
 Review • Mat Soc Med. 2012 Dec 24(4): 268-273

Smallest Organism; Highest Threat

268

Smallest Organism; Highest Threat
amit Pant, rupesh chikhale, Pankaj Wadibhasme, Sunil Menghani, Pramod Khedekar
department of Pharmaceutical Sciences, rashtrasant tukadoji Maharaj nagpur University, nagpur, (MS) india.

Corresponding author: Amit M. Pant. Department of Pharmaceutical Sciences, Rashtrasant Tukadoji Maharaj Nagpur University, Amravati Road, 
Nagpur- 440 033 (MS) India. E-mail: amitmpant@gmail.com

reVieW
ABSTRACT
Ever since the discovery of virus in beginning of 20th century, infections caused by these organisms have captured attention of researchers. The 
evolution of viruses is still a controversy, even same for their categorization in either living or non-living. It is clear that besides many controversies 
virus remains challenging to treat as well as to control in some extent. Though vaccines are available as prophylactic tool and antiviral drugs for 
treatment, still virus exist in host cells if they successfully invade biological machinery. Now it remains as challenge to treat these smallest organ-
isms with high degree of efficacy and safety. To answer the demand of the present world there is urgent need of more potent and novel drugs for 
treatment and vaccines to prevent infection. Answer to this problem will definitely reduce casualties occurring worldwide. This review presents 
few of the pandemics, their causative agents, current status of treatment and future prospective.
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1. INTRODUCTION OF VIRUSES
Virus is a Latin word meaning “poisonous fluid”.1 There 

are an estimated 1031 viruses in the biosphere and human 
cells are outnumbered by viruses 100-folds.2 It is almost 
more than a century, turned since the discovery of viruses 
brought in noticed.3 The recorded history of viruses begins 
in the closing years of the 19th century, but viruses are con-
sidered as old as life on Earth. 4, 5

Viruses are responsible for acute infections, affecting al-
most all the organs of the body and commonly encountered 
in medical practice. Until 1939, science was only able to dis-
cover and classify 36 antigenically distinct human viruses 
and even 14 of these could not be propagated regularly in 
the laboratory.6 The period of 1940 to 1949 ended up with 
the development in science by discovery of additional 26 
antigenically distinct human pathogenic viruses. Over 90 
distinct viruses were discovered, and propagated success-
fully during 1950 to 1959 with significant advancement 
of sophisticated instruments and development of newer 
techniques. Currently laboratory diagnosis of viral diseases 
have greatly improved with high sensitivity and made more 
accessible for every class of society since the study of viruses 
no longer remains a purely academic practice.

Viruses are used to be known as ‘filterable agents’ to 
emphasize their small size, all but the largest being visible 
only in the electron microscope.7 A complete virus particle, 
known as a virion, consists simply of nucleic acid protected 
in a protein coat called a capsid formed from identical pro-

tein subunits called capsomeres.8 Several families of viruses 
have a structurally different two distinct portions as head 
and tail. Head portion consist of nucleic acid protected in 
protein coat and special tube-like structure made up of 
protein coat called a ‘tail’, attached to one of the vertices of 
the shell. The tail is used during fusion of virus with host 
cell (infection) for penetration through the cell envelope 
and subsequent DNA translocation from the shell into 
the host cell where it undergo various stages of replica-
tion, multiplication at specific sites. The host cell receptor 
recognition molecules are attached to the tail, which helps 
to coordinate the processes of host recognition and DNA 
delivery (Figure 1).9 

Thus viruses appear in a behavior of living and non-living 
nature.10 They appear as living organism when present in 
host cell and as non-living when present out of host cells 
(Figure 2). It is arguable whether they should be grouped as 
living organisms, since they depend entirely on a host cell 
for their replication (consider a ‘computer viruses’ which 
needs the computer’s hardware to act upon) but of the debate 
of, is virus living or not, viruses are the most Superabundant 
biological creature on Earth and are able to infect organisms 
in all three domains of life11-12 (Archaea Domain, Bacteria 
Domain, Eukarya Domain); almost every species of animal 
on earth, from mammals down to insects, protozoa, and 
even bacteria, as well as plants. Viruses have infected plants 
and animals, including humans, for millions of years and 
can be said as most successful parasites.13
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2. EVOLUTIONARy HyPOTHESIS
Contrary to other microscopic to multi-cellular organ-

