethical issues

associated with the destruction of human embryos42.

Differentiation of mouse iPSCs to blood cells has been

investigated less intensively compared to the ESCs40-42.

Recently, human iPSCs have been studied40-42 as one of the

potential sources for HSCs and RBCs.

In vitro Culture of Human iPSC-derived RBCs:

In 2006, murine iPSCs for the first time were

obtained from somatic cells by using four transcription

Fig 2 –  In vivo Erythropoiesis
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factors, Oct4/Klf4/Sox2/c-Myc43. In 2007, human iPSCs

were generated from primary human fibroblasts using Oct4/

Klf4/Sox2/LIN28 44. Human iPSCs enable researchers to

generate PSCs using well-defined and highly reproducible

protocols43-45.

Although HSCs can be used for the treatment of

haematological disorders44,45 the bone marrow biopsy is

an invasive procedure with chronic graft-versus-host

diseases (GVHD), morbidity, and mortality in patients who

received allogeneic HSC therapy46. Autologous HSCs are

an alternative option with a lower mortality rate, though in

some cases, genetic correction is necessary before

autologous HSCs transplantation47. However, in vitro

expansion of HSCs is one of the main hurdles of autologous

HSCs48. These limitations can be solved with a renewable

source of cells. Human iPSCs as unlimited supplies of

autologous cells can be an ideal candidate for genetic

correction, differentiation to healthy HSCs, and autologous

transplantation42.

More recently, established iPSCs from human

fibroblast cells represent a powerful tool for the investigation

of early haematopoiesis47. One of the promising strategies

for the use of iPSC is their capacity to differentiate into

RBCs and to eliminate the allogeneic blood shortages47,48.

Two approaches including embryoid body (EB) formation

(feeder-free culture) and co-culture of human iPSCs with

feeder cells have been employed for the generation of HSCs

from human iPSCs. Many studies31,33,34 have aimed to

differentiate human iPSCs into RBCs using EB formation.

In general, there are three steps for differentiation of iPSCs

into RBCs, including the generation of iPSCs, HSCs, and

mature RBCs (Fig 3)33, 49. Many attempts have been made

previously to achieve human iPSC-derived RBCs under

conventional culture methods with SCF, EPO, VEGF,

insulin-like growth factor I (IGF-1), dexamethasone

(glucocorticoid receptor agonist), insulin, transferrin, and

selenium (ITS), TPO, FLT3, BMP4, IL-3, IL-6, and EPO.

However, an ideal culture condition for human iPSC-

derived RBCs should be able to generate large numbers of

functional enucleated erythrocytes31,49. Feeder cells as a

major cellular component have been found to enhance

haematopoiesis from human iPSCs47,48. It has been shown

that OP9 feeder cells as a mouse bone marrow stromal cell

line may enhance the haematopoietic differentiation of human

iPSCs49. Also, C3H10T1/2 feeder cells have the capacity

to stimulate the haematopoietic differentiation of human

iPSCs38. Increasing in vitro evidence indicates that the cell

type of origin and an epigenetic memory for iPSCs may

influence on the haematopoietic differentiation of human

iPSCs34, 47,48. Compared with iPSC-derived fibroblast cells,

the human CD34+ haematopoietic population with the

features of MSCs might be more suitable for the

hematopoietic differentiation of iPSCs47. Following

differentiation, HSCs lose their repopulation capacity.

Hence, CD34+ HPCs must be purified before starting the

differentiation38. Human iPSC-derived CD43+

haematopoietic cells have a strongly glycosylated

transmembrane sialomucin that can be a suitable option for

in vitro erythropoiesis46. In HSCs, reactive oxygen species

(ROS) can modulate a balance between proliferation and

differentiation. In the early stage of haematopoietic

differentiation, mitochondria and NADPH oxidases (NOX)

are the main sources of ROS49, 50.  NOX4 as the major NOX

enzyme have been shown to play a significant role in the

early stages of haematopoietic differentiation from iPSCs49.

UM171 is a potent small molecule (HSC self-renewal

agonist) that increases the derivation of HSPCs from human

iPSCs in vitro47,49. Choi et al20 found some variations in

the efficiency of human iPSCs differentiation into RBCs.

While the pattern of haematopoietic differentiation was

similar in seven tested lines48, Dorn et al35 reported that all

human iPSCs could give rise to enucleated reticulocytes.

But, the growth rate of erythroid cells from iPSC-derived

CD34+ HSCs was slightly higher34. One study48

demonstrated that compared to the yield of erythroid cells

from PB erythroid progenitor-derived iPSCs, MSC-derived

iPSCs produced more efficient definitive erythroid cells with

higher β-globin expression. For the first time it was reported
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the complete differentiation of human iPSCs into definitive

erythrocytes and RBCs with foetal haemoglobin33. One

study49 revealed that the episomal reprogramming or

transgene-free human iPSCs can be used for large-scale

Fig 3 –  In vitro Differentiation of Human iPSCs into Erythroid Cells [Human iPSCs can be produced from primary

human fibroblasts using Oct4/Klf4/Sox2/LIN28. There are three steps for differentiation of iPSCs into RBCs, includ-

ing the generation of human iPSCs, HSCs, and RBCs. Several growth factors and cytokines, including SCF, EPO,

VEGF, IGF-1, ITS (insulin, transferrin, selenium), dexamethasone (glucocorticoid receptor agonist), TPO, FLT3,

BMP4, IL-3, IL-6, and EPO have various functions on human iPSCs differentiation to the erythroid lineage]
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expansion of human iPSC-derived RBCs. Another study46

illustrated the large-scale expansion of human iPSC-derived

erythroid cells under feeder-free and serum-free culture

conditions. They used several small molecules such as

StemRegenin (SR1, a dual RasGAP and ERK1/2 inhibitor),

BIO (archetypal GSK3b inhibitor), CHIR99021 (GSK3b

inhibitor), IBMX (nonspecific inhibitor of cAMP and cGMP

phosphodiesterase), and A-A014418 (GSK3b inhibitor

VIII) to promote erythroid differentiation of human iPSCs.

