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EditorialEditorialEditorialEditorialEditorial

An estimated 8,785,000 litres of cord blood are produced globally per year if an average of 84-90 ml/placenta

collection is assumed. Our group of medical scientists and clinicians, with assistance from the Department of Science and

Technology, Government of West Bengal, transfused ABO screened and HLA matched randomised foetal blood in

cases of anaemia resulting from malaria, diabetes, thalassaemia, leprosy, rheumatoid arthritis, tuberculosis, malignancy,

AIDS, only to name a few diseases that can cause anaemia and found it not only to be safe but perhaps providing

additional benefits that need further study1-8.

Cord Blood and Stem Cells:

In parts of the world where research is ongoing, a microscopic section of cord blood’s mononuclear cells

(0.01% nucleated cells) is used for transplantation purposes, while the rest ie, 99.99% is discarded. However, the

discarded part also has many potential uses. The blood volume of a foetus at term is 80-85 ml/kg on an average. The

placental vessel at term contains approximately 150 ml of cord blood. Cord blood contains three types of haemoglobin,

HbF, HbA and HbA2, of which HbF constitutes the major fraction. HbA accounts for 15-40% and HbA2 is present

only in trace amounts at birth. It may be noted that HbF, which is the major component, has a greater oxygen binding

affinity than HbA.

The use of haematopoietic stem cells from cord blood is now well documented. These are harvested in many

laboratories globally and stored in cord blood banks. But apart from haematopoetic stem cells, cord blood also contains

potent angiogenesis stimulating cells. CD34+CD11b+ fraction of cells, which is approximately half of the CD34+ fraction

of cord blood, have been demonstrated to possess the ability to differentiate into functional endothelial cells in vitro and

in vivo, In addition, there are some  mesenchymal stem cells (MSCs) in the cord blood which  are classically defined as

adherent to plastic and expressing a non-haematopoietic cell surface phenotype, consisting of CD34-, CD45-, HLA-

DR-, while possessing markers such as STRO1, VCAM, CD13, CD29, CD44, CD90, CD105, and SH3. In addition

cord blood cells with markers and activities resembling embryonic stem cells have been found. Investigators have

identified a population of CD34- cells expressing OCT4, Nanog, SSEA3 and SSEA4, which could differentiate into

cells of the mesoderm, ectoderm and endoderm lineages.

The first widespread use of cord blood as a stem cell source was in the treatment of paediatric haematological

malignancies after myeloablative conditioning. Outside the area of oncology, the clinical utility of cord blood has been

demonstrated in various areas ranging from reconstitution of defective immune systems to correcting congenital

haematological abnormalities and to inducing angiogenesis. Additionally, experiments are ongoing on its regeneration

potential which may have long term consequences for treatment of a variety of intractable diseases which is therefore

important to mention how cord blood is different from adult blood and why it may serve as a blood substitute with

additional benefits in certain disease conditions.
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Differences in Adult and Cord Blood RBC:

The red cell collected from the newborn’s cord blood differs from the adult RBC in that there is an increase of

the immunoreactive myosin in the red cell membrane19 and the total value of lipid, phospholipid and cholesterol are more

in the cord blood red cell than in adult RBC. Even the antigen expression of cord blood RBC differs from the adult RBC.

A, B, S and Lutheran antigens are expressed in lesser amounts in cord blood than in adult blood; further, there is a

complete absence of Lewis antigen in the cord blood. There are also fundamental metabolic differences in the cord

blood and the adult blood, for example, the activities of phosphoglycerate kinase, enolase, glyceraldehyde -3-phosphate

dehydrogenase, glucose phosphate isomerase etc of the Embden-Meyerhof pathway are definitely increased in cord

blood  and even the non-glycolytic enzymes like carbonic anhydrase and acetylcholine esterase is distinctly different from

the adult blood23. These differences are significant because of the possibilities of better tolerance and additional benefits.

Origin of Foetal Haemoglobin:

It is important to remember that foetal haemoglobin serves the foetus well during its term in the womb producing

a healthy newborn at the end. It is well known that most types of normal haemoglobin, including haemoglobin A,

haemoglobin A2, as well as haemoglobin F, are tetramers composed of four protein subunits and four haem prosthetic

groups. Whereas adult haemoglobin is composed of two α (alpha) and two β (beta) sub-units, foetal haemoglobin is

composed of two α (alpha) sub-units and two γ (gamma) sub-units and is commonly denoted as α
2
γ

2
. Because of its

presence in feotal haemoglobin, the γ sub-unit is commonly called the “foetal” haemoglobin sub-unit.

The gamma sub-unit is encoded on chromosome 11, as is the beta sub-unit. There are two similar copies of the

gamma subunit gene: γ G which has a glycine at position 136, and γ A which has an alanine. The gene that codes for the

alpha sub-unit is located on chromosome 16 and is also present in duplicate. Foetal haemoglobin has greater affinity for

oxygen than adult haemoglobin. The P50 value (ie, the partial pressure of oxygen at which the protein is 50% saturated)

for foetal haemoglobin is lower than adult haemoglobin. The P50 value of foetal haemoglobin is roughly 19 mmHg,

whereas adult hemoglobin is approximately 26.8 mmHg. As a result, the “oxygen saturation curve”, which plots per cent

saturation versus pO2, is left-shifted for foetal haemoglobin as compared to adult haemoglobin. This greater affinity for

oxygen is explained by the lack of foetal haemoglobin’s interaction with 2,3-bisphosphoglycerate (2,3-BPG or 2,3-

DPG). In adult red blood cells, this substance decreases the affinity of haemoglobin for oxygen. This 2,3-BPG is also

present in foetal red blood cells but interacts less efficiently with foetal haemoglobin than adult haemoglobin . Ultimately,

foetal haemoglobin has greater oxygen carrying capacity than adult blood, and this has therapeutic potential in various

diseases.

Future Research in Cord Blood:

The word ‘potential’ has been used several times in this chapter and that is because of the limited nature of

clinical experimentation because of existing regulations and ethical debates. But there is no doubt, given the cellular and

acellular constituents of cord blood that there is great potential for clinical applications. Recent advances in biology and

medicine have introduced new technologies to study the mechanisms of genetic switching of the haemoglobin chain from

alpha to beta during human foetal development, the site of haematopoiesis during foetal development, and its change



from yolk sac eventually to bone marrow. This raises a number of pertinent questions: Do the developing haematopoietic

stem cells come from the same origin or from different sites during the shift of the place off its synthesis and turnover?

What is the exact role of the stroma as a haematopoietic organ, and what is its interaction with haematopoietic progenitor

cells? Why do haematopoietic stem cells home to a particular site in cases of amphibians, birds, and mammals? Knowledge

and understanding of these issues may lead to the development of animal models, successful therapies, and novel methods

to treat intractable diseases.

(a)  Autologous and allogeneic cord blood transfusion from the paediatric to the geriatric group.

(b) Serum constituent characterisation therapy using cord blood serum viz, cord blood biomarkers, IL1β, IL6, and IL8

are selectively associated with foetal infection. These markers may be clinically useful indicators of extensive intra-uterine

infection associated with poor neonatal outcome.

(c) Role of foetal blood in suppression of inflammation and role of cytokines like IL3, G-CSF, M-CSF, and GM-CSF

in immunomodulation.

(d) The mechanism of inflammation of the growing foetal blood using the animal model or some other model.

(e) Role of modifiers of inflammation contained (regulatory T cells) in foetal blood.

(f)  Emergency use of foetal blood in nuclear radiation disasters keeping in mind its regeneration potential.

(g) Use of foetal blood in different indications as blood substitute when there is more demand than supply of blood for

transfusion (for example in emergencies like earthquakes, tsunamis, others).

(h) Use of serum from cord blood for any purpose viz, cord blood serum to treat corneal xerosis and ulceration.

(i) Antigen expression and metabolic differences of cord blood and adult blood with special reference to clinical implications.

(j) Comparison of cord blood preservation and its functional variation with adult blood.

(k)  Adverse outcomes after cord blood transfusion or its constituent therapy… if it happens, how to prevent and combat

the situation.