isms, the origin and evolution of viruses is still to be clear 
but they may be assumed to occur at a date earlier than the 
emergence of cells, hardly supported by any means with 
precise scientific evidences. 14 For example, viruses are not 
detected as fossil particles, possibly because they are too 
small and too frail to succumb in fossilization processes 
and may be because of this evolutionists are struggling to 

specifically reconstruct an evolutional history of viruses 
even conserved nucleic acid sequences of viruses have 
never been detected in fossilized biological materials such 
as plant leaves or insects. 14- 15 However, besides of all the 
unanswered debate regarding understanding their origin 
and evolution, several theories were successfully proposed 
the basic observed facts about viruses. According to a 
form of natural selection very similar to that governing 
other living organisms, viruses probably evolved may be 
due to the fact that the genome of viruses underlies muta-
tion and genetic recombination. In fact this basic fact is 
strong enough to provide support for scientific satisfaction 
of some commonly discussed hypotheses on virus origin 
and evolution. Presently, there are three hypotheses often 
discussed for virus evolution. The first hypothesis known 
as the degeneracy hypothesis17 or reduction hypothesis 12, 16 
(regressive evolution18) assumes that viruses descend from 
free-living and more complex parasites. According to this 
theory as like mitochondria that have their own genetic 
information and replicate on their own, ancestral viruses 
developed a growing dependence on host-cell intracellular 
‘‘machinery’’ through evolutionary time, while retaining 
the ability to auto-replicate. The second hypothesis known 
as the vagrancy hypothesis19 or escape hypothesis20 (cell 
origin) which assumes that viruses reproduce their origin 
from cell DNA and/or messenger RNA, which adopt the ca-
pability to auto-replicate, exist and function independently. 
Finally, there is the theory of virus-first hypothesis16 (the 
independent or parallel evolution14) and other organisms, 
which assumes that viruses appeared at the same time as 
the most primitive organisms.

Effective vaccines have led, or might lead, to the eradica-
tion of important viral pathogens, such as smallpox, polio, 
measles, mumps and rubella.21 In the past few years there 
have been major shortages of vaccines to treat other dis-
eases like Measles, Hepatitis B, Influenza type A and type 
B. 22 Viruses present a larger therapeutic challenge since 
their discovery till date than bacteria may be due to their 
mode of replication, genetic diversity and because of this 
now viruses continue to be the major cause of infectious 
diseases which we cannot treat. 21, 23 As a result of this, new 
strains of viruses constantly emerge. Epidemiological and 
ecological processes that shape their genetic diversity may 
be predicted due to the rapid rate of evolutionary change 
in RNA viruses.24 Till date scientists so far have only ex-
plored <1% of the estimated viral diversity.2 Development 
of effective vaccines is the conventional approach to the 
control of viral diseases. Though it is ideal option but this 
is not always feasible.

In the following discussion some deadly viral infec-
tions are discussed with the important facts. The Disease 
prevalence and related deaths are mentioned with the most 
possible updates of numerical figures. The mentioned fig-
ures clearly indicates itself threats of viral diseases all over 
the world.

3. HIV-AIDS
Amongst the hazardous viral infections to the humans, 

retroviral infection especially by Human Immunodefi-
ciency Virus (HIV) infection, Genus Lentivirus of family 