A simplified cell culture system with low cytokine support

(SCF, EPO, and IL-3) was described to generate

prolonged human iPSC-derived RBCs31. Four serum and

feeder-free iPSC haematopoietic differentiation protocols

were compared and investigated to show two-dimensional

(2D)-multistep protocol was simple and time- and cost-

effective with the most efficient CD34+ progenitor cells50.

Primary technical challenges for the clinical

application of iPSC-derived RBCs – The in vitro

production of human iPSC-derived RBCs can be an

alternative treatment option for patients with blood

disorders51. Many attempts have been examined to

differentiate iPSCs into RBCs, but no clinical trials using

iPSC-derived RBCs transfusion have been conducted34.

Before iPSC-derived RBCs derivatives can be

used in the clinic, it is essential to find the risks and process-

related challenges associated with the generation of late-

stage maturity RBCs in vitro51. The technology of

manufacturing functional erythroid cells from iPSCs needs

a sufficient number of functional RBCs in a serum free-

liquid culture system or chemically defined media, which is

necessary for any potential clinical trials52. Human iPSCs

may be considered as an unlimited source of RBCs than

HSCs, but generating mature RBCs from iPSCs is still an

inefficient process and less strict experiment protocols using

low-cost media and reagents are needed52. Thus, the

challenge for large-scale expansion of iPSC-derived

erythroid cells needs to overcome8, 32.

The use of small molecules as substitutes for growth

factors or various cytokines can reduce side-effects and

media costs52,53. Further studies are necessary to understand

which genetic or epigenetic alternations improve the terminal

differentiation of iPSC-derived erythroid cells53. Recent

studies have shown that histone deacetylases such as histone

deacetylase 2 (HDAC2) are the critical regulator for

chromatin condensation in mouse erythroblasts .

Administration of HDAC2 inhibitors can suppress the

terminal differentiation of human erythroid precursors52. It

is therefore conceivable that HDAC2 activators may

enhance chromatin condensation of iPSC-derived erythroid

cells53. MicroRNAs are important regulators that

downregulate the expression of target genes52,53 and improve

the maintenance of immature haematopoietic cells and

terminal erythroid differentiation42, 46. Therefore, different

combinations of microRNAs may increase the numbers of

iPSC-derived mature RBCs47. In addition to microRNAs,

long non-coding RNAs (lncRNAs) have recently been

reported that can determine the fate of stem cells49. A recent

study has shown that long intergenic non-coding RNA

erythroid prosurvival (lincRNA-EPS) can suppress

apoptosis and facilitate erythropoiesis45-47. In this regard,

lncRNAs might allow the generation of functional and mature

RBCs from iPSCs48, 49. Several groups have recently shown

that 3D scaffolds such as poly (D, L-lactide-co-glycolide),

polyurethane, collagen type I, and porous polyvinyl fluoride

resin can mimic the bone marrow niche and improve

maintenance of immature haematopoietic cells51-56.

Although the in vitro maturation of iPSC-derived RBCs

still presents several barriers, the cultured erythroid cells

from iPSCs provide an important step toward fully defined

and animal-free cultivation protocols that can be applied

for transfusion medicine37. Fig 4 shows new technologies

toward the large-scale expansion of human iPSC-derived

erythroid cells.

Overall, reprogramming of somatic cells to the

pluripotent state has been suggested as an alternative source

and a novel opportunity for patient-specific stem cell-based

therapies, modelling of RBCs diseases, and drug testing55.

Previous studies have shown that human iPSCs can give
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rise to erythroid cells, while in vitro derivation and without retroviruses, large scale and cost-effective

maintenance of enucleated erythrocytes have still been

challenging. Also, many hurdles such as reprogramming

production of iPSC-derived enucleated RBCs, and defined

xenogenic-free conditions remain to be improved before

Fig 4 – New Technologies toward the Large-scale Expansion of Human iPSCs-derived Erythroid Cells
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human iPSC-based therapy55,56. According to good

manufacturing practice (GMP) guidelines, the establishment

of iPSC-derived RBCs using a reproducible, defined, and

simple method will ease the translation of iPSCs into the

clinic33, 55,56.

Cell Fate Reprogramming Using Haematopoietic

Transcription Factors (TFs):

The main concept of iPSC generation is to convert

fully differentiated cells into ESC-like primitive pluripotent

stem cells. With defined four TFs, Oct3/4, Sox2, Klf4,

and c-Myc, it is possible to reverse the developmental

process and reoriented somatic cell fate to iPSCs57,58. As

described above, iPSCs then undergo “directed

differentiation” into the target lineage using specific growth

factors and morphogens; however, this process requires a

comprehensive understanding in developmental biology to

mimic the optimal in vivo differentiation condition as well

as a time- and cost-consuming in vitro culture procedure.

In this respect, the advanced technique so-called

“direct conversion” has been evolved. Based on the

genomewide expression profiling data, researchers have

analysed the global transcriptome patterns during the lineage

commitment and discovered several cell type-specific

master TFs that initiate and/or govern the differentiation

procedure. Importantly, when these TFs are introduced to

somatic cells, they reprogramme the cell fate directly to the

intended lineage without going through a pluripotent state.

Using this technique, several cell types including neural stem

cells, hepatocytes, cardiomyocytes  and pancreatic cells

can be successfully transdifferentiated from somatic cells59.

In the past few years, multiple studies have reported

the various combinations of TFs to achieve haematopoietic

conversion59. Up to date, the most frequently used

reprogramming factor is haematopoiesis-governing TF

Gata2, and other related TFs such as Lmo2, Tal1, Scl,

Fos, Gfi1B, and Erg should be combined to reprogramme

the fate of somatic cells as such into the haematopoietic

lineage47-49. Most of these TFs are known to correlate with

the haematopoietic specification during the embryonic

development. After haematopoietic TF overexpression,

somatic cells are forced to undergo dedifferentiation into

the haemogenic endothelium stage then acquire HSPC-like

characteristics with multilineage differentiation potentials.

Interestingly, the ectopic expression of single factor Oct4,

which is the essential TF for the acquisition of pluripotency,

could transform fibroblasts to the HSPC-like population in

the haematopoietic culture condition; however, the derivative

cells exhibited limited multipotency as well as poor

engraftment capacity50.

