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Bacterial Metabolism

General Concepts

Heterotrophic Metabolism

Heterotrophic metabolism is the biologic oxidation of organic compounds, such as glucose, to

vield ATP and simpler organic (or inorganic) compounds, which are needed by the bacterial cell
for biosynthetic or assimilatory reactions.

Respiration

Respiration is a type of heterotrophic metabolism that uses oxygen and in which 38 moles of

ATP are derived from the oxidation of 1 mole of glucose, yielding 380,000 cal. (An additional
308.000 cal is lost as heat.)

Fermentation

In fermentation. another type of heterotrophic metabolism, an organic compound rather than
oxvgen is the terminal electron (or hydrogen) acceptor. Less energy is generated from this
incomplete form of glucose oxidation, but the process supports anaerobic growth.

Krebs Cycle

The Krebs cycle is the oxidative process in respiration by which pyruvate (via acetyl coenzyme
A) is completely decarboxylated to CO-. The pathway yields 15 moles of ATP ( 150,000
calories).

Glyoxylate Cycle

The clvoxvlate evcle, which occurs in some bacteria, is a modification of the Krebs cvele. Acetyl
coenzyme A is generated directly from oxidation of fatty acids or other lipid compounds.

Electron Transport and Oxidative Phosphorylation

In the final stage of respiration, ATP is formed through a series of electron transfer reactions
within the cﬂchlasmic membrane that drive the oxidative phosphorylation of ADP t0 .-\T_P.
Bacteria use various flavins, cytochrome, and non-heme iron components as well as multiple
cytochrome oxidases for this process.

Mitchell or Proton Extrusion Hypothesis

N N > ~ hacta 3 a)acty o
The Mitchell hypothesis explains the energy conservation in all cells on the basis of the Snl?\t;\
extrusion of H™ ions across a pm!on-impermcable membrane, which generates a proton mott
f;:rce This energy allows for ATP synthesis both in respiration and photosy nthesis,



Bacterial Photosynthesis

Bacterial photosynthesis is a light-dependent, anacrobic mode of metabolism. Carbon dioxide is
reduced to glucose, which is used for both biosynthesis and energy production. Depending on the

hydrogen source used to reduce COy, both phololillmlrophic and pholoorganotrophic reactions
exist in bacteria.

Autotrophy

Au_tqtmph;i is a unique form of metabolism found only in bacteria. Inorganic compounds are
oxtdlzed_ divectly (without using sunlight) to yicld energy (e.g., NHs, NO;, Sy, and Fe?"). This
metabolic mode also requires encrgy for CO, reduction, like photosynlhesis, but no lipid-

mediated processes are involved. This metabolic mode has also been called chemotrophy,
chemoautotrophy, or chemolithotrophy.

Anaerobic Respiration

Anacrobic respiration is another heterotrophic mode of metabolism in which a specific
compound other thém 0O, serves as a terminal electron acceptor. Such acceptor compounds
include NO3 -, SOs4 ~, fumarate, and even CO; for methane-producing bacteria.

The Nitrogen Cycle

The nitrogen cycle consists of a recycling process by which organic and inorganic nitrogen
compounds are used metabolically and recycled among bacteria, piants, and animals. Important
Processes, including ammonification, mineralization, nitrification, denitrification, and nitrogen
fixation, are carried out primarily by bacteria.

!gtroduction

Metabolism refers t0 all the biochemical reactions that occur in a cell or organism. The study of
bacterial metabolism focuses on the chemical diversity of substrate oxidations and dissimilation
reactions (reactions by which substrate molecules are broken down), which normally function in
bacteria to generate energy- Also within the scope of bacterial metabolism is the study of the
uptake and utilization of the inorganic or organic compounds required for growth and
maintenance of 2 cellular steady state (assimilation reactions). These respective exergonic
(energy—yie]din g) and ender gonic (encrgy-requiring) reactions are catalyzed within the living
bacterial cell by integrated enzyme systems, the end result being self-replication of the cell. The
capability of microbial cells to live, function, and replicate in an appropriate chemical milieu
(suchasa bacterial culture medium) and the chemical changes that result during this
transformation constitute the scope of bacterial metabolism.

The bacterial cell is highby specialized energy transformer. Chemical energy generated by
substrate oxidations is conserved by form ation of high-energy compounds such as adenosine
diphosphate {ADP) and adenosine triphosphate (ATP) or compounds containing the thioester
bond




(acetyl ~ SCoA) or_succinyl ~ SCoA. ADP and ATP represent adenosine monophosphate (AMP
Plus one glnd two high-energy phosphates (AMP ~ P and AMP ~ P~ P, respectively); the ener )
is stored in these compounds as high-energy phosphate bonds. In the presence of pr(;per enz o
systems, these compounds can be used as energy sources to synthesize the new complex or mz
compounds needed by the cell. All living cells must maintain steady-state biochemical reac%ion
for the formation and use of such high-energy compounds. s

Kluyver and Do‘nker (1924 to 1926) recognized that bacterial cells, regardless of species, were in
many rFspects similar chemically to all other living cells. For example, these investi gato;'s
recognized that hydrogen transfer is a common and fundamental feature of all metabolic
processes. Bac.teria, like mammalian and plant cells, use ATP or the high-energy phosphate bond
(~ P)_as the primary chemical energy source. Bacteria also require the B-complex vitamins as
functional coenzymes for many oxidation-reduction reactions needed for growth and energy
transformation. An organism such as Thiobacillus thiooxidans, grown in a medium containing
only sulfur and inorganic salts, synthesizes large amounts of thiamine, riboflavine, nicotinic acid
piantoﬂlepic acid, pyridoxine, and biotin. Therefore, Kluyver proposed the unity theory of k&
bloE:hemlstry (Die Einheit in der Biochemie), which states that all basic enzymatic reactions
\\-_111ch support and maintain life processes within cells of organisms, had more similarities than
differences. This concept of biochemical unity stimulated many investigators to use bacteria as
model systems for studying refated eukaryotic, plant and animal biochemical reactions that are
essentially "identical” at the molecular level.

From a nutritional, or metabolic, viewpoint, three major physiologic types of bacteria exist: the
heterotrophs (or chemoorganotrophs), the autotrophs (or chemolithotrophs), and the
photosynthetic bacteria (or phototrophs) (Table 4-1). These are discussed below.

Heterotrophic bacteria, which include all pathogens, obtain energy from oxidation of organic
compounds. Carbohydrates (particularly glucose), lipids, and protein are the most commonly
oxidized compounds. Biologic oxidation of these organic compounds by bacteria results in
synthesis of ATP as the chemical energy source. This process also permits generation of simpler
organic compounds (precursor molecules) needed by the bacteria cell for biosynthetic or

assimilatory reactions.
The Krebs cycle intermediate compounds serve as precursor molecules (building blocks) for the

energy-requiring biosynthesis of complex organic compounds in bacteria. Degradation reactions
that simultaneously produce energy and generate precursor molecules for the biosynthesis of new

cellular constituents are called amphibolic.

All heterotrophic bacteria require pre formed organic compounds. These carbon- and nitrogen-

containing compounds are growth substrates, which are used aerobicfally or a}naerobically to
generate reducing equivalents (e.g., reduced nicotinamide adenine dmuf:leon.dc; I‘:IAD-H +H";
these reducing equivalents in turn are chemical energy sources ft?r all blolqglc oxidative and
fermentative systems. Heterotrophs are the most commonly stud lec! bacteria; they grow readily
in media containing carbohydrates, proteins, or other complex nutrients such as blood. Also,



growth media may be enriched by the addition of other naturally occurring compounds such as
milk (to study lactic acid bacteria) or hydrocarbons (to study hydrocarbon-oxidizing organisms).

Respiration

Glucose is the most common substrate used for studying heterotrophic metabolism. Most aerobic
organisms oxidize glucose completely by the following reaction equation:

This equation expresses the cellular oxidation process called respiration. Respiration occurs
within the cells of plants and animals, normally generating 38 ATP motecules (as energy) from
the oxidation of 1 molecule of glucose. This yiclds approximately 380,000 calories (cal) per
mode of glucose (ATP ~ 10,000 cal/mole). Thermodynamically, the complete oxidation of one
mole of glucose should yield approximately 688,000 cal; the energy that is not conserved
biologically as chemical energy (or ATP formation) is liberated as heat (308,000 cal). Thus, the
cellular respiratory process is at best about 55% efficient.

Glucose oxidation is the most commonly studied dissimilatory reaction leading to energy
production or ATP synthesis. The complete oxidation of glucose may involve three fundamental
biochemical pathways. The first is the glycolytic or Embden- Meyerhof-Parnas pathway (Fig. 4-
1), the second is the Krebs cycle (also called the citric acid cycle or tricarboxylic acid cycle), and
the third is the series of membrane-bound electron transport oxidations coupled to oxidative

phosphorylation.
GLYCOLYTIC (EMP) PATHWAY.

Respiration takes place when any organic compound (usually carbohydrate) is oxidized
completely to CO2 and H,0. In aerobic respiration, molecular O,serves as the terminal acceptor
of electrons. For anaerobic respiration, NOs, S04>", CO,, or fumarate can serve as terminal
electron acceptors (rather than 0,), depending on the bacterium studied. The end result of the
respiratory process is the complete oxidation of the organic substrate molecule, and the end
products formed are primarily CO; and H,0. Ammonia is formed also if protein (or amino acid)
is the substrate oxidized. The biochemical pathways normally involved in oxidation of various

naturally




occurring organic compounds are summarized.
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HETEROTROPHIC METABOLISM, GENERAL PATHWAY.

Metabolically, bacteria are unlike cyanobacteria (blue-green algae) and eukaryotes in that
pathway. In bacteria, glycolysis represents one of

glucose oxidation may occur by more than one
several pathways by which bacteria can catabolically attack glucose. The glycolytic pathway is
ntative metabolism in bacteria and yeasts. In

most commonly associated with anaerobic or ferme
bacteria, other minor heterofermentative pathways, such as the phosphoketolase pathway, also

exist.
In addition, two other glucose-catabolizing pathways are found in bacteria: the oxidative pentose
phosphate pathway (hexose monophosphate shunt), (Fig. 4-3) and the Entner-Doudoroff
pathway, which is almost exclusively found in obligate aerobic bacteria (Fig. 4-4). The highly
oxidative Azotobacter and most Pseudomonas species, for exampte, utilize the Entner-Doudoroff
pathway for glucose catabolism, because these organisms lack the enzyme phosphofructokinase
and hence cannot synthesize fructose 1,6-diphosphate, a key intermediate compound in the
glycolytic pathway. (Phospho-fructokinase is also sensitive to molecular O and does not
function in obligate aerobes). Other bacteria, which lack aldolase (which splits fructose-1,6-
diphosphate into two triose phosphate compounds), also cannot have a functional glycolytic
pathway. Although the Entner-Doudoroff pathway is usually associated with obligate aerobic
bacteria, it is present in the facultative anaerobe Zymomonas mobilis (formerly Pseudomonas
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lindneri). This organism dissimilates glucose to cthanol and represents a major alcoholic

fermentation reaction in a bacterium.

Hexose monophosphate (HMS) pathway.
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Entner-Doudoroff (ED) pathway.

Glucose dissimilation also occurs by the hexose monophosphate shunt (Fig. 4-3). This oxidative

pathway was discovered in tissues that actively metabolize glucose in the presence of two
glycolytic pathway inhibitors (iodoacetate and fluoride). Neither inhibitor had an effect on

glucose dissimilation, and NADPH

+ H* generation occurred directly from the oxidation of

glucose-6-phosphate (to 6-phosphoglucono-ﬁ-lactone) by glucose-6phosphate dehydrogenase.
The pentose phosphate pathway subsequently permits the direct oxidative decarboxylation of

=



glucose to pentoses. The capability of this oxidative metabolic system to bypass glycolysis
explains the term shunt.

The biochemical reactions of the Entner-Doudoroff pathway are a modification of the hexose
monophosphate shunt, except that pentose sugars are not directly formed. The two pathways are
identical up to the formation of 6-phosphogluconate (see Fig. 4-4) and then diverge. In the
Entner-Doudoroft pathway, no oxidative decarboxylation of 6-phosphogluconate occurs and no
pentose compound is formed. For this pathway, a new 6 carbon compound intermediate (2-keto-
3-deoxy6-phosphogluconate) is generated by the action of 6-phosphogluconate dehydratase (an
Fe**— and glutathione-stimulated enzyme); this intermediate compound is then directly cleaved
into the triose (pyruvate) and a triose-phosphate compound ( glyceraldehyde-3-phosphate) by the
2-keto-3-deoxy6-phosphogluconate aldolase. The glyceraldehyde-3-phosphate is further
oxidized to another pyruvate molecule by the same enzyme systems that catalyze the terminal
glycolytic pathway

The glycolytic pathway may be the major one existing concomitantly with the minor oxidative
pentose phosphate - hexose monophosphate shunt pathway; the Entner=Doudoroff pathway also
may function as a major pathway with a minor hexose monophosphate shunt. A few bacteria
possess only one pathway. All cyanobacteria, Acetobacter suboxydans, and A. xylinum possess
only the hexose monophosphate shunt pathway; Pseudomonas saccharophilia and Z.

mobilis possess solely the Entner-Doudoroff pathway. Thus, the end products of glucose



dissimilatory pathways are as follows:
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lucose or hexose catabolism have several metabolic features in common.
by which key intermediate compounds such as the triose-
PO4, glyceraldehyde-3-phosphate, and/or pyruvate are generated. The latter two compounds are
almost universally required for further assimilatory or dissimilatory reactions within the cell.
Second, the major source of phosphate for all reactions involving phosphorylation of glucose or
other hexoses is ATP, not inorganic phosphate (Pi). Actually, chemical energy contained in ATP
must be initially spent in the first step of glucose metabolism (via kinase-type enzymes) to
generate glucose-6-phosphate, which initiates the reactions involving hexose catabolism. Third,
NADH + H'or NADPH + H'is generated as reducing equivalents (potential energy) directly by
one or more of the enzymatic reactions involved in each of these pathways.