Figure 1. General assembly of Viral Structure

Figure 2. Pictorial Description of Viral Life Cycle
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Retroviridae 25 which is a major concern in the present 
world and remains as challenging to medical as well drug 
researchers. The most advanced stage of HIV infection 
is Acquired Immunodeficiency Syndrome (AIDS) which 
can take 10-15 years to develop.26, 27 This stage is defined 
by the development of certain cancers, infections, or other 
severe clinical manifestations. Almost ending up 30 years 
after the causative agent of Acquired Immunodeficiency 
Syndrome (AIDS) was specifically framed independently 
by Luc Montagnier and Robert Gallo in the 20 May 1983 
edition of Science28, 29, till date there is unsuccessful battle 
going to control HIV-AIDS with uncertain hope for suc-
cessive treatment which will change the scenario of this 
virus for life threatening to curative viral infection. Since 
the beginning of the epidemic, HIV virus have infected 
more than 60 million people and approximately 30 mil-
lion AIDS related deaths.30 The reported figures in 2011 for 
People Living with HIV/ AIDS (PLHA) were 34.2 million.31 
In 2010 for new infections the figure was 2.7 million, and 
for AIDS-related deaths worldwide was 1.8 million.32 Sub-
Saharan Africa shares more than half of volume of PLHA 
and almost over 60% of patients were form this region.31 
Demographically India ranks second in the world, and has 
also the third largest number of people living with HIV/
AIDS (Figure 3).33 As per the interim HIV estimate of 2008-
09, there were an estimated 2.27 million PLHA in India.34 
The HIV prevalence rate in the country is in between 0.29-
0.3 % and most common route of transmission is through 
heterosexual practices with different partners. However in 
the north-eastern region, Intravenous Drug user (IVD Us-
ers) is the major cause for the epidemic spread of infection.

Although there is large patient population worldwide 
for HIV, only limited options for treatment is available for 
this infection. Since from approval of first antiretroviral 
drug, zidovudine in 1987, till date around 20 drugs are used 
against this virus none of these found significantly effective. 
Even in the third decade after discovery of viral infection 
the researchers are unanswered to the vaccine and further 
there is concern for cost of treatment and safety on prolong 
use of present drugs. There is large investment done on treat-
ment for HIV. Some charitable trusts also generated large 
amount of funds at local and international levels to reduce 
burden related to cost of treatment. Simultaneously there is 
huge investment is going in research for novel treatment and 
vaccine research. Vaccine research is yet waiting to come 
up with success story clearing all phases of clinical trial.

4. HEPATITIS
Hepatitis is a general term for the clinical conditions like 

inflammation of the liver and may lead by several mecha-
nisms, including infectious agents. Hepatitis Virus can be 
classified into variety of different sub species such as hepa-
titis A, B, C, D and E.35 Potentially life-threatening liver 
infection is caused by Hepatitis B and Hepatitis C virus. It 
leads to chronic liver disease and puts people at high risk 
of death may due to either liver cirrhosis or liver cancer. 
It is known that humans are the only reservoir of HBV.36 
Percutaneous and permucosal exposure to infected blood 
and other body fluids, mainly semen and vaginal fluid is 
the most common mode of virus transmission.

The worldwide spread of the hepatitis viral infection 
(figure 4) is estimated to >2 billion. Of these, approximately 
360 million patients are chronically infected and at risk of 
serious illness and death, mainly from liver cirrhosis and 
hepatocellular carcinoma (HCC).37 The incubation period 
of HBV is 75 days on average, but may vary from about 30 
days to 180 days.38 From the figures for the year 2000, it 
was estimated that the number of deaths from HBV-related 
diseases was at about 6,00,000 per year worldwide. In India, 
HBsAg prevalence among general population ranges from 
2% to 8%, falling India in intermediate HBV endemicity 
zone of WHO and the number of HBV carriers is estimated 

to be 20-50 million, forming the second largest global pool 
of chronic HBV infections.39 The global scale incidence 
of Hepatitis C Virus (HCV) is not well known40; as acute 
infection is generally asymptomatic that’s why most of the 
patients do not know they are infected with such virus. 
Reported cases of HCV are as many as 2 to 4 million per-
sons may be chronically infected in the United States, 5 to 
10 million in Europe, 1,50,000 new cases occur annually 
in the US and in Western Europe, 12 million in India and 
about 350,000 in Japan.41 As per WHO estimation, about 
3% of the world’s population has been infected with HCV 
and further there are about 170 million chronic carriers who 
are at risk of developing liver cirrhosis and/or liver cancer.