The TF-induced reprogramming strategy is also

applicable to ESCs and iPSCs to enhance their conversion

efficiency into HPSCs. Since these cells are ready to

differentiate, they tend to require fewer TFs for HSPC

differentiation compared to mature somatic cells. The

homeodomain TF HoxB4 and its related regulator Cdx4

are known to promote the haemogenic induction in PSCs

both in vitro and in vivo52, 53. Interestingly, the differentiation

potential of PSC-derived HSPCs can be directed by TFs.

It is reported that the Gata2 and Etv2 combination stimulated

ESCs to generate panmyeloid progenitors, while

replacement of Etv2 with Tal1 led to a skewed differentiation

process towards the erythron-megakaryocytic lineage

instead54. Therefore, defining the role of each haematopoietic

TF must be preceded to establish a reliable and efficient

haematopoietic reprogramming strategy.

Utilisation of Circulating HSPCs Directly Isolated

from the Blood:

Researchers have developed an in vitro RBC

specification protocol from circulating HSPCs and proved

the therapeutic potential of generated RBCs both in the

preclinical and clinical settings55,56. Circulating HSPCs can

be directly obtained from the bone marrow or blood

collection. Due to the invasiveness of the bone marrow-

harvesting procedure, PB and UCB are regarded as the

most common sources for CD34+ HSPCs and ex vivo-
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from buffy coats of blood donations could be differentiated

into RBCs58.

As a reservoir for CD34+ HSPCs, UCB has

several advantages over PB59, 60. UCB-derived cells tend

to have a relatively low chance of contamination with blood-

borne infectious agents and ageing-related cellular

abnormalities such as spontaneous genetic mutations. UCB

is known to contain a high frequency of immature, primitive

progenitors with superior proliferative and differentiation

potential. Indeed, Giarratana et al61 have reported that

UCB-derived HSPCs are capable of 140,000-fold

expansion on average, while a proliferation plateau was

only 16,500-fold and 29,000-fold for naturally collected

and G-CSF-mobilised PB-HSPCs, respectively.

Furthermore, standardised UCB banking systems provide

a reliable opportunity to utilise UCB with convenience. In

contrast, PB supply is largely dependent on healthy

volunteers, which makes it difficult to avoid ethical issues

as well as technical problems to obtain clinical-grade

CD34+ cells. These advantages of UCB lead to an

increased application of UCB-derived cells compared to

other human-originated cells both in basic and clinical

research fields.

Considering the RBC count required for the

conventional transfusion ( cells per single transfusion unit),

the major obstacle to practical usage of blood-isolated

HSPCs is their limited self-renewal capacity. Based on our

observation, about  CD34+ HSPCs can be isolated with

1ml of UCB. Others have reported that ~109

mononucleated cells are present in a single UCB unit

(100~150ml) while only 1-2% of which are CD34+

HSPCs61. Therefore, many attempts have been made to

obtain sufficient number of HSPCs and/or erythroid lineage

progenitors prior to induction of RBC maturation.

Optimisation of Conventional Culture Methods:

Over the last few decades, several protocols have

been developed to optimise the erythropoiesis-like process

in vitro. Currently, most RBC generation methods use a

serum free-liquid media culture system with various

haematopoietic and erythropoietic factors62. It is noted that

EPO mediates the expansion, survival, and differentiation

of CFU-E and erythroid committed precursors while the

genetic mutations in EPO or the EPO receptor gene lead to

embryonic lethality with severe anaemia62. SCF is another

essential factor for RBC development considering that

disruption of SCF receptor kit signalling via mutation or

antagonist treatment resulted in impaired erythropoiesis

within the bone marrow due to a defect in BFU-E and CFU-

E formation62. Although EPO and SCF combination has

significantly increased the expansion of the CD34+ HSPC-

derived CD71+ proerythroblast compared to EPO or SCF

alone62, they might have distinctive roles in RBC generation

regarding the differential expression patterns of their

receptors during erythroid lineage specification. Meanwhile,

TPO, an important stimulant for the HSPC expansion,

seems to induce megakaryocytic differentiation followed by

a relative decline in RBC population63, although it could

stimulate the blood system recovery with enhanced erythroid

progenitor expansion and RBC maturation as observed in

a myelosuppressive mouse model64. Therefore, stage-

specific factor combinations should be established to generate

fully mature RBCs from blood-isolated HSPCs in vitro.

In addition, coculture with stromal cells could not

only stimulate the CD34+ HSPC proliferation but also

improve the efficiency of RBC maturation. Giarratana et al61

have demonstrated that the murine stromal cell MS-5 could

successfully support the exponential expansion of UCB-

isolated HSPCs and their maturation into functional,

enucleated RBCs both in vitro and in vivo. Fujimi et al65

have reported an advanced erythropoietic coculture

condition using two different supporting cells in a stage-

dependent manner. In this study, PB-derived CD34+ cells

were cocultured with telomerase gene-transduced human

stromal cells during the so-called “first phase” to expand

the HSPC population. These cells were forced to

differentiate into erythroblasts using a conventional liquid

culture method (second phase) then cocultured with
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macrophages from the third to the fourth phase for further

expansion and maturation of RBCs. Using this method,

researchers achieved an approximately 106-fold expansion

of the erythroblast from a single CD34+ cell. Moreover,

the final phenotypical analysis on culture day 38 revealed

that the coculture with a macrophage could increase the

enucleated RBC proportion in the total cells by 40-70%

to over 99%. Thus, theoretically, about 3 transfusion RBC

units can be generated from only  of PB-isolated CD34+

cells. Considering the higher proliferative potency of UCB-

derived HSPCs than those of PB cells56, it might be worthy

to evaluate the yield of RBC generation from UCB-isolated

HSPCs using this technique. Another report by Baek et

al66 has suggested the importance of stromal feeder cell

origins during RBC generation. They isolated CD34+cells

from UCB then induced RBC differentiation for three weeks

including the coculture step with either BM-MSCs or UCB-

MSCs from days 8 to 21. Interestingly, the most efficient

outcome was observed when the RBC specification

process was supported by UCB-MSCs in which the final

expansion fold was almost doubled compared to BM-

MSCs. Although the underlying mechanism has not been

elucidated, this study would provide a novel insight to apply

UCB-derived cells for the RBC generation as it could

provide the feeder MSCs as well as CD34+ HSPC-derived

erythroid progenitors.

