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Abstract

Pathogens in hostile terms can be defined as
invaders that attack host organisms. Pathogens show
different types of specificity or tropism. While many
can attack a wide range of hosts, others are specific
to one host. A human body is a preferable host for a
wide variety of pathogens as it provides nutrient rich,
warm and moist environment. Moreover the uniform
temperature of the human body, allows the pathogen
to survive and multiply itself, making it a desirable
place. Emerging Infectious diseases by various
pathogens had always been a matter of concern in
the past and also at present. Despite the tremendous
advancement in the diagnosis, treatment and
prevention procedures, these infectious diseases still
remain the leading cause of death around the world
especially in developing countries. In this review, we
made an attempt to discuss about some of the human
pathogens like Human papillomavirus, Helicobacter
pylori, Hepatitis, Mycobacterium tuberculosis and
Plasmodium vivax, which are listed among the lethal
microorganisms that frequently infect humans.

Keywords: Human pathogen; Human papillomavirus;
Helicobacter pylori; Hepatitis, Mycobacterium
tuberculosis; Plasmodium vivax.

1. Introduction

The capacity of a microorganism to cause disease
is called pathogenicity. A microorganism that has the
ability to cause disease is called pathogen. There
are a wide range of microorganisms that can cause
severe harm to the body and become lethal [1]. In
spite of the remarkable research and developmentin
the treatment and prevention procedures, infectious
disease still remains the topmost cause of death in
the world, particularly in the developing countries;
more virulent pathogens are continuously emerging.
For example, the worldwide incidence of tuberculosis
(TB) caused by Mycobacterium tuberculosis is
estimated to be ~9 million new cases (~0.1% of the
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global population) per annum, leading to 1.5-2 million
deaths per annum and with an estimated 450,000
people getting multi-drug resistant tuberculosis per
year [2]. Antimicrobial resistance is a major concern
as the excessive usage of antimicrobial drugs not
only making the microorganisms resistant but also
causing severe infections which are harder to treat
[3]. According to World Health Organization (WHO),
~1/3" of the world's population carries a latent M.
tuberculosis infection which means that there is a
huge reservoir for potential future TB cases. In 22
African countries, according to WHO report (2014),
more than 70% premature deaths occurred due to
infectious diseases, with co-infections such as HIV
and helminths. Therefore, there is a need to develop
new molecular technologies and knowledge to fight
against human microbial pathogens [4].

In United States, norovirus alone is responsible for
~21 million cases of acute gastroenteritis per year,
which includes >70,000 hospitalizations and almost
800 deaths [5-7]. In developing countries, noroviruses
causes up to 200,000 deaths every year in children
below 5 years. The greatest burden of diarrheal
disease occurs in these countries [8,9]. Lactobacillus
plantarum (LpS2), a newly identified microorganism
produces a y-aminobutyric acid (GABA) in a large
amount. GABA is a non-protein amino acid and
is largely distributed in nature. It plays a key role
by acting as a major inhibitory neurotransmitter in
the central nervous system of mammals. GABA is
responsible for causing some harmful effects such
as, hypotensive, diuretic and tranquilizing effects.
It is also involved in several neurological disorders,
like Parkinson’s disease, Alzheimer’s disease, and
Huntington’s chorea [10].

Virulence is the harm caused to the host by the
pathogen. It varies from species to species ranging
from negligible to immediate death. Classic theory
of virulence evolution is mainly based on a trade-off
between the pathogen growth-transmission and the
host survival. This indicates that higher the growth
within host, higher is the transmission and virulence
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[11]. The range of infectious diseases is evolving
quickly. Evolving infectious microbes display an
interesting group of nosocomial challenges [12].
Nosocomial infections are increasing worldwide, both
in developed and developing countries. The ability
of the pathogens to mutate frequently and emerge
into more virulent form is making these pathogens
resistant towards the drugs against them. For
example, resistant form of Staphylococcus aureus,
known as vancomycin-resistant Staphylococcus
aureus (VRSA) has emerged which is resistant
against the most effective antibiotic - Vancomycin.
Emerging infections can be defined as infections,
that are new in the population or they are already
existing but rapidly increasing in incidence or in the
geographical area [13]. Pathogens which are already
present in the environment causes most of the
emerging infections, brought out either unknowingly
or by selectively taking opportunity of changing
conditions and infecting new host population [14].
The process of transferring infectious agents from
animals to humans or from isolated groups into new
populations is known as microbial traffic [15,16].