All major pathways of g
First, there are the preparatory steps




Fermentation, another example of heterotrophic metabolism, requires an organic compound as a
terminal electron (or hydrogen) acceptor. I fermentations, simple organic end products are
formed from the anacrobic dissimilation of glucose (or some other compound). Energy (ATP) is
generated through the dehydrogenation reactions that occur as glucose s broken down
enzymatically. The simple organic end products formed from this incomplete biologic oxidation
process also serve as final electron and hydrogen acceptors. On reduction, these organic end
products are secreted into the medium as waste metabolites (usually alcohol or acid). The
organic substrate compounds are incompletely oxidized by bacteria, yet yield sufficient energy
for microbial growth, Glucose is the most common hexose used to study fermentation reactions.

1o

In the late 1850s, Pasteur demonstrated that fermentation is a vital process associated with the
crowth of specific microorganisms, and that each type of fermentation can be defined by the
principal organic end product formed (lactic acid, ethanol, acetic acid, or butyric acid). His
studies on butyric acid fermentation led directly to the discovery of anaerobic microorganisms.
Pasteur concluded that oxygen inhibited the microorganisms responsible for butyric acid
fermentation because both bacterial mobility and butyric acid formation ceased when air was
bubbled into the fermentation mixture. Pasteur also introduced the terms aerobic and anaerobic.

His views on fermentation are made clear from his microbiologic studies on the production of
beer (from Etudes sur la Biere, 1876):

In the experiments which we have described, fermentation by yeast is seen to be the direct
consequence of the processes of nutrition, assimilation and life, when these are carried on
without the agency of free oxygen. The heat required in the accomplishment of that work must
necessarily have been borrowed from the decomposition of the fermentation matter.....
Fermentation by yeast appears, therefore, to be essentially connected with the property possessed

by this minute cellular plant of performing its respiratory functions, somehow or other, with the
oxygen existing combined in sugar.

For most microbial fermentations, glucose dissimilation occurs through the glycolytic pathway
(Fig. 4-1). The simple organic compound most commonly generated is pyruvate, or a compound
derived enzymatically from pyruvate, such as acetaldehyde, a-acetolactate, acetyl ~ SCoA, or
lactyl ~ SCoA (Fig. 4-5). Acetaldehyde can then be reduced by NADH + H' to ethanol, which is
excreted by the cell. The end product of lactic acid fermentation, which occurs in streptococei
(e.g., Streptococcus lactis) and many lactobacilli (e.g., Lactobacillus casei, L. pentosus), is a
single organic acid, lactic acid. Organisms that produce only lactic acid from glucose
fermentation are homofermenters. Homofermentative lactic acid bacteria dissimilate glucose
exclusively through the glycolytic pathway. Organisms that ferment glucose to multiple end

products, such as acetic acid, ethanol, formic acid, and CO,, are referred to as heterofermenters. ‘Jf’
Examples of heterofermentative bacteria include Lactobacillus, Leuconostoc,

and Microbacterium species. Heterofermentative fermentations are more common among
bacteria, as in the mixed-acid fermentations carried out by bacteria of the family
Enterobacteriaceae (e.g., Escherichia coli, Salmonella, Shigella, and Proteus species). Many of
these glucose fermenters usually produce COz and H» with different combinations of acid end
products (formate, acetate, lactate, and succinate). Other bacteria such as Enterobacter
aerogenes, Aeromonas, Serratia, Erwinia, and Bacillus species also form CO; and H; as well as

other neutral end products (ethanol, acetylmethylcarbinol [acetoin], and 2,3-butylene glycol).
Many obligately anaerobic clostridia (e.g., Clostridium saccharobutyricum, C.

thermosaccharolyticum) and Butyribacterium species ferment glucose with the production of

&R




butyrate, acetate, CO,. and Hj, whereas other Clostridum species (C. acetobutylicum and C.
butyricum) also form these fermentation end products plus others (butanol, acetone, isopropanol,
formate, and ethanol). Similarly. the anacrobic propionic acid bacteria

(Propionibacterium species) and the related Veillonella species ferment glucose to form COy,
propionate, acctate, and succinate. In these bacteria, propionate is formed by the partial reversal
of the Krebs cyele reactions and involves a CO,fixation by pyruvate (the Wood-Werkman
reaction) that forms oxaloacetate (a four-carbon intermediate}. Oxaloacetate is then reduced to
malate, fumarate, and succinate, which is decarboxylated to propionate. Propionate is also
formed by another three-carbon pathway in C. propionicui, Bacteroides ruminicola,
and Peprostreptococcus species, involving a lactyl ~ SCoA intermediate. The obligately aerobic
acetic acid bacteria (Acetobacter and the related Gluconobacter species) can also ferment
glucose, producing acetate and gluconate. Figure 4-5 summarizes the pathways by which the
various major fermentation end products form from the dissimilation of glucose through the

common intermediate pyruvate.

Krebs Cycle _

The Krebs cycle (also called the tricarboxylic acid cycle or citic acid cycle) functions oxidatively
in respiration and is the metabolic process by which pyruvate or acetyl ~ SCoA is completely
decarboxylated to CO2. In bacteria, this reaction occurs through acetyl ~ SCoA, which is the first
product in the oxidative decarboxylation of pyruvate by pyruvate dehydrogenase.
Bioenergetically, the following overall exergonic reaction occurs:

If 2 pyruvate molecules are obtained from the dissimilation of 1 glucose molecule, then 30 ATP
molecules are generated in total. The decarboxylation of pyruvate, isocitrate, and a-ketoglutarate
accounts for all CO2 molecules generated during the respiratory process. Figure 4-6 shows the
enzymatic reactions in the Krebs cycle. The chemical energy conserved by the Krebs cycle is
contained in the reduced compounds generated (NADH + Hf, NADPH + H*, and succinate). The
potential energy inherent in these reduced compounds is not available as ATP until the final step
of respiration (electron transport and oxidative phosphorylation) occurs.
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Krebs cycle (also tricarboxylic acid or citric acid cycle).

The Krebs cycle is therefore another preparatory stage in the respiratory process. If 1 molecule of
pyruvate is oxidized completely to 3 molecules of CO,, generating 15 ATP molecules, the
oxidation of ! molecule of glucose will yield as many as 38 ATP molecules, provided glucose is
dissimilated by glycolysis and the Krebs cycle (further assuming that the electron
transport/oxidative phosphorylation reactions are bioenergetically identical to those of eukaryotic

mitochondria).

Glyoxylate Cycle S . I
In general, the Krebs cycle functions similarly in bacteria and eukaryotic systems, but major
differences are found among bacteria. One difference is that in obligate aerobes, L-malate may
be oxidized directly by molecular Oz via an electron transport chain. In other bacteria, only some
Krebs cycle intermediate reactions occur because a-ketoglutarate dehydrogenase is missing.

- &3




A modification of the Krebs cyele, commonly called the glyoxylate cycle, or shunt ( Fig. 4-7),
which exists in some bacteria. This shunt functions similarly to the Krebs cycle but Iack.:i_rﬁ_a'ny
of the Krebs cycele enzyme reactions. The glyoxylate eycle is primarily an oxidative pathway in !
Which acetyl~8CoA is generated from the oxidation, of acetate, which usually is derived from
the oxidation of fatty acids. The oxidation of fatty acids to acetyl~SCoA is carried out by the p-
oxidation pathway. Pyruvate oxidation is not directly involved in the glyoxylate shunt, yet this
shunt yields sufficient suceinate and malate, which are required for energy production (Fig. 4-7).
The glyoxylate eyele also generates other precursor compounds needed for biosynthesis (Fig, 4-
7). The glyoxylate eyele was discovered as an unusual metabolic pathway during an attempt to
le.:xm how lipid (or acetate) oxidation in bacteria and plant seeds could lead to the direct
biosynthesis of carbohydrates. The glyoxylate cycle converts oxaloacetate cither to pyruvate and
CO: (catalyzed by pyruvate carboxylase) or to phosphocenolpyruvate and CO; (catalyzed by the
nosine triphosphate [ITP]-dependent phosphoenolpyruvate carboxylase kinase). Either triose
compound can then be converted to glucose by reversal of the glycolytic pathway. The
glyoxylate cyele is found in many bacteria, including Azotobacter vinelandii and particularly in
organisms that grow well in media in which acetate and other Krebs cycle dicarboxylic acid
intermediates are the sole carbon growth source. One primary function of the glyoxylate cycle is
to replenish the tricarboxylic and dicarboxylic acid intermediates that are normally provided by

the Krebs cycle. A pathway whose primary purpose is to replenish such intermediate compounds
is called anaplerotic.

Electron Transport and Oxidative Phosphorylation —— - 1

The final stage of respiration occurs through a series of oxidation-reduction electron transfer
reactions that yield the energy to drive oxidative phosphorylation; this in turn produces ATP.
The enzymes involved in electron transport and oxidative phosphorylation reside on the bacterial
inner (cytoplasmic) membrane. This membrane is invaginated to form structures called
respiratory vesicles, lamellar vesicles, or mesosomes, which function as the bacterial equivalent
of the eukaryotic mitochondrial membrane.

Respiratory electron transport chains vary greatly among bacteria, and in some organisms are
absent. The respiratory electron transport chain of eukaryotic mitochondria oxidizes NADH +
H*, NADPH + H", and succinate (as well as the coacylated fatty acids such as acetyl~SCoA).
The bacterial electron transport chain also oxidizes these compounds, but it can also directly
oxidize, via non-pyridine nucleotide-dependent pathways, a larger variety of reduced substrates
such as lactate, malate, formate, u-glycerophosphate, H,, and glutamate. The respiratory electron
carriers in bacterial electron transport systems are more varied than in eukaryotes, and the chain
is usually branched at the site(s) reacting with molecular O,. Some electron carriers, such as
nonheme iron centers and ubiquinone (coenzyme Q), are common to both the bacterial and
mammalian respiratory electron transport chains. In some bacteria, the naphthoquinones or
vitamin K may be found with ubiquinone, In still other bacteria, vitamin K serves in the absence
of ubiquinone. In mitochondrial respiration, only one cytochrome oxidase component is found
(cytochrome @ + a3 oxidase). In bacteria there are multiple cytochrome oxidases, including
cytochromes g, d, o, and occasionally a + a3 (Fig. 4-8)




ELECTRON TRANSPORT CHAINS

Electron Transport Chain

Intermembrane space

Mitochondrial matrix Inner mitochondrial membrane

In bacteria cytochrome oxidases usually occur as combinations of a;: d- 0 and a + aj:0. Bacteria
also possess mixed-function oxidases such as cytochromes P-450 and P-420 and

cytochromes ¢”and ¢'¢’, which also react with carbon monoxide. These diverse types of oxygen-
reactive cytochromes undoubtedly have evolutionary significance. Bacteria were present before
0, was formed; when O; became available as a metabolite, bacteria evolved to use it in different
ways; this probably accounts for the diversity in bacterial oxygen-reactive hemoproteins.

Cytochrome oxidases in many pathogenic bacteria are studied by the bacterial oxidase reaction,
which subdivides Gram-negative organisms into two major groups, oxidase positive and oxidase
negative. This oxidase reaction is assayed for by using N,N,N', N'-tetramethyl-p-
phenylenediamine oxidation (to Wurster's blue) or by using indophenol blue synthesis (with
dimethyl-p-phenylenediamine and a-naphthol). Oxidase-positive bacteria contain integrated
(cytochrome ¢ type:oxidase) complexes, the oxidase component most frequently encountered is
cytochrome o, and occasionally a + a;. The cytochrome oxidase responsible for the indophenol
oxidase reaction complex was isolated from membranes of Azotobacter vinelandii, a bacterium
with the highest respiratory rate of any known cell. The cytochrome oxidase was found to be an
integrated cytochrome c4:0 complex, which was shown to be present in Bacillus species.

These Bacillus strains are also highly oxidase positive, and most are found in morphologic group
IL

Both bacterial and mammalian electron transfer systems can carry out electron transfer
(oxidation) reactions with NADH + H', NADPH + H', and succinate. Energy generated from
such membrane oxidations is conserved within the membrane and then transferred in a coupled
manner to drive the formation of ATP. The electron transfer sequence is accomplished entirely
by membrane-bound enzyme systems. As the electrons are transferred by a specific sequence of



electron carriers, ATP is synthesized from ADP + inorganic phosphate (Pi) or orthophosphoric
acid (HyPOy) (Fig. 4-8).

In respiration, the electron transfer veaction is the primar

y mode of
(2e-) from a low-redox-

potential compound such as NADH + H* a
specific flavoprotein dehydrogenase or oxidoreductase (flavi
NADH or flavin adenine dinucleotide [FAD) Ltype for succin
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Microbial enzymes have long been used by industrial product makers as major callalysls
to transform raw materials into end products. Over 500 commercialrpmducts are mf]dc using
enzymes. They are economically produced by different microorganisms and are quu:.kly broken
down when they have done their job, New technical tools to use enzymes as crystalline cal'alys(s,
for ability to recycle cofactors, and engineering enzym Microbial Enzymes—An Introduction

Microbial enzymes find applications in many fields, including chemical, f'crmcnta[io.n,
agricultural, pharmaceuticals, and food production. However, physiological impacts rrl'ake high-
level expression of recombinant enzymes hard to achieve. The natural enzymes, cspccmlly under
industrial conditions, have limitations such as low catalytic efficiency, activity, and stability.
Strategies such as site-directed mutagenesis, truncation, and terminad fusion have been used to
eliminate these limitations. In this chapter, the commonly used strategies for microbial enzyme
production and molecular engineering are systematically summarized, and we hope this review
could make a contribution to the rescarch and development of the microbial enzyme field.