 Application of the Bioreactor System or Biomimetic

Niche:

Haematopoiesis occurs in the bone marrow niche,

and this specialised microenvironment consists of various

cell types such as MSCs, osteoblasts, adipocytes, and

endothelial cells with a well-organised extracellular matrix64.

They produce bioactive signalling compounds and provide

the optimal mechanical forces through the complicated

interactions. Moreover, the magnitude of cytokine

expression levels and the oxygen concentration in the bone

marrow niche are tightly regulated to maintain the optimal

microenvironment for haematopoiesis. Indeed, HSPC

expansion was greatly increased within the bone-derived

scaffold containing BM-MSCs65. In this respect, it would

not be surprising that many attempts have been made to

recapitulate the haematopoietic niche in vitro with

biomimetic materials. To generate an artificial niche, an

adequate scaffold structure should be prepared first and

then niche-supporting cells are introduced followed by

HSPC seeding. MSCs derived from BM and UCB are the

most frequently used niche-mimicking cell types since they

possess both osteogenic and audiogenic potentials. In

addition, several bio comparative materials have been

pioneered to generate a niche-recapitulating structure for

efficient blood production. In comparison with the

conventional 2D culture system, a 3D scaffold with

microporous structure such as a fabricated polymer matrix

made of either natural substance (eg, collagen and

fibronectin) or synthetic materials (eg, L-lactic-co-glycolic

acid and porous polyethylene glycol diacrylate) seems to

be advantageous to maintain the highly potent, functional

HSPCs for a long period of time65. One critical limitation of

this method is that cells should be isolated from the niche-

like structures for further lineage specification and maturation

into RBCs. Thus, a biomimetic niche-dependent culture

system needs technical modifications to directly obtain

mature RBCs.

Recently, the bioreactor system also has been

applied for the large-scale in vitro cell generation65. Since

the culture media within the bioreactor are automatically

replaced to maintain the optimised culture conditions, it is

possible to obtain the large number of target cells beyond

the laboratory level. In addition, the feeder-free system

enables manufacturers to establish a xeno-free, cost-

effective culture protocol, which will provide a great

advantage for clinical applications. According to the most

recent report, the authors demonstrated that theoretically,

over 500 transfusable RBC units can be generated from

only five million CB-derived CD34+ cells using the

bioreactor method65; however, either the final enucleation

rate or the total number of mature RBCs after filtration to
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remove nucleated cells was not reported. Therefore, the

reproducibility and feasibility of these results should be

confirmed prior to practical utilisation.

Genetic Modifications for Immortalisation of Blood-

Derived Erythroblasts:

Since HSPCs and committed erythropoietic

progenitors isolated from UCB or PB gradually stop to

proliferate within 2-3 weeks of culture and start to

differentiate into mature RBCs instead, cell cycle regulators

and pluripotency-inducing factors are common candidates

for the genetic manipulation to maintain cell division as well

as other immortalisation strategies. It has been noted that

the timing of the genetic modification is critical to obtain

highly proliferative functional erythroblasts.

Current Limitations and Future Perspectives of RBC

Generation:

To establish a reliable, efficient RBC generation

protocol, the best cell source for RBC induction must be

determined first. The most prominent characteristics of

ESCs and iPSCs are their unlimited expansion capacity. In

particular, iPSCs might be a more favourable cell source

than ESCs because they can be applied to the patient- or

recipient-specific blood generation with additional gene

modifications37,38. It is also possible to proceed through

the whole protocol from the iPSC generation to RBC

maturation under GMP conditions, which will be an essential

requirement to use in vitro/ex vivo-generated biomaterials

in the clinical field. On the other hand, general safety issues

including the potential tumourigenic capacity of

undifferentiated iPSCs should be resolved before the

practical application of iPSC-derived products. Meanwhile,

UCB contains primitive, multipotent HSPCs which can be

easily differentiated into lineage-specific progeny with

defined culture conditions. UCB also can provide other

cellular components for haematopoietic culture maintenance

such as MSCs and other haematopoietic lineage cells,

which can support proliferation as well as differentiation of

HSPCs. Finally, only UCB that meet the quantity (cell

number) and safety criteria (free of any infectious agents)

will be preserved in the banking system. Therefore, it is

convenient to obtain quality-proven haematopoietic cells

from UCB compared to other human-originated sources.

To translate in vitro/ex vivo-produced RBCs into

the clinical field, several challenging issues should be

overcome. First, phenotypic characterisation of

manufactured RBCs compared to naïve RBCs is necessary.

Since PSCs and UCB-derived cells are closer to embryos

than to adults in terms of developmental status, PSC- and

UCB-derived RBCs tend to possess insufficient maturation

patterns28,67. Several studies67,68 have reported that RBCs

derived from PSCs mainly express embryonic and foetal

haemoglobin with little expression of adult haemoglobin.

Similarly, UCB-derived RBCs contain a more immature

type of globins than PB-derived ones, although insufficient

RBC maturation could be completed in vivo67,68. These

immature haemoglobins are still functional and have even

higher oxygen-binding affinity than adult ones68; however,

intensive comparison between adult and foetal globins would

be needed to determine the comparability of PSC- or UCB-

derived RBCs. In addition, it has been noted that some of

RBC surface antigens derived from UCB seem to be

differentially expressed compared to those of naïve- or PB-

derived RBCs58. Considering that surface antigen profiling

is important to estimate the maturity of RBCs as well as to

predict the safety and efficacy issues after transfusion,

differences in the expression pattern of blood group antigens

between normal and manufactured RBCs should be

evaluated prior to clinical application.

Another major challenge is to produce a substantial

number of RBCs for transfusion. It is noted that the dynamic

suspension culture system with a bioreactor facility is

regarded as a great substitute for the conventional 2D culture.