As like HIV, hepatitis does not have hurdles for treat-
ment. Though there is not any finite treatment and succes-
sive antiviral drug is available for infection of hepatitis but 
vaccine for prevention was discovered many years back. 
Now even hepatitis vaccine is included in regular vaccine 
program for infants. There is option for interferon both 
conventional as well as PEG interferon are available for 
treatment with finite treatment duration and are much safer 
than antiviral drugs belonging to nucleoside analogues or 

Figure 4- Prevalence of Hepatitis Virus

Figure 3. Prevalence of HIV Virus
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protease inhibitor class and current antiviral therapies are 
usually unable to achieve sustained off-treatment responses 
and eradicate the infection. But as similar with HIV cost 
for treatment with interferon in hepatitis is also a major 
concern. Further hepatitis infection in most time is asymp-
tomatic and thus remains challenging for early detection. 
Yet its management is more daunting when infection often 
coexists with other comorbidities, adding further complex-
ity to clinical decision-making. At the community level 
there also a need to raise awareness about the infection 
and made them aware to get vaccinated on regular basis.

5. INFLUENzA
Influenza is an easily spreading contagious acute viral 

infection. Influenza infection is almost circulating world-
wide affecting in all age group. It is caused by the influenza 
virus, which can be spread by coughing, sneezing, or nasal 
secretions.42 Influenza infection is seems to be seasonal and 
causes annual epidemics that peak during winter in clement 
regions. Seasonal influenza is classified into three types i.e. 
seasonal influenza – A, B and C.

Comparing between these types of virus, epidemic as 
well as pandemic of influenza A virus is greater than that 
of influenza B virus which is responsible for severe epidem-
ics. This same fact reflects in the study conducted by World 
Health Organization (WHO) and National Respiratory and 
Enteric Virus Surveillance System (NREVSS) in 2nd October, 
2011–11th February, 2012, 90% were positive for influenza 
A viruses, and 10% were positive for influenza B viruses 
(Figure 5).43 Influenza A viruses comprises a large variety of 
antigenically distinct subtypes, with different combinations 
of virus surface glycoproteins namely haemagglutinin (HA) 
and neuraminidase (NA), that replicate asymptomatically.44 
Influenza A viruses are further sub divided into antigeni-
cally distinct subtypes according to different combinations 
of virus surface proteins, 15HA and 9NA subtypes.45 Among 
many subtypes of influenza A viruses, only few subtypes 
are known to have established in humans. On the basis of 
reported cases of Influenza Type C virus infection we can 
say that the infection may occurs much less frequently 
than A and B. Illnesses caused by influenza virus results 
in hospitalizations and further leads in mortality mainly 
among high-risk groups (the very young, elderly or chroni-
cally ill). Worldwide, these seasonal epidemics catch about 
3 to 5 million cases of severe illness, and about 2,50,000 to 
5,00,000 deaths.46 Influenza is life threatening for higher 
risk populations (mentioned earlier), and viral infection 
may leads to severe illnesses and deaths also.

Influenza pandemics are controlled worldwide to some 
extent with successive use of vaccines. Influenza vaccine 
is also mandatory in National Immunization Schedule 
of many countries. In past few years there is gap between 
need and supply for influenza virus in many parts of world. 
Besides control of influenza infection a large number of in-
fluenza related deaths were reported every year. After infec-
tion with virus some antiviral drugs are also available for 
treatment of influenza infection. New studies highlight the 
emergence of oseltamivir resistance in influenza A H1N1 
viruses. However, oseltamivir-resistant strains were noted 
worldwide during the 2007–2008 influenza season. Thus 

action should be taken before emergence of next pandemic 
of influenza with such kind of resistance.

6. MEASLES
Measles virus belongs to the paramyxovirus family of 

the genus Morbillivirus. Measles is an infection of the re-
spiratory system and the measles virus normally grows in 
the cells that line the back of the throat and lungs and can 
be accurately diagnosed clinically. The outcomes related to 
measles viral infection are shown in figure 6. Measles is an 
acute viral illness characterized by a cough, runny nose, 
sore throat, red eyes, a rash that begins behind the ears 
and a high temperature. One in 15 children who contact 
measles develops serious complications which can include 
bronchitis, pneumonia, convulsions and encephalitis.47 
Measles is a human disease and is not well known to occur 
in animals.48 Even though a safe and cost-effective vaccine 
is available; measles requires attention as it is leading causes 
of death among young children. The disease is as severe as 
those handfuls of diseases which contribute 90% of infec-
tious disease deaths.49

