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EditorialEditorialEditorialEditorialEditorial

Xenotransplantation (xenos from the Greek word meaning “foreign”) is the transplantation of living cells,

tissues, or organs from one species to another, such as from chimpanzee to man. Such cells, tissues, or organs are called

xenografts or xenotransplants. In contrast, the term allotransplantation refers to a same-species transplant. Human

xenotransplantation offers a potential treatment for end-stage organ failure; however, it also raises many novel medical,

legal, and ethical issues.

Problem of Disease Transmission in Xenotransplantation:

Zoonosis, also called zoonotic disease, refers to diseases that can be passed from animals, whether wild or

domesticated, to humans. Evidence of the danger of zoonotic infections can be observed in the ebola (from monkeys)

and nipah (from pigs) viruses, recent outbreaks of which have been observed in humans.

Researchers have postulated that retroviruses such as human immunodeficiency virus (HIV) entered the human

population after cross-species infection. Xenotransplantation may increase the chance of disease transmission for three

reasons: (a) Loss of physical barrier, (b) immunosuppression of the host, and (c) human complement regulators (CD46,

CD55, and CD59) expressed in transgenic pigs have been shown to serve as virus receptors and may also help to

protect viruses from attack by the compliment system.

Success of Xenotransplantation:

Xenotransplantation is not entirely novel, as pig heart valves have been used for many years without apparent

ill effect, but they are essentially inert tissue and seldom elicit rejection. Transplantation of pig cells and tissues to treat

diabetes and degenerative conditions such as Parkinson’s disease and Huntington’s chorea have also been done. Another

example of xenotransplant is the attempted piscine-primate (fish to non-human primate) transplant of islet tissue. The

latter research study was intended to pave the way for potential human use. The authors recommend an interesting

review on cellular xenotransplantation which summarises the current knowledge on immunological and functional aspects

of xeno(allo)-cellular transplantation for cardiomyopathy, diabetes, liver failure, neural diseases, and bone regeneration

just to name a few1 .

Xenotransplantation of ovarian tissue into immunodeficient nude mice has already been used in research to

study the development of ovarian follicles. Mature follicles have developed, even after use of cryopreserved ovarian

tissue. Both host and graft vessels contribute to the revascularisation of xenografted human ovarian tissue in mice2.

Similarly, human foetal testis tissue xenografts demonstrate normal structure, function, and development after xenografting,

including normal germ cell differentiation. This provides an in vivo system to study normal human foetal testis development

and its susceptibility to disruption by exogenous factors (eg, environmental chemicals). This should provide mechanistic

insight into the foetal origins of disorders of sex development (DSDs) and testicular dysgenesis syndrome (TDS) disorders.

Human foetal testis xenografts are a comparable in vivo ex situ model of normal seminiferous cord formation, germ cell

development, and testosterone production3 .
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Potential Future Animal Organ Donors:

Non-human primates were first considered as a potential organ source for xenotransplantation to humans.

Since they are the closest relatives to humans, chimpanzees were originally considered to be the best option since their

organs are of similar size and they have good blood type compatibility with humans. However, since chimpanzees are

listed as an endangered species, other potential donors were sought out. Baboons are more readily available; however,

they are also not practical as potential donors. Problems include their smaller body size, the infrequency of blood group

O (the universal donor), and their long gestation period; moreover, they typically produce few offspring. In addition, a

major problem with the use of non-human primates is the increased risk of disease transmission. The biggest challenge in

xenotransplantation is overcoming the aggressive response of the human body’s immune system to the foreign tissue

when antibodies attach to sugar molecules on the surface of the donor organ, for instance, from the pig. The gene that has

been knocked out in cloned pigs, α-1, 3-galactosyltransferase, is responsible for making an enzyme that adds the sugar

to the surface of the cells.

Immunological Problems:

To date, no xenotransplantation trials have been entirely successful due to the many obstacles arising from the

response of the recipient’s immune system. This response, which is generally more extreme than in allotransplantations,

ultimately results in rejection of the xenograft and can in some cases result in the immediate death of the recipient. There

are several types of rejection organ xenografts are faced with. These include:

(a) Hyperacute rejection : This rapid and violent type of rejection occurs within minutes to hours from the time

of the transplant. It is mediated by the binding of xenoreactive natural antibodies to the donor endothelium, causing

activation of the human complement system which results in endothelial damage, inflammation, thrombosis, and necrosis

of the transplant4. Since hyperacute rejection presents such a barrier to the success of xenografts, several strategies to

overcome it are under investigation like the use of cobra venom to deplete C3, anti-C5 antibodies, or C1 inhibitor (C1-

INH) with very limited success. Other attempts include the use of transgenic organs (genetically engineered pigs), 1,3-

galactosyltransferase gene knockout pigs5. These pigs do not contain the gene which codes for the enzyme responsible

for expression of the immunogenic gala- 1,3Gal moiety (the a-Gal epitope). There has also been an attempt to use H-

transferase (α-1,2-fucosyltransferase), an enzyme that competes with galactosyl transferase. This may even reduce a-

Gal expression by 70 % 6, and further prevent the expression of human complement regulators (CD55, CD46, and

CD59) to inhibit the complement cascade7 .

(b)  Acute vascular rejection : This is due to graft endothelial cells and host antibodies, macrophages, and

platelets. The response is characterised by an inflammatory infiltrate of mostly macrophages and natural killer cells with

small numbers of T cells.

(c) Cellular rejection : Cellular rejection is based on cellular immunity and is mediated by natural killer cells

and T-lymphocytes. In direct xenorecognition, antigen presenting cells from the xenograft present peptides to recipient

CD4 + T cells via xenogeneic MHC class II molecules, resulting in the production of interleukin 2 (IL-2). Interesting

strategy to avoid cellular recognition is creation of haematopoietic chimeras. These donor stem cells are introduced into

the bone marrow of the recipient. Lymphoid progenitor cells are created by this process and move to the thymus where

EDITORIAL  7



negative selection eliminates T-cells found to be reactive to self. The existence of donor stem cells in the recipient’s bone

marrow causes donor-reactive T-cells to be considered self and undergo apoptosis8.

(d) Chronic rejection : Scientists are still unclear how chronic rejection exactly works, Fibrosis in the xenograft

occurs as a result of immune reactions, cytokines, or the healing process. Perhaps the major cause of chronic rejection

is arteriosclerosis. Lymphocytes, which were previously activated by antigens in the vessel wall of the graft, activate

macrophages to secrete smooth muscle growth factors.

Ethicality of Xenotransplant Procedures :

Xenografts have been a controversial procedure since they were first attempted. Many, including animal rights

groups, strongly oppose killing animals in order to harvest their organs for human use9. Religious beliefs, such as the

Jewish and Muslim prohibition against eating pork, have been sometimes thought to be a problem. Some ethical issues

include informed consent complexities for research subjects as well as the selection of human subjects, rights of patients

and medical staff, and public education (as many companies may go ahead with experiments without public awareness).

As medicine advances at what sometimes seems like lightening speed, it is important for society to make an

ethical assessment of technology as it develops, instead of waiting for it to hit the marketplace. All said and done

transgenic animal creation remains an answer to the problem of limited organ availability for transplantation purposes;

however, the ethical concern will continue to focus on potential zoonosis and the probability of xenorejection.
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Attempts for Remedies for Novel Coronavirus SARS-CoV-2 Infection:

Drugs, Antibodies, Vaccine

Alok Bandyopadhyay1

Abstract:

In the year of 2019, a novel coronavirus designated as SARS-CoV-2 was discovered in samples of

broncho-alveolar lavage fluid from a patient of Wuhan, China, and the disease caused by this virus is known as

Covid-19. The virus is highly contagious and transmits through person to person contact and deadly in nature. A

few works were done on the biochemical and immunological characterisations. Due to its deadly nature scientists

are trying to prevent the infection from various aspects eg, drugs, antibodies, and vaccine. Within drugs group

antiviral agent remdesivir yielded good results in phase I clinical trial and a few others are in process. Scientists are

pursuing with anti-inflammatory agents and dexamethasone which showed promising results. Various antibodies

including convalescent serum and monoclonal antibodies are also tried in clinical trials and results are in process.

Since Covid-19 originated from SARS-CoV-2 infection, so scientists believe vaccine will be a better medicine.

Several companies and universities are trying to develop vaccine. Preliminary results of some of these vaccines are

promising. Further work is in progress.

Overall, scientists are working in several areas for the prevention of Covid-19 disease.

Key words: SARS-CoV-2, antibodies, vaccine.

Introduction:

In the year of 2019, a new coronavirus was identi-

fied in samples of broncho-alveolar lavage fluid from a pa-

tient from Wuhan, China, and a new coronavirus was in-

troduced in the name designated as SARS-CoV-2 and the

disease caused by this virus is known as Covid-19 (Fig 1).

It spreads slowly all over the world. It was epidemic in one

time and now it is pandemic. The virion has a nucleo capsid

composed of genomic RNA and phosphorylated nucleo-

capsid (N) protein, which is buried inside phospholipid bi-

layers and covered by spike proteins. The membrane (M)

protein (a type III transmembrane glycoprotein) and the

envelope (E) protein are located among the spike (S) pro-

teins in the virus envelope. CoV were given their name based

on a characteristic crown-like appearance.

Coronavirus is associated with serious illness and

severe acute respiratory syndrome (SARS), first known of

such disease, which had happened to be epidemic, was

first reported in China in 2003. Second outbreak of this

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.]



serious disease took place in Saudi Arabia as Middle East

Respiratory Syndrome (MERS) in 20121,2. On December

31, 2019 or last year, Chinese authorities warned the World

Health Organisation regarding novel coronavirus and on

million death, scientists are working in several avenues to

control this disease. Searches are going at least in the fol-

lowing areas: (a) Antiviral drugs, (b) anti-inflammatory

agents, (c) antibodies: polyclonal, monoclonal, convales-

Table 1 – Drugs  Used for Covid-19

February 20, 2020, about 167,500 Covid-19 infected

patients were documented, and 6,600 people had died of

the virus3.

In the early part of 20th century, in vitro assay

technique was established and utilising this technique sev-

eral therapeutic drugs were discovered. This process is

more economical and less time consuming. Scientists use

this technique for preliminary results4. Once the drug prod-

uct is identified, it was further developed by drug discovery

studies. Since Covid-19 is highly contagious and infects

more than a million of people worldwide and about half a

Fig 1 –The Novel SARS-CoV-2 Coronavirus

cent or purified serum, (d) vaccine.

Antiviral Agents:

Scientists are working with several agents on both

SARS-Cov-2 and Covid-19 patients. Some of them are

listed in Table 15-9. Status of these agents are also discussed

(Table 1).

Human Interferon and Immune Checkpoint:

During the SARS outbreak in 2003, Shen and Yang

showed an animal study conducted by recombinant human

    Types Status 

Chloroquine Antimalarial Several clinical trials were conducted. Some of them did not see 

any benefit. 

Telcoplanin Glycopeptide 

antibiotic 

Routinely used in the clinic to treat bacterial infection with low 

toxicity, had been previously reported to significantly inhibit the 

invasion of cells by Ebola virus, SARS-CoV and MERS-CoV, 

via specific inhibition of the activity of cathepsin L. The efficacy 

of teicoplanin against SARS-CoV-2 infection was recently 
tested5.  

Niclosamide FDA-

approved 

anthelminthic 

drug 

Was found to be effective against various viral infections with 

nanomolar to micromolar potency such as SARS-CoV, MERS-

CoV, Zika virus, hepatitis C virus and human adenovirus, 

indicating its potential activity against SARS-CoV-26.  

 

Continued...
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Continued..

Barieitinib AP2-associated 

protein kinase 1 

(AAK1). 

Disruption of AAK1 might thus interrupt the passage of the 

virus into cells and also the intracellular assembly of virus 

particles. Because the plasma concentration of baricitinib 

on therapeutic dosing (either as 2 mg or 4 mg once daily) is 

sufficient to inhibit AAK1 [Richardson et al
7
]. 

Camostat mesylate TMPRSS2 

inhibitor 

In vitro data reported by Kouffmann et al
8 suggested that 

the Japanese drug camostat mesylate (trade name: Foipan), 

a TMPRSS2 inhibitor, might constitute a treatment option 

for CovidD-19.  