Theoretically, 560 transfusion units, the highest yield ever,

can be generated from one unit of UCB under the bioreactor

system when cells were supplemented with SCF, EPO, and

IL-367. In addition, researchers have successfully generated
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the immortalised erythroid progenitor line that has

exponential growth potential and therefore can be a long-

term source for ex vivo RBCs68. Either technique can be

applied by itself; however, an optimised combination of

these two strategies would produce a greater outcome. Of

note, the efficient generation of RBCs also contributes to

conducting various attempts with an advanced concept

aimed at manufacturing utilisable cell products. Recently,

Hawksworth et al68 have demonstrated a proof of concept

to improve RBC compatibility using a gene editing

technique. In this study, the 5 major blood group antigens

including KEL, RHAG, ACKR1, FUT1, and GYPB were

ablated from the immortalised erythroid cell line BEL-A

via combinational gene targeting with the CRISPR-Cas9

system to minimise safety issues related to incompatible

transfusion. The authors successfully generated multiple

knockout erythroid lines without any off-target mutations

and confirmed the ablation of each antigen expression using

an indirect antiglobulin assay. Importantly, no noticeable

physiological change during the differentiation and

maturation process was observed in knockout cells

compared to normal RBCs, suggesting that not only

conventional but also the customised transfusion unit for

recipients with rare blood types can be manufactured in a

large scale from immortalised RBC lines. Overall, these

continuous efforts to establish advanced strategies for a

cost-effective, highly potent RBC culture system combined

with engineering techniques would ultimately contribute to

the practical utilisation of ex vivo-generated RBCs in the

near future.
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Management of Severe Acute Pancreatitis

Introduction:

Acute pancreatitis (AP) is one of the most com-

mon gastro-intestinal disease, often requiring emergency

care. Global incidence ranges from 5-30 cases per lakh

population per year. In USA, AP results in more than

8,00,000 hospital admissions per annum and incurred costs

are more than 2.6 billion Dollars1,2. Gall stones and alcohol

are the leading causes of AP worldwide3. Severe acute

pancreatitis (SAP) usually occurs in 10-20% of initial at-

tacks with mortality ranging from 2-10%4.
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Abstract:

The risks, measurements of severity, and management of severe acute pancreatitis and its complications

have evolved rapidly over the past decade. Evidence suggests that initial goal directed therapy, nutritional support,

and vigilance for pancreatic complications are best practice. Patients can develop pancreatic fluid collections

including acute pancreatic fluid collections, pancreatic pseudocysts, acute necrotic collections, and walled-off

necrosis. Several randomised controlled trials and cohort studies have recently highlighted the advantage of managing

these conditions with a progressive approach, with initial draining for infection followed by less invasive techniques.

Surgery is no longer an early intervention and may not be needed. Instead, interventional radiologic and endoscopic

methods seem to be safer with at least as good survival outcomes. In this review we aim to discuss the current

management  based upon recent research.

Key words: Severe acute pancreatitis, organ failure, Revised Atlanta classification, Modified Marshall Grading,

peripancreatic fluid collections, acute necrotic collection, pseudocyts, walled off necrosis.

Grading of Severity:

As per the Revised Atlanta guidelines5,  AP is

graded as mild, moderate and severe  (Table1). Grading is

important as it helps to determine the aggressiveness of ini-

tial therapy and initial prognostication. Terminologies im-

portant in the grading are organ failure (OF) ie, transient/

permanent and local/systemic complications. OF is defined

as per the Modified Marshall Scoring System  (Table 2).

Transient organ failure : OF lasting < 48 hours.

Permanent organ failure : OF lasting > 48 hours.



Local complications : Peripancreatic fluid collec-

tions.

Systemic complications : Exacerbation of underly-
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following headings :

Intravenous fluid and electrolyte resuscitation

(Table 3) – Patients with SAP develop hypovolaemia and

may have hypotension secondary to systemic inflamma-

tory response. Various fluid preparations are available and

though the choice of fluid does not affect mortality, the con-

sensus guidelines from the International Association of

Pancreatology and The American Pancreatic Association

recommend Ringer lactate for initial resuscitation6. Two tri-

als6,7 have demonstrated that Ringer lactate decreases sys-

temic inflammation in AP.

Fluid resuscitation should be initially assessed with

non-invasive monitoring targeting heart rate, mean arterial

pressure, and adequate urine output. A trial9 including 200

patients suggested that patients with severe pancreatitis

managed with invasive monitoring targeting a central venous

pressure of 8-12 mm Hg and mixed venous oxygen

saturation of at least 70% needed fewer days of ventilation

and in hospital stay, had less organ failure, and had a lower

mortality rate (24% versus 18%; p<0.05). The American

Gastroenterological Association (AGA) recommends goal

directed therapy for fluid management10. Goal directed

intravenous fluid therapy with 5-10 ml/kg/hour should be

used initially until resuscitation goals11 are reached. The

Table 1 – Showing Grades of Severity of

Acute Pancreatitis

ing comorbidities.

Management of Severe Acute Pancreatitis:

Pragmatic management of severe acute pancreati-

tis (SAP) is important as it has higher mortality as com-

pared to other two grades (mild and moderate) of pancre-

atitis. The management can broadly be considered under

Table 2 – Modified Marshall Scoring System

various aims and metrics of goal directed therapy (Table 3)

include heart rate, blood pressure, mean arterial pressure (

>65mm Hg), urine output ( >0.5ml/kg/hour), haematocrit

 
Organ system Score 

 0 1 2 3 4 

Respiratory ( PaO2/FiO2) >  400 301-400 201-300 101-200 ≤101 

Renal                                     

[creatinine (mg/dl) level] 

< 1.4 1.4-1.8 1.9-3.6 3.6-4.9 > 4.9 

Cardiovascular [systolic      

blood pressure (mm Hg)] 

> 90 < 90                          
Fluid 

responsive 

< 90                        
Fluid non- 

responsive 

< 90    
pH < 7.3 

< 90 
pH < 7.2 

Severity Manifestations 

Mild No organ failure  

No local / systemic      

    complications 

Moderate Transient organ failure (lasting  

    <48 hours) 

Local or systematic  

    complications in absence of   

    organ failure 

Severe Persistent organ failure (lasting  

    > 48 hours):  

• Single 

• Multiple 
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(between 25 and 35%), blood urea nitrogen (BUN),

creatinine, central venous pressure (>8-12 mm Hg), stroke

volume variation, and  intrathoracic blood volume12.

