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•	 Years from now, history teachers will have to explain how a guy in China, eating bat soup, led to a toilet paper shortage in 
America (during Covid-19 pandemic in 2020). 

•	 The Survival of the human species is not a preordained evolutionary program.	 —Laurie Garrett (The Coming Plague)

Infectious diseases comprise a leading cause of morbidity 
and mortality of the human diseases (Fig. 1.1.1a). Most of 
these infectious diseases can be easily diagnosed, treated 
and prevented. Lack of effective control measures may lead   
to outbreaks. New diseases and etiologic agents continue to 
appear.
Let’s make a beginning of this critical area of medical science.

What is the domain of medical microbiology?
A.1	 Numerous branches of microbiology (mikros: small; bios: life) 

exist as soil microbiology, agriculture microbiology, industrial 
microbiology, dairy microbiology, space microbiology and 
others. Medical Microbiology concerns with medical aspects 
in the field of microbiology. It deals with microbes that cause 
human infection, their pathogenicity, diagnosis, treatment and 
prevention.

What benefits does the study of medical microbiology provide?
A.2	 It helps in:
	 (i)	 Studying the role of microbes in human health (it is estimated that the human body has about 1014 cells, of which 

90% are microbes and only 10% are of human origin).
	 (ii)	 Making earlier and specific diagnosis, thereby initiating earlier treatment.
	 (iii)	 Sensitive and specific tests help to clearly delineate these diseases from some non-infectious diseases, which they 

may resemble and require different management.
	 (iv)	 Perform antimicrobial susceptibility tests, which help in deciding the dose and type of the antimicrobial drug to 

be administered.
	 (v)	 Helping in initiating control measures to prevent further spread of the infection and preventing outbreaks.
	 (vi)	 Useful in making vaccines and in initiating other preventive strategies (as currently Covid-19 vaccines).
	 (vii)	 More diseases may be found to have an infectious aetiology, as currently some viruses are implicated in some 

psychiatric disorders and Chlamydia trachomatis has been implicated in coronary artery disease and stroke.

What was the concept in medical microbiology till the eighteenth century that prevented the development 
of this discipline, as it is practised today?
A.3	 The theory of spontaneous generation prevalent in that period, hampered development in microbiology. According 

to this theory, microorganisms could arise from non-living substance (as it had vital characters) by spontaneous 
generation although the larger organisms could not. As long as this thought prevailed the need to study the epidemiology, 
pathogenesis, treatment and control of diseases could not arise.

Fig. 1.1.1(a): Disability-adjusted life years (DALYs) lost 
by overall cause in developing countries (World Bank)
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A theory was proposed in the eighteenth century, which laid the foundation for the development of 
microbiology; as known today. Describe briefly.
A.4	 (a)	 The proposal of germ theory of disease was critical in laying the foundation of microbiology. According to this 

theory, microbes arose only from their like and not ‘de novo’. These microbes could invade others organisms and 
cause disease.

		  The germ theory though in the current time appears simple, but it took about two hundred years of experimental 
work of several scientists to root out the deeply entrenched concept in many biologists that non-living organic 
matter had a vital force that could yield microbes ‘de novo’. The scientists with this thought demonstrated that 
boiled extracts of meat or hay would turn turbid after some time, due to growth of microbes in the solution.

Describe the early events in the development of microbiology.
A.4	 (b)	 Work by Italian biologist, Francesco Redi in late 17th century (1668), Italian anatomist; Lazzaro Spallanzani in 

18th century (1776) and Louis Pasteur in nineteenth century (1861) led the theory of spontaneous generation to 
rest. F. Redi proved that maggots from eggs laid by flies arose only on pieces of meat, that had not been protected 
by gauge piece. The gauze piece would prevent the flies to come, sit and lay eggs on the meat. L. Spallanzani 
demonstrated that sterile nutrient broth in flask would not yield any microbes, if it had been sealed initially. Louis 
Pasteur’s experiments with famous ‘swan necked’ flask with which he organized a competition in 1859, silenced 
all his critics. The longs curved tubes of the flask prevented the outside microbes to enter the main part of the 
vessel with broth, though the contents of vessel remained in contact with the outside air. The early events are 
depicted in Table 1.1.1.

Table 1.1.1: Early events in development of medical microbiology

Date/period Event and its significance

1361–1380 •	 First use of quarantine to control the spread of epidemic plague (bubonic)

1590 •	 Zacharias Janssen, a Dutch spectacle maker, invented the first compound microscope

1660 •	 Robert Hooke, an English scientist, explored various living and non-living matter with a compound microscope (that used reflected light)

1676
[1623–1723]

•	 Antony van Leeuwenhoek, a Dutch cloth merchant, devised simple microscope to observe microbes including protozoa. He came from a 
family of businessmen. He received no formal education and the only language known to him was Dutch. With his open mind and curiosity, he 
discovered bacteria, free-living parasites, sperm cells, blood cells and many more living organisms.

1838 •	 A French physician, Philippe Ricord, inoculated 2,500 human subjects to demonstrate that syphilis and gonorrhoea were two different diseases

1839 •	 Theodor Schwann, a German zoologist and Matthias Schleiden, a botanist, formalized the theory of all living organisms being composed of 
cells

1847–1850 •	 Ignaz Semmelweis, a Hungarian physician, proposed the theory of childbed fever to be a contagious once and transmitted to women by their 
obstetricians during childbirth

1853–1854 •	 A London physician, John Snow, demonstrates the spread of human cholera in the city through a water supply contaminated with human 
sewage (few at that time believed his theory of water transmission)

1857 •	 Louis Pasteur, a French microbiologist, demonstrated that fermentation is due to microbes, originated a process to control it and coined the 
term ‘pasteurization’ for it

1858 •	 A German pathologist, Rudolf Virchow, introduced the concept of all living cells originating from the pre-existing cells

1876 •	 Robert Koch, a German bacteriologist, identified Bacillus anthracis as a causative agent of Anthrax

1879 •	 Hansen discovered Mycobacterium leprae to be a causative agent of leprosy

1880 •	 Ogston discovered Staphyloccous aureus

1880 •	 Neisser disovered Neisseria gonorrhoeae to be a cause of gonorrhoea
•	 Laveran and Ross identified malarial life cycle in red blood cells of infected man

1882 •	 Robert Koch identified/discovered M. tuberculosis to be the cause of tuberculosis

1883 •	 Robert Koch discovers V. cholerae to be cause of cholera

1884 •	 Loeffler discovered diphtheria bacillus
•	 Robert Koch outlined his postulates
•	 Hans Christian Gram devised the gram stain (the most frequently used stain in bacteriology)

Contd.
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1885 •	 Nicolaier discovered tetanus bacillus
•	 Bumm isolated N. gonorrhoeae by culturing it

1886 •	 Theodore Escherich discovers E. coli 
•	 Frankel discovers pneumoocci

1887 •	 Julius Petri, a German bacteriologist, invented culture dish (petri dish, used world over for cultivating and isolating microbes). Was one of 
Koch’s former assistants.

•	 Weichselbaum discovers meningococci
•	 Bruce discovers brucella (Brucella melitensis), as a causative agent of brucellosis in cattle.

1892 •	 Welch-Nuttall discovered Clostridium welchii.

1894 •	 Pfeiffer identifies Haemophilus influenzae (Pfeiffer bacillus, mistaken to be cause of the influenza pandemic/epidemic in nineteenth century)
•	 Yersin and Kitasato discovered plague bacillus

1896 •	 Shiga discovered shigella bacillus

1897 •	 van Ermengem discovered Clostridium botulinum, which causes botulism

1898 •	 Shiga discovered Shigella dysentriae as cause of dysentery

1905 •	 Schaudinn and Hoffman identified Treponema pallidum, as causative agent of syphilis

Describe the contributions of Louis Pasteur and discuss their significance.
A.5	 ●	 Showed that fermentation of various organic fluids is always associated with microbes

	● Different types of fermentation are associated with different microbes (boost to wine 
industry)

	● Discovered fermentation and found that selective/specific yeast made good wine. But 
other microbes could produce acids and other products, which could alter the taste of 
good wine for worse

	● Disproved spontaneous generation theory – Devised narrow, ‘swan-necked’ flasks
	● Proposed germ theory of disease – all forms of life arise from their like and not ‘de 

novo’. Showed that diseases could arise, when microbes interacted with tissue.
	● Introduced techniques of sterilization as:

	¶ 	Flaming
	¶ Pasteurization (regulated heating technique): Recommended heating wine at 96°C for half an hour to kill 

undesired organisms, later technique modified for other fluids; as milk etc. The process, however, doesn’t the 
quality of the product.

	¶ Hot air oven
	¶ Autoclave

	● Studied Pebrine (silkworm disease): While studying silkworms identified three different microbes, which caused 
unique diseases, this was a boost to the silk industry.

	● Suggested that etiological agent of rabies was ultramicroscopic in form.
	● Coined this term ‘Vaccine’ (from ‘vacca’-cow). Developed several vaccines (live attenuated), namely:

	¶ Chicken cholera∆. Attenuated by ageing and repeated subculture.
	¶ Anthrax – Attenuated B. anthracis (1881) by incubating at higher temperature (42-43°C). Success of anthrax 

vaccine was demonstrated in public experiment on a farm in France (Pouilly-le Fort) in 1881, in which 
vaccinated animals, when challenged with virulent anthrax culture survived the challenge. Whereas the 
unvaccinated animals challenged with the virulent anthrax microbes, succumbed to the infection.

	¶ Rabies (1888) – Attenuated strain was obtained by serial intracerebral passage in rabbits and then drying 
pieces of spinal cord of such rabbits. Interestingly the vaccine was first tried on a 9-year-old Joseph Meister 
(after testing in animals), who was severely bitten by a rabid dog and was doomed to die. Luckily the boy 
survived, grew and became the caretaker of the famous Pasteur Institute. He was later killed by the German 
forces during World War II for refusing to give the keys of the Pasteur Institute.

	¶ Pasteur institute was built by him with money from various sources.

∆  ‘Chicken Cholera’ – is a disease of chicken, which resembles human cholera.∆

Contd.

Fig. 1.1.1(b): Louis Pasteur
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	 A unique structure present in the IS is that near their ends, they often have promoters, that are pointing outward, this 
structure has the property of activating expression of adjacent genes.

	 Transposon: Figure 1.5.4(a,b). It is a structure in which two ISs (left and right) flank a chromosomal DNA (which can 
be an antibiotic resistance gene) and the whole unit moves as a unit from one place to another.

	 Integron: These are IS or transposons that have a big cluster of genes that move as a single unit. The uniqueness of the 
transposons is the ability to move from one site in the chromosome to another, from chromosome to plasmid and vice 
versa and within the different sites of the plasmid and phages. The mobility of the transposons between different cells 
increases tremendously, when it get associated with plasmids and especially viruses. Such movement can even occur 
across different species of prokaryotes and eukaryotes, although transposition is rare and detected with difficulty in 
eukaryotes.

Describe plasmids (in general).
A.7	 (a)	 PLASMIDS: (see clinical problem two in Drug resistance, Pg 790, Section 17)
		  Are extrachromosomal circular, double stranded DNA molecules, consisting of about 103 to 105 kb and encoding 

not less than 50 genes (Fig. 1.5.4(c)).

40 Textbook of Microbiology

 Integron: These are IS or transposons that have a big cluster of genes that move as a single unit. The uniqueness of the 
transposons is the ability to move from one site in the chromosome to another, from chromosome to plasmid and vice 
versa and within the different sites of the plasmid and phages. The mobility of the transposons between different cells 
increases tremendously, when it get associated with plasmids and especially viruses. Such movement can even occur 
across different species of prokaryotes and eukaryotes, although transposition is rare and detected with difficulty in 
eukaryotes. 

Describe plasmids (in general).
A.7 (a) PLASMIDS: (see clinical problem two in Drug resistance, Pg 615, Section 17) 
  Are extrachromosomal circular, double stranded DNA molecules, consisting of about 103 to 105 kb and encoding 

not less than 50 genes (Fig. 1.5.4(c)). 

    

  They can but do not replicate independently of the bacterial chromosome, as have genes for self replication (Fig. 
1.5.4(d). They aren’t essential to the survival of the organism, but can have function, that can aid the survival 
of the organism. Sometimes the plasmids can integrate with the host chromosomes, then they are termed as 
episomes. They are present in both gram positive and gram negative bacteria. An organism carrying plasmid may 
lose them naturally or when exposed to some agents, this process is called curing, e.g., Acridine orange, U. V. 
light. 