(l) Prophylactic use of leucocyte-reduced components to prevent primary HLA alloimmunisation, which may be a  principle

cause of refractoriness to platelet transfusion; the effectiveness of  leucocyte-reduced components in the prevention of

CMV .
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Comparison between Improvement of Pain by Low Level LASER

Therapy (LLLT) and Sham Low Level LASER Therapy on Upper

Back Myofascial Pain Syndrome as Measured by Numerical Rating

Scale

Siddhartha Sinha Ray1, Kshetra Madhab Das2

Abstract:

Myofascial pain syndrome is a common disorder of musculoskeletal system characterised by myofascial

trigger points. Although the clear-cut evidence behind the use of low level LASER therapy in myofascial pain

syndrome  is lacking, it is an accepted mode of treatment of the disease. In this prospective, randomised, sham

controlled, double-blind study we aimed to compare effect of low level LASER therapy with sham therapy on upper

back myofascial pain syndrome. Fifty-six patients were randomly divided into 2 equal groups. The study group

received low level LASER therapy and the control group got sham therapy. All patients received common treatment

like non-steroidal anti-inflamantory drugs, muscle relaxant, therapeutic exercise and massage. All patients were

evaluated initially as well as after 2 weeks of therapy with numerical rating scale score and the resultant data were

analysed. The improvement in the study group was significant. But the control group also improved significantly

showing no significant difference in the improvement between the groups.

Key words: Low level LASER therapy, myofascial pain syndrome, sham, numerical rating scale.
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Introduction:

Myofascial pain syndrome (MPS) is a commonly

encountered musculoskeletal disorder precipitated by

myofascial trigger points. This painful condition can affect

any of the skeletal muscles in the body.  But most commonly

it is manifested in the neck and upper back muscles. The

pathophysiology of MPS is not yet completely understood.

It is currently hypothesised that trigger points, the most

common feature of MPS, contain areas of sensitised low-

threshold nociceptors (free nerve endings) with

dysfunctional motor end plates. The affected muscle with

the trigger point usually contains a palpable taut band or

nodularity within the muscle belly. The taut band is

considered to be a sustained band of contracted muscle.

MPS trigger points can be classified as active or latent,

depending on their clinical characteristics. An active trigger

point causes spontaneous pain and is tender to palpation
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with referred radiating pain. Latent trigger points are tender

but not spontaneously painful1-3.

Management of patients with MPS includes the

elimination of chronic overuse or stress injury of the affected

muscles. A patient’s posture, biomechanics, and joint

function should be analysed carefully to identify any

underlying factors that may have contributed to the

development of myofascial pain. Treatment methods include

pharmacological and non-pharmacological approaches.

Pharmacological treatment includes oral muscle relaxants,

non-steroidal anti-inflammatory drugs (NSAIDs), and

trigger point injections (TPI) with local anaesthetic, saline,

or steroid.  Non-pharmacological approaches consist of

different therapeutic exercises, mainly in the form of

stretching exercise, thermal and electrical modalities, the

spray and stretch technique, deep massage, dry needling,

biomechanical correction and other alternative methods like

acupuncture, etc. Different modalities commonly used in

the present day practice of management of myofascial pain

are transcutaneous electrical nerve stimulation (TENS),

ultrasound therapy (UST) and low level LASER therapy

(LLLT), among which LLLT is the latest addition.

The acronym “LASER” stands for light (photons)

amplification by stimulated emission of radiation. LLLT is

the best and most widely accepted descriptor of the type

of lasers used in rehabilitation medicine. The instrument itself

is considered a “therapeutic laser”. LLLT has historically

been classified as a non-thermal modality. Non-thermal

modalities are those physical agents that do not raise the

subcutaneous tissue temperature greater than 36.5ºC.

Therefore, the therapeutic effects of LLLT are not

associated with a heating response, but rather a

photochemical response. When light (photons) enters the

cell, certain molecules called chromophores react to it, and

trigger a photochemical reaction that leads to desirable

physiologic effects. LLLT is simply another form of energy

(physical agent) that can be used to create physiological

changes in tissue4-8.

In recent times LLLT is being frequently used as a

non-thermal modality in the treatment of MPS. Painless

method, ease of application, extremely short and swift

therapy time, goes in favour of its use. For LLLT to be

effective, the irradiation parameters (wave-length, power,

power density, pulse parameters, energy density, total

energy and time) need to be within certain ranges. The best

penetrating wave-lengths are in the range of 760-850 nm

and may achieve a light density of 5 mW/cm2 at a depth of

5 cm when the beam power is 1 W and surface density is 5

W/cm2.

There are four clinical targets for LLLT:

(a) The site of injury to promote healing, remodelling and

reduce inflammation.

(b) Lymph nodes to reduce oedema and inflammation.

(c) Nerves to induce analgesia.

(d) Trigger points to reduce tenderness and relax contracted

muscle fibres.

Treatment times per point are in the range of 30

seconds to 1 minute. As little as one point may be treated in

simple cases, but as many as 10 to 15 points may be treated

for more complex dysfunction such as cervical or lumbar

radiculopathy9.

As pain is the most disabling symptom in the

presentation of MPS, same is used for assessment of post-

treatment improvement. There are a number of well

accepted scales for measuring degree of pain for the purpose

of assessing the post-treatment improvement and comparing

them with pretreatment scenario. Numerical rating scale

(NRS), visual analogue scale (VAS), verbal rating scale

(VRS), graphical rating scale (GRS), etc, are the most

commonly used ones.

In NRS, patients are asked to circle the number

between 0 and 10 that fits best to their pain intensity10.

Zero usually represents ‘no pain at all’ whereas the upper

limit represents ‘the worst pain ever possible’. In contrast

to the VAS, only the numbers themselves are valuable

answers, meaning that there are only 11 possible answers

in a 0-10 point NRS. It thus allows only a less-subtle

distinction of pain levels compared to VAS/GRS, where

there is theoretically unlimited number of possible answers.

NRS have shown high correlations with other pain-
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assessment tools in several studies. The feasibility of its use

and good compliance has also been proven. As it is easily

possible to use NRS verbally, it can also be used in

telephone interviews. A change on the NRS of 20% between

two time-points of an assessment is regarded as being

clinically significant11-16.

There is a number of studies17,18 highlighting

beneficial effects of LLLT on resolving pain related issues

in MPS.  But, sham controlled comparative studies in the

field of LLLT in treatment of MPS are scarce and the results

are conflicting. Some studies19,20 have put their weight on

the effectiveness of LLLT in the treatment of MPS, but

others are not that optimistic about significant difference it

makes compared to a placebo21. Some have even claimed

placebo a better option than LLLT22.  In the backdrop of

these contradicting literature and references, we tried to

find better understanding and clear answer regarding

efficacy of LLLT in treatment of MPS among Indian

patients.

The aim of this study was to evaluate effects of

LLLT in the treatment of MPS in clinical practice using rapid

and easy scoring system for pain like NRS and compare

these effects with control group receiving sham treatment.

Materials and Methods:

On this prospective, randomised, sham controlled,

double-blind study was conducted in the department of

physical medicine and rehabilitation, NRS Medical College

and Hospital, Kolkata, India  for a duration of three months.

Approval from the institutional ethics committee for

the study and informed consent from all patients included in

the study were obtained. Seventy-eight patients of MPS

involving upper back as diagnosed on the basis of diagnostic

features of MPS (Table 1) were selected as per protocol23.

Patients with hypothyroidism, anaemia, bone disorders,

neuromuscular conditions, radiculopathy, trauma,

inflammatory conditions, cardiac conditions, generalised

fatigue, depression, local or systemic infections, diabetes,

contra-indications of steroid and local anaesthetics, patients

undergoing chemotherapy, pregnant women, patient having

history of epileptic seizure, contra-indications of LLLT were

Table 1 –  Diagnostic Features of Myofascial Pain

Syndrome

then excluded from the study.

A total of 56 patients were finally, included in the

study. The patients were divided into two equal groups of

28 each, using standard randomisation technique. All the

patients were assessed using NRS pain score on the day of

their first visit. One group received LLLT, thrice a week on

every alternate day for 2 weeks, for 1 minute at 780 nm

wave-lengths. The other group was treated as control group.

They received sham treatment for same duration with same

kind of setting and apparatus, without actually receiving

LLLT. Patients of both groups were treated with usual oral

 

(A) Features that must be present to diagnose 

myofascial pain syndrome 

(1) Taut band within the muscle 

(2) Exquisite tenderness at a point on the 

taut band 

(3) Reproduction of the patient’s pain by 

stimulating the taut band at the trigger 

point 

 

(B) Features helpful, but not required, for 

diagnosing myofascial pain syndrome 

(1) Local twitch response (important to 

elicit by needling when treating by 

injection or deep dry needling) 

(2) Referred pain (common and a cause of 

many myofascial pain syndromes) 

(3) Weakness 

(4) Restricted range of motion 

(5) Autonomic signs eg, skin warmth or 

erythema, tearing, piloerection (goose-

bumps) 
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and topical NSAIDs, oral muscle relaxants, therapeutic

exercise and massage.