Microbial enzymes are very interesting biocatalysts that have been extensively studied
due to their advantages compared to chemical catalysts, since the former present better
selectivity and can be used in mild reaction conditions. In addition, several industrial sectors
require enzymes with special characteristics for their applications in the processing of different
substrates and raw materials. In this sense, B-glucosidases obtained from Aspergillus strains play
an important role due to their specificity for a wide variety of glycoside substrates.

Due to its potential and very broad activity, p-glucosidase has also been attributed to several
important industrial applications, despite the many challenges related to production and
purification that have yet to be overcome to obtain these enzymes in industrial scale.

In this perspective, this chapter presented the importance of p-glucosidases and their production
from Aspergillus strains, showing the main process conditions, substrates used, and yields
achieved both by submerged and solid-state fermentation. Additionally, this chapter presented
the techniques involved in the purification, characterization, and immobilization of B-
glucosidases, becoming enzymes of great importance and potential for several industrial sectors
such as food, chemical, pharmaceutical, and biofuel industries.

Microbial enzyme production concentrates on sim ple hydrolytic
enzymes (proteases, amylases, pectinases) that degrade natural polymers such as proteins,
starches, or pectin. The microorganisms secrete the enzymes into their nutrient medium to make
better use of it. These extracellular enzymes break up the giant molecules of the substrate into
smaller ones that can feed the microorganisms.
es to function in various solvents with multiple activities are important technological
developments, which will steadily create new applications.

The industrial enzyme market will grow steadily mainly due to improved production
efficiency resulting in cheaper enzymes, new application fields, new enzymes from screening
programs, and by engineering properties of traditional enzymes. Tailoring enzymes for specific
applications will be a future trend with continuously improving tools, further understanding
of structure-function relationships, and increased searching for enzymes from exotic
environments. New applications are to be expected in the field of textiles and new animal diets,
such as ruminant and fish feed. It can be expected that breakthroughs in pulp and paper
applications will materialize, The use of cellulases to convert waste cellulose into sugars and
further to ethanol or butanol by fermentative organisms has been a major study topic for years.
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Increasing environmental pressures and energy prices will make this application a real possibility
‘in the future.

Enzymes should never be considered alone but rather as a part of
a biocatalyst technology. Recent developments in the fields of genetic engineering and protein
chemistry are bringing ever more powerful means of analysis to bear on the study of enzyme
structure and function, that will undoubtedly lead to the rational modification of enzymes to
match specifie requirements, and also the design of new enzymes with novel properties.
Techniques such as protein enginecring, gene shuffling, and directed evolution will enable the
development of enzymes better suited to industrial environments. These tools will also allow the
synthesis of new biocatalysts for completely novel applications, resulting in the production and

commercialization of new enzymes, thus seeding a second explosive expansion to the current
multibillion dollar enzyme industry.
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(UNIT -4)
Food Poisoning

Food poisoning is a very common illness. For most people it is usually mild, but food
poisoning can be severe and even deadly for some individuals.

Most cases of food poisoning occur when people eat food or drink water containing
bacteria, bacterial toxins (substances produced by bacteria), parasites, or viruses. Food
poisoning can also occur when non-infectious poisons (such as poisonous mushrooms) or
heavy metals (such as lead or mercury) find their way into people's stomachs.

It is estimated that about 11 million Canadians experience food poisoning each year. People at
greatest risk for food poisoning are seniors, pregnant women, young children and babies, and
people with chronic medical conditions (e.g., diabetes, AIDS, liver disease).

Causes

Food poisoning occurs when contaminated food or water is ingested. Contamination
can occur anywhere along the process of obtaining and eating food — it can occur during
growing, harvesting, processing, storing, or preparation stages. In most cases, bacteria, viruses,
or parasites are transferred to food from other sources, making these organisms the most
common causes of food poisoning. However, in some less common types of food poisoning,
the poison or toxin is naturally part of the food (e.g., poisonous mushrooms or fish). Other less
common causes include shellfish and insecticides.

Bacteria and bacterial toxins: Many bacteria can cause food poisoning, either directly or by
the toxins they produce. Some of the most common include Salmonella, E. coli, Shigella,
Staphylococcus, Campylobacter, and Clostridium perfringens. Many bacterial causes of food
poisoning can be found in undercooked meats, poultry, eggs, dairy, processed meats, fish,
custards, cream pies, and contaminated water.

Viruses: Norovirus and other viruses can cause food poisoning, most commonly through
contaminated raw or uncooked produce and shellfish from contaminated water.

Parasites: Parasites such a giardia lamblia can also cause food poisoning through contaminated
produce and water.

Mushrooms and toadstools: Dozens of species can cause muscarine poisoning. These poisons
attack the central nervous system, causing partial or complete paralysis in severe cases.

Fish: Some fish, like the puffer fish, are naturally poisonous. A poison similar to that naturally
found in the puffer fish can also occur in many edible Caribbean and Pacific species. It's
called ciguatera poison, and it's produced by a tiny sea parasite called a dinoflagellate. This
poison attacks the nervous system.

Another kind of fish poison, called scombroid poison, is a concentrated histamine. Fish
containing toxic levels of histamine often taste unusually bitter or spicy.

Shellfish: Clams, mussels, oysters, and scallops can cause poisoning when they ingest certain
poisonous dinoflagellates that produce the toxin saxitoxin. This is more likely to occur in North
America between June and October. Shellfish eaten during those months are potentially
dangerous.



Insecticides: There are many types of poisons found in insecticides but the most dangerous
types are the organophosphates, which are basically nerve gas for insects. Such insecticides
are deliberately formulated to be less harmful to humans than insects, but these chemicals can
be very dangerous to people if the insecticides are not used properly.

There are many other causes of food poisoning. These include wild nuts, leaves, flowers and
berries, underripe tubers, botulism, cadmium from containers, lead or arsenic from fertilizers,
and acids and lead from pottery.

Symptoms and Complications

Almost all forms of food poisoning produce nausea, vomiting, abdominal cramps, and
diarrhea. The bacterial causes of food poisoning tend to cause these symptoms as well as fever
and headache. Symptoms can start within hours to days after eating the contaminated food and
last from a day to a week.

Many non-infectious (not caused by bacteria and their toxins, viruses, etc) food
poisoning affects the central nervous system and cause symptoms typical of nerve
poisons. Eating shellfish contaminated with saxitoxin, for example, will produce weakness or
paralysis around the mouth in a few minutes, which slowly spreads to the rest of the body.
Signs of ciguatera poisoning include face pain, headache, itching, and odd sensations of
alternating hot and cold. Scombroid (histamine) fish poisoning causes the symptoms of excess
histamine. Flushing, skin rash, and pain from overstimulation of affected organs, namely the
stomach and intestines, appear within a few minutes.

Mushroom poisoning also attacks the nervous system. Shrunken eye pupils, tears,
salivation or frothing at the mouth, sweating, vertigo, confusion, coma, and sometimes seizures
appear within 2 hours of eating a poisonous mushroom. Insecticides based on
organophosphates cause very similar symptoms. They're likely to be milder, since it is
extremely rare for really large doses of insecticide to be eaten accidentally.

The most common complication of food poisoning is dehydration, when your body
loses too much water and electrolytes (e.g., sodium, potassium). Food poisoning caused by the
bacteria Listeria can cause problems for unborn babies, and E. coli infection can cause
problems with the kidneys. Other complications can include arthritis and bleeding problems.
Non-infectious food poisoning can occasionally lead to permanent nervous system problems
and even death.

Making the Diagnosis

For food poisoning caused by bacteria, viruses, and parasites, a diagnosis can usually
be made based on symptoms and a physical examination. Your doctor may order blood tests to
check for dehydration or ask for a stool sample to check for bacteria or parasites.

For other types of food poisoning, getting the right diagnosis early can be vital. Some poisons
have specific antitoxins that will cure the poisoning completely.

When people are poisoned in groups, it is usually easier to pinpoint the cause. Often,
there's only one food that all the sick people ate, and this can be studied to determine the culprit.

Treatment and Prevention

The treatment of food poisoning depends on the cause and on its severity.For most
people, food poisoning resolves quickly without treatment. For people with mild diarrhea



lasting less than 24 hours, treatment should consist of drinking clear fluids such as oral
replacement solutions. These solutions contain the right balance of water, salts, and sugar
needed to prevent or treat mild dehydration. A solution can be made by mixing 1 teaspoonful
of salt, 4 heaping teaspoonfuls of sugar with 1 litre of water. It may be best to stay away from
solid food during diarrhea and vomiting. Once you are able to take fluids, gradually start eating
plain foods as tolerated. Avoid alcohol and caffeine while you are sick. People with severe
symptoms or severe dehydration may need to be admitted to the hospital so they can receive
rehydration solutions intravenously (into a vein).

Most bacterial food poisonings do not need antibiotics, but some types of infections
may need antibiotic treatment. For food poisonings that cause nervous system effects, there
may be other medications or antidotes that can be used. For example, in mushroom (muscarine)
poisoning, a medication called atropine* can be used to counterattack toxic effects. Poisonings
with mushrooms and pesticides may also require stomach pumping (gastric lavage). Gastric
lavage is a technique used in the hospital in which a tube is inserted from the mouth to the
stomach and the stomach is pumped clean with liquids.

If poisoning is very severe, a patient may require a ventilator (artificial breathing
machine), kidney dialysis, and or admission to a hospital intensive care unit.
You can't always prevent food poisoning, but there are some things that you can do to minimize
your risk. The following are some tips:

e Wash your hands thoroughly with soap and warm water for at least 20 seconds before
and after handling food, after using the bathroom, changing diapers, or touching
animals.

« If you have a skin infection like impetigo (Staphylococcus bacteria), don't prepare food
for others while spots or sores are visible.

e Tryto keep different foods and food types separate during preparation and storage.

o Use a separate cutting board and knife for raw foods and cooked foods.

e When reheating food, cook it thoroughly enough that the core reaches at least 75°C
(170°F). This won't remove all poisons or Kill all bacteria, but it helps against some
common kinds.

o Be aware that some foods are more prone to causing food poisoning than others, which
means you have to handle them more carefully. Green vegetables and carrots, for
example, are less likely to be toxic than fish, meat, poultry, eggs, and dairy.

o Pay special attention to thoroughly cook meat and poultry, ensuring that recommended
internal temperatures are reached.

o If you're keeping leftovers, refrigerate them as soon as possible. Do not let them sit out
for longer than one hour or cool to room temperature.

e Do not thaw foods at room temperature - put in the refrigerator for thawing.

e Throw out foods that could be contaminated. 2 days is usually the maximum that
prepared foods should be stored in the refrigerator. Otherwise, it should be frozen.

e Keep cold foods cold and hot foods hot.

e Don' let kids lick the spoon if raw eggs are an ingredient.



Food Preservation

Food Preservation

A good method of food preservation is one that slows down or prevents
altogether the action of the agents of spoilage. Also, during the process of food
preservation, the food should not be damaged. In order to achieve this, certain basic
methods were applied on different types of foods. For example in earlier days, in very
cold weather condition, ice was used to preserve foods. Thus, very low temperature
became an efficient method for preventing food spoilage. Let us now list the principles
of food preservation.
1. Removal of micro-organisms or inactivating them: This is done by removing air,
water (moisture), lowering or increasing temperature, increasing the concentration of
salt or sugar or acid in foods. If you want to preserve green leafy vegetables, you have
to remove the water from the leaves so that micro organisms cannot survive. You do
this by drying the green leaves till all the moisture evaporates.
2. Inactivating enzymes: Enzymes found in foods can be inactivated by changing
their conditions such as temperature and moisture, when you preserve peas, one of the
methods of preservations is to put them for a few minutes in boiling water. This method
also known as blanching inactivates enzymes and thus, helps in preserving the food.
3. Removal of insects, worms and rats: By storing foods in dry, air tight containers
the insects, worms or rats are prevented from destroying it.
Control

Control of microorganisms

e Heat

« Cold

o Drying
e Acids

e Sugar and salt

« Oxygen concentration

e Smoke

« Radiation

o Chemicals (preservatives)

Control of enzymes

e Heat
o Oxygen removal
o Acids

o Chemicals (antioxidants)

Control of Other factors
« Protective packaging
« Sanitation
Preservation methods
1. Thermal processing
o Application of heat



« Inactivate enzymes
« Kill microorganisms. Most bacteria are killed in the range 82-937 c. Spores are
not destroyed even by boiling water at 1007 ¢ for 30 min.
0 To ensure sterility (total microbial destruction, including spores), a
temperature of 1217 ¢ must be maintained for 15 min or longer.
Various methods are -
a. Blanching

-
T

b. Pasteurization

c. Sterilization
d. Boiling
e. Steam under pressure
2. Removal of heat (cold processing)
o Lowering temperature of food
o Decreases the rate of enzymatic, chemical and microbial reactions in food
« Storage life is extended
Various methods are -
a. Refrigeration
b. Freezing
3. Control of water content (drying)

e Microorganisms require free water

o Free water is removed from the food and therefore, is unavailable to
microbial cells

o Multiplication will stop

« Water unavailable for chemical/biochemical reactions

« Storage life
extended Various
methods are -
a. Freezing
b. Physical removal of water from food (dehydration)
c. Removal of some of the water from food (concentration)
d. Addition of substances that bind water in food, making it unavailable (sugar,
salts)
4. Radiation

« lonizing radiation

« Inactivate microorganisms in food
o Destroy storage pests

o Inactivate



enzymes Various
methods are -

a. Infrared radiation

b. Ultraviolet radiation

5. Atmosphere composition

« Removal of oxygen
« Inhibits 0.-dependant enzymatic and chemical reactions
e Inhibits growth of aerobic
microorganisms Various methods are -
a. Paraffin wax
b. Nitrogen backflushed bags (potato chips)
c. Controlled atmosphere storage
d. Vacuum packaging of fresh food (cured meats)

PRESERVATION BY USING CHEMICALS
A preservative is defined as only substance which is capable of inhibiting,
retarding or arresting the growth of microorganisms.
Microbial spoilage of food products is also controlled by using chemical
preservatives. The inhibitory action of preservatives is due to their interfering with the
mechanism of cell division, permeability of cell membrane and activity of enzymes.