Remdesivir RNA-dependent 

RNA 

polymerase 

inhibitor 

Gilead announced that they are working with health 

officials in China to conduct a randomised controlled 

clinical trial of the experimental antiviral remdesivir for 

safely treating SARS-CoV-2 infection. Phase III 

randomised controlled trials to evaluate intravenous 

remdesivir for Covid-19 (NCT04252664 and 

NCT04257656) is completed in April 2020 and May 2020, 

respectively. The data is encouraging9.  

Ribavirin Can treat severe 

lung infections 

caused by 

respiratory 

syncytial virus 

(RSV) when 

inhaled. In its 

oral form it can 

be used with an 

interferon 

medicine to 

treat hepatitis C 

A randomised clinical trial of the drug used in combination 

with pegylated interferon has been reported in China for 

Covid-19. However, their clinical safety and efficacy 

against Covid-19 were not evaluated in China
9
. 

Favipiravir Anti-viral agent 

that selectively 

and potently 

inhibits the 

RNA-dependent 

RNA 

polymerase 

Exploratory Chinese trial showed that treated Covid-19 

group had a higher recovery rate at the end of treatment and 

took less time to reduce fever and relieve cough 

(http://www.chinadaily.com.cn/a/202003/17/ 

WS5e708666a31012821727fcbd.html). 

Lupinavir/ritonavir Antiretroviral, 

protease 

inhibitor (Anti-

HIV) 

That the therapeutic effect of ritonavir and lopinavir on 

Covid-19 may be mainly due to their inhibitory effect on 

coronavirus endopeptidase C30, with ritonavir appearing to 

have stronger efficacy
11

. Several clinical trials are currently 

ongoing to evaluate lopinavir and/or ritonavir (± other drug 

candidates) in Covid19 (see for instance study 

NCT04252885: 

https://clinicaltrials.gov/ct2/show/NCT04252885 

?term=lopinavir&recrs=ab&draw=2&rank=3, or 

NCT04255017: 

https://clinicaltrials.gov/ct2/show/NCT04255017 

?term=lopinavir&recrs=abd&draw=2&rank= 
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IFN-α2b spray, can prevent SARS CoV infection in

Rhesus monkey through inhibition of virus infection and rep-

lication10,11. Further clinical evaluation revealed that recom-

binant human IFN-α2b spray can effectively reduce the

infection rate of respiratory syncytial virus, influenza virus,

adenovirus and SARS-CoV. An ongoing clinical trial in

China evaluates the preventive effect of recombinant hu-

man interferon-α nasal drops on SARS-CoV-2 infection

in medical staff (NCT04320238, https://clinicaltrials.gov/

ct2/show/NCT04320238?term=healthy+coronavirus

&recrs=abdf&type=Intr&draw=2).

Immune checkpoint inhibitors are being considered

for their potential to augment the host response in sepsis.

PD-1 and PD-L1 are indeed key mediators in T cell deple-

tion in sepsis patients. Animal models have shown that

blocking PD1 or PD-L1 can prevent T cell death, regulate

cytokine production, reduce organ dysfunction and reduce

death in sepsis. A phase 2 clinical trial is currently planned

in 120 Covid-19 patients to evaluate anti-PD-1 antibody

treatment versus thymosin versus control

(NCT04268537, https://clinicaltrials.gov/ct2/show/

NCT042685 37?term=anti-PD1&cond=COVID-

19&draw=2& rank=1).

Anti-inflammatory Therapies:

Steroids were widely used during the outbreaks of

SARS and MERS CoVs and are being used in patients

with Covid-19 in addition to other therapeutics. However,

current interim guidance from WHO on clinical manage-

ment of SARS infection, when novel coronavirus (Covid-

19) infection is suspected, advises against the use of corti-

costeroids unless indicated for another reason (https://

www.who.int/docs/default-source/coronaviruse/clinical-

management-of-novel-cov.pdf).

Zhou et al12 recommended in China, short courses

of corticosteroids at low-to-moderate dose, used prudently,

for critically ill patients with Covid-19 pneumonia.

National Institute of Health of USA recommended

the following: Patients with severe Covid-19 develop a sys-

temic inflammatory response that can lead to lung injury

and multisystem organ dysfunction. It has been proposed

that the potent anti-inflammatory effects of corticosteroids

might prevent or mitigate these harmful effects. Small, ret-

rospective cohort studies and case series have yielded con-

flicting results; both beneficial1-3 and harmful4,5 effects have

been reported in studies that have evaluated short courses

of corticosteroids in patients with Covid-19. Based on the

preliminary, unpublished results of the RECOVERY trial,

the Panel recommends dexamethasone 6 mg daily for up to

10 days in patients with Covid-19 who are on mechanical

ventilation (AI) or those who require supplemental oxygen

but who are not on mechanical ventilation (BI). The Panel

recommends against using dexamethasone to treat patients

with Covid-19 who do not require supplemental oxygen

(AI). The Panel may modify these recommendations based

on the final published results of this study and the results of

other ongoing studies13.

Anti-interleukin Receptor:

IL-6 may play a role in driving the overactive in-

flammatory response in the lungs of patients who are se-

verely or critically ill with Covid-19. A single-arm study of

tocilizumab, a humanised recombinant monoclonal antibody

directed against the IL-6 receptor in 21 Chinese patients

with severe pneumonia provided preliminary data support-

ing the role of IL-6 in Covid-19 (https://sfar.org/download/

effective-treatment-of-severe-covid-19-patientswith-

tocilizumab/). The Italian Medicines Agency (AIFA) an-

nounced on March 19 the launch of TOCIVID-19, an in-

dependent phase 2 open label study to evaluate the effi-

cacy and safety of tocilizumab in the treatment of pneumo-

nia during Covid-19 (https://clinicaltrials.gov/ct2/show/

Danoprev An HCV 

protease 

inhibitor 

marketed in 

China since 

2018 

Combined with ritonavir (NCT04291729), in the presence 

or absence of α-interferon nebulisation. The data from this 

small study suggested that the combination is well tolerated 

by COVID-19 patients (moderate cases included 

https://www.medrxiv.org/content/10.1101/2020.o3.22 

.20034041v1.full.pdf 
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NCT04317092?term=tocilizumab&cond=covid19&

draw=2&rank=1).

The highest number of Covid-19 cases in Italy have

been reported in Lombardy, a region in northern Italy, where

an attempt is made to analyse the course of SARS-CoV-2

infection in patients with rheumatic and musculoskeletal dis-

eases living in a district of Lombardy with a high preva-

lence of Covid-19. In this cohort of patients with rheumatic

and musculoskeletal diseases in a geographical region with

a high prevalence of Covid-19, a poor outcome from

Covid-19 seems to be associated with older age and the

presence of comorbidities rather than the type of rheumatic

disease or the degree of pharmacological immune suppres-

sion14.

Other Therapeutic Antibodies:

Several other antibodies specific for host targets

that are developed in the context of lung disease might ap-

pear as promising for Covid-19 therapy. Elbahesh et al15

indicated that the reduction of prolonged damaging cellular

infiltration during severe lung infections might be seen with

some antibodies like ANGPTL4.

Several other antibodies specific for host targets

that are developed in the context of lung disease might ap-

pear as promising for Covid-19 therapy. Some antibodies

may indeed have the potential to reduce prolonged dam-

aging cellular infiltration during severe lung infections15. The

roles of ANGPTL4 in SARS-CoV-2 infection is still un-

clear, but warrant future investigations.

Antimicrobial peptides (AMPs), also termed host

defense peptides, can be produced as part of the host’s

innate immune system during an infection process16,17. In-

novation Pharmaceuticals have announced the consider-

ation of brilacidin, which is a small molecule for the poten-

tial treatment of Covid-19. Brilacidin is known as antibac-

terial, anti-inflammatory and has immune modulatory activ-

ity found in different clinical studies17.

Antibodies :

Polyclonal antibodies − Convalescent plasma:

The effectiveness of convalescent plasma for the treatment

of SARS, as reviewed by Mair-Jenkins et al18 was as-

sessed by 8 studies reporting outcomes for 214 patients

with SARS in total. Zhang et al19 utilised this technique for

the treatment of Covid-19 (https://www.scoop.it/topic/

virusworld/p/4115315422/2020/02/14/china-seeks-

plasma-from-recovered-patients to-treat-virus). In China

a plasma donation programme had been launched in

Zhejiang Province (http://www.xinhuanet.com/english/

2020-02/19/c_138799179.htm). The plasma would be

used for treatment of Covid-19 patients in critical condi-

tion. Convalescent plasma has been used to treat other in-

fections and may be beneficial for Covid-19. Researchers

hope that convalescent plasma can be given to patients with

severe Covid-19 to boost their ability to fight the virus.

Studies are underway to evaluate use of convalescent

plasma as treatment for patients with severe Covid-19 and

to prevent infection (prophylaxis) in certain high-risk pa-

tients exposed to Covid-19. Convalescent plasma might

provide immunity by giving patients neutralising antibodies

for SARS-CoV-2. Currently, convalescent plasma is be-

ing given to small numbers of hospitalised patients with se-

vere or life-threatening Covid-19 illness. Several case re-

ports suggest treatment is helpful, but larger studies are still

needed.  SARS-CoV-2 is not spread by blood, and there

is no risk of transmission from recovered donors19.

Shen et al20 reported 5 critically ill patients with

laboratory confirmed Covid-19 and ARDS who received

convalescent plasma with a SARS-CoV-2-specific anti-

body (IgG) binding titre greater than 1:1000 and a

neutralisation titre greater than 40 (obtained from patients

who recovered from Covid-19). Following plasma trans-

fusion viral loads decreased and became negative within

12 days after the transfusion and SARS-CoV-2-specific

ELISA and neutralising antibody titres increased. The US

Food and Drug Administration approved the use of plasma

from recovered patients to treat people who are critically ill

with Covid-19, provided that doctors get approval over

the telephone21,22. Purified immune globulins SAB-301 is a

fully human polyclonal IgG immunoglobulin (SAB-301) pro-

duced from hyperimmune plasma of transchromosomic

cattle immunised with purified MERS-CoV spike protein

nanoparticles vaccine23. Takeda announced the develop-

ment of an anti-SARS-CoV-2 polyclonal hyperimmune

globulin, TAK-888, to treat high-risk individuals with

Covid-19 (https://www.takeda.com/newsroom/featured-
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topics/rajeevvenkayya-president-global-vaccine-business-

unit-on-the-latest-on-the-coronavirus-and-takeda ).

Monoclonal antibodies – The SARS-CoV and

MERS-CoV neutralising monoclonal antibodies (mAbs) and

nanobodies with protective efficacy are specific to the S1

subunit of S protein, particularly the receptor-binding do-

main (RBD)24. Therefore, the SARS-CoV-2 S-RBD can

be anticipated to be a key target for developing SARS-

CoV-2- neutralising mAbs. Neutralising mAbs targeting non-

RBD regions, including the NTD and S2 of SARS-CoV

and/or MERS-CoV S could also be identified, although

their neutralising potency is generally lower than that of RBD-

specific mAbs. One of the rapid approaches to develop an

mAb against SARS-CoV-2 is to evaluate the currently avail-

able SARS-CoV neutralising antibodies with cross-

neutralising and protection activity against SARS-CoV-2

infection. SARS-CoV S-RBD-specific neutralising mAbs

and sera have been shown able to cross-neutralise bat-

SL-CoVs, such as bat-SL-CoV-W1V1 and bat-SL-CoV-

SHC014, suggesting that they might also cross-neutralise

SARS-CoV-2. A whole range of mAbs have been listed

by WHO as potential candidates against Covid-19 (https:/

/apps.who.int/iris/bitstream/handle/10665/330680/WHO-

HEO-RDBlueprint%28nCoV%29-2020.1-).

Vaccine Development:

Full-length S or S1 which contains RDB might be

considered as a good vaccine antigen as it could induce

neutralising antibodies preventing host cell attachment and

infection. The S antigen has been included in different types

of vaccines against infections by CoVs25. Conserved B cell

and T cell epitopes between SARS-CoV and SARS-CoV-

2 were also found in the viral nucleocapsid (N) protein26 .

Various approaches are taken by scientists globally and only

a few are listed in Table 2.