After two weeks therapy, each patient was

evaluated again with NRS score. Neither the patient nor

the investigator assessing the pre- and post-therapy NRS

pain score was aware of the information whether that patient

received actual LLLT or sham treatment. The resultant data

were analysed as per the objective of the present study

with the help of Wilcoxon matched pair signed rank test

and Man-Whitney ‘U’ Test.

Results:

Fifty-six patients were included in the study after

evaluation as per the inclusion and exclusion criteria. They

were divided into 2 groups of equal size with 28 patients

each. A number of patients from each group left the study

midway and either didn’t continue full prescribed treatment

as per schedule or weren’t present for subsequent follow-

up assessment. Ultimately 23 patients in the study group

and 22 patients in the sham control group completed the

treatment in time and were assessed properly in post-

treatment assessment for analysis.

Out of this total number of 45 patients completing

the study only 13 patients were male and rest (n = 32)

were female. In control group there were 7 male and 15

female patients, while in the study group the number of male

and female patients was 6 and 17 respectively.

The average age of the patients in the study group

was 35.87 years with age ranging from 27 years to 45 years

whereas in the control group the range was 26 years to 42

years and the average age was 33.27 years. The average

age of the total 45 patients was 34.08 years.

While comparing the pre- and post-therapy NRS

score in the study group, the pretherapy average score was

6.35 and in post-therapy assessment the score became only

4.08. The difference was found to be statistically significant

with p-value < 0.05. In the control group, the pre- and

post-therapy average NRS scores were 6 and 3.73

respectively. Here also the difference was significant with

p-value < 0.05 (Table 2).

pretreatment baseline data between study and control group

was not found to be significant. The post-therapy data

Table 2 – Pre and Post Comparison

(within Groups)

between two groups also came as insignificant statistically.

In both the cases p-value was >0.05 (Table 3).

Table 3 – Pre and Post Comparison (between

Groups)

Discussion:

In total, 45  patients completed the study. More

than two-thirds of them (71.11%) were female patients.

This observation corresponds with similar studies with LLLT

in MPS. Azizi et al17 in their study on effects of LLLT on

myofascial pain, had 16 females and only 6 males in study

group comprising 22 patients.  This tilted balance in  gender

ratio in the patients of MPS probably underlines the plight

of female patients who does all the heavy duty household

chores in home throughout the day. This finding is, in all

probability, highlighting chronic household overactivity as

*P-value significant

*P-value  non-significant

When compared between two different groups, the

one of the prime suspects in development of  upper back

myofascial pain.

Temporal 

comparison 

Pre data 

(average) 

Post data 

(average) 

 P-value* 

LLLT 6.35 4.08 <0.05 

SHAM  6 3.73 <0.05 

 

Intergroup 

comparison 

LLLT SHAM P-value* 

Pre data 6.35 6 > 0.05 

Post data 4.08 3.73 >0.05 
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The average age group in both the study and control

groups were found to be in early or mid 4th decade of life.

The age ranged from mid twenties to mid forties. This clearly

suggests the notion that MPS attacks people in the active

age groups of 3rd to 5th decade. In a similar study Azizi et

al17 found average age of their study population in mid

thirties (33.32 years).

The present study demonstrated significant

improvement in NRS score in study group. It highlighted

the effectiveness of LLLT in treatment of MPS.  Other

studies17,18 also show improvement with LLLT among  MPS

patients. While Azizi et al17 demonstrated reduction of

average pain score from 6.14 to 4.45 in next follow-up,

Jagdhari et al18 in their study in Indian condition recorded

recession in NRS rating from 5 to 3.4 score. Both of their

studies along with the present study showed significant

improvement over time.

But in this study, control group also showed

significant improvement. Similarly, Jagdhari et al18 observed

reduction of pain from 4.55 to 2.55 score among the

control group of their study not receiving LLLT.  As all the

patients under evaluation, both in study and control group,

showed similar type of improvement, and corroborate with

the findings of some past studies, we decided to try

intergroup comparison for better understanding.

In comparing the baseline data between two groups

we didn't find any meaningful difference which only

underlines the effectiveness of our randomisation process

in selecting 2 groups. But comparison of 2 groups even

after therapy didn't show any significant difference.  Study

and control group improvement is of almost similar fashion.

Here, the present study results only added to the already

existing confusion regarding contradictory finding of different

studies on the same field. While Ilbuldu et al19 and

Hakguder et al20 both claimed to have found significant

improvement in myofascial pain with LLLT compared to

placebo control, Carrasco et al21 are modest in their

submission as they failed to find any significance of LLLT

over placebo therapy. Even, one study by Thorsen et al22

This kind of contradictory finding probably hints at the

possible importance of the different additional treatments,

that was provided to both groups consisting of NSAIDs,

massage, activity restriction and therapeutic exercise, in

having some significant role to play in the final outcome of

each study. Also, as myofascial pain may have psychological

component to add to its cumulative presentation, application

of placebo may have done the trick in this study leading to

alteration in the final outcome of the management.

Conclusions:

Significant improvement was visible in study group

after two weeks of LLLT. But, the control group also

demonstrated almost similar improvement pattern with

placebo treatment. The intergroup comparison provided no

significant variation. This result either indicates to the

confounding effect of other treatment approaches like

medicine, therapeutic exercise and massage that were

provided to all the patients, or the psychosomatic effect of

placebo treatment on the patients of MPS.  Possibly the

proper exclusion of confounding factors, a bigger sample

size and use of other various multidimensional assessment

tools can help us in better understanding of the actual

beneficial effect of LLLT on MPS.
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Introduction:

Normally cold, cough and fever are caused by the
infection of rhinovirus – but sometimes these are due to
coronavirus infection. Coronaviruses (CoV) are enveloped,
positive-sense single-stranded RNA viruses that belong to

known of such disease, which had happened to be epidemic,
was reported in China in 2003. Second outbreak of this
serious disease was taken place in Saudi Arabia as Middle
East respiratory syndrome (MERS) in 20123.

the subfamily coronavirinae,
family coronavirdiae, order
nidovirales. They have three
strains – B814, 229E and
OC 43. These three strains
are the ones that are
associated with cough and
fever. We all may have a
coronavirus infection
sometimes in our lives1.

There are four
genera of CoVs, namely, α-
(αCoV), β- (βCoV), δ-

(δCoV), and  γ - (γCoV)1.   We knew from the evolutionary
analyses that bats and rodents are the gene sources of most
αCoVs and βCoVs, whereas δCoVs and γCoVs from
avian species. CoVs have repeatedly crossed species
barriers and some have emerged as important human
pathogens2.  Coronavirus is associated with serious illness
and severe acute respiratory syndrome (SARS). The first

In the
year 2019,  a
new coronavirus
was identified in
samples of
bronchoalveolar
lavage fluid
from a patient
from Wuhan,
China, and a
new coronavirus
was introduced
in the name

Fig 1 –  Coronavirus SARS-CoV-2 (Web MD, Coronavirus and
COVID-19: What You Should Know)

designated as SARS-CoV-2 and the disease caused by
this virus is known as COVID-19 (Fig 1)4. It spreads slowly
all over the world. It was epidemic one time and now it is
pandemic. The virion has a nucleocapsid composed of
genomic RNA and phosphorylated nucleocapsid (N)
protein, which is buried inside phospholipid bilayers and
covered by spike proteins2. The membrane (M) protein (a
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type III transmembrane glycoprotein) and the envelope (E)
protein are located among the spike (S) proteins in the virus
envelope. CoV were given their name based on a
characteristic crown-like appearance.

bronchoalveolar lavage fluid of a patient from Wuhan (Fig
3)7,8.

On December 31, 2019, Chinese authorities
warned the World Health Organisation and on February
20, 2020, about 167,500 Covid-19-infected patients were
documented, and 6,600 people died of the virus5, Prasad
et al6 presented electron microscopy images of the virus
(Fig 2). The images revealed the presence of stalk-like
projections ending in round peplomer structures typical of
a coronavirus particle.