Food Spoilage

Food spoilage is the process where a food product becomes unsuitable to ingest by the
consumer. The cause of such a process is due to many outside factors as a side-effect of the
type of product it is, as well as how the product is packaged and stored. Due to food spoilage,
one-third of the world's food produced for the consumption of humans is lost every
year.[! Bacteria and various fungi are the cause of spoilage and can create serious
consequences for the consumers, but there are preventive measures that can be taken.

Bacteria are responsible for the spoilage of food. When bacteria breaks down the
food, acids and other waste products are generated in the process.[? While the bacteria itself
may or may not be harmful, the waste products may be unpleasant to taste or may even be
harmful to one's health.l®! There are two types of pathogenic bacteria that target different
categories of food. The first type is called Clostridium botulinum and targets foods such as
meat and poultry, and Bacillus cereus, which targets milk and cream. When stored or subjected
to unruly conditions, the organisms will begin to breed apace, releasing harmful toxins that can
cause severe illness, even when cooked safely.!

Fungi have been seen as a method of food spoilage, causing only an undesirable
appearance to food, however, there has been significant evidence of various fungi being a cause
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of death of many people spanning across hundreds of years in many places through the world.
Fungi are caused by acidifying, fermenting, discoloring and disintegrating processes and can
create fuzz, powder and slimes of many different colors, including black, white, red, brown
and green.l!

Mold is a type of fungus, but the two terms are not reciprocal of each other; they have their
own defining features and perform their own tasks.®! Very well known types of mold are
Aspergillus and Penicillium, and, like regular fungi, create a fuzz, powder and slime of various
colors.["]

Yeast is also a type of fungus that grows vegetatively via single cells that either bud or divide
by way of fission, allowing for yeast to multiply in liquid environments favoring the
dissemination of single celled microorganisms. Yeast forms mainly in liquid environments and
anaerobic conditions, but being single celled, it oftentimes cannot spread on or into solid
surfaces where other fungus flourish. Yeast also produces at a slower rate than bacteria,
therefore being at a disadvantage in environments where bacteria are.®! Yeasts can be
responsible for the decomposition of food with a high sugar content. The same effect is useful
in the production of various types of food and beverages, such as bread, yogurt, cider,
and alcoholic beverages.

Signs of food spoilage may include an appearance different from the food in its fresh form,
such as a change in color, a change in texture, an unpleasant odour, or an undesirable taste. The
item may become softer than normal. If mold occurs, it is often visible externally on the item.

Preservatives can expand the shelf life of food and can lengthen the time long enough for it to
be harvested, processed, sold, and kept in the consumer's home for a reasonable length of time.
One of the age old techniques for food preservation, to avoid mold and fungus growth, is the
process of drying out the food or dehydrating it. While there is a chance of it developing a
fungus targeted towards dried food products, the chances are quite low. 2]
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Other than drying, other methods include salting, curing, canning, refrigeration, freezing,
preservatives, irradiation, and high hydrostatic pressure:[*® Refrigeration can increase the shelf
life of certain foods and beverages, though with most items, it does not indefinitely expand it.
Freezing can preserve food even longer, though even freezing has limitations. Canning of food
can preserve food for a particularly long period of time, whether done at home or commercially.
Canned food is vacuum packed in order to keep oxygen, which is needed by bacteria in aerobic
spoilage, out of the can. Canning does have limitations, and does not preserve the food
indefinitely.' Lactic acid fermentation also preserves food and prevents spoilage.

Role Microbes on Agriculture

Bacteria are economically important as these microorganisms are used by humans for
many purposes. The beneficial uses of bacteria include the production of traditional foods such
as yogurt, cheese, and vinegar. Microbes are also important in agriculture for the compost
and fertilizer production.

Bacteria:- more dominant group of microorganisms in the soil and equal to one half of the
microbial biomass in soil. Population 100,000 to several hundred millions for gram of soil -
Autochthnous - Zymogenous groups. Majority are Heterotrophs. (Common soil bacteria -
Arthrobacter, Bacillus, Clostridium, Micrococcus).

Actinomycetes - intermediate group between bacteria and fungi. Numerous and widely
distributed in soil. Abundance is next to bacteria. 104 - 108/g soil. 70% of soil actinomycetes
are Streptomyces. Many of them are known to produce antibiotics. Population increases with
depth of soil.

Fungi: More numerous in surface layers of well-aerated and cultivated soils-dominant in acid
soils. Common genera in soil are Aspergillus, Mucor, Penicillium Trichoderma, Alternaria,
Rhizopus. Algae — found in most of the soils in number ranges from 100 to 10,000 per g.

Protozoa: Unicellular — population ranges from 10,000 to 100,000 per g of soil. Most of the
soil forms are flagellates, amoebae or ciliates. Derive their nutrition by devouring soil bacteria.
Abundant in upper larger of the soil. They are regulating the biological equilibrium in soil.

Application of microorganisms in soil stability and bioremediation: The most fundamental and
essential component of farming systems is the soil itself: that waterlogged, compacted,
desiccated, salinised, wind and rain eroded, and generally abused habitat, which is in fact one
of our most precious resources. It is not only home to the microorganisms with which we are
presently concerned, but is constantly modified and maintained by their activities. Soils consist
of particles of sand, silt and clay in varying proportions, held together into aggregates of various
sizes by organic and inorganic materials. The structure of the soil profoundly affects the
infiltration, drainage and storage of water; the activity of soil biota; crop production and the
stability of the soil to erosion. Root and microbial exudates, as well as various derivatives of
organic matter decomposition, are essential in binding micro-aggregates to maintain a porous
soil structure, although the extent to which individual species contribute to this process is not
clear .The activities of soil organisms, in turn, depend much on the soil in which they occur, or
to which they might be introduced and, as already suggested, soil organisms influence one
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another in various ways. Studies of the possible interrelationships between VAM fungi,
associated bacteria, actinomycetes, fungi and the stability of soil aggregates have suggested
that mycorrhiza-mediated improvements in soil aggregation can lead to increased numbers of
other microorganisms known to positively influence plant growth. The fact that greater
numbers of soil microorganisms were apparent in aggregated soils suggests that the creation of
favorable growth conditions should be a prerequisite for introducing microorganisms to the
soil. Further evidence that VAM fungi contribute to the formation of favorable soil conditions
comes from work on pot-grown soybean (Glycine max) in natural soil inoculated with
Bradyrhizobium japonicum. The formation of water-stable soil aggregates was positively
correlated with root and VAM mycelium development, irrespective of N source (nitrate or
ammonia). However, actinomycetes known to promote water stable aggregate formation,
declined with increasing pH. Soil acidification is thus an important factor in soil aggregation
and stabilization, and this in turn could be influenced by agronomic and industrial practices.
Applications of Bacteria in Agriculture: There are certain bacteria which contain special
properties which are beneficent for plants. These bacteria are present in soil 97 |

Climate and Environmental changes: Impact,Challenges and Solutions and they affect the
crops by fighting against harmful bacteria and they are also the source of providing nutrition
to the crops. Some bacteria like rhizobia and agro-bacteria are used to release seed inoculants
and useful for the plants. The bacteria like Azoarcus are of much importance for the plants that
it fixes the endophyte of the grasses. This type of bacteria is mostly helpful crop of rice and
they are very much environment friendly. When the seed is sown in the soil, bacteria play an
important role in its germination. The bacteria grow in the seed in return get food from it.
Bacteria increase the fertility of the soil and provide such nutrients to the soil which are useful
for the plant growth. They also help in softening the food in the seed and this is the reason
plants come out of the seeds. Though it is not certain what role bacteria play when the plants
grow but they are of much importance the early stages of plant development. Certain pesticides
are developed using bacteria which give benefit to the crops. Bacillus thurengiensis is a gram
positive bacterium in agriculture. Benefits of Mycorrhizal fungi in Agriculture: Mycorrhizal
plants show increased growth and are generally more tolerant of adverse conditions such as
drought, soil pathogens, transplantation, poor soil nutrient status and soil pollution, compared
to non-micorrhizal controls. Improved plant growth and increased tolerance to adverse
conditions can often be attributed to enhanced water and nutrient acquisition made possible by
the extensive hyphal network which effectively increases the absorptive area of the root.
However, the effectiveness of mycorrhizal fungi in increasing plant growth is not always
directly related to the extent of root colonization or hyphal growth.

Climate and Environmental changes: Impact,Challenges and Solutions growth of young
transplant in horticulture and forestry e.g.Eucalyptus tereticornus, Acacia tortilis, Pinus
species. Interestingly, many of these beneficial effects are associated with a range of other
phenomena such as mycorrhizal IAA and ethylene production and micorrhizal-mediated plant
disease suppression. Black spruce (Picea mariana), for example, is susceptible to the root rot
fungus (Cylindricocladium floridanum).When tree seedlings were inoculated with the EM
fungi Paxillus involutus and Hebeloma cylindrosporum, 50% of seedlings remained unaffected
by root rot (Morin et al., 1999). Mycorrhizal fungi and phosphorus nutrition: A primary effect
of mycorrhizal symbiosis is improved P nutrition made possible by the extensive hyphal
network. This not only allows the plant to overcome the P depletion zone around the root but



also allows it to reach immobile P that the fungus can solubilise. This phenomenon is most
apparent in low P soils. P can substitute the effects of mycorrhizal infection on plant survival
in non-mycorrhizal controls in many cases. However, with increasing soil P, the benefits of
mycorrhizal infection decline and mycorrhizal infection is reduced. In general, the benefits of
mycorrhizas are lost to plants that have other means of obtaining P from the soil. The use of
fertilizers in conventional farming ignores the activity of mycorrhizal fungi. This could have
important long-term consequences for crop production. In examining this hypothesis, the soil
bacteria Alcaligenes eutrophus and Arthrobacter globiformis were found to differ significantly
in their preference for AM fungi associated with sorghum. Alcaligenes eutrophus was shown
to depend on the presence of G. mosseae for survival rather than on the plant root, whereas A.
globiformis persisted equally well in both mycorrhizal and non-micorrhizal soils.

Penicillin and its Production

Penicillin (PCN orpen) is a group ofantibiotics, derived originally from
common moulds known as Penicillium moulds; which includes penicillin G (intravenous
use), penicillin V' (use by mouth), procaine penicillin, and benzathine penicillin (intramuscular
use). Penicillin antibiotics were among the first medications to be effective against
many bacterial infections caused by staphylococci and streptococci. They are still widely used
today, though many types of bacteria have developed resistance following extensive use.

About 10% of people report that they are allergic to penicillin; however, up to 90% of
this group may not actually be allergic. Serious allergies only occur in about 0.03%.Those who
are allergic to penicillin are most often given cephalosporin C because of its functional
groups. All penicillins are B-lactam antibiotics, which are some of the most powerful and
successful achievements in modern science.

Cell wall
synthesis inhibitor

in growth medium E

1 2 3 4 5

Mechanism of Action on Microbes

Spheroplast

\

Bacteria constantly remodel their peptidoglycan cell walls, simultaneously building
and breaking down portions of the cell wall as they grow and divide. f-Lactam
antibiotics inhibit the formation of peptidoglycan cross-links in the bacterial cell wall; this is
achieved through binding of the four-membered f-lactam ring of penicillin to the enzyme DD-
transpeptidase. As a consequence, DD-transpeptidase cannot catalyze formation of these cross-
links, and an imbalance between cell wall production and degradation develops, causing the
cell to rapidly die.
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Production of Penicillin

As the medical application was established, the Oxford team found that it was
impossible to produce usable amount from their labaratory. In 1941, Florey and Heatley
travelled to the US in order to interest pharmaceutical companies in producing the drug and
inform them about their process.

Large-scale production resulted from the development of a deep-tank fermentation plant
by chemical engineer Margaret Hutchinson Rousseau. As a direct result of the war and the War
Production Board, by June 1945, over 646 billion units per year were being produced

Penicillin is a secondary metabolite of certain species of Penicillium and is produced when
growth of the fungus is inhibited by stress. It is not produced during active growth. Production
is also limited by feedback in the synthesis pathway of penicillin.

a-ketoglutarate + AcCoA — homocitrate — L-a-aminoadipic  acid — L-lysine + -
lactam

The by-product, L-lysine, inhibits the production of homocitrate, so the presence of
exogenous lysine should be avoided in penicillin production.

The Penicillium cells are grown using a technique called fed-batch culture, in which the
cells are constantly subject to stress, which is required for induction of penicillin
production. The available carbon sources are also important: glucose inhibits penicillin
production, whereas lactose does not. The pH and the levels of nitrogen, lysine, phosphate,
and oxygen of the batches must also be carefully controlled. [citation needed]

The biotechnological method of directed evolution has been applied to produce by
mutation a large number of Penicillium strains. These techniques include error-prone
PCR, DNA shuffling, ITCHY, and strand-overlap PCR.