Moderna Inc and the Coalition for Epidemic Pre-

paredness Innovations (CEPI) announced a new collabo-

ration to develop an mRNA vaccine against Covid-19

(https://investors.modernatx.com/news-releases/news-

releasedetails/moderna-announces-funding-award-cepi-

accelerate-development). The Vaccine Research Center

(VRC) of the National Institute of Allergy and Infectious

Diseases (NIAID) collaborated with Moderna to design

the vaccine. Moderna announced the initiation of the phase

1 trial of the mRNA-1273 vaccine on March 16 (https://

investors.modernatx.com/news-releases/news-release-de-

tails/moderna-announces-first-participant-dosednih-led-

phase-1-study). Information on this phase 1 clinical trial

has been posted on the clinical trials.gov website [Safety

and Immunogenicity Study of 2019-n Cov Vaccine (mRNA-

1273 to Treat Novel Coronavirus - Full Text View -

ClinicalTrials.gov]. The vaccine candidate mRNA-1273

consists of lipid nanoparticles packaged with nucleoside

modified mRNA that encodes a prefusion-stabilised form

of the SARS-CoV-2 S protein. Three dose levels of

mRNA1273 (25, 100, 250 µg) are administered on a two-

dose vaccination schedule, given 28 days apart. A total of

45 healthy adults will be enrolled in the study. Participants

will be followed through 12 months after the second vacci-

nation. The primary objective is to evaluate the safety and

reactogenicity of a two-dose vaccination schedule of

mRNA-1273. The secondary objective is to evaluate the

immunogenicity to the SARS-CoV-2 S protein.

Curevac and Coalition for Epidemic Preparedness

Innovations (CEPI) also announced a collaboration to de-

velop a vaccine against Covid-19 based on CureVac’s tech-

nology and mRNA platform with lipid nanoparticles (https:/

/www.curevac.com/news/curevac-and-cepi-extend-their-

cooperation-to develop-a-vaccine-against-coronavirus-

ncov-2019#), (https://www.curevac.com/news/curevac an-

nounces-positive-results-in-low-dose-1-%C2%B5g-ra-

bies-vaccine-clinical-phase-1-study).

The RNA immunotherapies announced that an in-

ternational consortium is formed to develop an intranasal

mRNA vaccine for high risk populations of Covid-19.

BioNTech and Pfizer announced to collaborate on the de-

velopment and distribution of a potential mRNA-based

coronavirus vaccine aimed at preventing Covid-19 infec-

tion.

DNA vaccines – Inovio Pharmaceuticals Inc an-

nounced that it is developing INO-4800, a vaccine against

Covid-19 based on the company's DNA platform, through

phase 1 human testing in the US with the support of CEPI

(http://ir.inovio.com/news-and-media/news/press-release-

details/2020/Inovio-Collaborating-With-BeijingAdvaccine-

To-Advance-INO-4800-Vaccine-Against-New-

Coronavirus-In-China/default.aspx).

ATTEMPTS FOR REMEDIES FOR NOVEL CORONAVIRUS SARS-COV-2 INFECTION  – BANDYOPADHYAY    15



Table 2 – Novel Coronavirus SARS-CoV-2 Vaccine Development

Subunit vaccines – Medicago isolated

nanoparticles of SARS-CoV-2 virus and can produce large

scale of nanoparticles (https://www.medicago.com/en/

covid-19-programs/). Preclinical studies are to be initiated

in a very short timeframe. Novavax is currently assessing

nanoparticle vaccine candidates in animal models prior to

identifying an optimal candidate for human testing, which is

expected to begin in a few weeks (http://ir.novavax.com/

news-releases/newsrelease-details/novavax-advances-de-

velopment-novel-covid-19-vaccine). The company previ-

ously used its technology to develop vaccine candidates

against SARS-CoV and MERS-CoV (see for instance,

Coleman Vaccine 2014, see below).

Viral fusion proteins undergo structural rearrange-

From C & E News 2020: 98:14 https://cen.acs.org/pharmaceuticals/vaccines/ coronavirus -help-mRNA-

DNA-vaccines/98/i14

ments from a metastable prefusion conformation to a highly

stable postfusion conformation. US Department of Health

and Human Services in collaboration with Sanofi Pasteur is

attempting to develop a candidate for Covid-19 vaccine

(https://www.hhs.gov/about/news/2020/02/18/hhsengages-

sanofis-recombinant-technology-for-2019-novel-

coronavirus-vaccine. html; https://www.sanofi.com/- /me-

dia/Project/One-Sanofi-Web/Websites/Global/Sanofi-

COM/Home/media-room/press-releases/2020/2020-02-

18-16-00-00-1986380-en.pdf).

CanSino Biologics selected a replication-defective

adenovirus type 5 vector for building Ad5-nCoV cassette,

which will probably be expressing SARS-CoV-2 S pro-

tein. According to the company, results from preclinical ani-

Name of Originator Type of vaccine Date started 
Moderna and National Institutes  

  of Health 

mRNA vaccine Began in March 

2020 

CanSino Biologics Adenoviral vector vaccine Began in March 

2020 

BioNTech, Shanghai Fosun  

  Pharmaceutical, and Pfizer 

mRNA vaccine April 2020 

Inovio Pharmaceuticals and  

  Wistar Institute 

DNA vaccine April 2020 

University of Oxford Adenoviral vector vaccine April 2020 

Imperial College London mRNA vaccine Early summer 

Arcturus Therapeutics and Duke- 

  NUS Medical School 

mRNA vaccine Second half of 

2020 

Johnson & Johnson and  

  Biomedical Advanced Research  

  and Development Authority 

Adenoviral vector vaccine By September 

2020  

Altimmune Adenoviral vector vaccine Q3 2020 

Translate Bio and Sanofi Pasteur mRNA vaccine By end of 2020 

eTheRNA Immunotherapies mRNA vaccine 2021 

Karolinska Institute DNA vaccine 2021 

University of Pennsylvania and  

  Duke Human Vaccine Institute 

mRNA vaccine Unknown 
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mal studies of Ad5-nCoV have shown that the vaccine can-

didate can induce strong immune response in animal mod-

els, and preclinical animal safety studies demonstrated a

good safety profile (http://www.cansinotech.com/homes/

article/show/56/153.html) and (http://www.chictr.org.cn/

showprojen.aspx?proj=51154).

Johnson & Johnson also announced that it has ini-

tiated efforts to develop a vaccine candidate against Covid-

19 ( https://www.jnj.com/johnson-johnson-launches-multi-

pronged-response-to-coronavirus-global-public-

healththreat). Pharmaceuticals announced a strategic col-

laboration with Southern Research to support the devel-

opment of a vaccine, TNX-1800*, which is a live modi-

fied horsepox virus vaccine for percutaneous administra-

tion, to protect against Covid-19 (https://www.tonixpharma.

com/news-events/press-releases/detail/1191/tonix-pharma

ceuticalsannounces-research-collaboration-with).

Live-attenuated vaccines against Covid-19 is also

underway from Codagenix and the Serum Institute of In-

dia. Codagenix uses viral deoptimisation to synthesise “ra-

tionally designed”, live-attenuated vaccines (https://

www.prnewswire.com/news-releases/codagenix-and-se-

rum-institute-of-india-initiate-codevelopment-of-a-scal-

able-live-attenuated-vaccine-against-the-2019-novel-

coronavirus-covid-19-301004654.html).

Commercialisation of Covid-19 Drug Products :

It was discussed above how to discover a drug or

biologics or vaccine for the prevention of the disease. Once

the drug is selected from drug discovery studies–drug de-

velopment process starts. This includes manufacturing, iden-

tification, qualification and quantification of the product,

non-clinical or animal experimental safety under the envi-

ronment of good manufacturing practices and good labo-

ratory practices. When all the data are obtained, it is com-

piled in common technical document (CTD) format for the

submission of application of investigational new drug (IND)

to agency along with the Independent Review Board (IRB)

approved clinical protocol to start the clinical trial, which is

divided in four or five phases. For special cases like a me-

dicinal product intended for treatment of a severe or rare

disease or a condition with significant unmet medical needs,

exploratory or phase 0 clinical trial with 10-13 subjects

are conducted. Screening for safety and tolerability were

conducted in phase 1 with 20-30 patients under good clini-

cal practice. Establishing clinical protocol with dose-response

ratio with 100-300 subjects were generally conducted in

phase 2 clinical trial. Finally, final testing with 1000-3000

subjects were conducted in phase 3 clinical trial. After col-

lecting all data companies submit new drug application

(NDA) for pharmaceutical or small molecule. If the mol-

ecule becomes large biological molecule, companies sub-

mit biological licensing application (BLA). Both applica-

tions consist of mainly manufacturing, analytical methods,

stability, non-clinical data, clinical data, safety and efficacy.

This is for normal case, but coronavirus agency may modify

this procedure for quick development.

Conclusions:

Novel SARS-CoV-2 transmits through person to

person and is highly contagious. It causes the disease Covid-

19. About half a million people died in this disease due to its

deadly nature. Scientists are trying to prevent the infection

from various aspects eg, drugs, antibodies, and vaccine. All

these were discussed above. Now it is speculated one of

the remedies will come soon and save lives.

Notes:

During the compilation of this review a new infor-

mation is published in New England Journal of Medicine

which is stated in the following: “A new study suggests that

part of the answer to this question may be found in the genes

that each one of us carries. While more research is needed

to pinpoint the precise underlying genes and mechanisms

responsible, a recent genome-wide association (GWAS)

study, just published in the New England Journal of Medi-

cine, finds that gene variants in two regions of the human

genome are associated with severe Covid-19 and corre-

spondingly carry a greater risk of Covid-19-related death.

The analysis identified two places that turned up significantly

more often in the individuals with severe Covid-19 than in

the healthy folks. One of them is found on chromosome 3

and covers a cluster of six genes with potentially relevant

functions. For instance, this portion of the genome encodes

a transporter protein known to interact with angiotensin

converting enzyme 2 (ACE2), the surface receptor that al-
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lows the novel coronavirus that causes Covid-19, SARS-

CoV-2, to bind to and infect human cells. It also encodes a

collection of chemokine receptors, which play a role in the

immune response in the airways of our lungs. The other

association signal popped up on chromosome 9, right over

the area of the genome that determines blood type. Whether

you are classified as an A, B, AB, or O blood type, de-

pends on how your genes instruct your blood cells to pro-

duce (or not produce) a certain set of proteins. The re-

searchers did find evidence suggesting a relationship be-

tween blood type and Covid-19 risk. They noted that this

area also includes a genetic variant associated with increased

levels of interleukin-6, which plays a role in inflammation

and may have implications for Covid-19 as well.” – Dr.

Francis Collins, Genes, Blood Type Tied to Risk of Se-

vere Covid-19, NIH Director’s Blog, posted on June18,

2020.
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Thalassaemia: Current Diagnostic Approach
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Abstract:

Haemoglobin disorders are due to mutations and/or deletions in the α-globin or β-globin genes. α-

thalassaemia is caused by deletions in α-globin gene, while β-thalassaemias are associated with decreased synthesis

of β-globin due to β-globin gene mutations. Haemoglobinopathies involve structural defects in haemoglobin due to

altered amino acid sequence in the α- or β-globin chains. If a patient is suspected to suffer from haemoglobin

disorders from family history or routine blood count, electrophoresis and high performance liquid chromatography

can be performed to establish the diagnosis. Information regarding molecular mechanisms of the diseases has aided

the development of molecular genetic technologies. Prenatal diagnosis of the disease is important to reduce the

burden of the disease. So an efficient screening of the population and a rapid molecular characterisation of the

couple at risk are necessary.

Key words: Thalassaemia, electrophoresis, high performance liquid chromatography (HPLC), genetic testing.

Introduction:

Inherited haemoglobin disorders are emerging as a

major public health problem in the world. It is the com-

monest monogenic disease. Nearly 7% of world popula-

tion are carriers and 3,00,000-4,00,000 babies with se-

vere forms of such disorders are born each year1. Though

more than 700 structural haemoglobin variants are already

known, mostly four structural haemoglobin variants (HbS,

HbC, HbD and HbE) arising from single amino acid

substitution in α and β chains and four types of thalassaemia

(α, β, δ and δβ or F) constitute the major spectrum of the

disease.There is also wide range of overlapping among these

entities eg, HbE-β thalassaemia.