Novel Virus SARS-CoV-2 and Its Attributes:

On January 3, 2020, the first complete genome of
the novel β genus CoV was identified in samples of

Fig 2 –  Transmission of Electron Microscopy Imaging of
COVID-19 with (A) Represents Negative Stained Virus
Particle (B) Defocused Image Virus Particle Envelope
Glycoprotein in Finer Details (C) Distintpeplimer with

(M) Matrix of Virus Particle and (D) Five Distinct
Peplimers

Fig 3 –  Modelled Structure of SARS-CoV-2 which Is
the 3D Atomic Scale Map or Molecular Structure of the
SARS-2-CoV Protein:  “Spike”  which the Virus Uses to
Invade Human Cells (Yasemin Saplakoglu - Staff Writer
Live Science February 19, 2020 Coronavirus ‘Spike’

Protein Just Mapped, Leading Way to Vaccine

The genomic RNA of virus is used as template for
polyprotein translation, which codes for non-structural
proteins to form the replication-transcription complex (RTC)
in a double-membrane vesicle7. Subsequently, a nested set
of subgenomic RNAs are synthesised by RTC in a manner
of discontinuous transcription. The first open reading frame
(ORF1a/b), codes about two-thirds of the whole genome
length ie, 16 non-structural proteins (nsp1-16). Other ORFs
on the one-third of the genome near the 3'-terminus encodes
the main structural proteins: S, M, E, and N proteins.
Besides these four main structural proteins, CoV codes for



special structural and accessory proteins. All the structural
and accessory proteins are translated from the subgenomic
RNAs of CoVs.

Like other βCoVs, the SARS-CoV-2 genome
contains two flanking untranslated regions and a single long

CoV, and others).
It is seen that a single intact open reading frame

gene 8 is present in SARS-CoV-2 isolates indicating bat
origin CoV. Although bat CoV RaTG13 sequence has
96.3% similarity throughout the genome, but discordant

clustering with the bat-SARS-like coronavirus sequences
is seen with SARS-CoV-210,11. In the 5’-part spanning the
first 11,498 nucleotides and the last 3’-part spanning
24,341-30,696 positions, SARS-CoV-2 and RaTG13
formed a single cluster with bat_SARS-like coronavirus
sequences. Again, in the middle region spanning the 3’-end
of ORF1a, the ORF1b and almost half of the spike protein
regions, SARS-CoV-2 and RaTG13 grouped in a separate
distant lineage within the sarbecovirus branch. The levels

open reading frame encoding a polyprotein3,7. The SARS-
CoV-2 genome is arranged in the order of 5’-replicase
(ORF1/ab)-structural proteins [S-E-M-N]–3’ and lacks
the haemagglutinin-esterase gene which is characteristically
found in lineage A β-CoVs, as illustrated in Fig 4.

Complete viral genome sequence can be found from
GISAID8,9. SARS-CoV-2 falls into the genus beta
coronavirus, which includes CoVs discovered in humans,

Fig 4 – Genome Organisation of SARS-CoV-2 Genome Compared to Beta Coronavirus3

bats, and other wild animals (SARS-CoV, bat SARS-like
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of genetic similarity between SARS-CoV-2 and RaTG13
suggest that SARS-CoV-2 may have originated from bats.
On the other hand, ORF3b codes for a completely novel
short protein and the new ORF8 likely codes for a secreted
protein with an alpha-helix, following with a beta-sheet(s)
containing six strands.

Virus isolates from patients with or without disease
manifestation are used for the analysis of genomes of SARS-
CoV-2 and confirmed high sequence similarity (>99%). In
addition, they noticed two hypervariable genomic hotspots,
one of which is responsible for a serine/leucine variation in
the viral ORF coded protein5.

Envelope Glycoprotein and Its Interactions with the

ACE2 Receptor:

The S glycoprotein is comprised of S1 and S2
subunits. The S1 subunit contains a signal peptide, followed
by an N-terminal domain (NTD) and receptor-binding
domain (RBD), while the S2 subunit contains conserved
fusion peptide, heptad repeat 1 and 2, transmembrane
domain, and cytoplasmic domain.

James et al12 found a similar receptor utilisation
between SARS-CoV-2 and SARS-CoV from the
structural modelling of the SARS-CoV-2 S glycoprotein
study, but they observed a relatively low amino acid
similarity in the receptor binding module. Like SARS-CoV,
an extended structural loop containing basic amino acids
was identified at the interface of the receptor binding (S1)
and fusion (S2) domains, which was predicted to be
proteolytically sensitive. Wrapp et al13 disclosed the 3.5
Å-resolution cryo-EM structure of the SARS-CoV-2 S
trimer in the prefusion conformation. The predominant state
of the trimer has one of the three receptor-binding domains
(RBDs) rotated up in a receptor-accessible conformation.
Biophysical and structural evidence indicated that SARS-
CoV2 S binds ACE2 with higher affinity than SARS-CoV
S. When tested with several published SARS-CoV RBD-
specific monoclonal antibodies and found that no appreciable

binding to SARS-CoV-2 S, confirming previous
conclusions from sequence analyses that antibody cross-
reactivity may be limited between the two virus RBDs. The
ACE2-B0AT1 (neutral amino acid transporter) complex is
assembled as a dimer of heterodimers, with the collectrin-
like domain (CLD) of ACE2 mediating homo-dimerisation
(Fig 5)14. The RBD is recognised by the extracellular
peptidase domain (PD) of ACE2 mainly through polar
residue15. Letko et al15 confirmed previous observations in
terms of receptor usage of the virus and suggested that
SARS-CoV-2 is capable of using human ACE2 as
efficiently, which may help to explain human-to-human
transmissibility. The experiments were based on the use of
pseudotypes and investigated the mechanism of entry of a
whole set of lineage B βCoVs.

SARS-CoV-2 Infection and Immune Response:

Characterisation of both innate and adaptive
immune responses to SARS-CoV and MERS-CoV16 are
available in the literature, but a few data are available
regarding to iSARS-CoV-2 on this aspect16. Such
knowledge can be expected to facilitate vaccine
development as well as specific immunotherapy against
COVID-19. Epitope predictions immune-informatics
approaches targeting identification of T and B cell epitopes
of SARS-CoV-2 have been described by several
authors14-16.

Baruah and Bose17 for instance, predicted five
cytotoxic lymphocytes (CTL) epitopes, three sequential B
cell epitopes and five discontinuous B cell epitopes in the S
glycoprotein.The CTL epitopes bind MHC class I peptide-
binding grooves via multiple contacts, with continuous
hydrogen bonds and salt bridge anchors, supporting their
potential in generating immune responses. Interestingly, only
one overlapping CTL epitope between MERS-CoV and
SARS-CoV-2 with one gap and one mismatch
(YLQPRTFLL/YKLQPLTFLL), and no comparable
epitopes with SARS-CoV.
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SARS-CoV-2. Five of these epitopes were found in the S
protein, two in the membrane protein, and three in the
nucleocapsid (N) protein. T cell epitopes were mostly found
in the S protein and N protein (Fig 6).

SARS-CoV-2 Infection and Antibody Response:

To et al19 examined the host humoral response
against SARS-CoV-2 including IgA, IgM and IgG
responses by using an enzyme-linked immunosorbent assay

evaluated in this cohort. The median duration of IgM and
IgA antibody detection was 5 days (IQR 3-6), while IgG
was detected on 14 days (IQR 10-18) after onset of
symptom, with a positive rate of 85.4%, 92.7% and 77.9%
respectively. In confirmed and probable cases, the positive
rates of IgM antibodies were 75.6% and 93.1%,
respectively.  Immunological testing was performed in 16
patients at Hong Kong using serum samples collected 14
days or longer after onset of symptom. The rates of

Grifoni et al18 identified multiple specific regions in
SARS-CoV2 and also identified 10 B cell epitopes which
have high sequence similarity between SARS-CoV and

Fig 5 – Interaction of SARS-CoV-2 RBD and ACE-2 (Yan Science 2020) (A) The PD of ACE2 Mainly Engages
the α1 Helix in the Recognition of the RBD. The α2 helix and the linker between β3 and β4. Also contribute to the
Interaction, Only One RBD-ACE2 Is Shown and (B to D) Detailed Analysis of the Interface between SARS-CoV-

2-RBD and ACE2 2nd Polar Interactions are Indicated by Red Dashed Lines [NAG – N-acetylglucosamine]

(ELISA) using the recombinant viral nucleocapsid. A total
of 208 plasma samples were collected from 82 confirmed
and 58 probable cases. The diagnostic value of IgM was
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seropositivity were reported: 94% for anti-NP IgG (n=15),
88% for anti-NP IgM (n=14), 100% for anti-RBD IgG

Fig 6 –  Discontinuous B cell Epitopes Identified in the Modelled Structure and Right—Ramachandran Plot Indicated

a High Proportion of Residues to be Located within the Favoured and Allowed Regions (2019 Novel Coronavirus)

(n=16), and 94% for anti-RBD IgM (n=15). AntiSARS-
CoV-2-NP or anti-SARS-CoV-2-RBD IgG levels
correlated with virus neutralisation titre (R2>0·9) (Fig 7)19.