In 2012, a strange microbe (later known to be
Mycobacterium chimaera) was observed in few
patients who had undergone open heart surgery. M.
chimaera, within 3 years, had infected approximately
49 people around the world and half of them died.
Researchers have traced the mode of transfer of
infection and found it to be contaminated medical
equipment’s used in heart surgery. According to a new
study, this infection was originated from the device
manufacturing site in Germany [17,18]. In the last
four decades, the worldwide emergence and revival
of arboviruses has become a rapidly growing public
health crisis. Dengue virus reappeared quadrupled
times more in the late 20" century from 1980s—-2000s
and at present, it causes approximately 96 million
symptomatic cases per year [19-21]. Chikungunya
virus emerged for the first time in America in St.
Martin and 1.8 million suspected and confirmed
cases were reported in the entire region [22]. In 2015,
the first case of locally acquired Zika virus (ZIKV)
was reported in Brazil [23,24]. Since then, over
500,000 suspected and confirmed cases of ZIKV
has been reported in 40 countries and territories
in America [25,26]. Many ZIKV cases most likely
have gone unreported due to initial less reporting,
high proportion of asymptomatic cases (>80%), and
diagnostic challenges [27]. Similarly in 2014, Ebola
virus has caused innumerable deaths in Central and
West African regions especially in Guinea, Liberia,
Nigeria and Sierra Leone [28].

2. Pathogen-human Interaction

Specificity of a pathogen towards its host is defined
as the ability of the pathogen to colonize or infect its
host [29]. Various pathogens have various levels of
specificity. Many bacteria have a wide range of host
specificity. Such bacteria may infect insects, humans,
rodents and several other wild/domestic animals. Many
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bacteria show a low level of specificity. These pathogens
exhibit different pathogenicity between human and
other hosts. For example, Salmonella typhimurium after
oral ingestion causes gastroenteritis in humans, but in
mice, this leads to symptoms resembling typhoid fever
of human [30]. Specificity of pathogens towards its host
is determined by determining the molecular interactions
between the host and the pathogen. Due to relative
simplicity of viral genomes and their structures, their
host specificity is easy to determine. Viral specificity
is predominantly defined by the interactions between
the viral proteins and their cognate cellular receptors
[31]. The host specificity of bacterial pathogens is
less understood due to more complex molecular
compositions and cellular structures. However in the
last two decades, huge development has been made
to completely understand the specificity of pathogenic
bacteria towards its host [32].

The human body is a complex and flourishing
ecosystem. It consists of 1013 human cells and
also about 1014 bacterial, fungal and protozoan
cells, representing thousands of microbial species
[33]. These microbes are called normal flora and
are usually restricted to certain parts of the body,
including skin, mouth, large intestine, and vagina. In
addition, humans are frequently infected with viruses,
which rarely become symptomatic [33].

Normal flora is different from pathogens. Normal
microbial inhabitants cause trouble only if the immune
system is weak or if they get exposed to a sterile part
of the body (example, when the gut flora enter the
peritoneal cavity of the abdomen by bowel perforation
it causes peritonitis). Whereas, pathogens can attack
a normal host without being immunocompromised or
injured. They can easily cross the cellular barriers,
disturb the biochemical mechanisms and generate
response from the host that helps the pathogen for
its survival and multiplication. A successful pathogen
must have the following capabilities to survive and
multiply in a host: (1) colonize or invade the host
(2) spot a nutritionally rich place in the host body
(3) avoid, destroy or defeat the host innate and
adaptive immune responses; (4) multiply, using
host resources; and (5) escape and colonize new
host. To complete this set of tasks, pathogens have
developed specialized mechanisms to exploit the
maximum resources of the host to induce the most
appropriate host cell response [33].