  Classification: They can be classified on several parameters:
 1. Molecular basis
  – Small
  – Large
  This can help in molecular typing of organisms
 2. Conjugation basis

– Conjugative plasmids: if can be (transferred from one organism to another). 
– Non conjugative plasmid: Few copies of it (usually 1-2) are present per bacterium. 

 3. Functional basis:
– ‘R’-plasmids: named so as carry drug resistance (R) genes (see A7b, below)
– ‘F’-plasmids: named so, as possess a fertility factor, that mediates conjugation.  (see A7c, below)
– ‘Col’ plasmids carrying colicinogenic (Col) factor that encodes production of colicins, which have 

specific lethal activity for some organisms, e.g., colicins produced by E. coli, pyocyanin produced by 
Pseudomonas aeruginosa and diphthericin by C. diphtheriae. 

– Degradative plasmids: E.g., some enzymes secreted by some pseudomonas strain can clean oil spills. 
 4. Incompatibility basis: To be able to coexist in the same organism, the different plasmids must be compatible. 

		  They can but do not replicate independently of the bacterial chromosome, as have genes for self replication 
(Fig. 1.5.4(d)). They aren’t essential to the survival of the organism, but can have function, that can aid the 
survival   of the organism. Sometimes the plasmids can integrate with the host chromosomes, then they are termed 
episomes. They are present in both gram positive and gram negative bacteria. An organism carrying plasmid may 
lose them naturally or when exposed to some agents, this process is called curing, e.g., Acridine orange, U.V. 
light.

		  Classification: They can be classified on several parameters:
		  1.	 Molecular basis
			   –  Small
			   –  Large
			   This can help in molecular typing of organisms
		  2.	 Conjugation basis
			   –  Conjugative plasmids: It can be transferred from one organism to another.
			   –  Nonconjugative plasmid: A few copies of it (usually 1–2) are present per bacterium.
		  3.	 Functional basis:
			   –  ‘R’-plasmids: Named so as carry drug resistance (R) genes (see A7b, below)
			   –  ‘F’-plasmids: Named so, as possess a fertility factor, that mediates conjugation. (see A7c, below)
			   –  ‘Col’ plasmids carrying colicinogenic (Col) factor that encodes production of colicins, which have 

specific lethal activity for some organisms, e.g., colicins produced by E. coli, pyocyanin produced by 
Pseudomonas aeruginosa and diphthericin by C. diphtheriae.

			   –  Degradative plasmids: E.g., some enzymes secreted by some pseudomonas strain can clean oil spills.
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		  4.	� Incompatibility basis: To be able to coexist in the same organism, the different plasmids must be 
compatible.

	 Role of plasmids:
	 1.	 Mediates drug resistance to many antibiotics
	 2.	 Production of colicin
	 3.	 Synthesis of pili that mediate the colonization (adherence) of bacteria to cell surfaces, e.g., K99 in uropathogenic 

E. coli.
	 4.	 Synthesis of exotoxins encoded by plasmids; as exfoliative toxin of S. aureus, tetanospasmin of Clostridium 

tetani), haemolysin of Clostridium perfringens enterotoxins (LT & ST) of E. coli.
	 5.	 Also mediates resistance of bacteria to heavy metals present in the environment; as silver and mercury, which 

helps in their survival in the toxic environment.
	 6.	 Production of enzyme urease by Helicobacter pylori, which plays part in the pathogenesis of peptic ulcer disease
	 7.	 As vector for gene cloning.
	 Laboratory detection
	 The organisms containing plasmids are cultivated (grown) and a cell extract is prepared. The extract is deproteinized, 

the RNA removed and the DNA is concentrated by ethanol precipitation. Different techniques have to be employed to 
separate the plasmid DNA, from the large amount of bacterial chromosomal DNA. The separation of the two can be 
done on basis of size (DNA fragment are large) and conformation basis (most plasmids exist as supercoiled structure). 
Ethidium bromide caesium chloride density gradient centrifugation is a technique often employed, which is based on the 
latter principle.

Describe ‘R’ plasmids.

A.7	 (b)	 ‘R’ plasmid:
		  Concept: Plasmids which carry drug resistant genes are called ‘R’ plasmids.
		  History: They were discovered, when it was detected that common bacteria in gut acquire drug resistance to 

certain antibiotics. In Japan in 1959, drug resistance transfer between E. coli and Shigella was demonstrated.
		  Spectrum: The resistance has been seen to involve many important antibiotics and have been seen in many 

pathogenic and commensal bacteria.
		  Incidence: The prevalence of this plasmid in bacteria varies, but overall an increase in their prevalence has been 

recently observed.
		  Role and origin: Charles Darwin proposed selection to be play a major role in the survival of an organism. 

According to him, those organisms can survive, which can adapt to a changing environment and those that 
can’t adapt to the changed environment, perish. An organism which has the capability of not succumbing to 
an antibiotic in an environment would have an advantage over those organisms that are susceptible to that 
antibiotic.

		  Organisms preserved have been shown to exhibit resistance to those antibiotics, to which they had never been 
previously exposed, so it was highly unlikely that antibiotic resistance was induced by exposure to those antibiotics. 
However, antibiotics in an environment contribute to selective survival of strains that contain resistance plasmids 
over the strains that don’t have resistance plasmids (to the antibiotics in the environment).

		  Spread and structure of ‘R’ plasmid:
		  The spread of these plasmids to organisms, not having these plasmids is rapid, i.e. large number of strains not 

carrying the plasmid quickly acquire it, from the strain with the plasmid.
		  The transfer occurs readily ‘in vitro’ and ‘in vivo’ in intestine. The transfer of resistance plasmids occurs not only 

within a species but also between closely related genera, for instance ‘R’ plasmid within E. coli easily spreads to 
other members of enterobacteriaceae; as Klebsiella, Salmonella and Shigella.

		  The ‘R’ plasmid consists of two components, namely resistance transfer factors (RTF) and ‘r’ determinants, 
which carry one or more resistance genes to antimicrobials or to toxic metals (mercury etc.). The DNA of the 
RTF resembles to that of the ‘F’ plasmid, which implies that the transfer of the ‘R’ plasmid to another organism 
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occurs by the formation of conjugation tube between the donor and the recipient organism. The ‘r’ determinant 
could be carrying genes to several antimicrobials, hence simultaneous transfer of many antimicrobials can occur  
(Fig. 1.5.5).

		  Classic example of plasmid mediated drug resistance:
		  Chloramphenicol was the drug of choice for S. typhi (enteric fever) for many decades till an outbreak of multidrug 

resistant (due to plasmid). S. typhi started in 1989 and peaked in India in 1992–93. This resulted in the change of 
drug of choice of enteric fever in these areas, from chloramphenicol to ciprofloxacin.

		  How to halt spread of plasmid mediated drug resistance:
		  Essentially antimicrobial stewardship programme
		  1.	 Proper antibiotic policy: Frequent use of inappropriate antimicrobial can result in increased selection of 

resistant strains. Hence, it is vital to identify the antimicrobial by susceptibility testing to which the organism 
is most sensitive, before starting an antimicrobial to treat an illness.

		  2.	 Restricted usage of antibiotics: The transfer of plasmids is rapid in the intestines of patients on antimicrobials 
due to the selection pressure provided by the drug.

		  3.	 Prohibit antibiotics in animal feed, as it has been demonstrated that plasmids can spread from animal to 
human strain.

		  NB: If RTF dissociates from ‘r’ determinants in some organism, then resistance can’t transfer into another organism, although 
the concerned organism remains resistant to antimicrobials in healthy individuals.

Describe conjugation with special reference to ‘F’ plasmid.
A.7	 (c)	 CONJUGATION
		  This process was discovered by Joshua Lederberg in 1946 in E. coli. He found that two selective strains of E. coli, 

which couldn’t synthesize certain (mutually exclusive) substances (i.e., couldn’t be cultivated on a medium that 
lacked those nutrients) were able to grow on a medium, which lacked all these nutrients, after mixing of these two 
strains and inoculated onto deficient medium. It indicated, the exchange of DNA between the two strains, leading 
to complementation of the deficiencies of the two strains.

		  It refers to a process in which close cellular contact between two bacteria (namely a donor and recipient), leads to 
a transfer of a large quantity of DNA from the donor to the recipient bacteria. As the process requires cell to cell 
contact, it is also called mating. The process requires that the donor bacterium (also called male cell) has a plasmid 
which governs this process rather than the bacterial chromosome. The donor (male) cell is able to form sex pili 
which makes contact with the specific receptor sites on the surface of the recipient (female) cell. This adherence 
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  Classic example of plasmid mediated drug resistance:
  Chloramphenicol was the drug of choice for S. Typhi (enteric fever) for many decades till an outbreak of multidrug 

resistant (due to plasmid) S. Typhi started in 1989 and peaked in India in 1992-93. This resulted in the change of 
drug of choice of enteric fever in these areas, from chloramphenicol to ciprofloxacin. 

  How to halt spread of plasmid mediated drug resistance: 
  Essentially antimicrobial stewardship programme
 1. Proper antibiotic policy: Frequent use of inappropriate antimicrobial can result in increased selection 

of resistant strains. Hence, it is vital to identify the antimicrobial by susceptibility testing to which the 
organism is most sensitive, before starting an antimicrobial to treat an illness.

 2. Restricted usage of antibiotics: The transfer of plasmids is rapid in the intestines of patients on antimicrobials 
due to the selection pressure provided by the drug.

 3. Prohibit antibiotics in animal feed, as it has been demonstrated that plasmids can spread from animal to 
human strain. 

  NB: If RTF dissociates from ‘r’ determinants in some organism, then resistance can’t transfer into another  
  organism, although the concerned organism remains resistant to antimicrobials in healthy individuals. 

Describe conjugation with special reference to ‘F’ plasmid.
A.7 (c) CONJUGATION
  This process was discovered by Joshua Lederberg in 1946 in E. coli. He found that two selective strains of E. coli, 

which couldn’t synthesize certain (mutually exclusive) substances (i.e., couldn’t be cultivated on a medium that 
lacked those nutrients) were able to grow on a medium, which lacked all these nutrients, after mixing of these two 
strains and inoculated onto deficient medium. It indicated, the exchange of DNA between the two strains, leading 
to complementation of the deficiencies of the two strains. 

  It refers to a process in which close cellular contact between two bacteria (namely a donor and recipient), leads 
to a transfer of a large quantity of DNA from the donor to the recipient bacteria. As the process requires cell to 
cell contact, it is also called mating. The process requires that the donor bacterium (also called as male cell) has a 
plasmid which governs this process rather than the bacterial chromosome. The donor (male) cell is able to form 
sex pili which makes contact with the specific receptor sites on the surface of the recipient (female) cell. This 
adherence between the two cells is important, as a cytoplasmic bridge formed between the two cells is required for 
the transfer of DNA to be initiated. The DNA transfer is believed to occur through the sex pili, which is a hollow 
tube. 

  *occasionally whole chromosome
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between the two cells is important, as a cytoplasmic bridge formed between the two cells is required for the transfer 
of DNA to be initiated. The DNA transfer is believed to occur through the sex pili, which is a hollow tube.

		  *occasionally whole chromosome

		  The process of transfer of DNA gets initiated, when the enzymes associated with the cytoplasmic (mating) bridge 
get into action. One of the enzymes makes a nick (cut) in one of the strands of plasmed DNA at the point of origin 
of transfer (OriT). This single stranded DNA starts getting passed on (“rolls off”) to the cytoplasm of the recipient 
cell until the entire single stranded copy of the plasmid is in the recipient. As this process is occurring, one strand 
of the plasmid gets duplicated in the donor cell by the DNA polymerase and a copy of the incoming strand in 
the recipient cell gets duplicated by the DNA polymerase of the recipient cell. All these functions are performed 
by a cluster of genes called transfer (tra) genes. The recipient cell, which lacks the fertility plasmid (F-), after 
conjugating with the donor (F+) cell; also becomes F+. The recipient that has become F+ can now conjugate with 
other F- cells and can convert them to F+. The F factor replication is designated as rolling circle mechanism.

		  The F plasmid can integrate into the bacterial chromosome (as a prophage gets integrated) at many possible 
sites. This process isn’t random and specific sites in the chromosome are preferred. Such a strain, where the      
F plasmid is integrated with the bacterial chromosome is called HFr strain, as it can induce highly increased 
number of recombinations, when the F′ plasmid reverts to free state in comparison to the conventional F+ and F′ 
conjugations. When the F’ plasmid reverts to the free state, it may carry with it only a part of the F’ plasmid with 
some* additional chromosomal genes.