Sickle cell gene is distributed widely throughout sub-

Saharan Africa, the Middle East and parts of Indian sub-

continent with a carrier frequency of 5 to 40%.HbE (a non-

harmful variant) is found in the eastern half of the Indian

sub-continent and throughout South East Asia, where at

some places carrier rates may exceed 60% of the popula-

1MBBS, DCP, MD, PhD, Medical Superintendent, Centenary Hospital, SMP, Kolkata 700053
2MBBS, DTM&H, MD, PhD, Professor and Head of the Department of Biochemistry and Dean, Students’ Affair,

NRS Medical College and Hospital, Kolkata 700014
Corresponding author: Dr Siddhartha Gupta, 40A, Simla Street, Kolkata 700006, Tel: 9831100464, E-mail:
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tion. Thalassaemia has a high incidence as a broad band

extending from the Mediterranean basin and parts of Af-

rica, throughout Middle East, the Indian subcontinent, South

East Asia, and Pacific Islands. Carrier frequency in these

regions are estimated to be 1 to 20% for β-thalassaemia2

Alpha-thalassaemia in milder form is much higher (10-20%)

in parts of sub-Saharan Africa, 40% or more in some Middle

Eastern and Indian population and appears to be as high as

80% in Northern Papua- New Guinea and isolated groups

in North-East India. In Greek 'thalassa' means sea which

denotes wide prevalance of this disease around Mediter-

ranean Sea.

The most recent estimate suggests that annually there

may be about 270 million carriers of important inherited

haemoglobin disorders.

The cost of blood transfusion for thalassaemia pa-

tients includes processing and screening of blood for hepa-

titis B and C, HIV, malaria parasite. Also cost of iron che-



lation therapy is also very high. The diagnostic set up and

infrastructure add to the price. Even in a country like Sri

Lanka where incidence of this disease is lowest, the esti-

mated future management cost is likely to erode 10% of

total health budget of the Island3. The Indian scenario is no

better. Sickle cell disease is widely prevalent throughout

India except few states like Jammu & Kashmir, Himachal

Pradesh, Punjab, Haryana and some North Eastern states4.

The combined average gene frequency of three predomi-

nant abnormal haemoglobins, ie, HbS, HbD and HbE have

been found to be 5.35% in India apart from thalassaemia5.

These clearly show the paramount necessity of right diag-

nosis of cases and carriers and identification of genotype.

Counselling and genetic advice remain the pivot of preven-

tive measures to stall the forward march of these diseases.

On the other hand, the step by step diagnostic approach

must be rational and cost effective6.

The Thalassaemia Syndrome:

The thalassaemia syndromes are a heterogenous

group of inherited anaemia characterised by defects in the

synthesis of one or more of the globin chain subunits of the

heamoglobin tetramer.

In normal adult persons, the following haemoglo-

bin pattern is observed7.

(1) HbA (2α  and 2β subunits of globin chain): Above 95%

(2) HbA2 (2α and 2δ subunits of globin chain): Below 3.5%

(3) HbF (2α and 2π subunits of globin chain): Below 1%.

βββββ-thalassemia:

It occurs due to inadequate synthesis of β−globin

chain, consequent fall of HbA level with rise in HbA2 and

HbF levels occur. The β−globin gene cluster is situated in

chromosome 11. Forms of  β−thalassaemia arise from mu-

tation that may affect every step in the pathway of  globin

gene expression : Transcription, processing of the mRNA

precursor, translation of mature mRNA and post-transla-

tion integrity of the β-peptide chain. Partial or total dele-

tion of  β-globin gene are also found6.

Three variants of  β-thalassaemia are distinguish-

able on the basis of severity of expression of  β0, β+,

β++gene. In  β0 thalassaemia homozygote (1/3rd of pa-

tients) no β-chain synthesis occurs, whereas in  β+/ β++

homozygote or  β+/ β0 compound heterozygote, β-chain

synthesis is reduced to 5-30% and the severity is less (2/

3rds of all patients)9. Due to reactivation of gamma-chain

formation, HbF is produced in large amount (though it is

qualitatively insufficient to replace β-chain deficiency) and

HbA2 is also increased. Thus β0/β0 or β0/β+ variants

present with very low or almost absent HbA and marked

increase in HbF. HbA2 is increased at birth but subsequently

comes down to normal10.

Ten per cent of patients with homozygous β-

thalassaemia exhibit a phenotype characterised by inter-

mediate haematological severity.  β: α-chain synthesis ra-

tio is higher than those of   β-thalassaemia major indicating

less severe defect in β-chain synthesis. This is called  β-

thalassaemia intermedia, mostly a clinical entity. HbA is re-

duced moderatety with moderate increase in HbF. This

phenomenon is observed in inheritence of either two mild

mutations or one mild and one severe mutations.

Examples are: (1) Homozygous B thalassaemia in

Blacks, Portuguese and others. (2) Homozygote or mixed

heterozygote forms of B thalassaemia associated with nor-

mal HbA2 and normal HbF. (3) Association with α-

thalassaemia (α-β variety)11.

βββββ-thlassaemia Minor:

Inheritance of a single  β-thalassaemia allele re-

sults in a mild hypochromic microcytic anaemia with slightly

reduced haemoglobin (by 1-2 g/dl in respect of age and

sex). This condition is called  β-thalassaemia ‘trait’ or ‘car-

rier’ which is actually a misnomer. But detection of these

‘carriers’ are utmost essential. If a β-thalassaemia minor or

carrier marries another such person, the offsprings may be

overt patients.

Elevation of HbA2 and HbF occurs in these cases

in early years of life. HbF level declines more slowly than

normal. The diagnostic criteria lie in an elevated HbA2

(range 3.5-7.0%) beyond 6 months of life12.

ααααα-thalassaemia:

It is the most prevalent inherited disorder in man-

kind. It occurs due to deficient production of  α-globin

chain. These are very difficult to diagnose as no abnormal

haemoglobin is produced (except HbH). Moreover, the

THALASSAEMIA: CURRENT DIAGNOSTIC APPROACH  – GUPTA AND GUPTA   21



percentage of HbF and HbA2 is not elevated or percent-

age of HbA is not reduced.

The two gene loci for α-globin chains are situated

on each of chromosome 16, separated by 3.5 kb segment

and interrupted by intervening sequence (IVS). Deletion of

one to four loci and their subsequent non-functioning gives

rise to four disease conditions13.

α-thal-2 trait - One loci deletion: Mostly unde-

tected.

α-thal-1 trait - Two loci deletion: Mild to moder-

ate anaemia, normal electrophoresis.

HbH disease - Three loci deletion : Excess  β-

globin chain precipitation as HbH inclusion bodies in RBC.

Hb barts - All 4 loci deletion : Incompatible for

life.

Other Thalassaemias:

(1) αβ-thalassemia (Thalassaemia F) − It is a minor

thalassaemia due to fusion of α-and β-genes which are

normally separated by 7 kb segment. These patients present

with mild anaemia. On electrophoresis slightly reduced

HbA2 and increased HbF (5-15%) occurs14.

(2) δ-thalassaemia − Rare and without clinical importance

in adults.

(3) π-thalassaemia − Rare and not important in adults.

Diagnostic Approach7 :

  Haematological parameters used for initial

screening − − − − −   (1) Haemoglobin estimation.

         (2) Complete haemogram especially MCV

and MCH − MCV and MCH are low in both  α- and β-

thalassaemias including α-minor and β-minor varieties. Mi-

crocytosis and hypochromia are thus very important find-

ings in peripheral blood smear. Usually the MCH is below

26 pg and MCV below 80ft. For α-minor varieties, mean

MCV is 71.4 fl and for β-minor varieties it is 63.4 fl. In

absence of vitamin B12 or folate deficiency, it is almost

pathognomonic of thalassaemia if directly measured by an

automated blood cell counter (Coulter-S or Sysmex). In

children with MCV below 94 fl, electrophoresis should be

done routinely.

(3) Red cell distribution width (RDW) − The mean

RDW is increased. It is a constant finding if measured by

automated cell Counter.

(4) Naked eye single tube rapid osmotic fragility

test (NESTROFT).

(5) Serum ferritin − It is increased in thalassaemia

and can act as a tool to distinguish it from iron deficiency in

which it is reduced. Serum ferritin may also rise in chronic

liver diseases and chronic infections.

(6) Detection of HbH − HbH inclusion bodies may

be found in RBCs on brillant cresyl blue staining in periph-

eral blood in patients with α−thalassaemia. These are ac-

tually precipitation of excessive beta-chains15.

Particularly, for detection of thalassaemia trait or

minor, the following formula including all red cell induces

may be used.

Discriminant Function (DF)=MCV(fl) −RBC

(X1012/l) − 5 x Hb (g/dl) − K whereas, K is a constant

factor depending on the automated cell counter calibration

and is adjusted by each laboratory. If DF is negative the

case is thalassaemia and if DF is positive, it suggests iron

deficiency anaemia16.

Detection of abnormal haemoglobin17 −−−−−     It is
well known that the treatment of established thalassaemia

is difficult and very costly. Only bone marrow transplanta-

tion by umbilical cord stem cell is successful in certain per-

centage of cases. In large majority of the cases, repeated

lifelong blood transfusion, use of iron chelating agents, trans-

fusion and splenectomy in advance severe cases are the

only options. Most of the major thalassaemia cases do not

survive beyond 2nd and 3rd decades of life.

So premarital detection of carriers and counselling

remain the only option to stop the forward propagation of

this dreadful disease like a prairie fire. Previously haemo-

globin electrophoresis was used widely for detection of dis-

ease on cellulose acetate membrane (CAM) strip with al-

kaline buffer. It is easy, cheap and can be used for initial

screening. Alternatively acid gel electrophoresis was also

practised. But the main disadvantage of this method is fail-

ure to detect the carriers definitely though the clear cut cases

can be identified beyond reasonable doubt for which the

pivotal role for counselling is difficult. More modern and

acceptable method is chromatography particularly high per-

formance liquid chromatography (HPLC) which can sepa-

rate different fractions of abnormal haemoglobins in a clear
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cut way. HbA, A2, F, E, C, S, D, Lepore, etc, give differ-

ent peaks. Any sample showing HbA2>3.5% is consid-

ered as normal. Sample with HbA2 between 3.6 and10%

is identified as β-thalassaemia minor or trait or carrier. These

are the target population for carrier detection. The disad-

vantage of this method is that HbE, a not harmful but ab-

normal variation of Hb, elutes with HbA2. So if the A2/E

peak is more than 10% it is taken as HbE trait (up to 70%)

or HbE disease (>70%)

In thalassaemia major, the HbF fraction is increased

and if both HbF and A2/E fractions are abnormally high, it

is taken as Eβ-thalassaemia. In complicated cases, meth-

ods of estimation of β-chain production and isoelectric fo-

cusing (IEF) are also done.

Simply increase of HbF value may occur in heredi-

tary persistence of HbF (HPHF) thyrotoxicosis, pregnancy,

aplastic anaemia, choriocarcinoma and carcinoma of liver.

Before Hb electrophoresis or HPLC, the history of blood

transfusion, family history, clinical history etc should be taken

into consideration. In carriers or β-thalassaemia minor ge-

netic screening of both parents are recommended.

Molecular biology18 −The laboratory diagnosis

of thalssaemia cannot be completed without the genetic

studies, ie, (1) In case of  α-thalassaemia, which cannot be

diagnosed by electrophoresis or chromatography (except

a small percentage of cases with HbH). (2) In case of  β-

thalassaemia, particularly for genetic screening of the par-

ents and siblings. (3) In case of prenatal diagnosis from

chorionic villous samplke (CVS) or amniocentesis. (4) In

case of δβ and other rare thalassaemias. (5) Epidemio-

logical study of  β-thalassaemia by detection of commonly

occurring mutations is an ethnic group.

Genetic defects in βββββ-thalassaemia19 − Most

types of β-thalassaemias are due to point mutation. As of

date, about 200 different types of mutations have been iden-

tified of which 15 cause vast majority of cases. Most com-

monly occurring 5-6 mutations account for almost 90%

cases of β-thalassaemia in a given ethnic group. So it is an

example of allelic heterogeneity. In India, about 40 muta-

tions have been detected of which 5 are most common.