These pathogens can easily penetrate inside the
targeted region within the host and rapidly replicates
inside the host pathogens. They have different
modes of transmission. Difference in pathogenic
effects and the level of virulence depends on the
host-pathogen interaction, environmental factors and
host immune system. A brief summary of the mode
of transmission, targeted cells and replication of the
pathogens has been described in Table 1.

3. Lethal Human Pathogens
In hostile terms,

pathogens or parasites are
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Table 1. Summarization of the discussed human pathogens and the targeted areas of action.

Organism Mode of Transmission Targeted Human Cells
Human papillomavirus Sexually transmitted Basal cells of stratified epithelium
Helicobacter pylori Oral-oral or fecal-oral Mucoid lining of the stomach

o Fecal-oral route, Blood Transfusions and infected :
Hepatitis body fluids Liver Cells
Mycobacterium tuberculosis Airborne Lung cells

Plasmodium vivax

considered as invaders that attack human body,
but the actual fact is they are simply trying to live
and procreate like any other organism. But the
only difference is they are living at the expense of
a host organism in a very attractive strategy. Since
human body provides the correct temperature and
environment for their propagation, it is not surprising
that many microorganisms have evolved the ability
to survive and reproduce in this desirable niche.
Different pathogens have different site of action
(Figure 1), where they interfere into the host metabolic
pathways for their survival and multiplication. In
this section, we have taken into account few lethal
pathogens which are commonly seen in humans and
cause chronic diseases. The diseases caused by
the above mentioned five lethal pathogens namely,
Human papillomavirus, Helicobacter pylori, Hepatitis,
Mycobacterium tuberculosis and Plasmodium vivax
are known to be among the frequently occurring
diseases and at times most infectious.

3.1 Human papillomavirus (HPV)

These viruses are tiny, non-enveloped, icosahedral
with double stranded DNA. The human papillomavirus

Bite of an infective female anopheles mosquito

Red blood cells, Liver cells

(HPV) is a DNA tumor virus and species specific. It
infects host basal epithelial cells of skin and mucous
membranes and cause different types of warts and
anogenital cancers [34]. More than 100 different
types of the HPV exist, and ~30 to 40 strains infect
genital tract of humans. Out of these, the oncogenic
or high-risk types (16, 18, 31, 33, 35, 39, 45, 51, 52
and 58) causes cervical, vulvar, vaginal and anal
cancers and non-oncogenic or low-risk types (6, 11,
40, 42, 43, 44 and 54) causes genital warts [35]. HPV
16 is the most cancerous type, responsible for almost
half of all cervical cancers, and HPV 16 and 18
together are responsible for 70% of cervical cancers
[36]. HPV 6 and 11 are commonly associated with
genital warts and account for approximately 90% of
these lesions [37]. Globally cervical cancer is a major
cause of illness and death among women, and HPV
being the principal cause [38,39]. Presumably, the
major reservoir for genital HPV infection for women
is men [40].

Following endorsement from national and
international advisory bodies, in most of the
developing and developed countries, HPV vaccines
have been introduced widely. HPV vaccine is the first

Figure 1. Diagrammatic representation of the common human pathogen and their site of action.
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developed vaccine against cancer and it is gender
specific, which makes it unique and challenging [41].
Itis made to target those adolescent females who are
not reached by any health intervention programs [42].
Gardasil®, Gardasil® 9 and Cervarix® are the three
vaccines approved by Food and Drug Administration
(FDA) to prevent HPV infection. These vaccines are
active against new HPV infections, but they cannot
provide protection against established HPV infections
or disease caused by HPV [43,44]. Currently there is
no medical treatment for persistent HPV infections
which are not associated with abnormal cell changes
[45]. However, there is treatment for genital warts,
benign respiratory tract tumors, precancerous
changes at the cervix and cancers resulting from
HPV infections [46].