SARS-CoV-2 Infection and Cellular Responses:

A study of the dynamic changes of lymphocyte
subsets and cytokines profiles of 40 COVID-19 patients
has been reported. Significant decrease in the counts of T
cells, especially CD8 + T cells, were observed as well as
increases in IL-6, IL-10, IL-2 and IFN-γ levels in the
peripheral blood in the severe cases compared to those in
the mild cases. T cell counts and cytokine levels in severe
COVID-19 patients who survived the disease gradually
recovered at later time points to levels that were comparable
to those of the mild cases20. Zheng et al20 showed that
SARS-CoV-2 infection may break down antiviral immunity
at an early stage and the total number of NK and CD8+ T
cells were decreased markedly in patients with SARS-

with a reduced ability to produce CD107a, IFN-α, IL-2,
granzyme B, and TNF-α. Also, the percentage of
NKG2A+ cytotoxic lymphocytes was found decreased in
recovered patients infected with SARS-CoV-2, which
strongly suggests that NKG2A expression may be
correlated with functional exhaustion of cytotoxic
lymphocytes and disease progression in the early stage of
COVID-19. Zheng et al21 provided a detailed analysis of
the immunological characteristics of peripheral blood
leucocytes from 16 patients, including 10 mild cases and 6
severe cases. The levels of IFN-γ and TNF-α in CD4+ T
cells were lower in the severe group than in the mild group,
whereas the levels of granzyme B and perforin in CD8+ T
cells were higher in the severe group than in the mild group.

Ong et al 22 noted the transcriptional changes in a
panel of immune genes in 3 COVID-19 patients and 10
healthy volunteers. Possibly delay T cell immunity against
SARS-CoV-2 may be seen with attenuated cytokine

CoV-2 infection, and also observed that NKG2A
expression is upregulated on NK cells and CTLs in patients,
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expression associated with mild infection, and this would
prolong infection, leading to the possibility that a febrile
and undifferentiated COVID-19 cases

Immunity to Other Coronaviruses and Cross-

reactivity:

the < 10 years age group to a plateau of 21.6% in the 31-
40 years age group in Hong Kong. This knowledge may
be helpful in characterisation of antibody of various ages.

Cross-reactivity of Antibodies:

Tian et al26 hypothesised strong binding of
COVID-19 S protein by SARS-specific human monoclonal

Fig 7 – Timeline of IgM and IgG Antibodies Level to SARS-CoV-2 from Onset of Symptoms

Immunity against other coronaviruses may be useful
to understand the immune responses to (and pathogenesis
of) SARS-CoV-2.  Ong et al23 found antibodies against
bat SARS-related coronavirus in people living near caves
inhabited by bats in China. A recent report also described
serology testing against common human CoV strains in a
prospective study of 200 subjects evaluated for respiratory
infections in the US24. Interestingly, a publication by Chan
et al25 presented the seroprevalence of HCoV HKU1
according to age, showing steadily increasing sero-
prevalence in childhood and early adulthood, from 0% in

antibody CR3022 through structural analysis studies, but it
requires the data from in vitro experiments.

Walls et al27 investigated the ability of plasma from
four mice immunised with a stabilised SARS-CoV S using
murine leukaemia virus (MLV)-based pseudotypes
neutralisation assays to inhibit SARS-CoV-2 and SARS-
CoV S-mediated entry into target cells. All sera tested
completely inhibited transduction of SARS-CoV S-MLV
and reduced SARS-CoV-2 S-MLV transduction to ~10%
of control in Vero E6 cells. The elicitation of a heterotypic
response blocking SARS-CoV-2 S-mediated entry into
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host cells concurred with the sequence and structural
conservation of SARS-CoV-2 S and SARS-CoV S along
with their comparable glycans shields and suggested that
immunity against one virus of the sarbecovirus subgenus
can potentially provide protection against related viruses
and drive virus spread in the community.

Manifestation of Disease:

Initial observations in Wuhan in December 2019,
showed a series of pneumonia cases of unknown cause
emerged in Wuhan, Hubei, China, with clinical presentations
greatly resembling viral pneumonia. By January 2, 2020,
41 admitted hospital patients had been identified as having
laboratory confirmed COVID1928. Most of the infected
patients were men [30 (73%) of 41]; less than half had
underlying diseases [13 (32%)], including diabetes [8
(20%)], hypertension [6 (15%)], and cardiovascular
disease [6 (15%)]. Median age was 49.0 years (IQR 41.0-
58.0). Twenty-seven (66%) of 41 patients had been
exposed to Huanan seafood market. One family cluster
was found. Common symptoms at onset of illness were
fever [40 (98%) of 41 patients], cough [31 (76 %)], and
myalgia or fatigue [18 (44%)]; less common symptoms
were sputum production [11 (28%) of 39], headache [3
(8%) of 38], haemoptysis [2 (5%) of 39], and diarrhoea
[one (3%) of 38]. Dyspnoea developed in 22 (55%) of 40
patients [median time from illness onset to dyspnoea 8·0
days (IQR 5.0-13.0)]. Twenty-six (63%) of 41 patients
had lymphopenia. All 41 patients had pneumonia with
abnormal findings on chest CT. Complications included
acute respiratory distress syndrome [12 (29%)],
RNAaemia [6 (15%)], acute cardiac injury [5 (12%)] and
secondary infection [4 (10%)]. Thirteen patients (32%)
were admitted to an ICU and 6 (15%) died. Compared
with non-ICU patients, ICU patients had higher plasma
levels of IL2, IL7, IL10, GSCF, IP10, MCP1, MIP1A,
and TNFα.

In a special report published in the journal
Radiology, researchers describe computed tomography
(CT) imaging features that aid in the early detection and
diagnosis of Wuhan coronavirus (Fig 8). Chung et al29 set
out to characterise the key chest CT imaging findings in a
group of patients infected with 2019-nCoV in China with
the goal of familiarising radiologists and clinical teams with
the imaging manifestations of this new outbreak.

The analysis showed that 2019-nCoV (later named
as SARS-CoV-2) typically manifests on CT with bilateral
ground-glass and consolidative pulmonary opacities.
Nodular opacities, crazy-paving pattern, and a peripheral
distribution of disease may be additional features helpful in
early diagnosis. The researchers also noted that lung
cavitation, discrete pulmonary nodules, pleural effusions and
lymphadenopathy are characteristically absent in cases of
2019-nCoV. Follow-up coronavirus imaging in seven of
eight patients showed mild or moderate progression of
disease as manifested by increasing extent and density of
airspace opacities.

Incubation Period:

Among the first 425 patients with confirmed
COVID-19-pneumonia, the mean incubation period was
5.2 days (95% confidence interval, 4.1 to 7.0), with the
95th percentile of the distribution at 12.5 days30.

Pathophysiology of COVID-19:

The pathogenesis of COVID-19 is under
investigation. Of note, a review on the comparative
pathogenicity of the different human coronaviruses was
published by Liu et al31.

Viral tropism Chinese horseshoe bats, civet, pig,
and mouse showed that SARS-CoV-2 is able to use all
but mouse ACE2 as an entry receptor in ACE2-expressing
cells, but not cells without ACE2. ACE2 therefore appears
as the likely cell receptor of SARS-CoV-232. It was also
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demonstrated that SARS-CoV-2 does not use other
coronavirus receptors, aminopeptidase N and dipeptidyl
peptidase 4.

Inflammatory Response in Covid-19 Patients:

SARS-CoV-2 infection or drug-induced liver injury. There
were a few interstitial mononuclear inflammatory infiltrates,
but no other substantial damage in the heart tissue.