In the period of 2001 to 2011 more than 1 billion children 
of age group between 9 months to 14 years of high risk coun-
tries were vaccinated against the measles disease. Though 
Accelerated immunization activities with measles vaccine 
resulted in a 74% drop in measles deaths from 5,35,300 in 
2000 to 1,39,300 in 2010 worldwide, still as per estimations 
in 2010 nearly 1,39,300 measles related deaths occurred 
globally, on the other way we can say nearly 380 deaths 
every day or 15 deaths occurs every hour worldwide.50 Out 
of reported measles related deaths more than 95% of deaths 
occurred in low income countries with weak healthcare 
infrastructure facilities. As per report of Times of India, 
published in 24th April, 2012; in Indian 2010 recorded nearly 
30,000 new cases of measles, and recorded 65,500 deaths 
contributing 47% of global measles deaths.51

Measles has a severe effect on the nutritional status of a 
child: well-nourished children who are otherwise healthy 
lose weight when they have the measles, while malnourished 
children become seriously ill. Except developed countries, in 
many developing countries where conditions of poor nutri-
tion, poor sanitation, and lack of adequate health care are 
common, measles mortality rates are considerably higher, 
especially among children. There is no specific treatment 
for measles. Most patients with uncomplicated measles 
will recover with rest and supportive treatment. The only 
safe and effective way is to use of vaccines against measles. 
With availability of safer and effective vaccine there are 
many obstacles to eradicate viral infection and have. Pres-
ent situation needs a novel virus specific antiviral drugs 
which can imply as supportive treatment for the infected 
children as well as adults.

7. RUBELLA
The rubella virus is an enveloped single stranded RNA 

virus with a single serotype belonging to family togavirus 
and genus Rubivirus.52 Rubella is an acute, contagious, 
usually mild viral infection affecting mostly to children 
and young adults. After infection replication of the virus is 
thought to occur in the nasopharynx and regional lymph 

Comparing between these types of virus, epidemic as 
well as pandemic of influenza A virus is greater than that 
of influenza B virus which is responsible for severe epidem-
ics. This same fact reflects in the study conducted by World 
Health Organization (WHO) and National Respiratory 
and Enteric Virus Surveillance System (NREVSS) in 2nd 
October, 2011–11th February, 2012, 90% were positive for 
influenza A viruses, and 10% were positive for influenza B 
viruses.43 Influenza A viruses comprises a large variety of 
antigenically distinct subtypes, with different combinations 
of virus surface glycoproteins namely haemagglutinin (HA) 
and neuraminidase (NA), that replicate asymptomatically.44 
Influenza A viruses are further sub divided into antigeni-
cally distinct subtypes according to different combinations 
of virus surface proteins, 15HA and 9NA subtypes.45 Among 
many subtypes of influenza A viruses, only few subtypes 
are known to have established in humans. On the basis of 
reported cases of Influenza Type C virus infection we can 
say that the infection may occurs much less frequently 
than A and B. Illnesses caused by influenza virus results 
in hospitalizations and further leads in mortality mainly 
among high-risk groups (the very young, elderly or chroni-
cally ill). Worldwide, these seasonal epidemics catch about 
3 to 5 million cases of severe illness, and about 2,50,000 to 
5,00,000 deaths.46 Influenza is life threatening for higher 
risk populations (mentioned earlier), and viral infection 
may leads to severe illnesses and deaths also.

Measles virus belongs to the paramyxovirus family of 
the genus Morbillivirus. Measles is an infection of the re-
spiratory system and the measles virus normally grows in 
the cells that line the back of the throat and lungs and can 
be accurately diagnosed clinically. 