3.2 Helicobacter pylori

Helicobacter pylori (H. pylori) is a helix-shaped
gram negative bacterium, about 3 um in length with
a diameter of about 0.5 ym. It is microaerophilic
which means it requires oxygen [47] and it causes
chronic infection [48]. In most cases, it is acquired in
childhood, and is mostly associated with low income
class [49,50]. The presence of this bacterium is the
major cause for several gastroduodenal diseases,
including peptic ulcer disease [51], gastric carcinoma
and gastric MALT lymphoma [52,53].

H. pylori infection is known to be contagious. Even
though, the actual route of transmission is not clear
but it is assumed to be transmitted from person to
person either by oral-oral or fecal-oral route, as
the bacteria have been isolated from feces, saliva
and dental plaque of some infected people [54].
Transmission could be observed mainly within
families in developed countries and in communities
in developing countries. Drinking waste-tainted water
contaminated with fecal matter may also transmit
H. pylori orally. Therefore a hygienic environment
must be maintained to decrease the risk of H. pylori
infection [55].

With the improved living standards, incidence of H.
pylori infection is decreasing in many countries [56].
The prevalence of this bacterium is still appearing,
especially in the Far East [57]. Intrafamilial
transmission is the main mechanism of spread in
most regions [58]. Socioeconomic status and hygiene
level is the major determinants of the prevalence
of H. pylori infection in developing countries. Until
now, the global and regional prevalence of H. pylori
has not been reported systematically. H. pylori
infection still continues to be a major public health
problem throughout the world. According to the
global systematic review, in 2015, about 4.4 billion
individuals globally were found to be positive for H.
pylori. This is the most comprehensive and up to
date systematic report of the global prevalence of H.
pylori. Hooi et al. [59] studied and observed a wide
difference in the prevalence of H. pylori between
different regions and countries. It is highest in Africa
(79.1%), Latin America, Caribbean (63.4%) and Asia
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(54.7%). On the other hand, H. pylori prevalence is
lowest in Northern America (37.1%) and Oceania
(24.4%).

Inspite of H. pylori being sensitive to a wide variety
of antibiotics in vitro, they all are ineffective as
monotherapy in vivo. Clarithromycin is the most
effective drug which can eradicate 40% of infection,
when given twice daily for 10 to 14 days [60-62]. Due
to the niche of H. pylori which can survive at lower
pH and resides in a viscous mucus layer, there is a
lack in the efficacy of monotherapy. Different types
of therapies are in use to treat this infection, such
as dual, triple, and quadruple therapies. In dual
therapy, a combination of twice-daily-dosed proton
pump inhibitor (PPI) and amoxicillin (antibiotic) is
used. Dual therapies have been replaced by triple
therapies in almost everywhere. This therapy uses
the combination of two antibiotics with either a
bismuth compound or a proton pump inhibitor (PPI).
Quadruple therapy is a further alternative, where the
bismuth compound and PPI are used in combination
with two antibiotics [63].

3.3 Hepatitis

Hepatitis virus mainly affects liver and causes
inflammation. There are five major unrelated types of
hepatitis virus exists: hepatitis A virus (HAV), hepatitis
B virus (HBV), hepatitis C virus (HCV), hepatitis D
virus (HDV) and hepatitis E virus (HEV). HAV, HCV,
HDV and HEV are RNA viruses, whereas HBV is a
double stranded DNA virus. The route of transmission
of HAV and HEV is the fecal-oral route and mostly
observed in areas with poor sanitation and impure
drinking water. The host immune system can clear
the acute infection caused by these viruses. HBV
and HCV are the major viruses of chronic hepatitis
and liver disease that can lead to hepatocellular
carcinoma. HBV resides in blood, semen and other
body fluids and it is transmitted through intercourse,
reused injections or perinatally. HCV is mainly
transmitted through blood [64,65].