		  *In this way an average of ten to twenty percent of the chromosome is transferred, but with this process the entire 
chromosome may be mapped using a number of different HFrs, whose transferred segments overlap.

		  Prime (F′) plasmid: The process of integration of the fertility plasmid with the bacterial chromosome can be 
reversible, i.e., when the F plasmid reverts to the free state, it may again become a ‘F’ plasmid. However, if the 
separation is imprecise and it carries with it some chromosomal genes, then the plasmid is referred to as F′ (F 
prime) plasmid. The cells with fertility factor integrated with host chromosome, can transfer chromosomal DNA 
to recipient cell with high frequency, so also termed as HFr cells.

		  When a cell containing F’ plasmid conjugates with a F- cell, it transfers to the recipient cell, along with the F 
plasmid (some part) part of the chromosomal genes a process referred to as sexduction (Fig. 1.5.6).

		  A comparison of the selected conjugations is depicted in Table 1.5.2.

Table 1.5.2: Outcome in conjugations

Donor Recipient Nucleic acid transferred Outcome

F+ F- F plasmid F+ cell
F′ F– F’ plasmid with part of chromosomal DNA F′ cell (sexduction)

		  NB: Conjugation has also been observed in gram-positive organisms.

		  Mobilizable transmid: It is a plasmid that has the ability to replicate itself, but lacks the genes to create a 
cytoplasmic (mating) bridge for the transfer of the genetic material. Hence it requires the presence of the self- 
transmissible plasmid in the cell which can form the cytoplasmic (mating) bridge between the donor and recipient 
cell, through which it can transfer the plasmid strand.

Describe transduction (phage).
A.8	 TRANSDUCTION:
	 The phenomenon was discovered in Salmonella in 1952 by J. Lederberg and N. Zinder. The term is derived from ‘trans’ 

which means ‘across’ and ‘ductio’ which means ‘to pull’.
	 It is defined as a bacteriophage (virus) mediated transfer of (genetic material) nucleic acid/genes from a donor to a 

recipient bacterial cell.
	 Prophage: The integrated form of the phage DNA is called the prophage.
	 Lysogen: The bacterial cell that harbors a latent prophage (which has the capability of producing phage) is said to be a 

lysogen.
	 Lysogeny: The condition of the bacterium harbouring a prophage is termed lysogeny (details A4, p. 478) Details of 

bacteriophage, see virology p. 477–480
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•	 What’s great about bacteria is you have a surprise every day waiting for you, because they are so fast, they grow overnight.
•	 I think the easiest application to help people understand what quorum sensing is and why it’s important to study is to tell them, that if we could 

make the bacteria either dead or mute, we could create new antibiotics.	 — Bonnie Bassier

French wine makers in the nineteenth century were losing business, as the wine they were producing was acquiring 
a sour flavour and was losing its appeal. So they hired Louis Pasteur to solve this problem.
Louis Pasteur concluded after studies that this was occurring due to fruit juice instead of getting primarily converted 
to ethyl alcohol, was getting converted to acetic acid; which was responsible for the sour flavour. The latter reaction 
occurred because of the contamination of fruit juice with bacteria. This problem was solved by pasteurization or mild 
heating of the fruit juice, which killed the contaminating bacteria. This step was followed by inoculation of the juice 
with the yeast culture. This incident highlights the importance of study of bacterial growth and microbial metabolism. 
Let’s study this aspect in detail.

Describe the process of bacterial division.
A.1	 Most of the bacteria undergo cell division by binary fission (unlike eukaryotes where mitosis/meiosis occurs) and in few 

the cell division occurs by budding (yeasts also undergo cell division by budding). DNA synthesis occurs continuously 
(unlike eukaryotes, which have cell specific periods of DNA synthesis) and the two strands of the circular double 
stranded DNA synthesize new complementary strands. The chromosome remains attached to the cell membrane. The 
dividing cell and the nucleoid appears elongated. A transverse septum grows across the cell membrane and when it is 
complete separates the organisms into two. The nuclear division precedes the cell division. Incomplete separation of the 
organism can produce patterns; as short chain, tetrads, sarcinae (groups of eight) or large clusters (as in staphylococci).

Define generation time and explain its importance.
A.2	 Generation time is defined as the time required for organism to divide into two cells under optimum conditions. The 

bacteria divide by binary fission. It is a remarkable feature in many organisms; as E. coli has a generation time as low as 
20 minutes, when cultivated at 37°C in a rich medium. If the division by geometrical progression occurs in this fashion 
and nutrition is not a limiting factor, a single bacterium can produce 1021 bacteria in 24 hours.

	 One of the implication of this fact is that bacteria with longer generation time have to be incubated longer for isolation. 
For instance; M. tuberculosis which has a generation time of 20 hours has to be incubated for weeks to produce colonies 
in contrast to E. coli, which can produce visible colonies on solid media in 18–24 hours. One of the bacteria with the 
longest generation time is M. leprae, for which this time is 20 days.

What are the two major components of cellular metabolism?
A.3	 Anabolic and catabolic reaction of the cell. Catabolism refers to the degradation processes of the food, which result in 

generation of energy, which can be used for various processes; as organism motility. Anabolism refers to the biosynthetic 
processes, which results in synthesis of molecules; as proteins, DNA and RNA.

Do such bacteria exist in nature that are dependent on their survival on killing of other bacteria?
A.4	 Yes, bacterial predators; as bdellovibrios exist.
Classify bacteria on the mode of acquisition of nutrition.
A.5	 Basically there are two groups

	● Autotrophs (use inorganic forms based on the preferred source of carbon and energy; as CO2 for carbon source)
	– Photoautotrophs – If can synthesize their own food from inorganic substances; utilizing light as a source of 

energy, e.g., cyanobacteria
	– Chemoautotrophs– cannot use light as source of energy but oxidize inorganic compounds for energy 

production. So use energy by former mechanism and carbon dioxide to synthesize substances; as nitrate, 
nitrite and sulphate. 

	 e.g., some Archaebacteria, nitrifying bacteria

6
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What do you understand by facultative anaerobic metabolism? Give example.
A.9	 It means the organism can live both aerobically and anaerobically, i.e., the organism has the capability of switching 

metabolism to fermentative metabolism in the absence of oxygen in the environment. e.g., E. coli.
What are the implications of an organism having facultative anaerobic organism?
A.10	 It implies that the organisms can survive diverse environmental conditions and can infect numerous parts of the human 

body.
Which metabolism would the facultative anaerobic organism prefer—aerobic or anaerobic?
A.11	(a)	 The organism would prefer to live with aerobic metabolism, as it is more energy efficient. Aerobic metabolism of 

one glucose molecule by aerobic metabolism yields 38 ATP molecules, whereas by anaerobic metabolism only 
2 net ATP molecules are generated.

		  Fermentation extracts only meagre amount of energy from glucose and other carbohydrates. Despite this relative 
inefficiency, microbes that rely on fermentative metabolism gain sufficient energy to survive.

What are aerotolerant anaerobes?
A.11	 (b)	 Aerotolerant anaerobes are organisms that are not affected by presence or absence of oxygen in the environment, 

e.g., lactic acid bacteria (e.g., S. mutans) found in mouth.
		  They produce significant amount of lactic acid that inhibits the growth of other bacteria. They grow as biofilms 

on surface of tooth resulting in plaque formation. A high sugar diet (not otherwise) induces rapid growth of these 
bacteria and the significant lactic acid production that can result in tooth cavities.

		  NB: Difference from facultative anaerobes is in the sense that no switching of metabolism occurs, depending if environment 
has oxygen or not.

What is the key (common) molecule, which results during the metabolism of nutrients? Mention about the 
possible metabolic pathways that can result from it.
A.12	 Pyruvic acid is the key molecule. From it three pathways can arise, namely

	● Aerobic respiration – (acetyl CoA – Krebs’ cycle) – respiratory chain is characteristic of many bacteria, fungi, 
protozoa and animals

	● Anaerobic respiration/fermentation (without acetyl CoA and citric acid cycle)
	– Acids, e.g., lactic acid	 –	 Alcohol (e.g., ethyl)
	– Acetone	 –	 2, 3 butanediol
	– Gas

	● Conversions to sugar, fat metabolites and amino acids
What are the contexts in which the term ‘fermentation’ gets used?
A.13	 Originally the term ‘fermentation’ was used by Louis Pasteur to refer to the microbial activity of yeast on the glucose 

(and other carbohydrates) solution, which led to the production of ethyl alcohol (wine).
	 This term is also used in the industrial processes; where by the activity of microbes, massive scale production of various 

chemicals occurs. The home-maker uses this technology in the production of household food items; as curd, dosa, idly 
and butter.

	 It may be defined as an oxidation reduction metabolic process that takes place in an anaerobic environment with an 
organic substrate serving as the final hydrogen (electron) acceptor instead of oxygen. Microbiologists use this term to 
indicate the production of (significant amounts) acids, gas and other product by the activity of microbes on pyruvic acid. 
Often detected by visually observing color changes due to fall in pH, as a result of significant amount acid production.

	 Acidification of test medium may occur however through degradation of carbohydrate by pathways other than 
fermentation or ingredient other than carbohydrate that result in acid production.

What are the various (significant) end products of conversion of pyruric acid during fermentation by 
different bacteria?
A.14	 These products are of not much use to the microbes manufacturing them, but are of use in industries.
		  Saccharomyces

	● 	 (Alcoholic fermentation) ethyl alcohol + CO2 ...... Wine Industry
		  Streptococcus lactis

	● 	 Lactic acid ..... Dairy products (Acid produced converts milk to produce buttermilk 
or yogurt)
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		  Lactobacillus
	● 	 homolactic fermentation

		  Clostridium
		  	 butyric acid, Butyl alcohol acetone, isopropyl alcohol CO2, H2 ........Industrial solvent

	● Propionibacterium
		  	 Propionic acid, acetic acid, CO2 .........In cheese industry

	● E. coli
		  	 mixed acid fermentation, acetic acid, lactic acid, succinic acids, ethyl alcohol, CO2, H2

	● Enterobacter
		  	2, 3 butanediol (helps in differentiating Enterobacter from E. coli). Formic acid, ethyl alcohol
	 NB:	 ●	 Klebsiella produces significant amount of acetyl methyl carbinol (basis for VP test) in contrast with E. coli which 

produces significant acetic and lactic acid.

	● E. coli, ferments glucose and produces acid and gas in comparison to Shigella, which ferments glucose to produce acid 
but not gas

		  In Durham’s tube, gas is mainly CO2 and H2.
Enumerate the products of home and industrial importance that result due to pyruvic acid fermentation.
A.15	 1.	 Dairy products as curd, ‘lassi’, yogurt (process involves production of lactic acid), cheeseʘ.
	 2.	 Alcoholic products; as wine (red, white), Feni, Beer, vodka, whisky
	 3.	 Industrial solvents – acetone, butanol
	 4.	 Organic acids – lactic acid∆, acetic and
	 5.	 Miscellaneous items that result because of fermentation of derivatives of proteins, nucleic acids and other items 

include vitamins, antibiotics

ʘ	 Holes in cheese are produced by CO2, produced from lactic acid by Propionobacterium spp.
∆	 Lactic acid production also responsible for spoilage of food; as is souring of milk but its production is desirable in yogurt production.
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“Our food should be our medicine and our medicine should be our food (man to provide food in the lab for microbes with 
the same spirit).”	 — Hippocrates

Man must be able to study the role of microbes in disease and other conditions. To achieve this goal, three things 
must be achieved namely,
I-cultivation (growth) of the organisms, for it media required (Chapter 7) II-isolation (culture) of the organisms (chapter 
8) and finally
III-identification of the organisms (chapter 9).

What is one attempting to do, while cultivating bacteria?
A.1	 Basically, one is attempting to simulate the ‘in vivo’ conditions of the organism in the laboratory, so that the organism 

can easily be cultivated. This actually does not really occur totally in the laboratory but one attempts to approximate the 
‘in vivo’ conditions of the organism. Since the exact simulation may not many times be possible, so many organisms 
never get cultivated.

Can the metabolism of an organism be a limit on its cultivation and isolation in the laboratory? Provide 
a landmark example.
A.2	 Yes. Initially it was concluded that E. coli was the predominant species of colon, as the cultures were incubated only 

aerobically. Later it was realized that the colon environment would be anoxic and would have anaerobes. This happened 
to be true, when the colonic contents were incubated on media, which was heated to expel oxygen and incubated 
anaerobically. This led to the discovery of Bacteriodes and Peptostreptococci. Bacteriodes spp. happens to be the most 
predominant organism in the colon,

Are most microorganisms cultivable?
A.3	 Surprising it may appear, but most organisms are not cultivable in the laboratory. These are designated as viable but 

noncultured (VBNC) organisms. This fact emphasizes the need of providing appropriate media and environmental 
conditions in an attempt to cultivate the organisms.