 Fu et al34 explored the possible mechanisms of
the inflammatory response observed in COVID-19
pneumonia. Based on previous studies of SARS-CoV, they
separated the inflammatory responses in SARS-CoV-2

Fig 8 – CT Lung Imaging from a 41-year-old Woman Who Tested Positive for COVID-19, This 3-D Reconstruction
Shows Multifocal Ground Glass Opacities without Consolidation (from https://www.itnonline.com/content/

radiologists-describe-coronavirus-ct-imaging-features)

The pathological features of COVID-19 greatly resemble
those seen in SARS and MERS. In addition, the liver biopsy
specimens of the patient with COVID-19 showed moderate
microvascular steatosis and mild lobular and portal activity,
indicating the injury could have been caused by either

infection into primary and secondary responses (Fig 9).
Primary inflammatory responses occur early after viral
infection, prior to the appearance of neutralising antibodies
(NAb). These responses are mainly driven by active viral
replication, viral-mediated ACE2 downregulation and

Xu et al33 described for the first-time pathology of
COVID-19 findings from biopsies collected at autopsy.
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shedding, and host antiviral responses. Secondary
inflammatory responses begin with the generation of
adaptive immunity and NAb. The virus-NAb complex can
also trigger IgG fragment Fc receptor (FcR)-mediated
inflammatory responses and acute lung injury.

Interestingly, Ong et al22 found a highly dynamic
expression of proinflammatory genes in COVID-19.
Expression of most of these genes peaked after nadir of

fatality have been found to include elevated ferritin and IL-
6, suggesting that mortality might be due to virally driven
hyperinflammation35.
Impairment in COVID-19:

Lung – German Center for Lung Research (DZL),

have examined samples from non-virus infected patients to
determine which cells of the lungs and bronchi are targets

Fig 9 – Possible Mechanisms of SARS-CoV-2-mediated Inflammatory Responses34

respiratory function, which indicates the possibility that the
IL1 pathway may be a more suitable correlate of severe
respiratory disease instead of a cytokine storm.

The cytokine profile associated with COVID-19
disease severity has been reported as characterised by
increased IL-2, IL-7, granulocyte-colony stimulating factor,
interferon-γ inducible protein 10, monocyte
chemoattractant protein 1, macrophage inflammatory
protein 1-α, and tumour necrosis factor-α. Predictors of

for novel coronavirus (SARS-CoV-2) infection. They
discovered that the receptor for this coronavirus is
abundantly expressed in certain progenitor cells. These cells
normally develop into respiratory tract cells lined with hair-
like projections called cilia that sweep mucus and bacteria
out of the lungs36. It was observed that the COVID-19
patients had lungs filled with cellular debris and fluid. Many
COVID patients develop pneumonia and suffer shortness
of breath when the virus travels deep down into the lungs.
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So scientists predicted that the virus SARS-CoV-2 virus
kill cilia cells as soon as they enter into lungs. If the virus
reaches the lower part of lungs, it causes an immune over-
reaction, which means more immune cells, debris and more
fluid in the lungs, and pneumonia becomes more serious.
The blood doesn't receive enough oxygen, due to the lack
of surfactant. Lung impairment increases, and some patients
suffer respiratory failure, which can lead to death28,36.

Even if the patient avoids death, the overactive
immune response could permanently damage their lungs.
Evidence from Wuhan, China shows that patients showed
lung lesions or holes and had ‘ground-glass opacity
(Fig10)’. The lungs are scarred, inflexible, and can't provide
enough oxygen transfer for the patient to breathe without
the use of a ventilator37.

It seems that coronavirus enters the body directly
through the respiratory system, but that we should consider
other routes of entry. Some viruses are particular about
the cells they invade. With COVID-19, it infiltrates the
body and looks for the gateway ACE2 receptor. If it finds
a compatible receptor, it invades37,38.

Heart and circulatory system – COVID-19 can
affect the heart and vascular system. Physicians find that
some patients have low blood pressure, irregular heart
rhythm, or ischaemia, which is when the tissues don’t get
enough blood passing through them. In a cytokine storm,
the entire vascular system suffers, as blood leaks from
blood vessels.

What experts know is that those who have a pre-
existing cardiovascular condition are at higher risk of

Fig 10 – The Brightness of Both Lungs Decreased Multiple Patchy Shadows Observed and Edges
Blurred and Large Ground-glass Opacity and Condensation Shadows were Mainly on the Lower

Right Lobe in a Case from a Patient from Wuhan, China

Stomach and digestive system – Experts are still
not clear about coronavirus and gastro-intestinal
involvement. Some patients have reported nausea and
diarrhoea, but these cases are much less frequent than
respiratory symptoms38. There are now reports of stool
samples testing positive for the virus, which further highlights
the need for regular and thorough hand washing.

developing severe disease. When the lungs are suffering,
the heart is under more pressure39.

Liver and kidneys – COVID-19 can cause renal
damage36-39. Researchers don’t yet fully understand the
involvement of the kidneys, but the damage could be due
to lower levels of circulating oxygen that happens with
pneumonia.
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mononuclear inflammatory infiltrates, dominated by
lymphocytes, were seen in both lungs.  Multinucleated
syncytial cells with atypical enlarged pneumocytes
characterised by large nuclei, amphophilic granular
cytoplasm, and prominent nucleoli were identified in the
interalveolar spaces, showing viral cytopathic-like changes.
No obvious intranuclear or intracytoplasmic viral inclusions
were identified43.

Conclusions:

In the last of 2019 a novel virus SARS-CoV-2 is
discovered from the samples of bronchioalveolar lavage
fluid obtained from a Covid-19 patient at Wuhan, China.
This virus is highly contagious and transmits the virus from
person to person. It is not known at present how to control
the virus. In contrast, the virus spreads from one country
to another and eventually the disease COVID-19 became
pandemic. A huge number of modelling studies has been
reported. These studies aimed at the epidemiology of the
disease in various countries, but also predicting the impact
of various public health measures.

To understand the disease scientists are working
on the virus. A large number of publications can be seen in
the literature. Some of the characteristics of virus are
reviewed in this article. The genome structure, immunology
of the virus, manifestation ofdisease, pathogenesis and
impairment are discussed in this review with a hope that
this compiled information may be helpful for the finding of
successful treatments or vaccine development.

Since the death rate is very high with the disease, it
is urgently required to control the disease. Various
approaches, including evaluation of existing broad-spectrum
antiviral drugs using standard assays, screening of a chemical
library containing many existing compounds or databases,
and the redevelopment of new specific drugs based on the
genome and biophysical understanding of individual
coronaviruses, can be used to identify potential therapies.

Multiple studies, all however limited to small case
series or case-control studies, have observed the clinical
characteristics of COVID-19 pneumonia in pregnant
women. These characteristics seem to be similar to those
reported for non-pregnant adult patients who developed
COVID-19 pneumonia40.

Effect on pregnant women – A retrospective
study in 9 pregnant women who had a caesarean section
in their third trimester did not show any severe COVID-
19 pneumonia or maternal death41.The clinical
characteristics of COVID-19 pneumonia in pregnant
women included mainly fever and cough. Other symptoms
were myalgia, malaise, sore throat, diarrhoea and
dyspnoea. Biochemical examination revealed lymphopenia
and increased CRP in the majority of patients. CT scan of
the thorax showed the typical patchy ground-glass
shadows in the lungs. None of the patients developed
severe disease or died. Similarly, a retrospective
comparison of the pregnancy outcomes was done between
16 women with COVID-19 and 45 women without
COVID-1942.  Of the pregnant woman with COVID-
19, 15 cases showed mild disease, while one case
developed severe respiratory illness. All 16 neonates were
delivered via caesarean section. No significant differences
were observed in gestational age, birth weight and blood
loss during operation.