According to most recent data from Centre for Disease
Control and Prevention (CDC), HAV accounts for
approximately 1,781 new infections each year. HAV
causes acute hepatitis and it never becomes chronic.
Hepatitis A is contagious and earlier referred to as
“infectious hepatitis” as it easily gets transmitted
from person to person. Hepatitis A virus can be
transmitted through the ingestion of contaminated
food or water, especially where unhygienic sanitary
conditions make water or food contaminated with
human waste containing hepatitis A (the fecal-oral
mode of transmission) [66].

More than 19,000 new cases of HBV infection has
been estimated by CDC in 2013 and in United States,
more than 1,800 people die per year due to chronic
hepatitis B infection. HBV hepatitis was earlier called
as "serum hepatitis," because it was assumed that
HBV could spread only through blood or serum
carrying the virus. It is now known that HBV can be
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transmitted by sexual contact, transfer of infected
blood or serum through shared needles among drug
addicts, accidental needle pricks contaminated with
infected blood, blood transfusion, hemodialysis and
by infected mothers to their babies. According to
CDC report, there were approximately 16,500 new
cases of hepatitis C reported each year (unreported
is 13.4 times more) [66].

HCV is a global burden and approximately 90% of
transfusion-associated hepatitis is caused by HCV
[67,68]. Transmission through sexual contact is rare.
In U.S. there are approximately 3.2 million people
with chronic HCV infection [66]. Although associated
with toxicities and low sustained viral response
rates, the mainstay of treatment is interferon alfa
and ribavirin until date. New direct acting antivirals,
specifically designed to inhibit three viral proteins
(the NS3/4A protease, the NS5A protein, and the
NS5B RNA dependent RNA polymerase) are now
becoming available. As per the reports from WHO,
nearly 350,000-500,000 people die from HCV-related
complications every year [69].

About 15 million people globally are infected with
hepatitis D virus. HDV requires HBV infection for its
replication. It is known as “defective satellite virus”
as it can multiply only in HBV infected cells. Patients
co-infected with Hepatitis B and D are more prone
to have serious affects than those infected with
Hepatitis B alone. Hepatitis E virus (HEV) is very
similar to Hepatitis A in terms of clinical course and
mode of transmission. Many large outbreaks have
been observed in refugee camps. The mortality rate
of HEV infection is 1% to 2%, about 10 times more
than that of HAV. HEV infection is more vulnerable
for pregnant women (mortality of ~20 %). HGV also
called as GB-C virus is a recently defined virus that
is named after the initials of the surgeon who have
first isolated this virus. It is still not clear whether it
is a reason for maximum liver disease. It is mostly
found in patients infected with other chronic hepatitis
viruses which make it difficult to determine the effect
[70].

According to CDC, routine childhood vaccination
of hepatitis A implemented in many parts of United
States in 1990s has decreased new cases of
Hepatitis A by 95 percent between 1995 (12 cases
per 100,000 people) to 2010 (less than 1 case per
100,000 people). According to WHO, Hepatitis B
vaccination can effectively prevent 95 percent viral
infections and its chronic consequences. Hepatitis B
vaccination can also prevent hepatitis D. There is no
vaccination for hepatitis D. As per NIH, hepatitis B
infected mothers giving birth to newborn should be
given hepatitis B immunoglobulin and the hepatitis B
vaccine within 12 h of birth to prevent infection [71].

3.4 Mycobacterium tuberculosis

Mycobacterium tuberculosis is a member of M.
tuberculosis complex (MTBC) that consists of six
other closely related species: M. bovis, M. africanum,
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M. microti, M. pinnipedii, M. caprae and M. canetti.
The genome of M. tuberculosis is <0.05% different
from M. bovis. According to a recent molecular biology
study, the most common cause of tuberculosis, i.e.,
M. tuberculosis has ~3 million years old progenitor
[72].