What do you understand by medium (plural-media)?
A.4	 They are specific nutrients (liquid or solid form) that can support growth of a group or a subgroup of microorganisms; 

as bacteria (or fungi)
Broadly what are the physical categories into which the media can be categorized?
A.5	 ●	 Liquid media	 ●	 Solid media	 ●	 Semisolid
What do you understand by ‘culture methods or techniques’?
A.6	 These are methods used for growing (cultivating) microbes and/or isolating them.
What is the key ingredient added to liquid medium to make it solid? How does 
solid media helps to obtain pure cultures?
A.7	 Agar is added to the liquid medium to make it solid. It is synthesized from agar shreds 

(Fig. 1.7.1). This agent was suggested to Robert Koch by Angelina Hesse, wife of one of Koch’s associates. She used it 
to harden jelly, while making various recipes in her kitchen.

	 The inocula (sample) is diluted on the surface of solid media by spreading and thus getting diluted to eventually result 
in isolated colonies on the surface of solid medium. Previous to agar, gelatin was used to solidify media but it had the 
disadvantage of liquefying around room temperature.

What are the properties of agar that resulted in it being universally accepted as an ingredient for solid 
media?

Fig. 1.7.1: Agar shreds

7
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A.8	 ●	 It can be sterilized easily by heating and does not get denatured
	● It remains stable at high temperature (unlike gelatin, which melts at around room temperature).
	● Once melted, it remains liquid until cooled to about 40°C. At a temperature of about 45°C, heat sensitive nutrients 

and living organisms can be added to the medium without fear of the medium getting solidified (it does not melt 
below 95°C) but once melted it solidifies around 40°C.

	● Very few bacteria can degrade it.

Why does one need to study the nutritional factors that can affect the growth of microorganisms?
A.9	 Different organisms have varying nutritional requirements and one needs to cultivate the various microbes in the lab. 

Broadly the number of nutrient requirement of an organism is determined by the type and number of enzymes it has. 
Basically, the organisms with many enzymes have simpler nutritional requirements, as they can synthesize most of the 
substances they require. The organisms with fewer enzymes have complex nutritional requirements, as they are unable 
to synthesize many substances e.g., lactic acid synthesizing bacteria.

What are the nutritional factors that need to be provided for growth of microorganisms?
A.10	 Water is the most essential requirement, as it is a primary constituent of the organism accounting for about 80% of its 

total weight. It is a source of hydrogen and oxygen.
	 Next in importance is a substance acting; as a carbon source. This is used as a source of energy and as carbon containing 

building block for synthesis of cell components. The source of it varies; depending on whether the bacteria is a autotroph 
(Lithotroph), which uses inorganic chemicals; as CO2 or a heterotroph (organotroph), if it uses organic carbon sources. 
Substances acting as nitrogen source are also important, as these are required in the synthesis of enzymes, proteins and 
nucleic acid. Sulfur requirement in the organism is obtained from inorganic sulphate salts and sulfur containing amino 
acids. Phosphorus requirement of the organism is obtained from inorganic phosphate ions (PO4

3–). Phosphorus is used 
in the synthesis of ATP, phospholipids and nucleic acids. The above nutrients are categorized as macronutrients, as they 
are required in relatively large amounts and play a key role in cell structure and metabolism.

	 The nutrients that are required in minute quantities but essential for the functioning of organism; often as part of key 
enzymes are called micronutrients. All organisms require some sodium and chloride. The variety of trace elements  that 
are often required include iron, zinc, copper and cobalt. Certain organism require some  other  organic factor; as  X and 
V factors required by H. influenzae.

What are the key components of culture media?
A.11	 ●	 Water

	● Electrolytes (often NaCl etc.)
	● Peptone—it is a complex mixture of partially digested proteins. They can be of animal or plant (vegetable) source, 

obtained by enzyme digestion. The latter are preferred by some groups, as there is no fear of infectious agents 
such as those, which cause Bovine spongiform encephalopathy.

	 The preparation contains proteoses, polypeptides, amino acids, inorganic salts (as phosphates), minerals (as K, 
Mg) and accessory growth factor (as riboflavin).

	● Meat extract—it is commercially available as ‘Lab lemco’
	● Agar (if medium has to be solid or semisolid)
	● Other factors (as blood, yeast extract, etc. depending on type of medium).

What are the ways in which media can be classified? Explain how do these classifications help the 
microbiologist and clinician in achieving their mandate.
A.12	 I.	 On the basis of physical state of the medium. It is categorized as
		  ●	 Liquid	 ●	 Semisolid (floppy)	 and	 ●	 Solid
	 II.	 On the presence/absence of molecular oxygen and reducing substances in the media
		  (i)  Aerobic media		  (ii)  Anaerobic media
		  If from the clinical sample, anaerobic bacteria are expected, then anaerobic media must be inoculated for 

successful isolation of anaerobes. One has to be very careful in this regard, as even common medium; as blood 
agar plate, if it not stored in reducing environment, may not support anaerobes. Prolonged exposure of the medium 
to environmental oxygen may make such medium ineffective for anaerobic work. Ideally PRAS.
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	 III.	 Bacterial/fungal: If the clinical picture suggests a fungal lesion; as dermatophytes or dimorphic fungi, dermatophyte 
media/Sabourauds dextrose agar should be used additionally to routine media for fungal isolation.

	 IV.	 Synthetic (defined)/complex/undefined
		  Most of the media in usage are in the complex category. This is because often what is present as a component in 

an accurately weighed ground meat, milk or plants is not exactly known. The composition of the medium also 
varies with the digestion protocol followed, while preparing it with the various enzymes, e.g., nutrient broth, beef 
extract. It is difficult to know the exact nutrient requirements of a suspected pathogen in a clinical sample and 
create such an medium. For this reason, clinical microbiology labs often use this complex medium in the primary 
isolation of an organism.

		  In the synthetic media (defined), as the name indicates, the composition of the medium is accurately known as 
only defined and weighed components are added to the medium, e.g., Dubo’s medium with Tween 80.

	 V.	 Transport media/plating media: Transport media are those, which are used by the clinician or the patient to 
transport the specimen to the microbiology laboratory, where the sample processing is to be performed. The 
composition of these media is to be such that the pathogens present in the sample do not proliferate but remain 
viable till they reach the laboratory. They usually contain buffers and salts and lack carbon and nitrogen source.

		  Plating media are those media in which the clinical sample is inoculated in the laboratory. Rarely this medium can 
also be used to inoculate CSF samples at the bedside and transport to the laboratory.

	 VI.	 Enrichment media/selective media: 
		  Enrichment media; as the name indicates, enrich the desired organisms, from a mixture or organisms present in 

the specimen, e.g., tetrathionate broth and selenite broth used in allowing preferential growth of typhoid bacilli. 
These are liquid media, which allow small number of pathogens to outgrow inhibited (commensal) organisms, 
before subculture on to culture plates. So the indication of using them, is when you want to select out few 
pathogenic bacterial present in a mixture of unwanted organisms. This medium should not be confused with 
the enriched media, which is a similar sounding term. Enrichment media are always liquid media and enhance 
the isolation of desired organism by apparently shortening the lag phase of the desired organisms. This makes 
these organisms reach earlier the log phase, thus they become relatively predominant in comparison to other 
commensal bacteria in the earlier period of the growth curve. So to take advantage of this dynamics, sample 
after 6–8 hours of inoculation into an enrichment medium, must be subcultured onto a selective medium, or the 
commensal bacteria would also enter log phase, making lose the advantage that may have occurred.

		  Selective media, as the name indicates, select out the desired organisms from a mixture of organisms. It is a 
medium with ingredients to inhibit the growth of certain microbes from a mixture of organisms, while permitting 
(selecting) the growth of certain others. These media are always solid. In deoxycholate citrate agar (DCA), sodium 
deoxycholate inhibits the growth of gram positive cocci and makes the medium selective for gram negative 
bacilli. In MacConkey agar, sodium taurocholate inhibits the gram positive cocci making the medium selective 
for gram negative bacilli. More examples see Table 1.7.1.

	 VII.	 Simple (basal)/Enriched media: The simple basal media, are as the name indicates, are the simple and routinely 
employed diagnostic media. It can be both in liquid or solid forms, e.g., nutrient broth, which contains peptone, 
meat extract (1%), sodium chloride and water. Addition of 2% agar to nutrient broth makes it nutrient agar. 
Sugar media often used in fermentation tests also belong to this category. It contains 1% sugar (glucose/lactose/ 
sucrose/mannitol) in peptone water along with indicator (often, andrades) and sometimes an inverted tube called 
Durham’s tube (to see gas production).

		  Enriched media, as the name indicates, are enriched with blood, serum, ascitic fluid or egg. These are obviously 
expensive than simple media and are used; if fastidious organisms are expected in a clinical sample or fastidious 
organisms are to be cultivated.

		  NB: Many media can also be of multiple types, e.g. differential and indicator, e.g., blood agar, is both an enriched 
and indicator medium, L.J. medium is both an enriched and selective medium.

	 VIII.	 Other categories: Indicator media (differential), as the name indicates, provide an indication to the type of growth 
on the medium, e.g., MacConkey’s medium can differentiate between lactose fermenters, and non-fermenters. 
However, it is also a selective medium, as the sodium taurocholate in it inhibits gram positive cocci. Another 
example of this would be blood agar, where for instance, small pinpoint β haemolytic colonies would indicate the 
organism to be β haemolytic Streptococci. However, this plate is also an enriched medium. So this classification 
for media is not absolute and some media can be categorized into numerous categories.
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	 The commonly used media are categorized in Table 1.7.1.

Table 1.7.1: Common media and their characteristics

Media for 
Transporting 
Samples

Type Name and Essentials 
Components

Role of the Components Functions of Media

Pike’ s medium •	 Blood agar
•	 Crystal violet 

(1 in 1,000,000)
•	 Sodium azide

•	 Enriched base
•	 S. pyogenes, resistant to it
	
•	 Preservative

Transport of specimen likely 
to contain S. pyogenes, H. 
influenzae, or Pneumococci

Buffered glycerol 
saline

•	 Glycerol
•	 Saline
•	 Phenol red

•	 Prevents dessication
•	 Preserves structures
•	 Indicator (if medium turns 

yellow, it indicates growth of 
contaminants)

Transport of stool specimens 
likely to contain organisms, as 
Shigella

Stuart’s transport 
medium

•	 Soft agar (non-nutrient)
•	 Charcoal
•	 Sodium thioglycollate
•	 Sodium glycerophosphate
•	 Calcium chloride
•	 Methylene blue

•	 To provide solidity
•	 Neutralize bacterial inhibitors
•	 Reducing agent
•	 Buffer
•	 Buffer
•	 Indicator

Transport of fastidious organisms 
including anaerobes (ensures 
survival but not proliferation of 
organisms)

Cary-Blair 
medium

•	 Sodium thioglycollate (pH 8.4)

•	 Disodium phosphate
•	 NaCl

•	 Alkaline pH

•	 Provides low oxidation- 
reduction potential

•	 Buffers medium
•	 Osmotic equilibrium [non- 

nutritive]
•	 Minimizes bacterial  

destruction due to acid 
production

Transport medium for Shigella, 
Salmonella and Vibrio

Amies medium •	 Mineral solution - sodium 
chloride, potassium chloride, 
MgCl2, disodium phosphate 
etc.

•	 Sodium thioglycolate
•	 Charcoal
•	 Agar (semi-solid media)

•	 Provides low oxidation-
reduction potential

•	 Charcoal neutralizes toxic 
materials

•	 Minerals help survival of 
organisms

Transport medium by Neisseria 
gonorrhoeae-throat, vaginal 
samples
Can also be used for 
Campylobacter

Venkatraman 
Ramakrishnan 
(V-R) medium

•	 Crude sea salt
•	 Peptone
•	 Water

•	 High salt increases survival 
of vibrios

Transport faeces from suspected 
cholera infection

For Viruses Viral transport
Medium (VTM)

•	 Hanks balanced Salt solution 
with Ca and Mg ions

•	 fetal bovine serum
•	 Gentamicin, Amphotericin B 

(May be available as different 
formulations according to the 
manufactures)

•	 Enhances viral survival and 
inhibits bacteria and fungi

Transport various swabs for viral 
detection

For Fungi Solid Sabouraud 
dextrose agar; 
SDA (Fig. 1.7.2)

•	 Lower pH favours growth of 
fungi over bacteria

•	 High sugar concentration also 
favours growth of fungi

Isolation of fungi

Sabouraud 
dextrose agar 
with antibiotics

•	 Cycloheximide inhibits molds 
and yeasts

•	 Chloramphenicol inhibits 
bacterial gowth

Isolation of fungi from 
contaminated samples

Dermatophyte
test medium agar

•	 Nutrient base with glucose
•	 Phenol red
•	 Tetracycline, Gentamicin
•	 Cycloheximide

•	 Indicator
•	 Inhibits contaminants

Isolation of dermatophytes

Brain heart 
infusion agar 
(BHIA)

•	 Calf brain infusion
•	 Beef heart infusion
•	 Salts and buffers

Growth of dimorphic fungi

Contd.