Postmortem:

Postmortem samples from a 50-year-old male
patient from Wuhan were taken from the lung, liver, and
heart.  Histological examination showed bilateral diffuse
alveolar damage with cellular fibromyxoid exudates.  The
lung showed evident desquamation of pneumocytes and
hyaline membrane formation, indicating acute respiratory
distress syndrome (ARDS).  Lung tissue also displayed
cellular and fibromyxoid exudation, desquamation of
pneumocytes and pulmonary oedema.  Interstitial
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Numerous candidates were proposed from the beginning
of the epidemic, some of which were very soon
administered to patients. And also, scientists are trying to
develop targeted therapies, from the serum that was
collected from the people or patients who have recovered.
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Abstract:

Biopharmaceuticals like monoclonal antibodies are widely used in clinical medicine for various therapies eg,

cancer, inflammatory and auto-immune diseases. Immunogenicity is one of the issues for safety. Such undesired

immunogenicity can also limit the use of biopharmaceuticals, particularly for the treatment of chronic diseases that

necessitate repeated treatments over long periods. Assessment of immunogenicity is an important component of

drug safety evaluation, which is presently performed by estimating risk factors. Risk-based approach considers

both probability of induction of immune response and expected clinical consequences. A combination of the two

may result in high, medium or low risk levels and will depend on the product, patient and treatment related

characteristics. Well-engineered cells, well-designed formulations coupled with good manufacturing scheme may

sometimes reduce some of the extrinsic and intrinsic factors.
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Protein Therapeutics and Immunogenicity:

Protein therapeutics, including monoclonal antibod-

ies (Abs) and cytokines, have become mainstream treat-

ments in a few clinical settings starting from pain control,

cardiovascular to oncology. Recombinant analogues of

growth factors eg, type1 interferon's (IFNs) or interleukin-

2 (IL-2), insulin, or erythropoietin (EPO) are also used in

therapy. An example is shown in Fig 1.

Drug development process is an expensive time-

consuming multistep process and is summarised in Fig 2.

The critical part of drug development process is to accu-

rately assess drug exposure for bioavailability of the drug.

Immunogenicity is one of the issues for safety (Table 1).

On challenge the drug induces anti-drug antibodies (ADA,

Fig 3) which may be either sustaining or clearing or

neutralising antibody (Abs). Sustaining Abs prolong the half-

life by protecting it from normal clearance. In contrast clear-

ing Abs more quickly decrease drug concentration below

the therapeutic levels or remove the drug from circulation.

The neutralising Abs abrogate a drug's therapeutic effect

and potentially induce serious side-effects. All these clear-

ing processes can affect pharmacokinetics (PK), pharma-

codynamics (PD), and bioavailability analyses which in some

cases minimise the potency of the drug on risk-based ap-

proach and can also limit the use of these drug products1-9.

On the other hand, repeated injection of these drug products

to human in different physical condition can result in a break

in immune tolerance to self-antigens leading to the product

of adverse event response and sometimes immune com-

plex disease or allergic reactions. Assessment of immuno-

genicity is an important component of drug safety evalua-

tion, which is presently performed by estimating risk fac-

tors. Risk-based approach considers both probability of

induction of immune response and expected clinical conse-
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quences (Fig 4). A combination of the two may result in

high, medium or low risk levels and will depend on the prod-

The purpose of this review is to outline the current knowl-

edge of  immunogenicity related to biotherapeutics. Fur-

Fig 1 – Therapeutic Proteins Product (TP) Immunogenicity   [Immunogenicity  refers to immune response of the

host against therapeutic protein.  The immunogenic response generally includes both cellular (T cell) and humoral

(antibody) arms of the immune response, however antibodies are usually measured. Antibodies directed against TP

(antidrug antibodies, ADA) may consist of IgM, IgG, IgE, and/or IgA isotypes. Interactions between antigen

presenting cells (APC), T-helper cells, B-cells, and their associated cytokines are also shown here]

uct, patient and treatment related characteristics. Risk-

based evaluation was described in several publications4-7.

ther it will discuss about risk assessment plan and strate-

gies for risk mitigation.
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Factors Influencing Immunogenicity:

Drug development processes contribute some ex-

factors are described here in brief.

Product-related – There are several product-re-

trinsic and intrinsic factors, which relate to immunogenic-

ity10-16. The factors are categorised as product-related, pro-
lated factors which can influence immunogenicity. Most of

these factors are mainly protein structure related. They are

cess-related, and patient-related (Table 2). Some of these evolved through formulation, storage, or packaging. Some

Fig 2 – Drug Development Process [It is expensive, time-consuming, multistep process. The initial molecule is

selected from basic research and then it is designed properly and subjected to chemistry, manufacturing controls

followed by preclinical research. After determining all the safety parameters, the drug molecule is tested for clinical

development where immunogenicity is a big concern. After successful clinical trial, the application for the drug

molecule is filed to agency’s approval and following approval the drug product is launched]

Table  1 – Clinically  Important Antibodies

Product Consequence 

EPO PRCA (pure red cell aplasia) 

Factor VIII Loss of efficacy 

Factor IX Loss of efficacy, anaphylaxis 

Interferon-α Loss of efficacy 

Interferon-β Loss of efficacy 

Infliximab Loss of efficacy, infusion reaction, anaphylaxis 
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of these factors are summarised in the following (Fig 5):

(a) Drugs undergo oxidation, and deamination.
cine to comply with EU regulation. Yet, an increase in the

incidence of pure red cell aplasia was observed. So the

Deamination resulting in production of degradation prod-

ucts can influence or trigger immunogenicity. Similarly drug

molecules form aggregates through intermolecular bonding

and trigger immunogenicity. It has been suggested that ag-

gregated proteins form repetitive arrays that can lead to

efficient cross-linking of B-cell receptors, leading to B-cell

activation in the absence of T-cell helper, thereby resulting

in a break in immune tolerance to self-proteins15-17.

(b) It was customary approach to add exogenous

protein to drug product during its manufacturing processes

for stabilisation. The introduction of such exogenous pro-

tein has potential to elicit Abs. Repeated administration of

this drug product may cause a break in immune tolerance

leading to the development of an immune response and so

European Union (EU) have adopted regulations prohibit-

ing the addition of exogenous proteins18. For anaemia  ex-

ogenous protein was replaced by polysorbate 80 and gly-

manufacturer modified the storage and handling protocols

including container closure system to curve this risk19-21.

(c) Protein misfolding, an intrinsic property of pro-

teins, and other unrelated factors have been described to

influence biopharmaceutical immunogenicity. For instance,

Metal catalysed oxidation of rhIFNα2b was described as

a result of a conformational change accompanied by adop-

tion of amyloid-like properties, indicative for protein

misfolding, that was far more immunogenic in vivo than its

native counterpart and broke immune tolerance. In addi-

tion, post-translational modifications such as oxidation,

deamidation, and aggregation influence protein immunoge-

nicity12,13. Specific modifications in formulations and pack-

aging have also been correlated to biopharmaceutical im-

munogenicity, which for example, has been observed with

a specific formulation of EPO that was far more immuno-

genic than its previous formulation13. One of the main prob-

Fig 3 – Immunogenicity [On challenge the drug provides not only efficacy but also induces anti-drug antibodies

(ADA) which may be either sustaining or clearing or neutralising antibody (Ab). Repeated injection of these drug

products to human in different physical condition can result in break in immune tolerance to self-antigens leading to the

product of adverse event response and sometimes immune complex disease or allergic reactions. In practice, immu-

nogenicity in the clinic is assessed by the detection of ADA. All isotypes of binding antibodies (BAbs) are capable of

binding to the TP and inhibit functional activity of the TP (generally directed against biologically active site)]
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lems in formulation developments is to maintain protein sta-

bility, because chemical modification, adsorption, and most

importantly, aggregation phenomena are generally difficult

to prevent17.

(d) To increase the stability of the drug product

non-human sequences are incorporated in the construc-

glycosylation which can influence immunogenicity and may

be involved in a break in immune tolerance1-9.

(e) PEGylation can reduce the immunogenicity of

some proteins although patients produce antibodies to the

polyethylene glycol (PEG) residue adversely affecting effi-

cacy14.