Table 3 – Fluid Replacement in Severe Acute Pancreatitis

Analgesia – Pain is usually the chief complaint in

AP that necessitates hospital care. Pain control is very

important to maintain the quality of life and initiate enteral

nutrition. There are various classes of analgesics available

(Table 4) and adequate analgesia can be achieved following

modified WHO ladder (Fig 1)13 for pain control ( initially

proposed for cancer pain management).

Nutritional support – Enteral nutritional support

has been found to improve outcomes and limit complications

in patients with SAP. The AGA recommends early (within

24 hours) oral feeding as tolerated rather than keeping the

patient nil per mouth10. A meta-analysis14 including five

RCTs with 202 patients showing a reduced risk of infectious

complications (RR - 0.47, 95% CI - 0.28 to 0.77),

pancreatic infections (RR- 0.48, CI 0.26 - 0.91), and

mortality (RR- 0.32, CI -0.11 to 0.98). Another meta-

analysis15 including eight trials with 348 participants found

that enteral feeding was superior to parenteral nutrition in

terms of complications and mortality (RR- 0.50, 95% CI -

0.28 to 0.91).

In patients not tolerating orally, enteral feeding can

be administered via nasogastric/nasojejunal route. A  RCT16

including 31 patients showed that enteral feeding could be

safely delivered via either nasogastric or nasojejunal routes.

In patients requiring enteral tube feeding, the AGA

recommends either nasogastric or nasoenteral route10.

Prevention of infection – Antibiotic prophylaxis

is not recommended to prevent infection in patients with

SAP. A meta-analysis17 of six studies with 397 patients

confirmed this, with no significant effect on infection of

pancreatic necrosis (RR - 0.055, 95% CI - 0.084 to 0.194)

or mortality (RR - 0.058, 95% CI - 0.017 to 0.134). In

patients with predicted severe AP and necrotising

pancreatitis, the AGA suggests against the use of

prophylactic antibiotics10. Antibiotics are recommended

when there is evidence of infection. The presence of infection

can be presumed when there is extraluminal gas in the

pancreatic and/or peripancreatic tissues on CECT or when

percutaneous, image-guided fine-needle aspiration (FNA)

is positive for bacteria and/or fungi on Gram-stain and

culture18. Studies have documented the efficacy of the

carbapenem family, including imipenem and meropenem,

Parameter Recommendations 

Type of fluid Colloid and or crystalloids;                                                                              

among crystalloids : Ringer lactate better than normal saline;                                   

colloids to be used when albumin < 2g/dl or haematocrit < 35% 

Amount of fluid Total fluid in first 24 hours: 3 to 4l;                                                           

not to exceed 4 l 

Rate of infusion Initial bolus : 1000ml over 1 hour followed by 3ml/kg/hour 

(200ml/hour) for 24-48 hours 

Monitoring Urine Output > 0.5ml/kg/hour; haematocrit: 25–35 %; drop in blood 
urea nitrogen; central venous pressure: not a good measure due to 

third space loss and hypoalbuminaemia 

Duration of resuscitation 24 - 48 hours; until signs of hypovolaemia disappear 
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over cephalosporins or fluoroquinolones when pancreatic

infection is documented.

Interventions – Patients with biliary SAP may

benefit from sphincterotomy and stone extraction after a

period of initial resuscitation. The AGA recommends against

urgent ERCP (<24 hours) in patients with acute biliary

pancreatitis and no cholangitis10. While urgent ERCP is

0.99).

Fig 1 – The modified World Health Organisation (WHO) Analgesia Ladder after Vargas-Schaffer

Patients with biliary SAP should undergo

cholecystectomy after the pancreatitis and its local

complicatons have subsided.

Management of local complications – Following

an attack of AP, a patient may develop localised pancreatic

fluid collections ( PFC) causing symptoms (Table 5)5. Such

recommended in patients with acute cholangitis, the Dutch

Acute Pancreatitis Study Group19 reported a prospective

multicentric study of 153 patients and found that patients

with cholestasis who underwent endoscopic retrograde

ERCP had fewer complications than those who did not

PFC develop in more than 50% cases of AP19. The PFC

following interstitial pancreatitis is called acute peripancreatic

fluid collection (APFC) and following necrotising pancreatitis

is called acute necrotic collection (ANC). In majority  of

cases the local fluid collections resolve spontaneously over

Table 4 – Classes of Analgesics

Analgesic group Examples 

Simple analgesics Paracetamol; aspirin; non-steroidal anti-inflammatory drugs 

Weak opioids Codeine; dihydrocodeine; tramadol; buprenorphine 

Strong opioids Morphine; oxycodone; pethidine; fentanyl; methadone 

Antidepressants Amitryptiline; nortryptiline; fluoxetine; paroxetine 

Gabapentinoids Gabapentin; pregabalin 

N methyl D aspartic acid (NMDA) 

receptor antagonists 

Ketamine 

 

 

(25% versus 54%; p=0.02; OR - 0.35, 95% CI - 0.13 to time20. Treatment is required in fluid collections which persist



MANAGEMENT OF SEVERE ACUTE PANCREATITIS – KISHALAYA AND DHALI  31

over time or cause persistent symptoms.

APFC – The majority of APFCs resolve

spontaneously. Because APFCs are expected to regress

spontaneously and remain sterile, therapeutic drainage is

not indicated in the vast majority of cases, and rather,

infection. Over the past decade, a major evolution in the

management of pancreatic necrosis has occurred, with a

shift from aggressive surgical debridement by open

necrosectomy to a “step-up” approach. This begins with

percutaneous drainage followed by minimally invasive

Table 5 – Showing Complications in Acute Pancreatitis with Manifestations

continued observation is recommended. The goals of

observation are to monitor for signs of infection and to

identify which subsets of patients go on to develop

pancreatic pseudocysts. If there is any suspicion of infection,

namely gas in the fluid collection observed on a CT scan,

systemic signs of fever, increasing leucocytosis, and

tachycardia in the absence of other infections, then CT-

guided percutaneous aspiration for Gram-stain and culture

should be done, and treatment with antibiotics should be

initiated promptly21.