62 	 Essentials of Microbiology

Cornmeal agar •	 Corn meal infusion
•	 Agar

•	 Stimulate chlamydospore 
formation

To identify C. albicans (formation 
of chlamydospore, blastoconidia 
& pseudohyphae, occur in 48 hrs)

Aerobic Bacteria

Semi-solid Cragie’s tube •	 Have 0. 2–0.5% agar Motility studies

Oxidation_Fer 
mentation (OF) 
medium

•	 Casein enzymic hydrolysate
•	 Carbohydrate
•	 Dipotassium phophate
•	 Bromothymol blue
•	 Agar (low concentration)

•	 Nutrition.
•	 One to be tested
•	 Buffer
•	 Indicator
•	 Permits motility and diffusion 

of acidity

Determine oxidative or 
fermentative metabolism of 
carbohydrates by GNB

Fletcher’s agar •	 Peptone
•	 Beef extract
•	 NaCl
•	 Agar
•	 D.W.

•	 Leptospires multiply the upper 
zones of the tubes forming 
turbidity

Suitable for isolating for lepto-
spires and maintaining them for 
months

LIQUID

Basal Peptone water
pH 7. 4
(Fig. 1.7.3)

•	 Peptone - 1%
•	 NaCl - 0. 5%

•	 Routine culture
•	 As basal medium for 

carbohydrate fermentation 
medium

Nutrient broth 
(has variants like 
Digest broth)

•	 Peptone water
•	 Meat extract

•	 Routine culture

Enriched Glucose broth •	 Nutrient broth

•	 Glucose - 0. 5% •	 Also acts as a reducing agent

Luxuriant growth of many 
organism

Todd Hewitt 
(meat infusion) 
broth

•	 Glucose - 0. 2%
•	 Infusion

Luxuriant growth of organisms; 
as Streptococci

Serum peptone 
broth/Hiss’s 
serum slope

•	 Serum •	 For growth For carbohydrate fermentation 
tests with fastidious organism 
such as Streptococci, 
C.diphtheriae

Brain heart 
infusion broth

Recovery of bacteria and fungi

Mueller Hinton 
broth (Fig. 1.7.4)

Bacterial susceptibility test 
medium

Trypticase soy 
broth

Cultivation of fastidious 
organisms; as Brucella

PPLO broth 
(medium be free 
of toxins)

•	 Bovine heart infusion broth
•	 Horse serum (20%)
•	 Yeast extract (fresh)
•	 Glucose
•	 Phenol red

•	 For growth
•	 For growth
	
	
•	 Indicator

Isolation of mycoplasma

Middlebrook’s
7H10

For isolation of tuberculosis 
group of organisms

Enrichment

Bile broth •	 Peptone, sodium taurocholate Isolate S.typhi from 
blood culture

Selenite F broth •	 Peptone water
•	 Sodium selenite •	 Inhibits most 

enterobacteriaceae

Enrichment medium for 
Salmonella & Shigella

Tetrathionate 
broth

•	 Nutrient broth/Peptone base 
broth

•	 Sodium thiosulphate
•	 Bile salts

•	 Calcium carbonate
•	 Iodine solution

	
	
	
•	 Inhibits grams positive 

organism
•	 Neutralizes toxic metabolites
•	 Inhibits enterobacteriaceae

Enrichment medium for 
Salmonella & Shigella

Alkaline peptone 
water (APW)

•	 High pH •	 Optimal for vibrio  
multiplication

Enrichment medium for Vibrio

Contd.

Contd.
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Gram negative 
broth

•	 Peptone, Glucose
•	 Mannitol
•	 Sodium citrate
•	 Sodium deoxycholate
•	 Mineral salts, water

•	 Less inhibitory than selenite F Isolation of salmonellae and 
shigellae

SOLID
Basal (majority 
have 2% agar 
as solidifying 
agent)

Nutrient agar
(Fig. 1.7.5)

•	 Nutrient broth
•	 Agar (2%)

Routine medium

Enriched

Blood agar; BA 
(Fig. 1.7.6)

•	 Nutrient agar
•	 5 -10% sheep / horse / human 

blood - rarely used if sheep/
horse blood not available

For isolating organisms as Group 
A streptococci, Haemophiius 
(fastidious organisms)

Blood agar with
S. aureus streak

•	 S. aureus streak S. aureus provides V factor For isolating Haemophilus
organisms

Blood agar with X 
and V discs

X disc
V disc

•	 Provides hemin
•	 Provides NAD

For isolating Haemophilus
organisms

Chocolate agar 
(blood agar 
slowly heated to 
80°C)
(Fig. 1.7.7)

Heating blood, releases
nutrients

For isolation of fastidious 
organisms as H. influenzae,
N. gonorhoeae & N. meningitidis, 
Gardnerella vaginalis

Loeffler’s serum 
slope (has no 
agar)

•	 Nutrient broth
•	 Serum (Horse/sheep)
•	 Glucose

•	 Growth within 6–8 hours
•	 Enhances granule formation

For rapid growth of 
C. diphtheriae

Egg yolk agar •	 Proteose peptone
•	 Hemin
•	 Salts
•	 Egg yolk

•	 Nutrient
•	 Enhance anaerobic growth
•	 Buffer
•	 Lipase (produced by 

microbes), break down fat into 
fatty acid, provide iridescence

For Clostridia isolation and other 
anaerobes

Dorset’s egg •	 Nutrient broth
•	 Hen’s egg

For isolation of Mycobacteria & 
other fastidious organisms

PPLO agar PPLO broth
•	 Antibiotics as Penicillin, 

ampicillin, polymyxin B
•	 Inhibits contaminant bacteria 

and Fungi

For isolation of Mycobacteria

Bordet gengou 
medium

•	 Blood
•	 Potato
•	 Glycerol
It has methicillin (final conc. 
2.5 µg/ml)

Nutrition For isolation of Bordetella

Legionella 
medium

•	 Mueller Hinton medium 
supplemented with ferric salts, 
L-cysteine etc

•	 Provides reducing condition 
(L-cysteine)

For cultivation of Legionella spp.

Francis blood 
dextrose cystine 
agar

•	 Blood, dextrose
•	 Cystine

For isolation of Francisella 
tularensis

Serum dextrose 
agar

•	 1% glucose
•	 5% serum

– For isolation of Brucella spp.

BHI agar; BHIA Routine medium

Selective

MacConkey •	 Peptone
•	 Lactose
•	 Agar
•	 Neutral red
•	 Taurocholate (sodium)

	
•	 Indicator substrate
	
•	 Indicator, dye
•	 Inhibits gram positive cocci

•	 Routine medium
•	 Differential medium for the 

demonstration of lactose 
fermentation by gram negative 
rods

Salmonella & 
Shigella medium

•	 Bile salts (higher 
concentration)

•	 Sodium citrate
•	 Ferric citrate

•	 Inhibits GPCs and coliforms
•	 Blackening occurs due to 

formation of ferric sulfide

•	 Lactose
•	 Neutral red

•	 Indicator substrate
•	 Indicator dye

Contd.

Contd.
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Bile salt agar
(alkaline) pH 8.2

•	 Sodium taurocholate (0. 5%) Inhibits most gram negative 
organism

Selective plating media for 
Vibrios

Thiosulfate citrate 
bile salt sucrose 
agar (TCBS)

•	 Peptone base agar
•	 Yeast extract
•	 Bile salts
•	 Citrate
•	 Sucrose
•	 Ferric citrate
•	 Sodium thiosulphate
•	 Bromothymol blue
•	 pH-alkaline

	
	
•	 Inhibits GPCs
•	 Inhibits most GNBs
•	 Indicator substrate
•	 Allows H2S detection
•	 Sulfur source
•	 Indicator
•	 Helps recovery of vibrio

Selective plating media for 
Vibrios (recovery of vibrios)

Monsur’s gelatin 
taurocholate 
trypticase tellurite 
agar

•	 Gelatin
	
•	 Sodium taurocholate
•	 Tellurite

•	 Vibrios can hydrolyze gelatin & 
produce halo around colonies

•	 Inhibits gram positive cocci
•	 Reduction of it imparts black 

color to colonies

For isolation and identification of
Vibrio cholerae

Vibrio media 
containing 8% 
NaCl

Halophilic vibrio can tolerate 8% 
NaCl but not 10%

Differentiation of halophilic
vibrios from V. cholerae

Deoxycholate 
citrate agar 
(DCA)

•	 Nutrient agar
•	 Sodium deoxycholate
•	 Lactose
•	 Sodium citrate

•	 Neutral red

•	 Nutrition
•	 Inhibits gram positive bacteria
•	 Indicator substrate
•	 Inhibits gram-positive bacteria 

and intestinal commensals
•	 Color indicator

Selective medium for Salmonella 
& Shigella

XLD agar 
(Xylose Lysine 
deoxycholate) 
medium

Details beyond undergraduate
level

Selective/Indicator medium for 
Enterobacteriaceae, especially 
for Salmonella and Shigella

Wilson&Blair 
bismuth sulfite 
medium

•	 Bismuth ammonium citrate
•	 Sodium sulfite
•	 Salts

Formation of H2S renders black 
color to colonies

Selective medium for S. typhi

Campy blood 
agar

•	 Brucella agar base with sheep 
blood with Antibiotics as

•	 Trimethoprim
	
•	 Cephalothin
	
•	 Polymyxin B
	
•	 Vancomycin

•	 Amphotericin B

•	 Inhibits Proteus spp. 
(contaminants)

•	 Inhibits gram positive 
organism

•	 Inhibits most gram negative 
organisms

•	 Inhibits gram positive 
organisms

•	 Inhibits yeasts
Fildes blood 
digest agar

•	 Fildes peptic digest of blood
•	 Nutrient agar
•	 NaCl
•	 NaOH
•	 Chloroform

•	 Contains abundant of X 
factor and NAD. “Supports 
good growth of H. influenzae 
and Clostridium tetani, while 
high haemin inhibits many 
organisms including throat 
commensal streptococci

Selective for H. influenzae

Lowenstein 
Jensen medium 
(Fig. 1.7.8)

•	 Eggs, Mineral salts
•	 Asparagine
•	 Glycerol, 
•	 Malachite green

•	 Nutrition, solidifying agent
	
	
•	 Inhibits organisms other than 

mycobacteria and provides 
contrast to buff colored 
colonies

Selective for mycobacteria

Dorset medium Egg based For isolation of Mycobacteria

Middlebrook
7H11

Agar based For isolation of Mycobacteria

Bile esculin agar •	 Nutrient agar base
•	 Esculin
•	 Ferric citrate react with above

Hydrolysis of esculin by Group D
streptococci,  provide blackening

Differential isolation and 
presumptive isolation of 
enterococci

Crystal violet 
blood agar

•	 Blood agar
•	 Crystal violet

In concentration of 1 in 
1,000,000 inhibits
Staphylococcus aureus

Selective isolation of
Streptococcus pyogenes

Contd.

Contd.
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Contd.