Fig 4 – Clinical Immunogenicity [Assessment of immunogenicity is an important component of drug safety evalua-

tion, which is presently performed by estimating risk factors. Risk-based approach considers both probability of

induction of immune response and expected clinical consequences. A combination of the two may result in high,

medium or low risk levels and will depend on the product, patient and treatment related characteristics]

tion of plasmid. These sequences are sometimes detrimen-

tal and may cause immunogenicity1-9.  Amino acid substitu-

tion is mainly used for the solubilisation and stabilisation of

drug product. This substitution generally changes the mo-

lecular structure of the epitope and the degree of

(f) Carbohydrate moieties present upon

biopharmaceuticals can elicit the production of IgE anti-

bodies that can cause serious adverse reactions including

anaphylaxis even upon the first treatment exposure. Pre-

existing antibodies against galactose α-1,3-galactose have
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been shown to be responsible for IgE mediated anaphy- from the expression system. The protein contaminants from

Table 2 – Contents for Integrated Summary of Immunogenicity

lactic reactions in patients treated with cetuximab22. the manufacturing systems can also influence immunogenic-

Topics  Content 

Product related: 

  Intrinsic 

  Extrinsic 

 

  

Product profile, sequence homology 

 Process related impurities, aggregates, degradation 

products, stability of active ingredients in DP formulation 

Immunogenicity related clinical     

  risks 

 Cross-reactive Abs, drug hypersensitivity responses, 

abrogation of efficacy due to neutralising Abs or quick 

clearance 

Analytical methods  Rationale for choice of methods, PK assay, ADA assay, 

assessment of cross reactive potential, neutralising 

antibody assay, etc 

Non-clinical  Overview , ADA versus PK/PD, and other toxicities 

Clinical Studies contributing to immunogenicity, ADA responses, 

ADA versus PK/PD, ADA versus efficacy 

Impact of immunogenicity on overall assessment of 

benefit and risk 

Recommendations for risk management plan 

 

Table 3 – Plan for Controlling Immunogenicity

Process-related – There are several process-re-

lated impurities, which can also influence the immunoge-

nicity23. This includes traces of residual DNA or proteins

ity (Fig 6). As discussed earlier, the contaminants from the

container-closure that leach from the product can increase

the incidence of pure red cell aplasia (PRCA)10,11,24.

Elements Description 

Quality Manage process changes 

Sensitivity of analytical methods to allow determination of changes to  

product (aggregation, glycosylation,etc) 

Formulation and impact of changes 

Biochemical 

   assay 

Assay format and assay platform 

Sensitivity, drug tolerance, assay range  

Positive controls 

Non-    

   clinical/clinical 

Sampling plan 

Studies in clinical development plan to assess specific aspects of  

immunogenicity 

Safety monitoring assessment of immunogenicity on efficacy 

Reporting/analysis plan 
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Patient-related – Several patient-related factors

eg, genetic make up, age, gender, disease status, concomi-

tant medication, and route of administration, may also be

consequences related to safety and efficacy eg, anaphylaxis,

cytokine release syndrome infusion reactions, non-acute

reactions cross-reactivity to endogenous proteins1-9 as

Fig 5 – Product Related Factors [Most of these factors are mainly protein structure related and are evolved

through formulation, storage, or packaging]

related to antibody response of a drug. Concomitant therapy

with immunosuppressive drugs can also influence a patient’s

immune response to a biopharmaceutical1. A few risk fac-

tors are summarised in the following (Fig 7):

(a) Route of administration also influences the im-

mune response to a biopharmaceutical. Typically, adminis-

tration of a protein in a single dose results in the production

of low-affinity IgM antibodies, while repeated administra-

tion results in the production of high-affinity and high-titre

IgG antibodies, which may be neutralising2-9.

(b) As discussed earlier, the duration of treatment

can also trigger the immunogenicity.

(c) The complexity of the humoral response to

biopharmaceuticals produces the difficulty in establishing

the effect of ADA on drug efficacy1-9.

Risk identification is required for the safety of the

drug product as risks may develop several clinical

shown in Table 1 Risk-based approach suggests developing

a risk assessment plan25-28 as described latter. The output

of the assessment will determine the intensity of

immunogenicity.

Factors Minimising the Generation of Unwanted Im-

munity:

Proteins are re-engineered to yield more robust mo-

lecular structure and functional activity so that they are stable

under all stresses (eg, protease exposure, oxidative stress,

changes in temperature, pH and solution conditions)15-21,24.

One simple stabilisation strategy is to replace free cysteine,

thereby preventing the formation of unwanted intermolecu-

lar or intramolecular disulfide bonds. Cysteine to serine mu-

tations have been introduced successfully into several thera-

peutic proteins20,21. Aggregation can decrease functional ac-

tivity and bioavailability whereas increase immunogenicity29.
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Several strategies have been applied successfully to re-

duce protein aggregation and enable soluble expression.

(a) Replacement of unpaired cysteine residues can

prevent the formation of unwanted intermolecular disulfide

Fig 6 – Process Related Factors [An example of the multistep produc-

tion of TP is shown in upper inset and the impurities can be generated

during subprocess shown in lower inset]

bonds, as described above1-9.

(b) Post-translational and chemi-

cal modifications (eg, glycosylation) can

also help to prevent aggregation. Substi-

tuting exposed non-polar residues with

polar residues can enable soluble expres-

sion and improve the solubility of the puri-

fied protein21.

(c) Altering the net charge and iso-

electric point (pI) of a protein can also af-

fect its solubility. For example, a single chain

antibody targeting renal cell carcinoma was

altered to increase solubility by adding five

glutamic acid residues to the C-terminus,

thus lowering the pI from 7.5 to 6.129,30.

PK measures the protein concentration in serum

over time. This is related to improved efficacy and decreased

side-effects. It is important to know the route or routes of

excretion of drug ie, kidney filtration or ligand-receptor sys-

tem. Affinity and specificity modifications are a central com-

ponent of many therapeutic optimisation strategies, and thus

receptor-mediated clearance might play an important role

(d) The PK of a therapeutic protein can be in-

creased more dramatically through fusion to a protein that

is known to have a long serum half-life, typically albumin

or the Fc region of antibodies21.
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in the efficacy of many proteins. The followings are known

to increase PK1,9,20,21:

(a) Polyethylene glycol attachment (PEGylation)

PEGylation is a process of chemical modification

of therapeutic proteins. This increase of the size of protein

as well as PK reduce immunogenicity and aggregation. In a

Fig 7 – Patient Related and Treatment Related Factors [Patient related factors depend on ethnicity and age of

the patients shown in the upper inset. Treatment related factors depend on route of delivery (oral, intravenous or IV,

intramuscular or IM, and subcutaneous or SC), dose and frequency of administration, immunomodulatory properties

of product and stage of product development are shown in lower inset]

(b) Glycosylation, or site-specific incorporation of

glycosylation through engineering for additional N-linked

glycosylation sites

(c) Fusion to proteins with long serum half-lives,

alteration of oligomerisation state

(d) Modulation of receptor-mediated uptake and

turnover.

straightforward application of molecular size manipulation,

proteins covalently fused to themselves often display sig-

nificantly improved PK profiles20,21. The PK of a therapeu-

tic protein can be increased more dramatically through fu-

sion to a protein that is known to have a long serum half-

life, typically albumin or the Fc region of Abs. Since ADA

can complicate interpretation of the toxicity and PK, risk-
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based approach to evaluate immunogenicity of

biotherapeutics has become a standard and broadly ac-

cepted practice. Detailed strategy used for detection and

characterisation of ADA are commonly based on the char-

acteristics of the product and treatment (Fig 8)25-27.

Immunogenicity and Risk Mitigation Plan:

Fig 8 – General Antibody Assay Strategy [Correlation of clinical findings with presence of Ab provides the most

signiant information.  Screening immuno-assay is used to prioritise samples for bioassay determination. Screening

assay attributes: sensitive, able to detect all classes, able to detect low affinity Abs. New immuno-assay technologies

allow thorough characterisation of antibodies prior to bioassay determines ability to neutralise effect of drug]

Risk control is to reduce the risk to an accept-

able level. Risk reduction might include actions taken to

mitigate the severity and probability of adverse reaction.

For risk control a procedure is required to develop which

will provide the strategies for the risk assessment and risk

mitigation including addressing the issues of the biochemi-

cal nature of product development, the extent of similar

known risks for related marketed products, and the avail-

ability of biomarkers or other assays that may help to

quantify the risks30-32. The following may also provide a

relevant risk mitigation strategy:

(a) A specific and sensitive (including drug tol-

erant) assays for evaluating antibodies to therapeutic pro-

tein

(b) Product-specific antibody sampling plan

based on the phases of development (early versus late),

providing information on human immunogenicity with clini-

cal experience

(c) Development of dosing and dose escalation

studies using time intervals with great cautions

(d) Careful evaluation of all adverse events po-

tentially mediated by an immune response.

Further it provides recommendations for immu-

nogenicity risk mitigation in the clinical phase of devel-

opment of therapeutic proteins and patient specific fac-
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tors that affect immunogenicity through route of adminis-

tration, dose, and frequency of administration,  and sta-

tus of immune tolerance to endogenous protein. A draft

of risk controlling plan is shown in Table 3.
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