Common mutations in Asian and Indians −
IVSI, position 5 (G-C)

 *619 bp deletion

 *Codon 8/9, Frameshift (+G)

 *codon 41/42, Frame Shift (-CTTTT)

 *IVSI, position 1 (G-T)

In β-thalassaemia, mutations are scattered through-

out the β−globin gene including 5 flanking region where

promoter lies. A number of mutations interfere with the ef-

ficient translation of the β-globin mRnA to protein, includ-

ing mutations in translation of initiation codon itself. Chain

terminator mutations, in which translation is stopped pre-

maturely, can result from nonsense mutations or frameshift

mutations producing non-functional proteins. Abnormal

splicing also occurs in RNA. Mutation also occurs in the

polyadenylate tail8,9.

Alpha−Thalassaemia20 − As already stated, de-

letion is the main genetic abnormally in  α-thalassaemias. It

occurs due to inequal crossover involving the chromosome

16, where a gene loci are situated. Moreover larger dele-

tions also occur which remove both  α-globin genes. In

other situations loss of function of α-globin gene arises from

more subtle mutations such as non-sense or frameshift ab-

normalities. But in contrast to beta-thalassaemia, those

multations are minorities (only 20%).

Molecular biology tools applied for diagno-

sis21 − (1) Amplification resistant mutation specific poly-

merase chain reaction (ARMS PCR) to detect mutation in

β-thalassaemia.

(2) Restriction fragment length polymorphism (RFLP)

(3) Reverse dot blot hybridisation to detect 8 mutations

very rapidly at a time, on a small DNA sample.

(4) Fluorescent in-situ hybridisation (FISH) to detect dele-

tion in  α-thalassaemia.

DNA sequencing22 − DNA can be analysed from

WBC or from amniocentesis or chorionic villous biopsy

obtained by transabdominal or transvaginal sampling for

prenatal diagnosis. Uncultured amniocentesis is better than

CVS as the chance of abortion is less than 1% whereas in

CVS it is above 2%.

Amplification and direct sequencing of  β-globin

genes by PCR (where mutations are unknown) can be used

now in place of cultured amniocentesis and southern blot-

ting.

Newer methods of prenatal diagnosis23 −−−−−
Analysis of foetal cells in maternal circulation, Preimplanta-

tion genetic diagnosis (PGD) in case of in vitro fertilisation

(IVF), HPLC of foetal blood samples
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Sensitivity of the Developing Human Foetus in the First and Second

Trimesters to Antigenic Challenge: A Study from 1978 to 2002 with

Subsequent Follow-up
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Abstract:

Millions of women die due to unsafe abortion conducted unethically. WHO estimates close to 13% of unsafe

abortion is the main cause of all maternal deaths. The methods of abortion are dilatation and curettage, dilatation

and evacuation, manual vacuum aspiration and electrical vacuum aspiration. Other surgeries include hysterotomy

ligation or even hysterotomy. Medical induction of abortion is another option for abortion. A group of medical

researchers searched for a safe, cheap, effective, mid-trimester abortifacient like tetanus toxoid and BCG. Intra-

amniotic tetanus toxoid antigen challenge in up to 9 weeks of gestation to 10-16 weeks leads to massive haemorrahage

and also there are congestion of viscera and changes in the growing architecture of foetal organs lead to death and

abortion. A single 2 ml intra-amniotic injection of tetanus toxoid was mediated by a group of researchers which

resulted in 92.80% of abortion of foetuses. The Ethical Committee restricted the use of BCG experimentation on

the plea that persistence of placenta or any other foetal tissue in the maternal system that may have the possibility of

inducing hydatiform mole or choriocarcinomatous changes in the mothers in the long run. It is worth mentioning that

in the case of multiple injections of tetanus toxoid through the intra-amniotic route, there is marginal improvement in

the cumulative abortion rate. There are many changes in the foetal organ architecture postfoetal challenge with

antigen. A comparison of the aborted placentas of 18 weeks and non-aborted placentas after antigen challenge and

blank antigen (normal saline + preservative) challenge showed certain definite challenges. A new concept in vaccination

of the unborn had been started by the same researches. The group has suggested that vaccination of the unborn via

the intra-amniotic or intrafoetal route is not feasible as it has serious side-effects. The researchers further believe

that this abortion pattern can be due to the auto-immune reaction or even unnamed inflammations of the basics

which are still to be elucidated.

Key words: Human foetus, dilatation and evacuation, manual vacuum aspiration, electrical vacuum aspiration, tetanus

toxoid, BCG, abortifacient, antigenic challenge, foetal immune system, intra-amniotic injection, amniotic cavity, target

cells, vaccination of the unborn.
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Every year 21.6 million women die due to unsafe

abortions most of which are conducted unethically. Out of

these 21.6 million women, 18.5 million die alone in the

developing countries and a further 47,000 women from

complications of unsafe abortions each year. According to

WHO, close to 13% of unsafe abortions is the main cause

of all maternal deaths (http://www.who.int/

reproductivehealth/topics/unsafe_abortion/magnitude/en/).

The two most common methods for inducing abortion are

instrumental/surgical evacuation through the vagina and

medical induction/stimulation via uterine contractions.

Dilatation and curettage (D & C) is normally performed on

less than 14 weeks foetuses, dilatation and evacuation on

14-24 weeks’ foetuses and in less than 9 weeks’ foetuses

or manual vacuum aspiration (MVA) can be conducted. If

the foetus is more than 9 weeks then electrical vacuum

aspiration (EVA) technique is used involving the attachment

of a cannula to an electrical vacuum source (http://

www.msdmanuals. com/professional/gynecology-and-

obstetrics/family-planning/inducedabortion). Other uterine

surgeries include hysterotomy ligation or even hysterotomy,

however, they are considered as a last resort. The

shortcomings of the surgical abortion intervention are the

loss of blood due to excessive bleeding, infection requires

another small scale surgery leading to morbidity and

mortality although in very few cases in developed nations

but alarmingly high in developing countries (http://

www.msdmanuals.com/professional/gynecology-and-

obstetrics/familyplanning/induced-abortion). Medical

induction of abortion can be conducted on foetuses which

are <9 weeks or >15 weeks old; 25% of all abortions in

the US alone are conducted by means of medical abortions

which include both the instillation of progesterone-blocker

mifepristone and prostaglandin E1 analogue and

misoprostol. However, there are many side-effects that are

normally associated with using prostaglandins and

progesterone-blockers in a medicine induced abortions like

nausea, vomiting, diarrhoea, hyperthermia, bronchospasm

and decreased seizure threshold jeopardising the mother’s

health in some cases (http://www.msdmanuals.com/

professional/gynecology-andobstetrics/family-planning/

induced-abortion). The above mentioned processes require

a lot of trained physicians, well-maintained infrastructures,

should be conducted after ethical and legal permission from

the mother and strictly following the laws of the land. More

importantly, the good being and good health of the mother

with subsequent follow-up is an utmost necessity. The

prevalence of quack doctors in the periphery regions of

developing countries that are not well trained and doesn’t

possess the necessary qualifications to undertake such

complicated procedures often put the mother's health at

risk and at jeopardy. Unfortunately in many poor countries

where due to social constraints and taboos pregnancy

termination is at large and conducted illegally and

unethically, many mothers and families are exploited in

exchange for monetary favours. Also, cost is a very

important factor in undergoing medically induced abortions

as many cannot even afford the cost of prostaglandin or

progesterone-blockers. Also, surgery as already discussed

brings in a lot of uncertainties in the mother’s health and

safety in the longer run.

Therefore keeping in mind the above limiting factors

prevalent at large in poor countries, our group of medical

researchers led the search for a safe, cheap, effective, mid-

trimester abortifacient between 1978 and 2002 like tetanus

toxoid and BCG. BCG couldn’t be continued due to

unavailability of ethical permission but encouraging results

were observed by the above group in this new field of

modern medicine using intra-amniotic instillation of tetanus

toxoid in inducing abortions in mothers who wanted to

undergo abortion due to social and other reasons after giving

their ethical and legal consent to the research team including

no objection from the Institutional Ethics Committee.

Further, this group of medical researchers also revealed
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many hitherto unknown secrets about the growth and

development of the human foetus up to 20 weeks1. That

the foetus, even at a very early stage of growth can react to

an antigen, even in the sterile environment leading to

embryopathy changes up to 9 weeks or the pre-immune

phase 10-16 weeks in a non-specific manner resembling

an acute non-specific infection or the hypoimmune phase

from 17 weeks onwards, is totally a new finding. These

findings may have serious implications for future medical

research1. Global mortality from tetanus toxoid is 1 million

of which 880,000 deaths are the recorder for neonatal

tetanus2. Adequate popularisation of this simple, safe, cheap

and easily procurable, effective method of abortion using

BCG and tetanus toxoid can combat the criminal abortion

menace and the cost as it is extremely cheap and can even

be afforded by the poorest of the poor in developing nations,

if confidentiality is maintained (92.8% will abort in one

month, as shown by various experiments by the research

group in Kolkata). In the developing countries, in particular,

local health departments can take the initiative by organising

camps and workshops and encouraging the participation

of social workers, nurses, midwives, village level quack

doctors or barefoot doctors, pharmacists or even criminal

abortionists agreeable to accept change, from any sphere

of life in urban, semi-urban and rural areas3.

Foetal immune system: It is well known that the

function of the immune system is to protect the individual

from an invasion of foreign antigens by distinguishing the

self from the non-self. A normal immune response relies on

the careful coordination of a complex network of specialised

cells, organs and biological factors necessary for the

recognition and subsequent elimination of foreign antigens4.

An exaggerated immune response can result in the

hypersensitivity to foreign antigens with resultant tissue injury

and the expression of a variety of clinical syndromes like

type 1 (IgE mediated) immediate hypersensitivity reaction,

type II (IgG, IgM, complement activation) antibody

mediated cytotoxicity reaction, type III (antigen-antibody

complex and complement activation) immune complex

reaction and type IV (lymphocyte) delayed hypersensitivity

reaction. Two other mechanisms are also proposed type

V and type VI of which types I to III are humoral immune

responses and type IV response results from initial

sensitisation and subsequent antigenic challenge4. This kind

of antigen elimination through the cellular or humoral process

is integrally linked to the inflammatory response in which

the cellular messengers (cytokines) and antibodies trigger

vasoactive inflammatory mediators4. This inflammation has

got a positive role ie, to promote efficient elimination of

foreign antigens and to prevent uncontrolled lymphocytic

activation and antibody production and also negative and

deleterious effects. In the case of the growing innocent

embryo or the hypoimmune human foetus, all the factors

responsible for inflammatory response and its co-ordination

are also developing at that stage of gestational maturity.

Hence, poor co-ordination may lead to the negative effect

of inflammation due to inappropriate activation of a growing

foetal system thus causing dysregulation and perpetuation

of the inflammatory process which leads to tissue damage

and organ dysfunction and the death of the foetus with

massive haemorrhage and congestion of all the viscera up

to 16 weeks4. From 17 weeks onwards, due to the

progression of the ontogeny of the human immune system,

the reactions are less dramatic, typified by the characteristic

changes of mononuclear invasion, less haemorrhage and

congestion and damage to the architecture of the growing

human foetus4.

Reaction of the preimmune or hypoimmune foetus

(up to 20 weeks): Earlier investigations reported the

implications of congenital infections in case of maternal

syphilis2, 5 and rubella in the human system, rubella infection

and blue tongue virus infections in lambs and lymphocytic

choriomeningitis virus in mice6-11. They suggested that the

developing foetus of many mammalian species is able to
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mount a highly efficient immunological response to the

agents responsible for congenital infections. The present

research is the first documented work (Medline search

verification, 24 October 2004) on the intra-amniotic direct

antigenic challenge to the human foetus showing the

reactions of the developing preimmune and hypoimmune

foetus; however there are certain obvious differences with

the congenital infection scenario1. In the case of congenital

infections, the placental barrier is formidable and unless

this is broken, access to the foetal compartment or foetal

organs is not possible12.

The sequence of events: Maternal severe infection,

the involvement of placenta and loss of placental function–

the foetus is involved. The damage to the foetal system is

due to the resultant action of toxins/chemicals liberated by

the living or dead/offending organisms and their interaction

with the growing foetal system as well as the primitive non-

specific to specific developing immunological defence

against the offending organisms. In a case of this medical

research with different antigenic challenges, the placenta is

never damaged primarily. It is only damaged secondarily

to foetal damage or death. Hence the changes are primarily

the result of foetal changes due to the interaction of the

foetal system with the antigenic stress. On the basis of

macroscopic and microscopic studies, similar hitherto

unknown foetal reactions to an antigenic invasion of the

foetal system were observed. However, the reactions with

glutamate BCG (up to 15 weeks) were found to be more13.