PNF media •	 Sterile horse blood
•	 Polymyxin B
•	 Neomycin
•	 Fusidic acid
•	 Nutrient agar

Inhibits Staphylococcl and 
coliform bacteria

Selective for b-hemolytic 
streptococci

Buffered charcoal 
yeast extract 
agar (BCYE)

•	 Agar
•	 Yeast extract
•	 Salts supplements with 

ketoglutarate, L-cysteine
•	 To provide pH of 6.85 – 7

Selective for Legionella sps

PLET medium •	 Heart infusion agar
•	 Polymyxin
•	 Lysozyme
•	 EDTA
•	 Thalious acetate

Thalious acetate and polymyxin 
inhibits most strain of B. cereus, 
B. subtilis, other bacillus sp., 
enterobacteria, pseudomonads

Selective for B. anthracis

Skirrow agar •	 Peptone & soy protein base
•	 agar
•	 Lysed horse blood
•	 Vancomycin
	
•	 Polymyxin B
•	 Trimethoprim

	
	
	
•	 Inhibits gram positive 

organisms
•	 Inhibits most gram negative 

organisms

Selective for Campylobacter &
Helicobacter

Cycloserine- 
cefoxitin fructose 
agar (CCFA)

•	 Egg yolk base fructose
•	 Neutral red
•	 Cefoxitin
•	 Cycloserine

	
•	 Indicator dye
•	 Inhibits gram negative rods
•	 Inhibits faecal flora

Selective for Clostridum difficile

Cycloserine 
cefoxitin egg yolk 
agar (CCEY)

•	 Egg yolk base
•	 Cefoxitin, cycloserine
•	 Cholic acid sodium salt
•	 Hydroxyphenylacetic acid
•	 Lysed blood

Selective for Clostriduum difficile

Cystine-tellurite 
blood agar

•	 Agar base with 5% sheep 
blood

•	 Potassium tellurite Reduction of potassium tellurite 
produces black colonies

Selective isolation of 
C. diphtheriae

Tinsdale medium •	 Peptone
•	 Sodium chloride
•	 Ox serum
•	 L-cysteine
•	 Potassium tellurite
•	 Sodium thiosulphate
•	 NaOH

•	 Serum enhances 
corynebacterium growth

•	 Tellurite and thiosulphate 
inhibit other bacteria

•	 Tellurite also acts as indicator

Selective for pathogenic 
corynebacterium

Thayer Martin
agar (variant of 
chocolate agar)

•	 Blood agar base enriched
•	 with haemoglobin and 

supplement B
•	 Colistin
	
•	 Nystatin
•	 Vancomycin
•	
•	 Trimethoprim

•	 Inhibits gram negative 
contaminants

•	 Inhibits yeast
•	 Inhibits gram positive 

organism
•	 Inhibits gram negative 

contaminants

Selective for N. meningitidis and
N. gonorrhoeae

Mannitol salt agar •	 Peptone base
•	 Mannitol
•	 Salt concentration of 7.5%
	
•	 Phenol red

•	 Acts as indicator substrate
•	 Inhibits growth of most 

bacteria
•	 Indicator

Selective for Staphylococcus
aureus

Miscellaneous Cystine
Lactose 
electrolyte
deficient agar

•	 Peptone base agar
•	 Lactose
•	 L-cystine
•	 Bromothymol blue

•	 Inhibits swarming of Proteus
•	 Indicator substrate

•	 Indicator dye

isolation & quantification of
bacteria

Modified Kelley’s
medium (BSK)

Cultivation of Borrelia burgdorferi

EMJH
(Ellinghausen, 
McCullough, 
Johnson Harris)

Cultivation of Leptospira 
interrogans

Castaneda’s 
medium (biphasic 
medium)

Trypticase soy broth and agar Cultivation and isolation of 
Brucella

Contd.
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For 
Anaerobic 
bacteria

Liquid Robertson 
cooked meat 
medium (Fig. 
1.7.9)

•	 Meat broth
•	 Solid meat particles
	
•	 Liquid parraffin

•	 As nutrient
•	 Lower oxidation reduction 

potential
•	 Block environmental oxygen

Cultivation of anaerobes support 
growth of anaerobes, aerobes, 
microaerophilic & fastidious
organisms

Thioglycollate 
broth

•	 Pancreatic digest of casein
•	 Soy broth & glucose
•	 Thioglycollate
•	 Agar
•	 L cysteine & vitamin

	
	
•	 Lower Eh (reduction potential/ 

redox)
•	 Act as reducing agent

Cultivation of anaerobes 
including Actinomycetes

Anaerobic 
investigation 
medium

Peptone, yeast extract, 
Trypticase, NaCl, Cysteine HCl, 
Hemin and menadione, are 
sodium carbonate

– –

Solid enriched
Blood agar (plain)
_PRAS

Pre-reduced anaerobically 
sterilized medium prepared 
& packaged in oxygen free 
environment

Cultivation of anaerobes

Blood agar (with 
additives) _PRAS

Yeast extract, haemin, Vitamin K,
Neomycin

Support isolation of anaerobes Cultivation of anaerobes

Serum/egg yolk 
agar (6%)

Peptic digest of blood 20% 
human serum or 5% egg yolk

6% agar Inhibits swarming To demonstrate Nagler reaction 
by C. perfringens

Selective
Colistin_ Nalidixic 
acid Blood agar

Antimicrobials make medium 
selective

Supports selective growth 
of anaerobic & facultative 
anaerobes (mostly gram positive, 
inhibits most gram negative)

Kanamycin_ 
Vancomycin 
Blood agar (laked 
blood agar)

•	 Kanamycin
•	 Vancomycin
•	 Blood

Selective isolation of anaerobes

Phenylethyl 
alcohol sheep 
blood agar

•	 Phenylethyl alcohol
•	 Blood

Supports growth of most gram 
positive & gram negative bacilli

Bacteriodes bile 
esculin agar

•	 Trypticase soy agar base
•	 Hemin
•	 Ferric ammonium citrate
•	 Bile salts, Gentamicin, 

phenylethyl alcohol

Enriches

Gentamicin - inhibits most 
aerobic gram negative 
contaminants including Proteus 
spp.

Supports selective growth of 
Bacteriodes sps, other bacteria 
can also grow, supports growth 
of most gram positive and 
negative anaerobes (inhibits 
facultative, gram negative bacilli)

Animate 
media!

Tissue culture 
(cell lines)

McCoy cells 
(rendered non- 
replicating by 
irradiation or 
treatment with 
antimetabolites 
as 
cycloheximide)

Organism cannot grow on 
inanimate media

Isolation of Chlamydia and 
cultivation of viruses

HeLa cells 
(treated with 
DEAE dextran)

Isolation of Chlamydia

Chick embryo
(6–8 days old)

Yolk sac For isolation of Chlamydia,
Rickettsiae (not suitable for 
primary isolation) and viruses

Chorioallantoic 
membrane

For cultivation of Borrelia 
recurrentis,
Leptospira interrogans

Laboratory 
animals

Mice
(various routes)

Foot pad of mice Cultivation of M. leprae

Intranasal For isolation of Chlamydia

Intracerebral

Intraperitoneal

•	 Isolation of Rickettsia,  
Spirillum minus,

•	 Leptospira interrogans
Rabbit testes Cultivation of T. pallidum, 

T. pertenue
Rabbit kidney 
(Noguchi’s 
medium)

Rabbit kidney,
Ascitic fluid

Cultivation of Borrelia recurrentis

Armadillo 
(Dasypus 
novemcintus)

Cultivation of M. leprae

Contd.
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Section I: General Microbiology

68

The second thing required to study the role of microbes (bacteria) in health and disease is isolation of the microbe.

Let’s study the culture techniques, which achieve this goal.
What do you understand by culture?
A.1	 It refers to a population of bacterial cells.
What do you understand by pure culture?
A.2	 It is a population of genetically homogenous organisms (derived by multiplication from single organism)
What are the uses (indication) of culturing bacteria?
A.3	 (i)	 To isolate bacteria in pure cultures; for instance, from the clinical specimens and environmental samples
	 (ii)	 To study the various properties of bacteria (in pure cultures); as biochemical characteristics, antigenic 

characteristics, genotypic characteristics.
	 (iii)	 To study the epidemiological and other characteristics of bacteria; as bacteriophage typing, bacteriocin typing and 

antibiotic susceptibility testing
	 (iv)	 To estimate viable counts; as required in diagnosis of urinary tract infections
	 (v)	 To main stock cultures; which would help in later study of the organisms.
What do you understand by ‘inoculation of culture media?
A.4	 It implies introduction (delivery) of material containing suspected or known organism into culture media. This is achieved 

by using inoculation straight wire/loop or Pasteur pipette (Figs 1.8.1 and 1.8.2) (for details see practical aspects).
What are the equipment required to obtain liquid cultures?
A.5	 Inoculating equipment (see A.4), test tubes, bottles (as universal containers, McCartney bottles) and flasks (round/conical).
What are the indications of performing liquid cultures?
A.6	 (i)	 When large yields of organisms are required; as for antigen preparation. This is feasible, as the liquid medium can 

be subject to processes; as agitation aeration, replenishment of nutrients and removal of unwanted metabolites.
	 (ii)	 When the bacteria in the inoculum is expected to be low; as performing blood cultures or testing material for 

sterility.
	 (iii)	 When specimens contain substances, which are inhibitory to the cultivation of bacteria, are to be cultured, e.g., 

antibiotics. The effect of antibiotic gets minimized by dilution.
What is the major disadvantage of liquid cultures?
A.7	 Pure culture cannot be obtained from specimen containing multiple organisms.

	 	
	 Fig. 1.8.1: Conventional straight wire and loop	 Fig. 1.8.2: Plastic loop

8Culture Techniques and 
Growth Curve
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What has been the role of solid media cultures in the development of Microbiology?
A.8	 The isolation techniques used to obtain pure cultures in solid media, made it possible for the ‘Golden age’ of bacteriology 

to be possible.
What are the techniques available to culture bacteria on solid media?
A.9	 (i)	 Stroke cultures: Performed on tubes containing media in the form of a slant. This type of culture is performed, 

while performing various biochemical tests and to obtain pure growth for performing various slide agglutination 
and other tests.

	 (ii)	 Stab cultures: In this, the inoculum is penetrated (stabbed) deep inside the agar medium with the help of a straight 
wire. This technique is used to study oxygen requirements of bacteria and to stock (preserve) cultures for later 
study.

	 (iii)	 Streak plate method.
		  This is a widely used technique to obtain isolated colonies (pure growth) (Fig. 1.8.3).
	 (iv)	 Lawn (carpet culture): As the name indicates, by various techniques a 

uniform complete growth is obtained on the surface of the solid medium. 
This technique is used to perform the antibiotic susceptibility tests (as 
Stoke’s method) or perform the bacteriophage studies (as in S. aureus). 
This principle is also used commercially to obtain large amount of growth, 
for instance; when the bacterial antigen are to be extracted.

	 (v)	 Pour plate method: The name of the technique indicates, the medium    
of the plate (culture) here is poured with the inoculum. The inoculum is 
diluted in a series of dilutions, so that the final dilution containing about a 
thousand organisms (this is so done, so that the colonies in the plate finally 
remain countable). A known amount of the final dilution say 1 ml is mixed 
with 15 ml of molten agar kept at 45–50°C and mixed well.

		  The contents are poured into a sterile Petri dish and allowed to set. After adequate incubation period (usually 
18–24 hours) at optimal temperature (usually throughout 37°C), the colonies that form throughout the medium 
(not just the surface of the medium) are counted using colony counter. This technique is favourable for the growth 
of microaerophiles which cannot tolerate a concentration of oxygen in the air at the surface of the medium.

How does one separate mixtures of different bacteria contained in a clinical specimen?
A.10	 (i)	 Surface plating is the usual method employed in clinical microbiology, however, it has limitations, as the study of 

the subsequent techniques would demonstrate.
	 (ii)	 Enrichment media are required for specimen containing a few bacteria of interest in a sample with predominant 

other bacteria, e.g., isolation of shigella or salmonella from a stool specimen (here the stool specimen will have a 
few pathogens in contrast to the predominant E. coli organisms in the stool specimen).

		  However, subculture from the enrichment medium (after a few hours) to the selective medium is necessary.
	 (iii)	 Indicator media
	 (iv)	 Samples containing organisms with varying oxygen requirements would have to be incubated in parallel with 

varying environmental conditions. For instance, a sample with both aerobic and anaerobic organisms would have 
to be incubated both aerobically and anaerobically. The anaerobic concept has been developed in two clinical 
problems in the anaerobic infections chapter in section III Pg. 232.

	 (v)	 Samples containing organisms with temperature requirements can be purified, isolated and separated by incubating 
at different temperatures. For instance a sample containing N. meningitidis and M. catarrahalis can be purified by 
incubating at 22°C, where only the latter grows.

	 (vi)	 Pre-treatment of specimens, with bactericidal substances that can destroy or minimize the unwanted organisms. 
e.g., Petroff’s method concentration for M. tuberculosis. The commensals in the sputum sample are usually 
susceptible to laboratory protocol involving exposure to extreme of pH unlike M. tuberculosis.

	 (vii)	 Vegetative bacteria are usually susceptible to prolonged heat unlike spore forming bacteria. This technique is 
useful in the purification of many anaerobic spore forming bacteria; as C. tetani.