Overall, there are three main and important steps to the biosynthesis of penicillin
G (benzylpenicillin).

e The first step is the condensation of three amino acids—L-a-aminoadipic acid, L-
cysteine, L-valine into a tripeptide. Before condensing into the tripeptide, the amino
acid L-valine must undergo epimerization to become D-valine. The condensed tripeptide
is named 6-(L-a-aminoadipyl)-L-cysteine-D-valine (ACV). The condensation reaction and
epimerization are both catalyzed by the enzyme &-(L-a-aminoadipyl)-L-cysteine-D-valine
synthetase (ACVS), a nonribosomal peptide synthetase or NRPS.

e The second step in the biosynthesis of penicillin G is the oxidative conversion of linear
ACYV into the bicyclic intermediate isopenicillin N by isopenicillin N synthase (IPNS),
which is encoded by the gene pcbC. Isopenicillin N is a very weak intermediate, because
it does not show strong antibiotic activity.

e The final step is a transamidation by isopenicillin N N-acyltransferase, in which the -
aminoadipyl side-chain of isopenicillin N is removed and exchanged for
a phenylacetyl side-chain. This reaction is encoded by the gene penDE, which is unique in
the process of obtaining penicillins
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https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-Goodsell-3
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%B0%E0%AF%8D%E0%AE%B2%E0%AF%8D_%E0%AE%B2%E0%AE%BE%E0%AE%A3%E0%AF%8D%E0%AE%9F%E0%AF%8D%E0%AE%B8%E0%AF%8D%E0%AE%9F%E0%AF%86%E0%AE%AF%E0%AF%8D%E0%AE%A9%E0%AF%86%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-Paul_1971-4
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%B0%E0%AF%8B%E0%AE%9A%E0%AE%B2%E0%AE%BF%E0%AE%A3%E0%AF%8D%E0%AE%9F%E0%AF%81_%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BE%E0%AE%99%E0%AF%8D%E0%AE%95%E0%AF%81%E0%AE%B3%E0%AE%BF%E0%AE%A9%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-5
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-5
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%95%E0%AF%8D%E0%AE%9A%E0%AF%81-%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%95%E0%AF%8D%E0%AE%9A%E0%AF%81-%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-7
https://ta.wikipedia.org/w/index.php?title=%E0%AE%B5%E0%AE%BF%E0%AE%A9%E0%AF%8D%E0%AE%9A%E0%AF%86%E0%AE%A9%E0%AF%8D%E0%AE%9F%E0%AF%8D_%E0%AE%B0%E0%AE%95%E0%AE%BE%E0%AE%A9%E0%AE%BF%E0%AE%B2%E0%AF%8D%E0%AE%B2%E0%AF%8B&action=edit&redlink=1
https://ta.wikipedia.org/w/index.php?title=%E0%AE%B5%E0%AE%BF%E0%AE%A9%E0%AF%8D%E0%AE%9A%E0%AF%86%E0%AE%A9%E0%AF%8D%E0%AE%9F%E0%AF%8D_%E0%AE%B0%E0%AE%95%E0%AE%BE%E0%AE%A9%E0%AE%BF%E0%AE%B2%E0%AF%8D%E0%AE%B2%E0%AF%8B&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%9F%E0%AF%87%E0%AE%B5%E0%AE%BF%E0%AE%9F%E0%AF%8D_%E0%AE%AA%E0%AE%BE%E0%AE%B2%E0%AF%8D%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AF%8B%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%9F%E0%AF%87%E0%AE%B5%E0%AE%BF%E0%AE%9F%E0%AF%8D_%E0%AE%AA%E0%AE%BE%E0%AE%B2%E0%AF%8D%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AF%8B%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%BE%E0%AE%9A%E0%AE%BE%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AF%82%E0%AE%9A%E0%AF%86%E0%AE%9F%E0%AF%8D%E0%AE%9A%E0%AF%81_%E0%AE%A4%E0%AF%8A%E0%AE%B4%E0%AE%BF%E0%AE%B2%E0%AF%8D%E0%AE%A8%E0%AF%81%E0%AE%9F%E0%AF%8D%E0%AE%AA%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%B4%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%BE%E0%AE%9A%E0%AE%BE%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AF%82%E0%AE%9A%E0%AF%86%E0%AE%9F%E0%AF%8D%E0%AE%9A%E0%AF%81_%E0%AE%A4%E0%AF%8A%E0%AE%B4%E0%AE%BF%E0%AE%B2%E0%AF%8D%E0%AE%A8%E0%AF%81%E0%AE%9F%E0%AF%8D%E0%AE%AA%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%B4%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-Racaniello1981-8
https://ta.wikipedia.org/w/index.php?title=%E0%AE%A8%E0%AE%B5%E0%AF%8B%E0%AE%AE%E0%AE%BF_%E0%AE%95%E0%AE%BF%E0%AE%9F%E0%AE%BE%E0%AE%AE%E0%AF%81%E0%AE%B0%E0%AE%BE&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%B0%E0%AF%8D%E0%AE%9F%E0%AF%8D_%E0%AE%B5%E0%AE%BF%E0%AE%AE%E0%AF%8D%E0%AE%AE%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%B0%E0%AF%8D%E0%AE%9F%E0%AF%8D_%E0%AE%B5%E0%AE%BF%E0%AE%AE%E0%AF%8D%E0%AE%AE%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/w/index.php?title=%E0%AE%B8%E0%AF%8D%E0%AE%9F%E0%AF%8B%E0%AE%A9%E0%AE%BF_%E0%AE%AA%E0%AF%81%E0%AE%B0%E0%AF%82%E0%AE%95%E0%AF%8D_%E0%AE%AA%E0%AE%B2%E0%AF%8D%E0%AE%95%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B4%E0%AE%95%E0%AE%AE%E0%AF%8D&action=edit&redlink=1
https://ta.wikipedia.org/w/index.php?title=%E0%AE%B8%E0%AF%8D%E0%AE%9F%E0%AF%8B%E0%AE%A9%E0%AE%BF_%E0%AE%AA%E0%AF%81%E0%AE%B0%E0%AF%82%E0%AE%95%E0%AF%8D_%E0%AE%AA%E0%AE%B2%E0%AF%8D%E0%AE%95%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B4%E0%AE%95%E0%AE%AE%E0%AF%8D&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-Kitamura-9
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%B2%E0%AF%8D
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https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-Kaplan-14
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%A3%E0%AF%81_%E0%AE%AE%E0%AF%86%E0%AE%A9%E0%AF%8D%E0%AE%9A%E0%AE%B5%E0%AF%8D%E0%AE%B5%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%A3%E0%AF%81%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%A3%E0%AE%BF%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%8B%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%B5%E0%AF%88%E0%AE%B0%E0%AE%B8%E0%AF%8D#cite_note-Brandenburg-17
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%82%E0%AE%A4%E0%AE%BE%E0%AE%B1%E0%AE%A9%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AF%8A%E0%AE%B4%E0%AE%BF%E0%AE%AA%E0%AF%86%E0%AE%AF%E0%AE%B0%E0%AF%8D%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81_(%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%B2%E0%AF%8D)
https://ta.wikipedia.org/w/index.php?title=%E0%AE%AA%E0%AF%81%E0%AE%B0%E0%AE%A4%E0%AE%9A%E0%AF%87%E0%AE%B0%E0%AF%8D%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AF%88&action=edit&redlink=1
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https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AE%AE%E0%AF%8D:Poliovirus_life_cycle.png
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https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AE%AE%E0%AF%8D:Tuberculosis-x-ray-1.jpg

oooooooog med/2324 emerg/618 radio/411

Patient UK 000 DOoo

MeSH D014376

[edit on Wikidata]
6T60TL| (15 & ) CBHITW VeVl &MTF
GIBITWI (Tuberculosis, (9L L1[75E&CUTHFIF) 6T emn&HGHmTUMSIe flu
(mycobacteria) 6T6OTEDI LD 1516007 Gamewuifluflesr

SMTHGHMV IDTHSTHEHEHG JHLBILD HHWD QHTHMICHITUL. ) SH60TTeV
GBmummeuF @M&HEH|LD Gl LD. @ HGHITU (NEHWILDMS
mW&GCHTUTSRlWD  1QuUTHGCTHISGH (Mycobacterium  tuberculosis)
6TeOTenILD Hlevores U ifluimey e HUGS TS,

o [DOOOOOOOHIDOOHON OHHOOOE (Mycobacterium bovis),
o [UIUUIDUIIDID0UIDULID DOOUIDIO0OO0OICDOO (Mycobacterium africanum),
o [UIDIDUIUID0IDIDUIDUILD DOOODOOO (Mycobacterium canetti),

o NOOooOooooooonn ooooooooooon (Mycobacterium microti) 1O
Joooooobbooddub oobbbbbbooooom,

v

G muiledr &M &L0

&HMEF GHTWITETS QILIMSIUTS eNFFHRSTSGH UL BlenTuigensvs &me
GBI 600TL M&&HleoTMILD, @emal BIDLS QSTGH), bleorhis Q5TSGH
(Lymphatic system), @ enILI60LI-(&L6V QETS&H), GTEVILDL| & 6T
e (B &6T, GHIEF SLOHFILITNS, FmIBIesLID, LIMemILiL&6T, C&HMev
GUITeTM LIMLIGY LGS Serflaiin GBITU|600TL T8 616V6V6M6L.

@QBCHIMU Qumaleums 9.9 (TB) et GOILILLUU@SmS. TB
6T6dTLIGI Tubercle bacillus (19U LIF&H&6)  1LITEFVSH) S6V6vEH TUBERCULOSIS
(19 U 1175 & CeUITEF) ) 6T60T LI & 60T F(HSHEHDMGSLD.
Flev LDBHSHFHET 2 FHedllmev GBS Q& MHmILD
QUMUILIL|ETeTeUT&HEHEHEG CHIMTL QHTMHM uFmney SHLILSMHEGLWD, GBIl
HSEUHHS ARG Werfl&Hae6 L0, Grmuledm b LSemeyLd
amIliLG&EeT @@UUlenld, @beEMemW (WWMMTH UF @ WeVTnm
QEFWISMH&HTET 6UNlLNEmMEEm6T @) 60TeoT(LOLD M W6eVTeTF&H6T & 600T(H
L919 S all6vemev.

Qbhs CBTWIMeTS! @ @BLO6Y,
slbev, 2 BT CumeTmeummMIed BB sTmHmlev Liga|Ld G60TemL0


https://ta.wikipedia.org/wiki/%E0%AE%88%E0%AE%AE%E0%AF%86%E0%AE%9F%E0%AE%BF%E0%AE%9A%E0%AE%BF%E0%AE%A9%E0%AF%8D
http://www.emedicine.com/med/topic2324.htm
http://www.emedicine.com/emerg/topic618.htm
http://www.emedicine.com/radio/topic411.htm
https://ta.wikipedia.org/w/index.php?title=Patient_UK&action=edit&redlink=1
http://patient.info/doctor/tuberculosis-pro
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%B0%E0%AF%81%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AF%81%E0%AE%B5%E0%AE%AA%E0%AF%8D_%E0%AE%AA%E0%AE%BE%E0%AE%9F%E0%AE%A4%E0%AF%8D_%E0%AE%A4%E0%AE%B2%E0%AF%88%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81
https://www.nlm.nih.gov/cgi/mesh/2020/MB_cgi?field=uid&term=D014376
https://www.wikidata.org/wiki/Q12204
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%A9%E0%AE%BF%E0%AE%A4%E0%AE%A9%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%8A%E0%AE%B1%E0%AF%8D%E0%AE%B1%E0%AF%81%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%A3%E0%AF%81%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Robbins-1
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%B0%E0%AF%88%E0%AE%AF%E0%AF%80%E0%AE%B0%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%9A%E0%AF%86%E0%AE%B0%E0%AE%BF%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%B0%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%9A%E0%AE%BF%E0%AE%B1%E0%AF%81%E0%AE%A8%E0%AF%80%E0%AE%B0%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%A9%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%86%E0%AE%B0%E0%AF%81%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%8B%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%B0%E0%AF%81%E0%AE%A8%E0%AF%8D%E0%AE%A4%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%B0%E0%AF%81%E0%AE%AE%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%AE%E0%AE%BF%E0%AE%B4%E0%AF%8D%E0%AE%A8%E0%AF%80%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%B1%E0%AF%8D%E0%AE%B1%E0%AF%81

Q& TEOOTLSI. g TITETLOME0T 060l B TS 6160 QGTMMI ¢ MLIL LY (BIHSTILD (S
&(H ‘LDEMMBleneVUIleL’ B6V6VEI H/EH&Blemeviilsy (Latent TB) &imevor LILI(hLD.
UL 2 eTaTaurseflel LISH 6L e LmIG ey LNHEH W mlemevuilev Gmmul
AN @EMHsemer Qeuefleaasmlly GBMUIES QSTHMIHESG 6TTHR 6T MmeTH.
@6UT&HEHEHEG Fiflumer Wenmuiley &R Fenawerfls s UL melllger & ey
50 % @M©& GLEVTCEITITT @) M& 5 TMEITI).