ANC – It is recommended to manage the ANCs

conservatively and to intervene if there is evidence of

approaches if needed. Minimally invasive approaches to

managing necrotic and infected material include

percutaneous drainage, video assisted retroperitoneal

debridement, laparoscopic surgical debridement,

transgastric endoscopic drainage, and any combination of

these modalities. In 2010 the Dutch PAncreatitis Research

Group reported the PANTER (PAncreatitis, Necrosectomy

versus sTEp up approach) trial22. This RCT included 88

patients with infected pancreatic necrosis who were treated

with either a sTEp-up approach consisting of percutaneous

drainage followed by video assisted retroperitoneal

debridement if necessary or open surgical debridement of

Complications Manifestations 

Acute 

peripancreatic 

fluid collection 

(APFC) 

Peripancreatic fluid associated with interstitial oedematous pancreatitis, 

this term applies to areas of peripancreatic fluid seen within the first 4 

weeks after onset of interstitial oedematous pancreatitis 

 

Pseudocyst 

An encapsulated collection of fluid with a well defined inflammatory wall 

usually outside the pancreas with minimal or no necrosis. This entity 

usually occurs more than 4 weeks after onset of interstitial oedematous 

pancreatitis to mature 

Acute necrotic 

collections 

(ANCs) 

A collection containing variable amounts of both fluid and necrosis 

associated with necrotising pancreatitis; the necrosis can involve the 

pancreatic parenchyma and/or the peripancreatic tissues 

Walled off 

necrosis (WON) 

A mature, encapsulated collection of pancreatic and/or peripancreatic 

necrosis that has developed a well defined inflammatory wall; WON 

usually occurs >4 weeks after onset of necrotising pancreatitis 
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the necrotic material. The rate of mortality was similar

between the groups (19% versus 16%; p=0.70), but the

sTEp-up group had significantly fewer complications such

as incisional hernias and new onset diabetes, as well as

less new onset multiorgan failure (12% versus 40%;

P=0.002). Percutaneous drainage was the definitive

treatment for 35% of the patients in the sTEp-up group.

Haemorrhage – It is an uncommon but life

threatening complication. Bleeding is often caused by

erosion of the splenic or gastroduodenal artery or other

vessels near the pancreas. CT angiography usually confirms

the diagnosis and may identify a contrast blush suggesting

the vessel involved. Angiography with embolisation or

stenting can achieve haemostasis in 75% of cases23.

Patients with SAP should have an angiographic attempt to

control bleeding and if  not successful, emergency surgery

with ligation of the vessel is needed.
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Fasciola hepatica in Common Bile Duct – A Case Report from a Ter-

tiary Institute in West Bengal

Introduction:

Fasciola hepatica is known to particularly affect

sheep, goats and cattle. Humans are the accidental host

where the infection begins with the ingestion of watercress

or contaminated water containing encysted larva1. The larva

excysts in the stomach, following which it penetrates the

duodenal wall, and escapes into the peritoneal cavity. It

may then pass through the liver capsule to enter the biliary

tree. Here is a case showing presence of Fasciola hepatica

in common bile duct (CBD) is reported.
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Abstract:

Humans are the accidental host to fascioliasis and its documentation in literature is rare. Here a rare case of

Fasciola hepatica in common bile duct is reported in a 55-year-old lady presented with jaundice and dyspepsia.

Investigations revealed normal liver function tests and dilated common bile duct. On further investigations it was

suspected to be a stone / worm which was followed by endoscopic retrograde cholangiopancreatography and

Fasciola hepatica was found in the common bile duct. Patient was treated with endoscopic retrograde

cholangiopancreatography retrieval of the worm followed by laparoscopic cholecystectomy and  triclabendazole.

There is needed a high degree of suspicion in diagnosis of the fascioliasis because of varied presentation and non-

documentation.The natural course of the disease in the Indian population is yet to be studied.

Key words: Fascioliasis, Fasciola hepatica, common bile duct.

Case Report:

A 55-year-old lady presented with complaints of

yellowish discolouration of urine since last 6 months and

dyspepsia of same duration. Patient was on homeopathy

medications. However there was no relief of the symptoms

following which she visited the surgery OPD, IPGME&R

and SSKM Hospital.

On clinical examination there was no physical ab-

normality noted.

Liver function test (LFT) was within normal limit.



Ultrasonography of abdomen was done which revealed

solitary echogenic calculus and dilated CBD [6.4mm].

Magnetic resonance cholangiopancreatograph (MRCP)

was done which revealed a nodular hypointense area mea-

suring 1.2cm  x 0.8 cm in size of gall bladder neck and in

fundal region. Bile duct showed ill defined curvilinear and

nodular hypointensities in proximal and mid bile duct. Wid-

est part of CBD was 1.1 cm. Following this an endoscopic

retrograde cholangiopancreatography (ERCP) was done.

On balloon sweep a flat worm aproximately 16 mm in length

and 8 mm wide with oral sucker was seen (Fig1). The worm

was sent to department of microbiology for examination.

in India. There is paucity of  data on presence of Fasciola

hepatica infection indicating its rarity in India in contrast to

Fig 1 – ERCP Showing the Fasciola hepatica

No stone was found. The specimen was confirmed to be

of Fasciola hepatica  (Fig 2). Forty-eight hours after ERCP

patient underwent laparoscopic cholecystectomy which

was uneventful and patient was discharged the day after

followed with triclabendazole dose. HPE report of

laparoscopic cholecystectomy came to be chronic chole-

cystitis.

Discussion:

Fascioliasis is not common in this part of the world

Fig 2 – Extracted Fasciola hepatica Specimen

the western world. Most of the cases have been isolated

case reports across India. It is even rarer to isolate Fas-

ciola hepatica from CBD as it is usually limited to gall

bladder. There is needed a high degree of suspicion in di-

agnosis of the fascioliasis because of varied presentation

and non-documentation.