	 (viii)	 Cragie’s tube technique can help in separation of motile and non-motile organisms and in studying phase variation 
of salmonella or definitive identification of salmonella.
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What has been the role of solid media cultures in the development of Microbiology?
A.8 The isolation techniques used to obtain pure cultures in solid media, made it possible for the ‘Golden age’ of bacteriology 

to be possible.
What are the techniques available to culture bacteria on solid media?
A.9 (i) Stroke cultures: Performed on tubes containing media in the form of a slant. This type of culture is performed, 

while performing various biochemical tests and to obtain pure growth for performing various slide agglutination 
and other tests. 

 (ii) Stab cultures: In this, the inoculum is penetrated (stabbed) deep inside the agar medium with the help of a 
straight wire. This technique is used to study oxygen requirements of bacteria and to stock (preserve) cultures 
for later study. 

 (iii) Streak plate method (see practical book for technique): 
  This is a widely used technique to obtain isolated colonies (pure growth) (Fig. 1.8.3).
 (iv) Lawn (carpet culture): As the name  indicates, by various techniques a 

uniform complete growth is obtained on the surface of the solid medium. 
This technique is used to perform the antibiotic susceptibility tests (as 
Stoke’s method) or perform the bacteriophage studies (as in S. aureus). 
This principle is also used commercially to obtain large amount of growth, 
for instance; when the bacterial antigen are to be extracted. 

 (v) Pour plate method: The name of the technique indicates, the medium 
of the plate (culture) here is poured with the inoculum. The inoculum is 
diluted	in	a	series	of	dilutions,	so	that	the	final	dilution	containing	about	
a thousand organisms (this is so done, so that the colonies in the plate 
finally	 remain	 countable).	A	 known	 amount	 of	 the	 final	 dilution	 say	 1	
ml is mixed with 15 ml of molten agar kept at 45-50°C and mixed well. 
The contents are poured into a sterile petri dish and allowed to set. After adequate incubation period (usually  
18-24 hours) at optimal temperature (usually throughout 37°C), the colonies that form throughout the medium 
(not just the surface of the medium) are counted using colony counter. This technique is favourable for the growth 
of microaerophiles which cannot tolerate a concentration of oxygen in the air at the surface of the medium. 

How does one separate mixtures of different bacteria contained in a clinical specimen?
A.10 (i) Surface plating is the usual method employed in clinical microbiology, however it has limitations, as the study of 

the subsequent techniques would demonstrate. 
 (ii) Enrichment media are required for specimen containing few bacteria of interest in a sample with predominant 

other bacteria, e.g., isolation of shigella or salmonella from a stool specimen (here the stool specimen will have 
few pathogens in contrast to the predominant E. coli organisms in the stool specimen). 

  However subculture from the enrichment medium (after few hours) to the selective medium is necessary. 
 (iii) Indicator media
 (iv) Samples containing organisms with varying oxygen requirements would have to be incubated in parallel with 

varying environmental conditions. For instance a sample with both aerobic and anaerobic organisms would have 
to be incubated both aerobically and anaerobically. The anaerobic concept has been developed in two clinical 
problems in the Anaerobic infections chapter in the Clinical Microbiology section Pg. 584-585. 

	 (v)	 Samples	containing	organisms	with	temperature	requirements	can	be	purified,	isolated	and	separated	by	incubating	
at different temperatures. For instance a sample containing N. meningitidis and M. catarrahalis	can	be	purified	by	
incubating at 22°C, where only the latter grows. 

 (vi) Pre-treatment of specimens, with bactericidal substances that can destroy or minimize the unwanted organisms. 
  e.g., Petroff’s method concentration for M. tuberculosis. The commensals in the sputum sample are usually 

susceptible to laboratory protocol involving exposure to extreme of pH unlike M. tuberculosis. 
 (vii) Vegetative bacteria are usually susceptible to prolonged heat unlike spore forming bacteria. This technique is 

useful	in	the	purification	of	many	anaerobic	spore	forming	bacteria;	as	C. tetani. 
 (viii) Cragie’s tube technique can help in separation of motile and non-motile organisms and in studying phase variation 

of	salmonella	or	definitive	identification	of	salmonella.	
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	 (ix)	 In the past animal pathogenicity tests used to be performed to proliferate an organisms of interest, e.g., 
M. tuberculosis or B. anthracis in guinea pig.

	 (x)	 Modern techniques immunological techniques (including FACS), can help in separating organisms of interest.
Describe the concept of growth curve.
A.11	 Concept: If a pure culture of bacteria is introduced into a fresh nutrient rich liquid medium (plural – ‘media’ – that 

which supports the bacteria), the rate of increase of bacterial number follows a predictable phases, which characterize 
the typical standard bacterial growth curve. The regulation of the different phases is accompanied by control of gene 
expression, which affects the enzyme activity.

	● Why do you need to study it?
	 (i)	 It is a fundamental process of bacteriology that needs to be studied.
	 (ii)	 Morphological characteristics vary with the phase of the growth curve. This concept should be known, otherwise 

diagnostic fallacies may occur; as involution forms occur in stationary phase and gram variability may be seen.
	 (iii)	 The concept of growth phases is also seen in the colonies growing on solid medium. A colony is formed, as a 

result of organism, dividing, exponentially. The growth of colony is more rapid at the edge than at the center, as 
lesser nutrients and greater toxic substances are found in the center of the colony than at the periphery.

	 (iv)	 Secretion of substances; as exotoxins and antibiotics occur in the stationary phase. This fact should be known, and 
is exploited in commercial ventures.

	 (v)	 For industrial purposes, it should be known how to minimize the lag period, how to maintain the culture in 
exponential phase for prolonged period.

	● What are the phases of growth curve?
	 Broadly there are four phases (depicted in Fig. 1.8.4).
	 1st phase: Lag phase
	 As the name indicates, it is a period in which organism number does not increase significantly. However, it should not 

be conceived that the organism is not metabolically active. The organism 
is active, adapting to the new environment and incorporating various 
molecular components from the medium to enlarge in size.

	 The lag period may last for a few hours. The length of the period is 
determined by the genetic characteristic of the organism, the medium 
characteristics from which the organism is taken and the one into which 
it is introduced and other growth conditions. The cell acquires maximum 
cell size towards end of this phase.

	 2nd phase: Exponential phase (logarithmic phase)
	 The phase starts after the organisms have adapted to the new medium. As 

the name of the phase indicates, the organisms divide at a very rapid rate 
(called generation time) and population growth occurs at an exponential 
or logarithmic rate. But this period of constant maximal growth rate occurs, after a brief period of accelerating growth. 
The logarithm of the viable organisms, when plotted against time gives a steep straight line. This represents a regular 
increase in number of organisms. The average duration of this phase is a few hours (8 hours).

	 To maintain the culture in this phase, instruments; as chemostat and *turbidostat are available, which basically infuses 
fresh medium and takes away (or exchanges) the used medium. This process results in continuous culture of the organism. 
The process has applications in the research and industrial fronts.

	 3rd phase: Stationary phase
	 The steep growth curve slowly starts levelling off (called decelerating phase). This starts occurring due to nutrient 

depletion, metabolic waste accumulation and loss of other entities; as oxygen for aerobic organisms. Gradually a stage 
is reached, where the rate at which the organisms divide, becomes the same at which cells die. Then the culture comes 
in the stationary phase, which is represented by the horizontal straight line. The duration of this phase varies from a few 
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 (ix) In the past animal pathogenicity tests used to be performed to proliferate an organisms of interest, e.g., M. 
tuberculosis or B. anthracis in guinea pig. 

 (x) Modern techniques immunological techniques (including FACS), can help in separating organisms of interest. 
Describe the concept of growth curve.
A.11 Concept: If a pure culture of bacteria is introduced into a fresh nutrient rich liquid medium (plural – ‘media’ – that 

which supports the bacteria), the rate of increase of bacterial number follows a predictable phases, which characterize 
the typical standard bacterial growth curve. The regulation of the different phases is accompanied by control of gene 
expression, which affects the enzyme activity. 

•	 Why do you need to study it?
 (i) It is a fundamental process of bacteriology that needs to be studied. 
 (ii) Morphological characteristics vary with the phase of the growth curve. This concept should be known, otherwise 

diagnostic fallacies may occur; as involution forms occur in stationary phase and gram variability may be seen. 
 (iii) The concept of growth phases is also seen in the colonies growing on solid medium. A colony is formed, as a result 

of organism, dividing, exponentially. The growth of colony is more rapid at the edge than at the center, as lesser 
nutrients and greater toxic substances are found in the center of the colony than at the periphery. 

 (iv) Secretion of substances; as exotoxins and antibiotics occur in the stationary phase. This fact should be known, and is 
exploited in commercial ventures. 

 (v) For industrial purposes, it should be known how to minimize the lag period, how to maintain the culture in exponential 
phase for prolonged period. 

•	 What are the phases of growth curve?
 Broadly there are four phases (depicted in Fig. 1.8.4).
 1st phase: Lag phase
	 As	the	name	indicates,	it	is	a	period	in	which	organism	number	does	not	increase	significantly.	However	it	should	not	

be conceived that the organism is not metabolically active. The organism 
is active, adapting to the new environment and incorporating various 
molecular components from the medium to enlarge in size. 

 The lag period may last a few hours. The length of the period is determined 
by the genetic characteristic of the organism, the medium characteristics 
from which the organism is taken and the one into which it is introduced 
and other growth conditions. The cell acquires maximum cell size towards 
end of this phase. 

 2nd phase: exponential phase (logarithmic phase) 
 The phase starts after the organisms have adapted to the new medium. As 

the name of the phase indicates, the organism divide at a very rapid rate 
(called generation time) and population growth occurs at an exponential 
or logarithmic rate. But this period of constant maximal growth rate occurs, after a brief period of accelerating growth. 
The logarithm of the viable organisms, when plotted against time gives a steep straight line. This represents a regular 
increase in number of organisms. The average duration of this phase is a few hours (8 hours).

 To maintain the culture in this phase, instruments; as chemostat and *turbidostat are available, which basically infuses 
fresh medium and takes away (or exchanges) the used medium. This process results in continuous culture of the organism. 
The process has applications in the research and industrial fronts. 

 3rd phase (stationary phase)
 The steep growth curve slowly starts levelling off (called decelerating phase). This starts occurring due to nutrient 

depletion, metabolic waste accumulation and loss of other entities; as oxygen for aerobic organisms. Gradually a stage 
is reached, where the rate at which the organisms divide, becomes the same at which cells die. Then the culture comes 

* Basically, as the name indicates, it operates on the principle of turbidity, i.e., when the turbidity in the vessel reaches a certain threshold, 
an exchange of the used broth with the fresh broth occurs. The chemostat works on the principle of continuous addition of fresh medium, 
with	the	total	volume	of	the	device	remaining	constant,	with	an	overflow	tube.	

*Basically, as the name indicates, it operates on the principle of turbidity, i.e., when the turbidity in the vessel reaches a certain threshold, an 
exchange of the used broth with the fresh broth occurs. The chemostat works on the principle of continuous addition of fresh medium, with 
the total volume of the device remaining constant, with an overflow tube.
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hours to a few days. Most of the organisms in this phase are not dead, as when inoculated into fresh medium, enter into 
exponential growth; after a lag phase.

	 This stage has an industrial application, as some metabolites; as exotoxins and antibiotics get produced during this 
phase. Morphologically, organisms appear atypical during this phase due to reaction being gram variable, staining 
irregularly due to formation of intracellular storage granules and formation of endospores.

	 4th phase (Decline/death phase): This phase occurs as a result of the rate of the bacterial division being slower than the 
rate of death. This is seen as a steep (declining) line in Figure 1.8.4, which occurs as cell viability is lost by exponential 
kinetics. This stage results due to the autolysis of the organisms, besides the continued exhaustion of nutrients and 
accumulation of toxic products. There is decline of both the viable organisms count and the total organism count. Many 
cells undergo involution during this phase and may assume unusual shapes making them difficult to identify.

How is bacterial growth monitored?
A.12	 (i)	 Turbidity: One of the commonest and simplest techniques to monitor bacterial growth is based on degree of 

turbidity in a transparent (glass) culture tube. The basic principle is that greater is the organism (cell) density in 
the tube, greater is the turbidity. However, the limitation of the technique is that samples with very high densities 
must be diluted to ensure accurate readings. Also samples with fewer than 1 million organisms per millilitre may 
display a little or no turbidity, so if subcultures of bottles is based only on turbidity, false negative reporting can 
occur. It may also be remembered that turbidity can also be produced by dead cells in a culture. The turbidity   
of samples may be estimated roughly by comparing manually with control tubes as ∆McFarland tubes. Accurate 
estimation of the turbidity is done using photoelectric devices; as colorimeter or spectrophotometer.