According to WHO report (2007), 9.27 million new
active disease cases corresponding to an estimated
incidence of 139 per 100,000 populations occurred
throughout the world [73]. The highest number of TB
cases were reported in Asia (55%) followed by Africa
(31%). The highest incidence (363 per 100,000
populations) was recorded in Africa, mainly because
of the high prevalence of HIV infection [74]. The
six most populous countries of Asia (China, India,
Indonesia, Pakistan, Bangladesh and Philippines)
accounted for more than 50% of TB cases globally
[75].

Tuberculosis is mainly transmitted by inhalation of
aerosol droplets exhaled by infected hosts and it
is highly infectious. There are about 1-400 bacilli
per aerosol droplet and the infectious dose is
1-200 bacilli which makes contact without infection
almost impossible. M. tuberculosis uses the host
defence system for its own benefit. The patient will
either get a primary infection immediately after the
attack or the disease remains silent within the host
body. When inhaled, tuberculosis bacteria enter
the lungs and finally enter the alveoli. In the alveoli,
these are considered as foreign molecules by the
immunocompetent host and are attacked by the
macrophages [76].

Some strains of M. tuberculosis are more virulent
than others as they show increased transmissibility
and more mortality and morbidity rate in infected
patients [77]. In spite of the broad use of an
attenuated live vaccine and different antibiotics, the
occurrence of TB is increasing and thereby requires
the development of new vaccine and medicines.
Diagnosis of TB also needs more specific and rapid
technologies [78]. Despite the widespread use of an
attenuated live vaccine and several antibiotics, there
is more TB than ever before, requiring new vaccines
and drugs and more specific and rapid diagnostics. It
is among the oldest human afflictions and continues
to be one of the biggest killers among all the infectious
diseases [79].

Bacillus Calmette-Guerin (BCG) was the first vaccine
against TB, developed in the 1920s. It is used by
almost 80% of all the newly born babies and children
as a part of the national childhood immunization
program 1. It is one of the most widely used vaccines.
BCG vaccine provides excellent protection to children
against disseminated forms of TB, but protection to
adults against pulmonary TB is variable. As most
transmission mostly originates from adult cases of
pulmonary TB, BCG vaccine is normally used to
protect children, rather than to interrupt transmission
among adults [80]. Even after the initiation of the
treatment, pulmonary tuberculosis is contagious till
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two to three weeks. Patients were isolated earlier but
these days as isolation is not practiced, the following
are the few precautions to prevent transmission:

» Isolation from work areas, schools, colleges
and crowded areas.

* The infected person must cover his or her
mouth and nose while coughing or sneezing.

» Careful and proper disposal of used tissues.
Burning or disposal in sealed plastic bags is
highly recommended.

* Sharing of beds or rooms with normal or
uninfected persons while sleeping must be
avoided [81].

As we had already discussed that BCG being the
first and the foremost effective drug against TB
has a variable effect on adults. Since the treatment
regime in patients is a time consuming process and
often results in the occurrence of drug resistant TB
(Multi-drug and extremely drug resistant TB). This
has been a matter of concern in several regions of
the world. As per TB vaccine R&D more than 10-15
drug candidates are still at various levels of trials for
vaccine development focusing more on adult vaccine
than a child vaccine [82]. It was also mentioned
that out of 15 candidates in the active clinical
development containing the same handful antigen
combination, only 12 were targeted among the 4,500
antigens encoded in the MTB genome along with
viral-vectored and protein/adjuvant. This targets the
greatest need for the development and improvement
of these drugs [83].

3.5 Plasmodium vivax

Vivax malaria was earlier called as ‘benign tertian
malaria’ as single clinical episodes were less likely
to cause serious illness compared to Plasmodium
falciparum. Considered as a benign infection for
a long time, P. vivax has been now recognized as
the cause of severe and lethal malaria. Although the
parasite biomass is low, increasing deformation of the
infected red blood cells and an apparent paucity of
parasite sequestration are making it lethal. Inspite of
this, Plasmodium vivax (P. vivax) was and still remains
the major cause of morbidity and mortality in vivax
endemic regions. Repeated or chronic infections in
vivax endemic areas can cause severe malnutrition
and anaemia, specifically in early childhood. Other
severe diseases or manifestations are acute lung
injury, acute kidney injury and uncommonly, coma
[84].