Grmenwd SHevor(h) LIN9&ES QBEHFev X-&H T UL LLigriy, Gsmedlev
QEWWLILI@LD gus L@ edeor (Tuberculin)

LflGFmHement, 2 L6V BHIOMmIGerleor Hevoresmiuily a6yl QUISCSHT6)
(UflGFMEement) ereoTLIeoT LWeTLUMQSSLILUBGSReTmer. @b Chmemnwls
&l IL(HSHSH Gl LTeH LievGeum Hleooresnl U6 & Teved&6T @)60) 60T S,
1B evor L HTVESI5H S QE&EMTHERMITISHET. 1,607 IT6V SHCLMS
LWeTUML Iy 8V6TeT  Sjenenrsgl  Hleoomesuily  Q&mevedsemeru]
TR IHGLD Hmeearer Lmseflum SHlenetelend 2 HeumRWIGLILIG (Multi
Drug Resistance) W& QUIBLD F&HEHTEHES HTooTLILOGSHMS. @)5H60TTeV
LS &M8 2 HaUmHWIHEGLD 151 6voTsoo) Ui [ UM SHEH S
ID&&6T GHITQWHFLILTMMEN6Y @LWHS alHeausTe CHTUler aledlemin
(el TLd) P& 5l QAUMIBMS. 2 605 BTHHQETHIGLD o 6iTer
LIev SIMIeNW6eVmeTI&6T 94Ul16|&6T en6euld, @&HMEmer Hiemneld & evor(h
LN IL& 6L (nemeoTLILIme 2 6Temeor(y. 'LI.6).831' (UM.&IM.@&, BCG) eteorLiLI(hILD
TR TLILLE GUITL{R& Q& MeTEUGILD Liev BT &6rflev HeoL
(WenmUIaVl6TeTsl.

2 VG INEHSHET QHTEHUWI epeoTlel @ USHUWlery @bCHITWITeL
STHSLILLIQGLLUSTHD, 6IQaITH eor(hl  UHsms 80 -
90 @EVL_FID IDSH&HET @&CSHTMHM GCHTUISHGEG 2 6TeTMaUSTH|D 2 V&HS
SNbBey  (&&TSMTY)  BlOearSHar HM&HEms FaMROTDSH. 4G
DL (HILOEVEVITINEY RAIQEITH QBTIQWID UHSTH el @hEHTUls
STHEEHEEHMGeTenmausTs: SPWLUGRnE?. ChTUSSTEHEESH DG
2 GTETMT@GLD N6T1HTSH6160T 6TevoTe00 & 60&H L600T(H CHTMID H &5l
QMEP MG . TUIL &8 CHTemwl 2 (HEUMEGLD 675 .83.6M eT6or
mP&ESELILUEQWL  Wwefls CHTAWRTLLSGMUTL(H enelF&er (HIV)
STHEHEHMG6Tenmeor  GHmulmerfl&Gefley gHULGHSIQUl (P& S WL TeoT
@UeoTLMeUd Q&HMMHMTS  (secondary infection) @b& &STFGHITGW
SmeooTLILRQ S m S

2005 QplD QL600TIQ6 2 6VFH FHMHTT emnliL] (World Health Organization -
WHO) Qeauefluil L oinlsemaulleriilg, 2003 94D 34L600TIq60 88 @6Vl &LD
IN&&ET LUHSTEH CHIMTUIS QSTMHMIHEGL UL LSIL6T, 17 @6eVLFLD D&HE6T
@bCHTUIeTTeL @QMBHBHEHMTIH6T. @BGHMullermev, «lILNfl&Hss
BTL 19 CeuGuLl nF:3
P& L0MeT @MLUILISHEHET FMHLLLYHERTMSI. [3], [4], [5]. eUeTHSI6UHLD
BTH&H6TeV, 2004 QLD peooTlqev, 146 CaMg ey (CHTWWNTIHS)
Grmwmefl&eEpld, 89 @evl &b LUHw  Crrmwmeflesebd, 16 @eul&Wn


https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%A9%E0%AE%BF%E0%AE%A4%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8A%E0%AE%9F%E0%AF%81%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D_%E0%AE%85%E0%AE%B2%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%9F%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%80%E0%AE%B0%E0%AF%8D%E0%AE%AE%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%A3%E0%AF%81%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AF%8D_%E0%AE%8E%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AE%BE%E0%AE%95%E0%AF%8D%E0%AE%9F%E0%AF%80%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%BE
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D_%E0%AE%8E%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BE%E0%AE%B1%E0%AF%8D%E0%AE%B1%E0%AE%B2%E0%AF%8D_%E0%AE%AE%E0%AF%81%E0%AE%B1%E0%AF%88%E0%AE%AE%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%B2%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%B1%E0%AE%BF%E0%AE%B5%E0%AE%BF%E0%AE%AF%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/w/index.php?title=%E0%AE%AA%E0%AE%BF.%E0%AE%9A%E0%AE%BF.%E0%AE%9C%E0%AE%BF&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AE%BE%E0%AE%9F%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B3%E0%AF%8D_%E0%AE%A4%E0%AF%8A%E0%AE%95%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%B2%E0%AE%9F%E0%AF%8D%E0%AE%9A%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%B2%E0%AE%95_%E0%AE%9A%E0%AF%81%E0%AE%95%E0%AE%BE%E0%AE%A4%E0%AE%BE%E0%AE%B0_%E0%AE%85%E0%AE%AE%E0%AF%88%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%B2%E0%AE%95_%E0%AE%9A%E0%AF%81%E0%AE%95%E0%AE%BE%E0%AE%A4%E0%AE%BE%E0%AE%B0_%E0%AE%85%E0%AE%AE%E0%AF%88%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-WHO2004data-2
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-3
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%AF%E0%AF%8D%E0%AE%9F%E0%AF%8D%E0%AE%B8%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%9A%E0%AF%8D.%E0%AE%90.%E0%AE%B5%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%80_%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%AE%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Daniel-4
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%B2%E0%AE%95_%E0%AE%9A%E0%AF%81%E0%AE%95%E0%AE%BE%E0%AE%A4%E0%AE%BE%E0%AE%B0_%E0%AE%85%E0%AE%AE%E0%AF%88%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%B1%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81
http://www.who.int/mediacentre/factsheets/fs104/en/
http://www.doh.gov.za/docs/reports/2005/gtc/index.html
http://www.doh.gov.za/docs/reports/2005/gtc/summary.pdf
https://ta.wikipedia.org/wiki/2004
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AF%8B%E0%AE%9F%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%B2%E0%AE%9F%E0%AF%8D%E0%AE%9A%E0%AE%AE%E0%AF%8D

@mLUIL&SHEBD, MUl Lere. Guan CHTAWRFLIL Gemmuml (b
GBIl (AIDS), 2_L6d6tT GHITQWRTLILITMHMEm6V
GMMEG LD LDIHH SIS 66T Liweot LM GuImeorm & ITIJ600T MBI &HEITIT6V,
aeTERWeLbs  Brhseflan  @bCHmul ugell  eumEIMmS.
@bCHTWmeTs &Fw, 1N flee BTl 1qeriley 80%
2 10, wFlsasmalley 5-10% 2_1b smeor ILGSm S,

UM &S LILI(N S HV(0smeE)

SHCUME SMFCHTUIGHTOT FREMFEHHTOT LGLIL  (LN6mMUITETS,
GrMWIeT QFMMHMIES SHeoTemlnemw S LILUMLWTSES  Q&smevor(h
MGG LILIL (h6Temg.
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https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-WHO2004data-2
https://ta.wikipedia.org/wiki/%E0%AE%89%E0%AE%9F%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%B0%E0%AF%81%E0%AE%A8%E0%AF%8D%E0%AE%A4%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%86%E0%AE%9A%E0%AE%BF%E0%AE%AF%E0%AE%BE
https://ta.wikipedia.org/wiki/%E0%AE%86%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%BE
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%AE%E0%AF%86%E0%AE%B0%E0%AE%BF%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Robbins-1
https://ta.wikipedia.org/w/index.php?title=%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D&action=edit&section=2
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-ajrccm-5
https://ta.wikipedia.org/w/index.php?title=%E0%AE%9F%E0%AE%BF%E0%AE%AF%E0%AF%82%E0%AE%AA%E0%AE%B0%E0%AF%8D%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AF%81%E0%AE%B2%E0%AE%BF%E0%AE%A9%E0%AF%8D&action=edit&redlink=1
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Main symptoms of variants and stages of tuberculosis,©” with many symptoms overlapping with other
variants, while others are more (but not entirely) specific for certain variants. Multiple variants may be present

simultaneously.

GBIWMeTsl SHIGHTES SHTLRGLeUTWS, GCrhrwmeflasefley  75%
GU@&HE memguigey &M CBTWTS  (Uevwneorifl L9, Pulmonary TB)
@M&EGWL. Auhmler HMGMISEeTT6T; CBHEhe GBhMe|, @)L 60T
GMS Qeauafleursy, 3 GPMDSGEEHHEG GLeVTEH ShHemWTeT Blg&55
@ L. GOILILNLESHEHS5 0G0 &HeTmeleT; STUIFF, &Ll L06T, G reilev
WIS 60, LS ullesTemLn, 2 L6y 6T6oL GHMMG6V, 2 L6y
QaueflMuBEHL, WH @QevGeuTs SINGESHY 2 L MH GCFTFealemLU]LD
&H60T60LN6M UG 685 TE00T LY. (IH & &6V

Taf:;{h) @ (H&HGLD 25% G mwlmerflaserflev QbS5 B ITW TS
BlenTwWreSled»pbg Ceum 2 L6v 2 MILIL&ESER&HGL LTalldF QFeuHmsS.


https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/w/index.php?title=%E0%AE%9F%E0%AE%BF%E0%AE%AF%E0%AF%82%E0%AE%AA%E0%AE%B0%E0%AF%8D%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AF%81%E0%AE%B2%E0%AE%BF%E0%AE%A9%E0%AF%8D&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%95%E0%AF%8D%E0%AE%B8%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%95%E0%AF%8D%E0%AE%B8%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/w/index.php?title=%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D&action=edit&section=3
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-6
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-6
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%B0%E0%AF%88%E0%AE%AF%E0%AF%80%E0%AE%B0%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-WHO2004data-2
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AE%AE%E0%AF%8D:Tuberculosis_symptoms.svg

@\ BleOTWTNSES Gleuarlimeor & GBTeeor (Extra Pulmonary TB)
MPSHELILGLWDE. @6mel QUMSITES 2 L6y aHILLS HeoTemnln
GMbhsalFEHeaflan, Guhengseaflaln ghu@b. @elalens &M

GBI BIOLE QBMTSGSH MW BT & 6008 UWil60 (eLp 66T,
& 600T (h)6U L b1 85 67fl 607 Fele| 2 MG
&8 Gem&HUNL) GlLneoflEhem&L 1q & (Meningitis) 6T6OTMILD, Blevor b5
QETGHH WS ST GHM S U6V HWPHSILI

LU&SH U6 &-8CmLW,6VIT (scrofula) eTedTmIlD SamUILIGISaTmS. GOl
Neflw,gm  (pleura) eeorliL(QD  Hleovguigey GSWuledr @ULenL&
FeUa|LILIL6VLD, @ TLINL-GL 6V QHTEGH, 6TVILDL|56T, eLnL_(h\ &6,
GMBHF SFPOHFLUTMS, AmBrsd,  UTeumILiL&eT, G5 mev GLITeTm
LML) UGSHEGemeTwld SMHH GBHTUE0TLTEHES 6U6V6V6MmeU. 6TeILDL],
L EHMETL LUMTHHmMHUI 38 LML Iqer GBIl (Pott's disease) ereor
SBWLILG&H DS,

BleoorRPN 6 H6eTTEHE  &HMeoTlILUBWL GImeners STFGCHTUI  (Miliary
tuberculosis) L&D SHEMOUITET 62(H CBHITUIS ST G1&T600TL &G LD.
@b Mlemeuulled, QABTHOMOTE GBHS CHTGHUNDUGTEBLD QF6TD),
lbBlemevuilev Hlemeor (millet, ) 6vr60T) GUImedTm & IT60T | U1 &) 60T
CaTMHMmETHL FIJlul LjeooTs6T 2 (HeuTHRME. HSLI LjevoTdHeT X - SHT
LIL &5 6V &ITe00T8 T lqUISTH @)(HEELD. 0,

BlenguwigeL smFCHTUl, BlenFuige s @ Qeuerflwimet &meGHTUl @) Fevor(HLD
Gy Grmwmeflullev HMERUNHEHD Fa(HLD

GHTUIS &HITI600l asne]
A p— D G

‘&

g

Dal’ WD Exp
SE- T4 0O

goooooobooboobbooo gobooooobooooooo (Mycobacterium
tuberculosis) 0000000000000 0000000 00000000000 0000000000 000 000000
gooooooo

(NS eTemLnWImeoT GBITUIS &Myeooll Mycobacterium tuberculosis (MTB) 6TedT&)I LD
Gammapaument (bacill), 2 &TMHMIEITLD (aerobic) LR FlWMaIT@GLD. @& 6V
16-20  LDEOIISHUMVBIGHERHEG @M  (WeomCw o wWilgenilililifley
B1& D6 T, gemeotl LISICILMGESHEHL6T @UILRWLEUTS (QLMTSI6UTS


https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-8
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AE%B0%E0%AE%AE%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%A4%E0%AF%8D_%E0%AE%A4%E0%AF%8A%E0%AE%95%E0%AF%81%E0%AE%A4%E0%AE%BF
https://ta.wikipedia.org/w/index.php?title=%E0%AE%AE%E0%AF%86%E0%AE%A9%E0%AE%BF%E0%AE%9E%E0%AF%8D%E0%AE%9A%E0%AF%88%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%BF%E0%AE%9A%E0%AF%81&action=edit&redlink=1
https://ta.wikipedia.org/w/index.php?title=%E0%AE%9A%E0%AF%81%E0%AE%95%E0%AF%8D%E0%AE%B0%E0%AF%8B%E0%AE%AA%E0%AF%81%E0%AE%AF%E0%AF%82%E0%AE%B2%E0%AE%BE&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%B0%E0%AF%88%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AF%81%E0%AE%9F%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%B2%E0%AF%81%E0%AE%AE%E0%AF%8D%E0%AE%AA%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%9A%E0%AE%BF%E0%AE%B1%E0%AF%81%E0%AE%A8%E0%AF%80%E0%AE%B0%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%8B%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/w/index.php?title=%E0%AE%AA%E0%AE%BE%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%BF%E0%AE%A9%E0%AF%8D_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AE%BF%E0%AE%A9%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Britannica1911-9
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Britannica1911-9
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-CDCcourse-11
https://ta.wikipedia.org/w/index.php?title=%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D&action=edit&section=4
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%A3%E0%AF%81%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%B2%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AE%A9%E0%AF%8D_%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%A8%E0%AF%8B%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AE%AE%E0%AF%8D:Mycobacterium_tuberculosis.jpg