Goenka et al2 reported a 28-year-old woman with

raised LFT but not leucocytosis. Tang and Jazraur3 pre-

sented another 28-year-old woman from South America

with elevated LFT, trivial eosinophilia but non-indicative

biliary ultrasound. Kiladze et al4 reported 3 cases with ob-

struction due to the liver fluke. In contrast the reported patient

didn’t present with any abnormality in blood picture, and

only dilated CBD due to unknown reasons  following which

she underwent ERCP which demonstrated Faciola he-

patica. The patient didn’t present any features of cholangi-

tis or any obstruction, however, the natural course of the

disease in the Indian population remains yet to be studied

FASCIOLA  HEPATICA  IN COMMON BILE DUCT – A CASE REPORT– SINGHAL ET AL  35



because of its rarity.

Conclusions:

There is need of high degree of suspicion in diag-

nosis of the fascioliasis because of varied presentation and

non-documentation. The natural course of the disease in

the Indian population remains yet to be studied.
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Update on OmicronUpdate on OmicronUpdate on OmicronUpdate on OmicronUpdate on Omicron
28 November 2021 Statement (899 words) Reading time: 3 min

On 26 November 2021, WHO designated the variant B.1.1.529 a variant of concern, named Omicron, on the

advice of WHO’s Technical Advisory Group on Virus Evolution (TAG-VE).  This decision was based on the evidence

presented to the TAG-VE that Omicron has several mutations that may have an impact on how it behaves, for ex-

ample, on how easily it spreads or the severity of illness it causes. Here is a summary of what is currently known.

Current knowledge about Omicron

Researchers in South Africa and around the world are conducting studies to better understand many aspects of

Omicron and will continue to share the findings of these studies as they become available.

Transmissibility: It is not yet clear whether Omicron is more transmissible (e.g., more easily spread from

person to person) compared to other variants, including Delta. The number of people testing positive has risen in areas

of South Africa affected by this variant, but epidemiologic studies are underway to understand if it is because of

Omicron or other factors.

Severity of disease: It is not yet clear whether infection with Omicron causes more severe disease compared

to infections with other variants, including Delta.  Preliminary data suggests that there are increasing rates of hospital-

ization in South Africa, but this may be due to increasing overall numbers of people becoming infected, rather than a

result of specific infection with Omicron.  There is currently no information to suggest that symptoms associated with

Omicron are different from those from other variants.  Initial reported infections were among university students—

younger individuals who tend to have more mild disease—but understanding the level of severity of the Omicron

variant will take days to several weeks.  All variants of COVID-19, including the Delta variant that is dominant

worldwide, can cause severe disease or death, in particular for the most vulnerable people, and thus prevention is

always key.

Effectiveness of prior SARS-CoV-2 infection

Preliminary evidence suggests there may be an increased risk of reinfection with Omicron (ie, people who have

previously had COVID-19 could become reinfected more easily with Omicron), as compared to other variants of

concern, but information is limited. More information on this will become available in the coming days and weeks.

Effectiveness of vaccines: WHO is working with technical partners to understand the potential impact of

this variant on our existing countermeasures, including vaccines. Vaccines remain critical to reducing severe disease

and death, including against the dominant circulating variant, Delta. Current vaccines remain effective against severe

disease and death.

Effectiveness of current tests: The widely used PCR tests continue to detect infection, including infection

with Omicron, as we have seen with other variants as well. Studies are ongoing to determine whether there is any

impact on other types of tests, including rapid antigen detection tests.

Effectiveness of current treatments:   Corticosteroids and IL6 Receptor Blockers will still be effective for

managing patients with severe COVID-19. Other treatments will be assessed to see if they are still as effective given
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the changes to parts of the virus in the Omicron variant.

Studies underway

At the present time, WHO is coordinating with a large number of researchers around the world to better

understand Omicron. Studies currently underway or underway shortly include assessments of transmissibility, severity of

infection (including symptoms), performance of vaccines and diagnostic tests, and effectiveness of treatments.

WHO encourages countries to contribute the collection and sharing of hospitalized patient data through the

WHO COVID-19 Clinical Data Platform to rapidly describe clinical characteristics and patient outcomes.

More information will emerge in the coming days and weeks. WHO’s TAG-VE will continue to monitor and

evaluate the data as it becomes available and assess how mutations in Omicron alter the behaviour of the virus.

Recommended actions for countries

As Omicron has been designated a Variant of Concern, there are several actions WHO recommends countries

to undertake, including enhancing surveillance and sequencing of cases;  sharing genome sequences on publicly available

databases, such as GISAID; reporting initial cases or clusters to WHO; performing field investigations and laboratory

assessments to better understand if Omicron has different transmission or disease characteristics, or impacts effective-

ness of vaccines, therapeutics, diagnostics or public health and social measures.  More detail in the announcement from

26 November.

Countries should continue to implement the effective public health measures to reduce COVID-19 circulation

overall, using a risk analysis and science-based approach. They should increase some public health and medical capaci-

ties to manage an increase in cases.  WHO is providing countries with support and guidance for both readiness and

response.

In addition, it is vitally important that inequities in access to COVID-19 vaccines are urgently addressed to

ensure that vulnerable groups everywhere, including health workers and older persons, receive their first and second

doses, alongside equitable access to treatment and diagnostics.

Recommended actions for people

The most effective steps individuals can take to reduce the spread of the COVID-19 virus is to keep a physical

distance of at least 1 metre from others; wear a well-fitting mask; open windows to improve ventilation; avoid poorly

ventilated or crowded spaces; keep hands clean; cough or sneeze into a bent elbow or tissue; and get vaccinated when

it’s their turn.

WHO will continue to provide updates as more information becomes available, including following meetings of

the TAG-VE. In addition, information will be available on WHO’s digital and social media platforms.

Reference material:

*       Classification of Omicron (B.1.1.529): SARS-CoV-2 Variant of Concern

*       Further information on TAG-VE
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