Here foetal death and foetal dissolution were observed of

varying degrees without abortion, a hitherto unknown

phenomenon. The group on further analysis revealed the

sensitivity of the growing human embryo to a foetus in the

light of different experiments with the intra-amniotic

challenge1.

Intra-amniotic challenge with tetanus toxoid: Intra-

amniotic tetanus toxoid antigen challenge in the teratogenic

phase (up to 9 weeks) to the preimmune phase of human

foetal growth (10-16 weeks) leads to massive haemorrhage.

Also, congestion of all the viscera and changes in the

growing architecture of the foetal organs, eventually leading

to death and abortion of the foetus14. Tetanus toxoid

challenge at the hypoimmune phase (17 weeks onwards)

of human foetal growth leads to monocellular cell invasion,

haemorrhage, thrombosis in all the organs including the

placenta where there are additional features of villitis and

deep subchorionic fibrosis, eventually leading to abortion

in a less dramatic way with mostly living foetuses15.

Therefore, the above results concluded that even in the

sterile environment of the amniotic fluid, the developing

foetal system can also react to any antigenic challenge;

however the reactions are dependent on type/route/

virulence/dosage of the antigenic assault. It is believed that

this at least will partially explain the apparent benign presence

of Treponema palladium over the very early foetus5. On

the basis of research conducted over the last 3 to 4 decades

it is felt that a little more presence of treponema antigenic

load in a very young foetus will abruptly change the entire

scenario from benign presence to a cruel presence triggering

death cum deformity and abortion of the foetus depending

upon the stage of foetal growth from the teratogen to the

preimmune phase or hyperimmune phase of the foetus due

to the crossing of the critical mark of foetal susceptibility

cum tolerance of the antigen load16. This may result in an

exaggerated and hypersensitive type of acute response in

the early weeks (up to 16 weeks)and a chronic response

in the later weeks (above 17 weeks) as seen with different

antigenic challenges which is evident clinically in the case

of the aborted foetus, depending on the gestational age of

the foetus1.

Clostridium tetani: Clostridium tetani is the

causative agent of tetanus and is one of the important species

of the genus clostridium, comprising spore forming Gram-

positive anaerobic bacilli. Two products liberated by C

tetani are the classical neurotoxin (tetanospasmin) and

haemolysin (tetanolysin). The haemolysin is heat liable and

inactivated by oxygen. All the symptoms in tetanus are
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attributable to an extremely toxic neurotoxin. In a case of

an adult/baby, the number of Lf of toxoid should not exceed

25Lf for primary immunisation as recommended by the

World Health Organisation1. There is no specific time

period of pregnancy when women should be immunised

against tetanus. In those countries where the risk of tetanus

neonatorum is low, usually the immunisation is deferred

during pregnancy. It has been seen that immunisation during

the fifth and eighth months of pregnancy results in the

formation of antibodies in the infant and also enhances the

response of these infants to subsequent immunisation1. This

phenomenon has been termed as transplacental

immunisation1. Though extremely rare, certain adverse

effects of tetanus vaccination have been reported like

swelling, redness and pain up to 10 days at the site of

injection1. Other systemic reactions like pyrexia, myalgia,

malaise, acute anaphylaxis, peripheral neuropathy, elevated

IgE level and elevated anti-A and anti-B antibodies are

also implicated. Extremely rare reactions have been

observed in individuals who had high levels of circulatory

antitoxin and in whom bolstering was attempted. Tetanus

toxoid has been reported to increase anti-A and anti-B

antibodies owing to the traces of blood group antigen in

the vaccine. Immunisation of patients (pregnant) with the

aim of preventing neonatal infection may, therefore, increase

the risk of haemolytic disease of the newborn2. With this

backdrop of information in mind, the researchers used

tetanus toxoid as an intra-amniotic injection to study its

interaction with the foetal growth and development in utero.

The research group from Kolkata performed this novel

intra-amniotic disruption of human foetal growth in 688

cases of abortions which were all conducted after the

mother’s consent, ethical and legal clearance and following

the laws of the land17. The abortions were mediated by a

single intra-amniotic injection of 2 ml tetanus toxoid. The

overall success of injecting this material in the foetus resulted

in 92.80% of the abortion of the foetus. After the cut-off

period of 7 days, the following post intra-amniotic 2 ml

injection the abortion rate fell down to 52.5% and 72.4%

after 14 days cut-off period. On the 21st day, the cut-off

rate became 86.2% and 92.8% at 30 days. Therefore, the

researchers observed that with a single 2ml intra-amniotic

membrane injection of tetanus toxoid there was 94.74%

abortion in 8 to 11 weeks group and 94.05% in the 12-15

weeks if the cut-off period was for a month. It was further

revealed from the research, that the induction-abortion

interval varied widely with a progression of gestation to

16-19 weeks or more and it increased gradually from the

mean induction-abortion interval. The success rate of a single

dose of intra-amniotic injection of 2 ml schedule

progressively comes down to 88.61% from 94.74 % in

the 8-11 weeks group and 73.67% eventually in the 20

weeks group1. The group further studied the effects of intra-

amniotic tetanus toxoid injection varying from ½ to 4 ml all

single doses1. It was revealed that the abortion rate on the

7th day of ½ ml of tetanus toxoid is only 60% compared to

1 ml on the 7th day at 71.42 % and 37.5% on the 7th day

with 1.5 ml. Two ml tetanus toxoid resulted in 47.2 % on

the 7th day followed by 60% on the 7th day with a dose of

3 ml1. Four ml yielded 66.6% failure rate on the 7th day.

On analysis of the results on 14th day it was revealed that

with ½ ml of single dose of intra-amniotic tetanus toxoid,

only 30% underwent abortion, with 1 ml the failure rate on

the 14th day was 42.85%, with 1.5 ml it became 25%, 2

ml  yielded 27.6%, 3ml resulted in 30% and 4ml on the

14th day resulted in 33.3% of failure on the 14th day.

Multiple injection dose regimes were also followed and it

was observed that the cumulative success rate is higher in

multiple doses on the 14th day as against single dose on

the same day1,20,21.

Further discussions with Prof Arnold Klopper of

the Royal College of Obstetrics and Gynaecologists who

visited Kolkata on 18th January 1980 and the group

suggested that in order to reduce the unpredictability of

foetal stimulation intrafoetal injection can be an alternative

method although this procedure also involved certain
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technical limitations like foetal movement, some regurgitation

of the antigen to the amniotic cavity depending upon the

site of injection, needle bore and foetal movements and

inadvertent injury to foetal organs like foetal liver, lungs

while giving intrafoetal injection to the foetal back muscle1.

Analysis by this same research group revealed using

intrafoetal injections, 50% abortion on the 7th day, followed

by 83.335 abortions on the 14th day which was the highest

abortion rate and better even with multiple intra-amniotic

injections where the rate of abortion was 79.1 % on the

14th day. The addition of foetotoxic or immunomodulatory

substance like vitamin A in the dosage of 300,000 IU

injected with tetanus toxoid revealed 70% cases of abortion

on the 7th day and a cumulative 40% abortion on the 14th

day. With oral levamisole (150 mg) 58.33% of the foetus

went abortion on the 7th day and 25% cases failed on the

14th day. This was conducted to observe the role of the T

cell stimulation or modulation of T cell function. Also, intra-

amniotic injection to foetuses with tetanus toxoid before

20 weeks of development showed 62.5% of cases aborted

within 7 days as against 75% within 14 days1, 27-36.

Intra-amniotic challenge of the foetus with BCG: A

recent meta-analysis concluded that the BCG vaccination

is highly effective in reducing the risk of tuberculosis for

several years for newborn or infant immunisation by at least

50%18. Although BCG vaccinations have been safely used

in newborns throughout the world, the safety of BCG

vaccination in immune-compromised patients, such as HIV-

infected patients, has not been verified and the patients may

be at a risk of developing disseminated disease3. The

research group further experimented with the use of BCG.

They have shown the effect of injection of single BCG (1ml)

intra-amniotically on the developing foetal system with the

gestation of 11-15 weeks of pregnancy. To their utter

surprise, there was no abortion. However there was a

progressive diminution of the size of the uterus and on the

14th day of hysterotomy, the uterus was found to be

practically free of the uterus. Same experiments were

repeated again but the results remained the same on the

14th day of BCG instillation. Twenty-six such further cases

were conducted with gestation varying between 11 and 15

weeks and further studies on more than 15 weeks could

not be conducted due to ethical committee restriction

imposed on the use of BCG experimentation on the plea

that persistence of placenta or any other foetal tissue in the

maternal system may have the possibility of inducing

hydatidiform mole or choriocarcinomatous change to the

mothers in the long run13.  However, here the principal

question arises that why there was no abortion in the group

and instead there were auto-absorption and dissolution of

the foetus. The possibility that the foetal unusual immune

response, due to stimulation of the developing foetal cellular

immunity was causing this death cum dissolution could

neither be supported nor rejected because of the dearth of

information in this field, and because ethical restrictions

would not allow the research group to proceed further on

sequential amniotic fluid/foetal cytokine study.

Challenge of the foetus with other agents: The

research group further tried other antigens like double

antigens ie, 5 ml diphtheria toxoid and 0.5 ml pertussis in

intra-amniotic single 1 ml single shot injection schedule. Here

57.15% of success was observed on the 7th day of

stimulation and 71.43% on the 14th day of stimulation.

Generally, the combination potentiates the action. However,

the result is not grossly different from our tetanus toxoid

study1. Using a non-specific antigen-like 20%, of 2ml BVS

was utilised in 14 cases with the gestation of 11 to 18 weeks

(mean gestation 14.6 + 1.2 weeks). Here it was noted that

42.86% abortion occurred within 7days and cumulative

71.43 % abortion within 14 days1. Hence, the group

concluded that the growing human foetus can act or rather

react with antigen in different ways, depending on dosage

and the type of antigen. However the action is not specific

to bacterial antigens only and the fundamental question

which remains to be cleared is the behaviour of antigenic

challenge on a growing human foetus can act or rather react
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with antigen in different ways, depending on dosage and

the type of antigen. These methods of abortion can also be

due to the behaviour of antigenic challenge on a growing

human foetus which is actually passing through a preimmune

or hypoimmune state, due to lack of proper immune system

development. At this stage of development inside the

protective sterile environment provided by the maternal

uterus, the foetal thymus, and its supporting systems are

engaged in gradually equipping its primitive guards (immune

system) for the home ministry work ie, differentiating

between its own people and the enemy ie, own antigen

and foreign antigen1. On further injection of 10 ml of

maternal blood intra-amniotic ally with a mean gestation

being 13.4 + 1.2 weeks, abortion was noted in 40 % of

the cases within 7 days and 70% of the cases within 14

days. Buffy coated WBC was injected from 10 ml maternal

whole blood prepared freshly and injected intra-

amniotically. Here, too, 31.25 % cases aborted within 7days

and 50 % of the cases aborted within 14 days1. The basic

question is to what extent can foetomaternal transfusion

trigger abortion in a growing foetus? From the experience

of chorionic villus sampling (CVS), certain investigators

have suggested a basic prevalence of maternal-foetal

transfusion (MFT) at the first trimester of pregnancy. Various

theories have been developed on the pathogenesis of

vascular disruptive syndrome following CVS. Most of them

consider aetiology of vascular incidence by thrombosis of

the sampling site with subsequent embolisation of the foetal

vessel, trophoblast embolism, hypoperfusion of the foetal

circulation following voluminous foetomaternal circulation

or release of vasoactive substances19-22. Other concerns

are damage of the extra-amniotic tissue, especially the foetal

membranes and subsequent limb malformations due to

amniotic bands or oligohydramnios23. The possibility of

entrapment of the foetal limb to the extracoelomic space

has also been suggested24. In animal experiments, clamping

of the uterine vessels, handling of the uterus or maternal

cocaine administration resulted in haemorrhage and necrosis

of foetal limbs25-27. Also experimentation with maternal

whole blood injection in the amniotic cavity, it could not be

gathered how much out of the 10ml of maternal blood

actually cause a load to the foetal circulation because it

could not be assessed properly. But in a case of a growing

foetus at around 12-13 weeks pregnancy the total blood

volume is only 2.7ml to 4ml1, which increases progressively

during gestational maturity. This can be considered without

any vascular communication for further compensatory

foetomaternal haemorrhage due to sudden vascular load.