Lsleflwm 6(IH L0600 & &) WL M6V & S D (& 61T &(H SLem6l
o WgsmiilfleuemLwd), W&sed GLGeuTeT eleTiFFeiss5em55
Q& MTeoTl).(HEHMSI™. (E.coli eTeorenild L& eNlemTeUTeoT 6U6TJEFU|emL UL
useflum 20 BILEHMasTm wenm 2 uilrsaililifle] e _Sermsl.
@Qbs m&ECHTUMSIR WD 1qQWLTGCTH & (Mycobacterium tuberculosis)
2 uWilysol 2 W JeDI &5 6U6m TS Q& MevoT L. (HLILNeDILD, Qeuerfl
QUIEHGUTIIINIL. QLETF6IMAIS  Q&ITE0oTIY TS EMLOWITEL SJTLD
GmlIeuemn&LI (Gram positive) Lflallev euemsLILOQSSLILGSR MG, 60T eIl
Spmn  pimeplBenswlarCuns, @sear 2 wWlpenisamealfley 2 6aTem
G semaflevmeor OIIINLR), emn&ECHTNE &My (odlevid) (Mycoli acid)
SMyeoorlons,  Ws  QueTemlowlms  Blmepl Ll UlGLT, 6veusl
BlmepL L UL TGeurr & IT600T LI LI (H) &) 60T M 60T (3. @b
mWGCHTUMSRlWD 1QuUF&GCM&HI&  (Mycobacterium  tuberculosis)
LSleflwmeumers Lievlnmm Hievoresl W FEH618 meLedl &HemeT eTH IS S, 2 6V
Blemevulley Liev GpeminsgeT 2 UNHLET 6UMIPLD 6U6L6VENLD GG TEToTL,
Gammapeumer LUTHFeus: (bacillus) euen&GemWE FMIHEHS WGSGWD. @S,
Qumenasuiley, e gmLsmL 2 wWlflearsHer 2 Ledley WL (HIGL eu6TIHLD
FH60TeMLD Q& MevoTlq (HLILNEDID, &G HS eUeTTLILLL 5556V GF W MHemN& WIS,
LFGEFT&HemeTs: GLOMUIS6Tl60 aI6TT&HELILIL & Snlq Ul6m6UWITUI ©_6Temeor .,

Grmwmeflgserflesr eumuiledGhas QuMLIL@GLWL Fefluley QaFuwwliLIGLD
@enpuwailwey mmewl hensulley @ MHE, FMSTI60T Bl & &ML 1]
eLneVLd, SIMINWLIEVITETISETITEY @) H& LIS flulmemn el @)60TLDEsMevoT (LOLY.U|LD.
Qumsleumet KD BlmepL HensuleTCLME, @ 6Uealemnsds LR iflulme: s 6T
BlmelnL L UL LITeYLD, L9 eoTe0T [T HITI8 &60) [J&F 6V 55 (615 L_60T
amsWmeTlILGLEUTE, @bs usSeflumaunarg BInhsEsHs3I5G
2 LLLITDG, Flev BIMBIGEET H5HE M6eUEHSIEH GEMETaUS6TT, @S
SHMQUIeT Blemev Q&MeTERL LIMHFleva (Acid Fast Bacillus - AFB) eTedTsnild
Nflelener euensliL@SSLUUGSRDmSE. 5. @elalend LsIeflulmd:semner
@ 60TIDGME0OT QUIMEIEUTS LweTL®GL CFmgemerpenm Fulev-bHevaeor
(Ziehl-Neelsen) BIMeLOL (H60S @& LD. .

Mycobacterium tuberculosis (stained red) in tissue (blue).


https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Cox_2004-12
https://ta.wikipedia.org/w/index.php?title=%E0%AE%95%E0%AE%BF%E0%AE%B0%E0%AE%BE%E0%AE%AE%E0%AF%8D_%E0%AE%A8%E0%AF%87%E0%AE%B0%E0%AF%8D%E0%AE%B5%E0%AE%95%E0%AF%88&action=edit&redlink=1
https://ta.wikipedia.org/w/index.php?title=%E0%AE%95%E0%AE%BF%E0%AE%B0%E0%AE%BE%E0%AE%AE%E0%AF%8D_%E0%AE%A8%E0%AF%87%E0%AE%B0%E0%AF%8D%E0%AE%B5%E0%AE%95%E0%AF%88&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Madison_2001-13
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Parish_1999-14
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Robbins-1
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Robbins-1
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Kathuria_2006-15
https://ta.wikipedia.org/w/index.php?title=Mycobacterium_tuberculosis&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AE%AE%E0%AF%8D:Mycobacterium_tuberculosis_Ziehl-Neelsen_stain_640.jpg

@bs Fwev-HevFer (Ziehl-Neelsen) mlmewl Qenagsuwiler@unmgl, Hevmlm
LNeoTevEH 6V, Lefl&EQ&erm FlauliL] BmEHev @ eualend LisLeflulmedeor
o WIJemI& 86T @) 60TLD &ITevor LLI(hILD.

6T MenLN6T-CI L MemLn6dT (Auramine-rhodamine) BlmewL (Hemnd, LMMID
sreoorQLmerfllf  (fluorescent)  HIeooTGeooTTHSE  eLNEVIDMSHAID  AFB &
@ 6TINSMe0T (PIQU|LD. CGad @ UGS, @0 U wenm AFB el
Blmewl (Hlems (two component, two step AFB cold staining method)
WenmuileoTmald @H& LIMSLR UM @)6oTLD 85Mevor L (LOLGU|LD. .

M.tuberculosis complex 24L,60T&I, STFCBITEN U 2_(HeUTHSH V6V, G6uml eLN6oTmI
MNGHCHTUGICFIUITEHEM6T 2_6TeTL &5 W 6TenSl. Jjemelulmelsor M. bovis,
M. africanum, M. microti. @eumnléb M. africanum H&HeTEY
Lrelulpeesmalll L meyiin, L1188 medl 6ot Flev L& &erflev
SMECHTMW 2 [(HUMHGSGW (WHHW CHTUISSTTE0WITES 2 6Temgiime,
(LPEOTEMEITL 6(IH &HITEV HLLEH 6L M. bovis &TEGHITUISHETET G\LIMSI 6 T6oT
6(H SITJeool WIS @ BHSaUHS CUTH LD, LNereor &) LAlH&HS W Limedeor
(pasteurized milk) SINWNEHSHOTTL, QUETTFFWLHE BHBTH S 6 6V
@ &SHTIeo WM QUMSIeUTT &HHETHTT FFFamenser oL oS!
SalFe&sLIUL LG, M. microti WMTeTdl QUIMSIeUTs CHTQWS FLILIMMHMEeV
GHOMHS Lneofl g s erflGeuEul G/ menwl D 60T TE & 6U S
MWL IQmEHRaTm CUTHID, @BCHTUIS SHmFeoolulledr LMSHILIL
Gemmeaums LHULTEH QFWWlILLIQ@GLUSDHESTET  FTéHS Wb EHLID
D _GITETGI.

GBMem 2 (HUTHEGW Hmseter Gaum HFev emw&ECHTUSIRlWIT
AIMEHHEHLD 2 6TeTeor. Mycobacterium leprae Q&M EHITeN U 2_(HEUTHGLD
QI6LEVEDILD GG TEvoTL_Gl. Mycobacterium avium, M. kansasii QL&\U @) Fevor(hLD
HMFECHTMW 2 (hUMHSHETEH em&ECHTUSGIeflwm  (Non  Tuberculosis
Mycobacteria - NTB) euem&uWilesfley SLmIGWD. @emaluwilgeoor(®Bb &M
GBHTEMWCUWIT, 36V6VG QGMTWEHTEMWCUIT 2 HeumH Tl LMD, &ITF
CBTemW 55 BemguiTel FLOUBSOMET Flev GCHITUIHEMET 2 (HeUTHS
6606V 60T

CISMMMILD LIT6UsYILD

FUSHMTIO0T  &HLQLN66OTLI GumeTGM SMTFGHITULD &ITM M 60T M6V
Q& ITH MG M6V goLBS, LTS eTmagl. Blemguiyev sTFCHITULS
Q&TMHMSHGSLLILL el @ULLGEUNS, SILWWLEUNMg, CU&LELMSI
Ivevgl SILILDLCUTE QedeflGwmmid 05-5 um el L(peiTemr &Hmmmis
glaflesar STFCHTUIS QFTMmem gHUBSSID  SHeTenlnemnuls
Q&Moo (HEHHTMmeT. @@ SHeoflwmer  HDWeSleTGUMs  CBHmenl
2 HUMHGWL HmeTas&smeoorL. 40,000 sleflseTeueny QeueflGuumitn
GUITUILIL 2 _GTETSI. QSHTMemM gHubh &S G & 60161 WLIT60T
Grmlssmrentluller gerte] WeE FPNWSTE @ULILIST, 6@H &6l


https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AE%BE%E0%AE%95%E0%AF%8D%E0%AE%9F%E0%AF%80%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%BE
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-DG_Tripathi_2001-16
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-17
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-17
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Robbins-1
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Robbins-1
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Niemann_2000-20
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%8A%E0%AE%B4%E0%AF%81%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%8A%E0%AE%B4%E0%AF%81%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%B0%E0%AF%88%E0%AE%AF%E0%AF%80%E0%AE%B0%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%B0%E0%AF%88%E0%AE%AF%E0%AF%80%E0%AE%B0%E0%AE%B2%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%9A_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D#cite_note-Cole_1998-22

s1hms seaflCw Can emafly oo UBW OsTHon gHUGSS
OIgULDe

GBMTUWETET  QRMMEUMBLET QSTLIBS, O&EHIQWTEr, AFHEL0meor
QLI @@LUeI(BEHEEG @QBEHTU 2 (HeUTeusSME&ETr Fh LU
AP&NTEH @ HEGD. GHITUETET, 6TV FRFMEFHGLLILTS HUIF
6(HeUT, 6U (LG LD ITEOTMI & (& GLsvILDd 10-15 GuUIeUemT
QEMHMGGSGLLULSSHUSDHHTOr  FISHUIND 2 6TaTH?. SHTEFEGHTUI
AFH&UMHEGSLD  QLSEH eauFluaurser, Fflumeor  wenmuiley
QEMTHMIBEHESHD QFWWLILILTES 2arFGHemeT CUTL(HE& G&MeTLITSHET,
QEMTMHMIGGLULLIGLE QSTLILN QUHEHEGID GLHenss6r, 06l
o Lelledr GCHmMOWHILILTHMENY GHOMEGID SHeTemld Q&5 meoorL
LDBHSHHMET 2 L Q&TETLIGUTSHET, eTUIL & CBHTUIS SHTHESHMEGL LIL L
Grmwimerfl&eT, LnMMID &TFEGHMTUI CHTUWMETl&HERHE 2 &6, IDIHSSI6
o sAlEGmeTE  QFUWIWD Lol lWMeTi&HeT  eredr@GUTy @ HGHITUIS
FSMTHESHMG L LIG6USMEHTET BlEHNSHe)] &N H&HINME @) [HEELDe
GBITUIG S TIeooi Ul 60T 6L Q&M MGG L LIL L Lieviflev, GBITW Mo
QeauerflgH Flwmney e emmblemevullev (Latent TB) &meoorLiLI(RILD. @ LILILG
GBHmTWImeTs e mBlemevuley SmeooTlIL(BILD @@mHeUTme LHul Qg mmom
gOULIWTLLTE. GBHTWmersl G&Fwevplemevullaveter  (active  TB)
emealflel®GHg WLGICD CHTLS QFSTHD gHUGLD FTSSHWIWETETS".
CHTUSRQSTH I JgOUB6USME 60T
515D & 561 MeTSl GBITUISSTeNWNS (carrier) QFWMUMLD  spheufleormeu
QaueflGwmmUILGWL  CBMTUIS &HTHEHEESEMES JghHUbBSHaven BHis
Slerflaerfleor eTevoTet0 1 &H6M&H, U] @) (H&H G QL &SH L HTHECMTL L &5 6T
&H60TEmLD, GBS 8 TIevof]60) WL TR TS TETEHLD GBIs S 60T
3l6mey, M.tuberculosis euemsUleT CHTCWMHUMSHID HeoTemlnuiledT j6mey
(virulence)  GuUmeTm  Smpenil&Gefley SHRBUWIMBHGLD™. @) 56TV
Q& TMHM TEOTSI QHTLIMS ghUbBeUNSHS 0 br:Y: 3 GrBITul
QEweplemevuiley 2 eTemauemy 2 Lemlquwins SeoflemliL(hS,
FHMFCHTUISG&H S T TeoT PR & F el STOH) & &HITLO6Y
GUMHEO&MaTUSICLWTGW. <liug F&HFens ouwliLGUILSS,
@reoor( Spemwnsefley el QUMSIUTEH QFTHem gHUBOSS
(PQWITS Blem6vs & QF6VEUT.
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o 6iTer N GRIDINGIGES @) 60T Q) 60T IT([TH 6U (H 5 S GBMUSRSTHM
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M.tuberculosis @ 60TV HMHHHSIHSG 2 L LUMHGCauTflev 90% I60TeU 86T
M &MserHm, Crmulledr WemmblemevemwiGul (Latent TB Infection - LTBI)
Q&MeoT . (BLILIMTT&ET. @LUILILg  WwemmbBlemevulsy @aLucumiley  10%
peraufseaT  WLLGCL UhHW  SNG QUMTDLEES  SHTVSSH6,
QEwWmUMT®H6TeT GHTemnUl GILIMIGETMEOT!. LTI, &&HEH PR EFnT
e GaLULTSNLES, CHTaWLIQUMHM CHmwmerigsefley 50% &H@ELD
AT &GTCTTT @ME G 60TMEoT