Severe anemia is related with repeating incidents
of hemolysis of predominantly uninfected red
blood cells and increasing fragility. Lung injury is
due to increased inflammation in alveolar-capillary
membrane permeability [85]. Severe vivax anaemia
causes substantial indirect mortality and morbidity
by irreversible resilience to co-morbidities such
as obstetric complications and demand for blood
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transfusion. Vivax or falciparum infected patients
subsequently develops bone marrow abnormalities
because of impaired erythropoiesis. In the initial
stages of both the types of infections, the typical
marrow abnormalities are because of decreased
cellularity [86]. In those with severe chronic infections,
marrow cellularity tends to be normal or increased
but there erythropoiesis does not occur normally [87],
indicating impaired iron utilization [88], presence of
morphologically impaired erythroblasts due to cellular
injury [89] and phagocytosis of erythroblasts by bone
marrow macrophages [90].

Plasmodium vivax infects 19-50 million people with
malaria each year. Most of these cases occur in
the Asia-Pacific region where more than 2.2 billion
people are at risk of infection. Since 1960, only five
countries in the Asia-Pacific have been certified
free from malaria: Taiwan (1965), Australia (1981),
Singapore (1982), Maldives (1984), Brunei (1987).
Several factors contribute to this impact. P. vivax can
be difficult to detect because it usually circulates at
low levels in the blood. It could be infectious in the
form of mosquito vectors, even when the person
shows no symptoms [91]. P. vivax can also lie
dormant in a person’s liver, reawakening weeks to
months after the first infection to cause relapses of
symptomatic malaria [92].

The aims of antimalarial treatment against P. vivax are
to decrease the immediate risk for the host, remove
peripheral asexual parasitemia, inhibit the repeating
infection and prevent the cycle of transmission
[93,94]. The capability of P. vivax to form dormant liver
stages (hypnozoites), is the main cause of relapsing
of infections weeks to months after the initial blood-
stage infection, makes it a major challenge for the
complete eradication of parasites from the host body.
As monotherapy using single drug could not achieve
all of these aims, a combination of antimalarials is
important which can target a variety of targeted key
elements of the parasite life cycle [95,96]. The basic
controlling measures for P. vivax malaria are similar
to those for P. falciparum malaria:

+ Prevent the transmission of the parasite by
taking measures to control and kill the vector
mosquitoes.

+ Prevent the progress of infection in human
beings by chemoprevention.

+ Rapid detection, diagnosis and treatment by
providing accessible and efficient diagnostic
testing and treatment services [97,98].

4. Conclusion

Human pathogens are socioeconomic burden and
serious concern for public health. Even though the
existing drugs and vaccines are helping in preventing
these infectious diseases up to an extent but still
there is a need to develop advanced treatments
[99]. In the present scenario, the treatment regimens
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against various infectious diseases are causing
microbial resistance toward the drug. The increasing
drug resistance is partly due to the frequent mutation
of the pathogens and partly because of the overuse
or misuse of drugs [100,101]. There are many ways
by which a pathogen escapes the host defence
mechanism and causes infection. Antigenic variation
and latency are the most common way of evading.
Some pathogens can use the host immune response
for spreading the infection. Thus, requires the urgency
in developing new diagnostic approaches to identify
the infection at the initial stages in order to subsidize
the proliferation of the disease to a chronic infection.
As these microbes are continuously mutating, more
virulent forms are coming into the environment.
Maintaining a hygienic atmosphere in the developing
countries to reduce the prevalence of these harmful
microbes can further help to control the emergence
of these infectious diseases. Infectious diseases
have always had the upper hand and continue to
surprise us. They are often unpredictable and can
leave us with no treatment or vaccine on hand.
Continual research in the public health sphere is also
an essential need of the time.
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