However, this can also have an immune damage potentiality

for the foetus. A possible mechanism could be agglutination

of the foetal erythrocytes or erythroblasts in early

pregnancy1. A more probable mechanism might be a graft

versus host reaction against foetal endothelial surface

antigens1, as some experiments by the group suggests that

apart from RBC, other maternal WBC antigen can also

cause havoc in a growing foetal system if there is a sudden

WBC perfusion from the mother to the growing foetus.

There was abortion if buffy coated leucocytes separated

from freshly drawn 10 ml of mother’s blood were injected

through the intra-amniotic route in 31.25% cases as evident

on the 7th day and 90% cases within 14 days1. Further, 5

ml of amniotic fluid of other allogenic mothers, was drawn

freshly and injected once intra-amniotically, in gestationally

randomised cases (both for drawing amniotic fluid as well

as for injecting amniotic fluid) and 33.3% of cases aborted

within 7 days and 58.34 % cases aborted within 14 days1.

The amniotic fluid is  alpha-foetoprotein (AFP) and this

protein is embryo-specific or developmental substance-

foetospecific proteins, transient proteins, which are

synthesised only during a particular period of growth. These

disappear or persist only in trace amounts during adult life

unless their synthesis is restimulated by some unusual

conditions such as malignancy28. This AFP accounts for

less than 0.5% of the total protein present in the amniotic

fluid, yet nearly all the AFP in of foetal origin29,30. In a series

of experiments it has been shown that AFP can inhibit the
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primary and secondary cellular response in splenic plague

forming cells to sheep RBC; also, in some cases, it can

suppress thymus-derived T-cell dependent functions of

allogenic and mitogens induced lymphocytic transformation.

Elevated levels of AFP can depress the maternal immune

response and delay the rejection phenomenon of the foetus.

It also reduces the capacity of the foetus and the newborn

infant to respond to antigenic stimulate. With the

disappearance of AFP at birth, the immune suppression

state is lifted30. Waldmann and McIntire31 reported elevated

levels of AFP state above 30 ng/ml (44-2800 ng/ml) in

patients with ataxia telangiectasia (immune deficiency state

with absence of gamma-globulin, recurrent infection,

telangiectasia of conjunctiva and skin, cerebellar ataxia,

apraxia of ocular movements, etc. Cohen et al32 have

shown the absence of maternal antibody to foetal AFP.

Why a mother does not produce antibody to foetal AFP is

not known33. Hence, contrary to its role as an immuno-

suppressive or immunomodulatory, it can participate in

triggering the abortion process either directly or indirectly

by other elements of the amniotic fluid ie, suspended foetal

cells or gamma foetal protein, etc, in relatively trace amounts,

if injected into another allogenic mother’s amniotic cavity.

Maturity of the foetal immune system: The

proliferation of foetal T-cells to different mitogens can be

seen as early as 10-12 weeks. However, mixed lymphocytic

culture (MLC) response by helper foetal T-cells starts as

early as 14 weeks gestation of the foetus and the MLC

response of the T-helper cells match the adult response

from 18 weeks gestation of the foetus. The function of CD8

T-cytotoxic cells which recognise non-self antigens

presented by MHC class I molecules on the surface of

target cells depend on the production of interleukifl-2 by

(TH1) helper T-cells34. This target cell killing by in vitro

cell-mediated limpholysis assay is not seen until 15-22

weeks gestation and the function is far less compared to

the adult response of CD8 T-cells until birth. The function

of natural killer cells, though traced from six weeks gestation

is present in normal numbers in the second half of gestation,

but with less or diminished cytotoxic activity even in the

neonatal period. Though some complement component can

be seen from 6 to 14 weeks in the human foetus, even in

newborns the activity of the alternate pathway is moderately

reduced. The B cell function of a growing human foetus is

CD 40 dependent through lymphokines modified pathways.

These B cell functions are poorly developed during the

foetal and the newborn period as memory B cells and

plasma cells are rarely detected in non-infected neonates34.

Normally in a mature immune system, there is an immune-

neuroendocrine network with regulatory interdependent

circuits where feedback by cytokines augmenting the

production of corticosterone is important because it shuts

down TH1 and macrophage activity and the positive role

of oestrogen for a more active immune response in females

relative to males. But in a growing human foetal system if

there is an antigenic challenge, for examples with tetanus

toxoid or BCG, the mystery pertaining to how does the

immature immune-neuroendocrine co-ordination modulate

itself such a challenge in a so-called hyperimmune state of

the growing human foetus still remains at large1. In this

connection, it is worth mentioning that in the case of multiple

injections of tetanus toxoid through the intra-amniotic route,

there is a marginal improvement in the cumulative abortion

rate, but if the memory cell population was higher, the effect

would have been more dramatic. The proliferation of foetal

T-cells as a result of stimulation by various mitogens can

be seen in as early as 10-12 weeks gestations and in MLC

by 14 weeks34. However, responses do not reach that of

adult T-cells until approximately 18 weeks. Activation of

neonatal CD4 T-cells synthesises normal amounts of

interleukin-2 but markedly depressed amounts of

inerleukin3,4,5, gamma interferon, and granulocyte-

monocyte colony stimulating factor (GM-CSF) when

compared to adult T-cells. This apparent immune deficiency
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of neonatal T-cells reflects more of immunological immaturity

rather than an intrinsic defect. The ability of cytotoxic T-

cells to kill target cells in vitro cell-mediated lympholysis is

not seen until 15 to 22 weeks and even then it is not

comparable to that of the adult CD8 + T-cells until birth34.

Functions of the NK cells, a lymphocyte subset can be

identified with the expression of CD 16 and/or CD56 and

absence of CD3. These NK cells develop normally in the

absence of the thymus and most are CD2+ and CD7+ and

some are even CD8+. However in contrast to T-cells which

recognise foreign antigens in association with self MHC

molecules, the NK cells can recognise the pathogens in the

absence of self MHC expression34. The cytotoxic activity

of NK cells is initiated by the engagement of antigen and

IgG with CD16 which is known as antibody-dependent

cell-mediated cytotoxicity or it is initiated through contact

with target cells lacking the expression of self MHC

antigens34. Cells with NK phenotype have been detected

as early as 6 weeks’ gestation and are present in normal

numbers throughout the second half of gestation; however

neonatal NK cells have definitely diminished cytotoxic

activity. In a mature immune system, the complement system

operates rough (a) classic and (b) alternative pathways

through interaction in a cascade fashion which plays an

important role in cell lysis opsonisation and chemotaxis.

The (a) classical pathway operates through the antigen-

antibody complex and the phylogenetically older, (b)

alternative pathway is not dependent on antigen-antibody

complexes but occurs with the exposure of polysaccharides,

endotoxin, and other structures. These complement

components are produced principally by the hepatocytes

and to a lesser extent by macrophages. The complement

components do not cross the placenta. In growing human

foetal systems some complement components are seen

between 6 weeks and 14 weeks35,36. In newborn infants,

the classical pathway components and activity are

comparable with the adult level but the components of the

alternative pathway are markedly reduced and are less than

20 per cent of those of a normal adult. This state of relative

complement deficiency continues throughout the entire

gestational period and extends to the neonatal period of

birth35,36.

Changes in the foetal organ architecture postfoetal

challenge with antigens: In the case of the aborted foetus

(14 weeks), 72 hours after a 2ml intra-amniotic tetanus

toxoid challenge the researchers observed total disruption

of liver architecture with extensive haemorrhage, congestion,

and oedema in the background with cellular infiltration1.  In

the case of the 18 weeks’ foetus, the disruption is relatively

less with mononuclear infiltration and less oedema. In the

case of the non-aborted foetuses with a blank antigen like

adsorbent/saline control 14 weeks, there is no disruption

of architecture or cellular infiltration or oedema, nor is there

any haemorrhage as is evident from the histological study1.

In the case of the growing spleen challenged with blank

antigen ie, normal saline, etc, histologically there is no

change. The antigen challenged foetus (tetanus toxoid),

though not aborted spleen specimen showed disruption of

architecture at places with endothelial and macrophage cells

seen in the background of tissue oedema and loss of

follicles. This disruption is less prominent in the 28 weeks

anencephalic foetus1. This disruption is highest in the case

of abortion1. In case of kidney and suprarenal, antigenic

challenge (tetanus toxoid) induced abortion 14 weeks and

18 weeks against non-abortions 14 weeks and 28 weeks

showed disruption of architecture in the background of

cellular infiltration, haemorrhage, congestion, oedema in 14

weeks which was less prominent in the 18 weeks’ abortus

with mononuclear cell infiltration and thrombosis1. In case

of skin, similar architectural disruption was noted in the

aborted foetus 14 weeks with excessive oedema, cellular

infiltration after antigenic challenge with tetanus toxoid with

respect to non-challenged or controlled foetuses1. In the

placenta, the changes were similar varying degrees of

architectural disruption with oedema, congestion,

haemorrhage and cellular infiltration of the organs, which
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was less prominent in the non-aborted foetus. But the

observation that antigen challenge causes some histological

changes becomes quite obvious when we compare the

antigen-challenged architecture with the antigen blank

normal saline challenged architecture of the growing human

foetus1. A study of the placenta is very important because

it is the only tissue where maternal and foetal responses

can be studied simultaneously. A comparison of the aborted

placentas at 18 weeks and non-aborted placentas after

antigen challenge and blank antigen (normal saline +

preservative) challenge showed certain definite changes1.

Extensive infiltration of mononuclear cells thrombosis

oedema, interstitial haemorrhage and villites were seen in

the 18 weeks’ aborted foetal placenta. Haemorrhage,

congestion and cellular infiltration were less prominent in

the antigen-challenged non-aborted foetus at 14 weeks and

28 weeks (anencephaly). Villites was consistently present

with focal areas of chronic inflammation with mononuclear

cells, and areas of fibrinoid necrosis in the chorionic villi in

all cases of antigenic stimulation through the intra-amniotic

route. Various investigators have suspected that villites

represent the histopathological evidence of foetal graft

rejection; however, immune, histochemical and other studies

have not differentiated between graft rejection and a normal

immune response against an infective agent37. However,

the trend of research by the same investigators suggests

that (a) villites are initiated by the foetus : one never

encounters it in the first trimester when the foetus lacks

immunocompetence; (b) lesions indistinguishable from

villitis of unknown aetiology have been reported with diverse

placental infections including cytomegalovirus, enterovirus,

mycoplasma and syphilis; (c) the morphological response

of a foetal response to a foreign antigen is best seen in

early villites where inflammatory cells appear to be migrating

from the foetal capillaries to the villous trophoblast surface:

this indicates that although invasive maternal cells may

occupy an advanced lesions, the early or primary

inflammatory response is foetal38.

Vaccination of the unborn: Using the above

concept, the group also started a new concept in vaccination

of the unborn. In developing countries, unborn infections

are an important cause for a high rate of mortality and

morbidity in young infants. Current immunisation strategies

focus on preventing infections by vaccinating the infant at

around 2-4 months, however, this strategy fails to prevent

important infections of the newborn in the first month39.

Hepatitis B vaccine can safely prevent neonatal infection

and long-term sequelae including cases of pregnant women

who are vaccinated with tetanus toxoid to reduce tetanus

infection in neonates40,41. Advantages of vaccination in a

term baby is that it has antibody at birth and there is active

immunity in the mother. However, disadvantages include

decreased passive antibody in premature infants, passive

immunity in the newborn baby which wanes progressively

within 6 months. The group Bhattacharya et al has the first

global experience in intrafoetal vaccination attempts before

20 weeks of gestation. The group through their experience

has suggested that the vaccination of the unborn via the

intra-amniotic or intrafoetal route is not feasible as it has

serious adverse effects as observed in the histology of 14

and 28 weeks’ non-aborted foetuses. Also, there is a poor

antibody response and there is the abortion but no foetal

death reported in this series of growing foetus above 18

weeks. This toxic non-specific reaction can be due to the

reduction in the antibody formation and down-regulation

of another immune co-ordination system as the foetus is

still immature. Therefore the group of scientists concluded

that any immune-vaccine intervention before 20 weeks might

prove to be toxic to the survival of the foetus. Other changes

postvaccination showed an increase in essential foetal liver

enzymes including the weight of the foetal thymus, spleen,

cell number and liver when compared with the blanked/

control foetus. These symptoms were all hallmark of Graft

versus Host Syndrome42. However, the research group

did not believe in such GvHD reactions in foetuses less

than 16 weeks old as it is still in an immature or preimmune
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Successful Retrieval of Missing Copper T
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Abstract:

A case of migration of intra-uterine contraceptive device into the peritoneal cavity was diagnosed in the

obstetrics and gynaecology OPD of Medical College, Kolkata, India. It was planned to retrieve the intra-uterine

contraceptive device by laparoscopic approach. Intra-uterine device is a popular method  of contraception in India.