GBITULE &56v0T(hLIILG L1

Mycobacterium tuberculosis (stained red) in sputum

GBMGESETT MG &HEHLT au@Bld Comwmeflsefley BHLSSLILIGILD
HSH CFMEHMmeTEHEhHETHL QUOMLUIUGWL WwrHifleseflev @b
(2_8h BT, gLp) GIBITUI& & IT 6001 Bl&F&FWLDTES MBS
QameTerLLUMWLCUTE, Gmmwmersgl  &eor( NgG&sLuU@.  @s!
FrsHwWblevevmney CUIGLILSSE, X- &HT uLUllglil epeudpLd,
IHFILET, VG QUOLITGeT GHML GFMHEM6T  eLNEV(LOLD
Grmwmers 2 MISLILRQSSLIUMLWD. GBS TTevo U6 L& G0 Gleu meoT
aeTI&F CoaussHermey @bCEHTemW  &Hevor(  LIQLiLHev S
gOUO@SHME. GBS, evd o biphy LTSS, SGbHS
QETILILL&&5H6 GFnsamerdsmameuie ealemisasbheHs 4 - 12
Fomnger NgsRearmgl. sTFCHTU UMM 6@h (LML WIT6oT
NmSHe) Sl gmEG WwmSSHel eauFeomm, GBI 2 L6
GFmgemendkeT  (Physical  examination), QBEHFT X-&HF  LILLD,
mlevoreol U T 6rfledr LLES (microbial smear), HevotesmiuIF eUe6TyLIL| (microbial
culture)  eTedoTLIOT  GHEMEUWTRGTMET. AUSSILT 19 W,6LIFTE6e9 60T
GFmEemeTWLD, @S5S bleoorhy CFMgEHement (serological test) GLIMTETM6OTELD
Q& WWLILIL6VITLD. 19 W QLI 60 60T G&F M55 60 60T (L6 S6m 6T
N eTSGaUS TSI, DTG GMILILILL BUT &STFEGHTUIS SHILIL (BCG
vaccine) Q&FWSE6Tenmym, o6y GCHITWemeT Leu(BLeT Q&SmLTLlev
@@BSTIT CUMeTm &myenflsefley SRIBUIMGSEGSGIL". ASGSILET QHS
GFmgemen (eymWwmenrsl Geum Flev CHITWETOTEUTS6T, FHEHTLL LD
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2 V& GEHEMHTT emliUmers @ChHTuller Galrsems wereol1L_(H), 1993
QLD E0OTIQV, 2 V&EaTTeNI HTFGBTeONUS &L (HLILI(BESHI6F M) T60T
B 11D @eTenm (LNTQT(HSHSHS. 35607 CBHTEHSLD 3,600T(H &6 2006 - 2015
@QhReLuley @bCmTullermey BIHWE Falqwl 14 WeveSlwer o ully
@wliL&sameT  HHLILSTELW. M.tuberculosis auenauileormev  GBITUIS
QEMHMES L ULGSIQW @erh Wl @erworms WLGGw
@wLLgeorTev, efflwweTer @ SHILIL GHS T 2 gelulL 6T @b
GBI (NREMWOWITE &L HILILIMLL)sDI6T Q&MeooT(hled(HH6) FMHSH WD
eTedTGm  BLULLG®EmE™.  &STFECHMW  ghUuBSETE  Ceum
MGCHTUSICHIL  @)6THIGET AF&GINTEH 2 6T6T QeUlill  LD6DoTL 6V
BT &6fleL @ Wmenss ulme:Geu SMTEFEQHTUISHQ&HE) T MTeor & (H6UED 5
S5H&EGI Hetemln BlevayGBmait. &TFCHTUIS SOHLUIL @ ellserfley
BEOL (WenMLUILIHSSLILILGUITLD.

CHmem S6voT(H L9195 S5 8VILD, & 60oTLILI(H &S VILD[QHTE]

GBI 9H &I gHUGLD BlHLDSE6|6TaTaITEHmET GFMEHmeTdh &G LIGSS),
BB ITU6TeTeuJaemer &eooT(h LI HGI, S6UTHem6T SeoflemlILGRSS), 2 flw
R FFOW 2 LTIQUITEH TINLINSS, aUTsHemeT &6oorLiLbh S5 SH6.
@) B 60T eLN6L GBITWIMEITS GLOSILD LITe|aUend &(h&&H6VITLD.

CHMG SO LOBH S 60T LW eTUTHO5TE)]

1921 QLD 600TIQ 60 LIMHFIeVeVEH &HMeLGIDL -G&Gelifledr (LUIM.&M.@&) (Bacillus
Calmette-Guerin  (BCG)) &(\LILLFWITeorgl neoflBI&Hefley  HMaGmmenuls
ShHEGD CBMHEGLEr UWeTUTL(&HE  Q&meoor(heu LI L ik
@bs5s5 SOLILE amnsCahmumsieflwd Gumails:  (Mycobacterium  bovis)
mleooremUflemy NP GEHEFQFUILLD  WLTHMHBISGEEHEHG 2 L LGS
SWMl&EaLUULLE. QFWMeNsWITeT eleTiLLL 5560 QSTLTHS L6y
T(H&HET  QUTISEEH O, Weaflgsefley  CBHTemUW 2 (HeUMHEGLID
SeTenlnenll @b Hletoremiuily @b BEG. @hs SO UL WS
GLHMSSH6M GG o flw QMMM 6oL STLOSH M.
Quiflweurgsermer Leteord @bHS SO LUILLET) LWeTURSSLILIL LT, (S
Frflwmer wemmuiley Qg mEIMLB euH vem6v.

&5HLILE

1905-1921 24,6007 () 85615 & &) 607 LUl 6L SMTFEGHTUHQASHH T TS

SHeoor(hLINg&HELIULL  Wwsev SHLUL WGBS BCG G, @ siCal
GWLHMSSH6T6L QUBLETaN6 LWeTUBGSSILGLWD SO LIL LDIBHSTESLD.
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Resistance), M.tuberculosis LIS FIWIT 6uem& LIH & TEH 2_(Heu TS Wl LI & mev
Flev FLOWILD AR FendF FIflWIMTeOT LILeM6TS ST (PLGWITLOSYIN GUITHR 6T &

Polio

Poliomyelitis (polio) is a highly infectious viral disease that largely affects
children under 5 years of age. The virus is transmitted by person-to-person spread
mainly through the faecal-oral route or, less frequently, by a common vehicle (e.g.
contaminated water or food) and multiplies in the intestine, from where it can invade
the nervous system and cause paralysis.



In 1988, the World Health Assembly adopted a resolution for the worldwide
eradication of polio, marking the launch of the Global Polio Eradication Initiative,
spearheaded by national governments, WHO, Rotary International, the US Centers for
Disease Control and Prevention (CDC), UNICEF, and later joined by the Bill &
Melinda Gates Foundation and Gavi, the Vaccine Alliance. Wild poliovirus cases have
decreased by over 99% since 1988, from an estimated 350 000 cases in more than 125
endemic countries then to 175reported cases in 2019.

Of the 3 strains of wild poliovirus (type 1, type 2 and type 3), wild poliovirus type 2
was eradicated in 1999 and no case of wild poliovirus type 3 has been found since the
last reported case in Nigeria in November 2012. Both strains have officially been
certified as globally eradicated. As at 2020, wild poliovirus type 1 affects two
countries: Pakistan and Afghanistan.

The strategies for polio eradication work when they are fully implemented. This is
clearly demonstrated by India’s success in stopping polio in January 2011, in arguably
the most technically challenging place, and polio-free certification of the entire WHO
Southeast Asia Region in March 2014.

Symptoms

Poliovirus is highly infectious. The incubation period is usually 7-10 days but can range
from 4-35 days. The virus enters the body through the mouth and multiplies in the
intestine. It then invades the nervous system. Up to 90% of those infected experience
no or mild symptoms and the disease usually goes unrecognized. In others, initial
symptoms include fever, fatigue, headache, vomiting, stiffness in the neck, and pain in
the limbs. These symptoms usually last for 2-10 days and most recovery is complete in
almost all cases. However, in the remaining proportion of cases the virus causes
paralysis, usually of the legs, which is most often permanent. Paralysis can occur as
rapidly as within a few hours of infection. Of those paralysed, 5-10% die when their
breathing muscles become immobilized.

The virus is shed by infected people (usually children) through faeces, where it can
spread quickly, especially in areas with poor hygiene and sanitation systems.

Treatment

There is no cure for polio; it can only be prevented by immunization. The polio vaccine,
given multiple times, can protect a child for life. More than 18 million people are able



to walk today who would otherwise have been paralysed, since 1988, when the Global
Polio Eradication Initiative was launched. An estimated 1.5 million childhood deaths
have been prevented through the systematic administration of vitamin A during polio
Immunization activities.

Treatments for polio focus on limiting and alleviating symptoms. Heat and physical
therapy can be used to stimulate the muscles and antispasmodic drugs are used to relax
the effected muscles. This can improve mobility but does not reverse permanent polio
paralysis.

Vaccination is crucial in the fight against polio. Failure to implement strategic
approaches leads to ongoing transmission of the virus. Endemic transmission of wild
poliovirus is continuing to cause cases in border areas of Afghanistan and Pakistan.
Failure to stop polio in these last remaining areas could result in as many as 200 000
new cases every year within 10 years, all over the world. That is why it is critical to
ensure polio is eradicated completely, once and for all.

Mycobacterium tuberculosis

Mycobacterium tuberculosisis a species of pathogenic bacteria in the
family Mycobacteriaceae and the causative agent of tuberculosis. First discovered in
1882 by Robert Koch, M. tuberculosis has an unusual, waxy coating on its cell surface
primarily due to the presence of mycolic acid. This coating makes the cells impervious
to Gram staining, and as a result, M. tuberculosis can appear either Gram-negative or
Gram-positive. Acid-fast stains such as Ziehl-Neelsen, or fluorescent stains such
as auramine are used instead to identify M. tuberculosis with a microscope. The
physiology of M. tuberculosis is highly aerobic and requires high levels of oxygen.
Primarily a pathogen of the mammalian respiratory system, it infects the lungs. The
most frequently used diagnostic methods for tuberculosis are the tuberculin skin
test, acid-fast stain, culture, and polymerase chain reaction

M. tuberculosisis part ofa complexthat has at least 9 members: M.
tuberculosis sensu  stricto, M. africanum, M. canetti, M. bovis, M. caprae, M.
microti, M. pinnipedii, M. mungi, and M. orygis. It requires oxygen to grow, does not
produce spores, and is nonmotile. M. tuberculosis divides every 18-24 hours. This is
extremely slow compared with other bacteria, which tend to have division times
measured in minutes (Escherichia coli can divide roughly every 20 minutes). It is a
small bacillus that can withstand weak disinfectants and can survive in a dry state for
weeks. Its unusual cell wall is rich in lipids such as mycolic acid and is likely
responsible for its resistance to desiccation and is a key virulence factor.
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Pathophysiology

Humans are the only known reservoirs of M. tuberculosis. A misconception is
that M. tuberculosis can be spread by shaking hands, making contact with toilet seats,
sharing food or drink, sharing toothbrushes, or kissing. It can only be spread through air
droplets originating from a person who has the disease either coughing, sneezing,
speaking, or singing.

When in the lungs, M. tuberculosis is phagocytosed by alveolar macrophages,
but they are unable to kill and digest the bacterium. Its cell wall prevents the fusion of
the phagosome with  the lysosome, which contains a host of antibacterial
factors. Specifically, M. tuberculosis blocks the bridging molecule, early endosomal
autoantigen 1 (EEAL); however, this blockade does not prevent fusion of vesicles filled
with nutrients. Consequently, the bacteria multiply unchecked within the macrophage.
The bacteria also carry the UreC gene, which prevents acidification of the
phagosome. In addition, production of the diterpene isotuberculosinol prevents
maturation of the phagosome. The bacteria also evades macrophage-killing by
neutralizing reactive nitrogen intermediates.l®l More recently, it has been shown
that M. tuberculosis secretes and covers itself in 1-tuberculosinyladenosine (1-TbAd),
a special nucleoside that acts as an antacid, allowing it to neutralize pH and induce
swelling in lysosomes. It was also recently demonstrated that in M.
tuberculosis infections, PPM1A levels were upregulated, and this in turn would impact
the normal apoptotic response of macrophages to clear pathogens, as PPM1A is
involved in the intrinsic and extrinsic apoptotic pathways. Hence, when PPM1A levels
were increased, the expression of it would inhibit the two apoptotic pathways. With
kinome analysis, the JNK/AP-1 signalling pathway was found to be a downstream
effector that PPM1A has a part to play in, and the apoptotic pathway in macrophages
are controlled in this manner.1? As a result of having apoptosis being suppressed, it
provides M. tuberculosis with a safe replicative niche, and so the bacteria is able to
maintain a latent state for a prolonged period of time.

Vaccination

The BCG vaccine (bacille Calmette-Guerin), which was derived from M.
bovis, has had limited success in preventing tuberculosis. This vaccine is used in
countries that are notorious for having cases of M. tuberculosis, therefore it is not a
recommended vaccine in the United States due to the low risk of infection. To receive
this vaccine, the individual is required to go through a consultation process with an
expert in M. tb and is only given to those who meet the specific criteria.
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