Measles is an acute viral illness characterized by a cough, 
runny nose, sore throat, red eyes, a rash that begins behind 
the ears and a high temperature. One in 15 children who 
contact measles develops serious complications which can 
include bronchitis, pneumonia, convulsions and encepha-
litis.47 Measles is a human disease and is not well known to 
occur in animals.48 Even though a safe and cost-effective 
vaccine is available; measles requires attention as it is lead-
ing causes of death among young children. The disease is as 
severe as those handfuls of diseases which contribute 90% 
of infectious disease deaths.49
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nodes. While the illness is generally mild in children, Con-
genital rubella syndrome (CRS) is due to rubella infection 
tends to serious consequences in pregnant women and when 
a pregnant woman is infected with the rubella virus early 
in pregnancy, she has a 90% chance of passing the virus on 
to her fetus causing miscarriage, stillbirth or severe birth 
defects (CRS).53 The other major problems associated with 
CRS include deafness, blindness, heart disease, and mental 
retardation.54

Infants with CRS may excrete the virus for 1 year or 
even for more time period. Immediate after exposure to 
virus it spreads throughout the body in about 5-7 days 
and usually symptoms appear 2 to 3 weeks after exposure. 
Humans are the only known host and transmission is by 
respiratory droplets. Viral replication occurs in the naso-
pharyngeal mucosa and local lymph nodes. The incubation 
period ranges from 12 to 23 days with an average of 18 days. 
Worldwide around 1,10,000 births are reported with CRS 
each year. Comprehensive evidence about the true burden 
of CRS in India is not available as no systematic review or 
nation-wide cohort study is available to address disease bur-
den or prevalence of CRS. Yet there is lack of virus specific 
treatment for rubella but the disease can be preventable by 
vaccination only.55 The initial 1–5 days after the appearance 
of the rash are usually most infectious period.

There is no specific treatment for Rubella; however, man-
agement is a matter of responding to symptoms to diminish 
discomfort. Treatment of newly born babies is focused on 
management of the complications.

8. DISCUSSION
Since from the discovery of viruses the viral infections 

caused due to different species hampered the social life/ 
community on higher degree. The number of deaths put 
together for all viral infectious diseases is very high. The 
only infectious diseases discussed above count together for 
more than 50% total deaths caused worldwide. In view of 
the spread of infections most viral infections are growing 
on consistent rates like retroviral infections, viral hepatitis; 
while some of the infections are seasonal like Influenza, 
Chandipura. With the development of science viral infec-
tions can be prevented by the use of vaccines. In some of the 
viral infections vaccines prove to be very effective option but 
this can be implemented as a prophylactic option for certain 
viral infections. Scientists still unable to withstand by mean 
of vaccines or drugs against some serious viral infections. 
We can say that vaccines are as safe and effective option for 
viral infection but not true for all viruses. As viruses success 
to invade in to host cells and thus replicate there gradually it 
is difficult then to manage the infection. Though numbers of 
antiviral drug are present in market for treatment, they are 
not surely eradicating the viral infection from host cells as 
antibiotics do for bacteria. Instead antiviral drug decreases 
certain log concentrations of viruses in host and this sup-
press the symptoms. Thus today community from all over 
the world demands for such effective antiviral drug which 
can completely eradicates the infection but yet is the major 
challenge for researchers working in this field.

The development of the vaccines and the drugs is not 
only the option for this situation but the step next to this is 

the sufficient supply of the vaccines and drugs to all levels 
of the community. With the present condition of countries 
like India where the problems of continuous increasing 
population, large groups of financially weak societies with 
inheriting illiteracy are always at their peak. In the pres-
ent days though WHO declares India as polio free but still 
there is hidden threat of reemergence of the viral infection 
and this may because of the healthcare facilities present in 
the country as compare to western country. Somewhere 
all these conditions count for the spread of the infectious 
diseases and leads to unhealthy society. In the same way if 
considered for PLHIV, India stands at 3rd rank worldwide, 
for viral hepatitis India is 2nd largest global pool. Similar 
way India shares almost half count of the numbers of total 
deaths caused worldwide due to measles.

9. CONCLUSION
In view of the present conditions and the threat of the 

viral infections worldwide, it is now important to upgrade 
the existing facilities and fulfill the demand. Further in 
the existing regimens present to treat various viral infec-
tions, no drugs is effective for complete eradication of viral 
infections. So there is urgent need of development of new 
antiviral drugs which are safe and effective as compare to 
present treatment.
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