Though relatively safe, it may cause dangerous complications like uterine perforation. Here a case is presented

where asymptomatic perforation occurred following postabortal intra-uterine contraceptive device insertion and the

device was found within the fallopian tube during surgery.

Key words: Laparoscopy, missing intra-uterine contraceptive device, perforation, fallopian tube.
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Introduction:

Intra-uterine contraceptive device (IUCD) is a

commonly used contraceptive method worldwide. It is

cheap, easily available, devoid of systemic side-effects and

has prolonged contraceptive protection. Copper T is a

reversible method of  contraception  used  by  about  160

million  women  worldwide1. Although  relatively  safe, it

can  be  associated  with  problems  like  irregular  menstrual

cycle,  infections  and  rarely serious complications like

uterine  perforations with prevalence of  0.5/1000

insertions2. The presentation of missing copper T can be

symptomatic or asymptomatic and most of them can be

diagnosed by simple speculum examination or investigations

like pelvic  ultrasonography and  x-ray of pelvis.

Case Report:

A 20 years old female, P
1+1

 attended obstetrics and

gynaecology outpatients department of Medical College,

Kolkata, India with the complaint of  lower abdominal pain

mainly at right iliac fossa since last 1½ months. She had

delivered a child, 3 years back by lower segment caesarean

section and 2 months back, she underwent medical

termination of pregnancy followed by  copper T  insertion

by a health worker at her village. After 15 days of insertion,

she experienced dull aching pain and consulted local

physician. Subsequent  investigations like straight x-ray

pelvis (Fig 1) and USG revealed copper T outside the uterine

cavity, following which the patient was referred to this

institute.
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On examination, her general condition was good and

vitals were normal. Abdomen was soft with local tenderness

removed (Fig 2). No uterine rent was found, only there

was omental adhesion at the fundus. Bowels and omentum

were checked for injury and haemostasis achieved.

over the right iliac fossa. On per speculum examination

strings of the IUCD could not be traced . Her menstrual

cycle was regular and had her last period 15 days back.

USG of lower abdomen was done on the day of admission

(20-05-2017) which revealed empty uterine cavity with a

2.8 cm linear hyperechoic structure outside  the uterus in

pelvis, suggestive of IUCD.

Surgical procedure – Laparoscopic removal of

missing copper T was planned. During surgery, uterus, left

fallopian tube and ovary were normal; however, on the right

side there was a tubo-ovarian (TO) mass adhered to

omentum,  large gut and parieties. After careful dissection

and adhesiolysis, copper T was found to be embedded in

the right fallopian tube. Part of right fallopian tube was

resected and the dense adhesion between the right fallopian

tube and the large gut was removed by blunt and sharp

dissection, then entire copper T was traced and it was slowly

Fig 1 – Copper T Visible on  Straight X-ray Pelvis (AP

View)

Fig 2 –  Laparoscopic View of Intact IUCD Emerging

from Fallopian Tube

Postoperative period was uneventful and the patient was

discharged on the 3rd day of admission.

Discussion :

Uterine perforation following IUCD is rare and

occurs in 0.5-3/1000 insertions but it is a potential health

risk3. Primary perforation occurs at the time of insertion

due to faulty technique, inappropriate timing of insertion,

soft uterine wall, wrong measurement of uterocervical

length4. Secondary uterine perforation is silent and occurs

due to slow migration of copper T through the uterus with

the concurrent bowel peristalsis and spontaneous uterine

contractions5. Migrated IUCD may not be discovered until

it is found missing or patient becomes pregnant. Sometimes

this may present with pain abdomen or urinary disturbances.

Post-insertion women should have follow-up visits as

recommended. First visit should be at the first menstrual

period or after one month, whichever is earlier, subsequently

after 3 months. Thereafter, once a year for the exclusion of
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infection, abnormal bleeding and to see the proper position

of copper T6. An IUCD user should be instructed to contact

healthcare provider in case of: (a) IUCD threads cannot be

felt, (b) she or her partner can feel the lower end of IUCD,

(c) persistent abdominal pain, fever, dyspareunia, unusual

vaginal discharge and missed periods. All migrated IUCD

must be removed as it can enter the peritoneal cavity and

cause bowel and bladder perforation and fistula formation.

In this case the copper T was inserted by a health provider

at peripheral hospital, and the patient did not undergo

follow-up. The patient was diagnosed to have missing

copper T only after she visited the doctor for lower

abdominal pain.

Conclusions :

All migrated copper T must be removed as it can

cause bowel and bladder perforation, fistula formation.

Missing copper T should be identified using USG, pelvic x-

ray/computed tomography scan. Removal of missing copper

T by hysterolaparoscopy is the best approach. To avoid

visceral  complications, the IUCD should be  removed  once

it enters the peritoneal cavity after perforation. The

prevention of complications due to migrated copper T is

by early detection and regular follow-up.
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most of the  cases IUCD was retrieved from the pouch of

Douglas. In this case the copper T was embedded in the

fallopian tube along with dense large gut adhesions and

partial  salpingectomy was done for its removal.

We have found several similar case reports where

the missing copper T was found inside the pelvic cavity. In
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BulletinBulletinBulletinBulletinBulletin

Covid-19: Guidelines on Dead Body ManagementGovernment of India

Ministry of Health & Family Welfare

Directorate General of Health Services

(EMR Division)

  1.  Scope of the document

·  There are currently over 100 laboratory confirmed

cases and two deaths due to Novel Coronavirus disease

(COVID-19) in India. Being a new disease there is knowl-

edge gap on how to dispose of dead body of a suspect or

confirmed case of COVID-19.

·  This guideline is based on the current epidemiologi-

cal knowledge about the COVID-19. India is currently hav-

ing travel related cases and few cases of local transmission.

At this stage, all suspect/ confirmed cases will be isolated in

a health care facility. Hence the document is limited in scope

to hospital deaths.

  2.  Key Facts

· The main driver of transmission of COVID-19 is

through droplets. There is unlikely to be an increased risk of

COVID infection from a dead body to health workers or

family members who follow standard precautions while han-

dling body.

· Only the lungs of dead COVID patients, if handled

during an autopsy, can be infectious.

3.  Standard   Precautions   to   be followed  by

health care workers while handling dead bodies of

COVID.

Standard infection prevention control practices should

be followed at all times. These include:

1. Hand hygiene.

2. Use of personal protective equipment (e.g., water

resistant apron, gloves, masks, eyewear).

3. Safe handling of sharps.

4. Disinfect bag housing dead body; instruments and

devices used on the patient.

5. Disinfect linen. Clean and disinfect environmental

surfaces.

  4. Training in infection and prevention control pra-

  ctices

All staff identified to handle dead bodies in the isola-

tion area, mortuary, ambulance and those workers in the cre-

matorium / burial ground should be trained in the infection

15.03.2020
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prevention control practices.

  5.  Removal of the body from the isolation room or

area

· The health worker attending to the dead body should

perform hand hygiene, ensure proper use of PPE (water

resistant apron, goggles, N95 mask, gloves).

· All tubes, drains and catheters on the dead body should

be removed.

· Any puncture holes or wounds (resulting from re-

moval of catheter, drains, tubes, or otherwise) should be disi-

nfected with 1% hypochlorite and dressed with imperme-

able material.

· Apply caution while handling sharps such as intrave-

nous catheters and other sharp devices. They should be dis-

posed into a sharps container.

· Plug Oral, nasal orifices of the dead body to prevent

leakage of body fluids.

· If the family of the patient wishes to view the body at

the time of removal from the isolation room or area, they

may be allowed to do so with the application of Standard

Precautions.

· Place the dead body in leak-proof plastic body bag.

The exterior of the body bag can be decontaminated with

1% hypochlorite.The body bagcan be wrapped with a mor-

tuary sheet or sheet provided by the family members.

· The body will be either handed over to the relatives

or taken to mortuary.

· All used/ soiled linen should be handled with standard

precautions, put in bio- hazard bag and the outer surface of

the bag disinfected with hypochlorite solution.

· Used equipment should be autoclaved or decontami-

nated with disinfectant solutions in accordance with estab-

lished infection prevention control practices.

· All medical waste must be handled and disposed of in

accordance with Bio- medical waste management rules.

· The health staff who handled the body will remove

personal protective equipment and will perform hand hygiene.

· Provide counseling to the family members and re-

spect their sentiments.

  6.  Environmental cleaning and disinfection

All surfaces of the isolation area (floors, bed, rail-

ings, side tables, IV stand, etc.) should be wiped with 1%

Sodium Hypochlorite solution; allow a contact time of 30

minutes, and then allowed to air dry.



  7.  Handling of dead body in Mortuary

· Mortuary staff handling COVID dead body should

observe standard precautions.

· Dead bodies should be stored in cold chambers main-

tained at approximately 4°C.

· The mortuary must be kept clean. Environmental

surfaces, instruments and transport trolleys should be prop-

erly disinfected with 1% Hypochlorite solution.

·  After removing the body, the chamber door, handles

and floor should be cleaned with sodium hypochlorite 1%

solution.

  8.  Embalming

· Embalming of dead body should not be allowed.

  9.  Autopsies on COVID-19 dead bodies

Autopsies should be avoided. If autopsy is to be

performed for special reasons, the following infection pre-

vention control practices should be adopted:

· The Team should be well trained in infection preven-

tion control practices.

· The number of forensic experts and support staff in

the autopsy room should be limited.

· The Team should use full complement of PPE (cov-

eralls, head cover, shoe cover, N 95 mask, goggles / face

shield).

·  Round ended scissors should be used

· PM40 or any other heavy duty blades with blunted

points to be used to reduce prick injuries

· Only one body cavity at a time should be dissected

· Unfixed organs must be held firm on the table and

sliced with a sponge – care should be taken to protect the

hand

· Negative pressure to be maintained in mortuary.

An oscillator saw with  suction extraction of the bone

aerosol into a removable chamber should be used for saw-

ing skull, otherwise a hand saw with a chain-mail glove

may be used

· Needles should not be re-sheathed after fluid sam-

pling – needles and syringes should be placed in a sharps

bucket.

· Reduce aerosol generation during autopsy using ap-

propriate techniques especially while handling lung tissue.

· After the procedure, body should be disinfected with

1% Sodium Hypochlorite and placed in a body bag, the ex-

terior of which will again be decontaminated with 1% So-

dium Hypochlorite solution.

· The body thereafter can be handed over to the rela-

tives.

·  Autopsy table to be disinfected as per standard pro-

tocol.

  10.  Transportation

·  The body, secured in a body bag, exterior of which is

decontaminated poses no additional risk to the staff trans-

porting the dead body.

· The personnel handling the body may follow stan-

dard precautions (surgical mask, gloves).

· The vehicle, after the transfer of the body to crema-

tion/ burial staff, will be decontaminated with 1% Sodium

Hypochlorite.

  11.  At the crematorium/ Burial Ground

· The Crematorium/ burial Ground staff should be sen-

sitized that COVID 19 does not pose additional risk.

· The staff will practice standard precautions of hand

hygiene, use of masks and gloves.

· Viewing of the dead body by unzipping the face end

of the body bag (by the staff using standard precautions)

may be allowed, for the relatives to see the body for one last

time.

· Religious rituals such as reading from religious scripts,

sprinkling holy water and any other last rites that does not

require touching of the body can be allowed.

· Bathing, kissing, hugging, etc. of the dead body should

not be allowed.

· The funeral/ burial staff and family members should

perform hand hygiene after cremation/ burial.

· The ash does not pose any risk and can be collected

to perform the last rites.

· Large gathering at the crematorium/ burial ground

should be avoided as a social distancing measure as it is

possible that close family contacts may be symptomatic and/

or shedding the virus.
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