	 	 ∆	 Are reference tubes to adjust turbidity of bacterial suspension, prepared mixing barium chloride and sulfuric 
acid, which forms barium sulfate precipitate.

	 (ii)	 Serial dilution and standard plate counts: In this the sample is so diluted that, when transferred to the molten agar 
medium would give no more than 300 colonies in the plate, after adequate incubation.

		  This number is so chosen, as more colonies than this would be difficult to count even with a colony counter.
	 (iii)	 Direct microscopic counts: This technique basically employs different counting chambers; such as Petroff- 

Hausser, in which the sample is inoculated and later the organism count is done. The limitation of this technique 
is that it cannot accurately measure samples that have small cell/organisms numbers and one cannot distinguish 
between living and dead organisms.

	 (iv)	 Filter paper technique: This technique is based on filtering a known amount of sample (fluid or air) through a 
filter paper with pores sufficiently small not to allow passage of organisms. The organisms retained on the filter 
paper are plated on a solid medium and incubated in appropriate environment. The colony count is performed 
(one colony represent one organism) of the filter paper.

	 (v)	 Most probable number: In this the number of organisms in the sample is estimated from a most probable number 
table, which is based on statistical probabilities.
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The third thing to study the role of bacteria in health and disease, after isolation of the bacterium; is the identification 
of bacteria. Once an organism has been isolated in culture, it must be identified. Let’s study the techniques, which 
can achieve this aspect

What are the advantages of identifying a bacterial isolate?
A.1	 (i)	 Helps in the characterization of the isolate, i.e. whether it is a pathogen or a contaminant.
	 (ii)	 Identification helps in deciding strategy for infection control in the hospital ward and community, depending on 

its potential to spread.
	 (iii)	 Depending on the isolate, presumptive treatment can be initiated. Susceptibilty data of the local isolates help    

in deciding empiric treatment (when sample not sent to the laboratory and general physician dealing with 
uncomplicated infection.)

	 (iv)	 Antibiotic susceptibility test can be performed to further guide treatment. If the report indicates that the 
administered drug turns is susceptible in the test, then the treatment can continue, otherwise the drug can be 
changed; depending on the report.

	 (v)	 Special tests can be performed to detect drug resistance genes in the organism (sometimes the drug resistance 
genes do not get expressed during the antibiotic susceptibility test but display clinical resistance ‘in vivo’).

What are the two broad categories, into which the tests to identify the bacteria can be categorized into?
A.2	 The system to identify the microbes can be categorized into two groups, namely (I) classic phenotypic (conventional 

procedures) and (II) phenotype-independent methods (essentially nucleic acid based).
Describe the role of the classic phenotypic techniques to identify bacteria and describe them.
A.3	 The classic phenotypic techniques are carried out in many of the laboratories, as they are traditional and economical. 

However, they have the disadvantage of being time consuming and lacking specificity. The limitation of time consuming 
aspect has been to some extent been compensated by automation of tests and improvisation in techniques. The phenotype- 
independent techniques have the advantage of being specific and often being completed in limited time but have the 
disadvantage of requiring expensive infrastructure, training and not being available for some pathogens.

	 The classic phenotypic techniques can be categorized into:
	 1.	 Colony morphology on solid medium: It is a baseline parameter in the study of an organism. This characteristic 

essentially helps to characterize a colony and give a provisional diagnosis. (in some typical colonies) and 
differentiate from other organisms. Once a colony is characterized, then further tests can be performed. Following 
are some of the characteristics studied in a colony.

	● Size	 ●	 Shape (Fig. 1.9.1a)
	● Surface—smooth/rough/granular	 ●	 Elevation (Fig. 1.9.1b)
	● Edge (Fig. 1.9.1c)	 ●	 Opacity—opaque/translucent/transparent
	● Colour of colony (pigment)	 ●	 Consistency—mucoid/friable/firm/butyrous

What are the advantages of identifying a bacterial isolate?
A.1 (i) helps in the characterization of the isolate, i.e., whether it is a pathogen or a contaminant.
	 (ii)	 Identification	helps	in	deciding	strategy	for	infection	control	in	the	hospital	ward	and	community,	depending	on	

its potential to spread.
	 (iii)	 Depending	on	 the	 isolate,	presumptive	 treatment	can	be	 initiated.	Susceptibilty	data	of	 the	 local	 isolates	help	

in	 deciding	 empiric	 treatment	 (when	 sample	 not	 sent	 to	 the	 laboratory	 and	 General	 Physician	 dealing	 with	
uncomplicated	infection.)	

	 (iv)	 Antibiotic	 susceptibility	 test	 can	 be	 performed	 to	 further	 guide	 treatment.	 If	 the	 report	 indicates	 that	 the	
administered	drug	 turns	 is	 susceptible	 in	 the	 test,	 then	 the	 treatment	can	continue,	otherwise	 the	drug	can	be	
changed; depending on the report. 

	 (v)	 Special	tests	can	be	performed	to	detect	drug	resistance	genes	in	the	organism	(sometimes	the	drug	resistance	
genes	do	not	get	expressed	during	the	antibiotic	susceptibility	test	but	display	clinical	resistance	‘in	vivo’.

What are the two broad categories, into which the tests to identify the bacteria can be categorized into?
A.2	 The	system	to	identify	the	microbes	can	be	categorized	into	two	groups,	namely	(I)	classic	phenotypic	(conventional	

procedures)	and	(II)	phenotype–independent	methods	(essentially	nucleic	acid	based).
Describe the role of the classic phenotypic techniques to identify bacteria and describe them. 
A.3	 The	classic	phenotypic	techniques	are	carried	out	in	many	of	the	laboratories,	as	they	are	traditional	and	economical.	

However	they	have	the	disadvantage	of	being	time	consuming	and	lacking	specificity.	The	limitation	of	time	consuming	
aspect	has	been	to	some	extent	been	compensated	by	automation	of	tests	and	improvisation	in	techniques.	The	phenotype–
independent	techniques	have	the	advantage	of	being	specific	and	often	being	completed	in	limited	time	but	have	the	
disadvantage	of	requiring	expensive	infrastructure,	training	and	not	being	available	for	many	pathogens.	

 The classic phenotypic techniques	can	be	categorized	into:
 1. Colony morphology on solid medium:	It	is	a	baseline	parameter	in	the	study	of	an	organism.	This	characteristic	

essentially	 helps	 in	 characterize	 a	 colony	 and	 give	 a	 provisional	 diagnosis.	 (in	 some	 typical	 colonies)	 and	
differentiate	from	other	organisms.	Once	a	colony	is	characterized,	then	further	tests	can	be	performed.	

	 	 Following	are	some	of	the	characteristics	studied	in	a	colony.	
	 •	 Size	 •	 Shape	(Fig.	1.9.1a)
	 •	 Surface—smooth/rough/granular	 •	 Elevation	(Fig.	1.9.1b)
	 •	 Edge	(Fig.	1.9.1c)	 •	 Opacity—opaque/translucent/transparent
	 •	 Colour	of	colony	(pigment)	 •	 Consistency—mucoid/friable/firm/butyrous
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The third thing to study the role of bacteria in health and disease, after isolation of the bacterium; is the identification 
of bacteria. Once an organism has been isolated in culture, it must be identified. Let’s study the techniques, which 
can achieve this aspect
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	 2.	 Growth in liquid media (Broth culture): The media inoculated usually is nutrient broth. Some of the broth 
characteristics can be helpful in characterizing the type of organism. The following characteristics are studied:

		  (i)	 Turbidity: Grade and character.
		  (ii)	 Presence of deposit: Some heavier organisms; as Streptococci may settle at bottom.
		  (iii)	 Growth in basal medium indicates the organism to be nonfastidious.
		  (iv)	 Presence of surface pellicle: All aerobic organisms have a tendency to grow on the surface of the broth due 

to increased oxygen presence on the surface, e.g., Pseudomonas aeruginosa.
	 3.	 Smear staining characteristics (microscopy): Preparing smears from colonies and staining are also helpful in their 

characterization. Most bacteria get stained by Gram’s stain, by which the organisms can be broadly categorized 
into gram positive and negative (gram variable category and gram ‘neutral’ terms also described) organisms.  
The shape, arrangement and type of staining character also help in characterization. For instance, members of 
enterobacteriaceae are stained more intensely at ends than at the center (i.e., bipolar staining).

		  The acid fast (Z.N.) staining is helpful in detecting Mycobacterium species, Nocardia, Rhodococcus and some 
other bacteria. The Giemsa staining is helpful in detecting Borrelia, Anaplasma, Ehrichia and some other 
organisms. Direct fluorescent antibody stains are useful for some organisms.

	 4.	 Motility studies: Some techniques as ‘Hanging drop’ preparation are helpful in characterizing the bacteria into 
motile and nonmotile categories.

	 5.	 Antigen detection: Antigenic analysis of the isolate is helpful in detecting some bacteria; as S. pyogenes,
		  H. influenzae, S. pneumoniae, etc. The technique often employed is latex agglutination and precipitation technique. 

The advantage of these techniques is the ease of performance and limited expense. The disadvantages include 
poor sensitivity, poor specificity and limited availability.

		  The techniques based on mass spectrometry are emerging currently in the diagnosis of microbes. These may not 
exactly require the cultivation and isolation steps, as can identify directly from the clinical sample. Amongst it, the 
most important is MALDI –TOF (Matrix Assisted Laser Desorption Ionization Time-of-flight) technology. TOF 
is the mass spectrometer, most widely used wth MALDI. MALDI is an ionization technique applied to detection 
of analytes; as proteins, DNA and sugars. It is a three-step process. Step one involves mixing of sample with 
suitable matrix. In the second step, there is irradiation with laser; resulting in desorption of sample. Step three 
involves ionization of the analyte molecules.

	 6.	 Resistance: The resistance of the isolate to the various entities can also be helpful in identification, e.g. resistance 
of Pseudomonas aeruginosa to cetrimide.

	 7.	 Biochemical profiles: In this category the reaction of the organism with different substrates is studied and 
characterized by their profiles. The classic system rely on the indicator pH change, which results in color change 
from utilization of substrate. These systems have the disadvantage of being time consuming (15–24 hrs), as they 
are dependent on the growth of the bacteria. Newer systems are utilizing release of fluorogenic (fluorescent) or 
chromogenic (color) compounds. To overcome these limitations, newer rapid systems have been devised, which 
depend on the presence of preformed enzymes in the organism, which react with novel substrates and can give 
result in 2–4 hours.

		  The traditional biochemical tests are depicted in Table 1.9.1.
	 8.	 Typing methods: Phenotypic based techniques; as Bacteriocin typing and Bacteriophage typing are useful in 

intraspecies classification (strain typing) and in outbreak investigations.
	 9.	 Animal pathogenicity test: These used to have a role in the isolation of the pathogens from clinical samples, 

as these would produce typical lesions in the laboratory animals. However, their role is now limited and more  
of historical value, as the procedures are time consuming, hazardous (to lab personnel and environment) 
and inhumane. These tests are employed in a very limited fashion in the isolates, to ascertain if they are 
pathogens or not. The isolated organism are inoculated by various routes e.g. tetanus microbe in rat tail. In 
virology, the intracerebral route of inoculation is performed in suckling mice for the diagnosis of Coxsackie 
viruses.

	 10.	 Antimicrobial testing: This technique is essentially to help in deciding the choice of adminstration of antimicrobial 
drugs to be administered. This technology is also useful in identification of some bacteria, e.g., bacitracin 
sensitivity in identification of S. pyogenes, Optochin sensitivity in identification of S. pneumoniae.
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Describe the phenotype–independent (genotypic) techniques to identify bacteria.
A.4	 Amongst this category, most tests are nucleic acid based (Flow diagram 1.9.1). These can be performed at times on the 

clinical sample directly also. The nucleic acid tests can be subdivided into two categories, namely non amplified assays 
and amplified assays. Amongst the former are the nucleic acid (DNA/RNA) probes and DNA target sequencing. These 
are based on the presence of variable regions in genome, which have unique nucleotide sequences that characterize a 
particular genus or species. The gene targeted most frequently used for bacterial identification is 16S rRNA gene, an 
1500 bp gene responsible for coding part of the 30S ribosomal subunit.

	 The amplified assays are often designated, as nucleic acid amplification assays (NAATs). These are based on amplifying 
the target nucleic acid sequences or less frequently the probe or the generated signal (Flow Diagram 1.9.1). The target 
sequence amplification tests include PCR, Nucleic acid sequence based amplification (NASBA), Trancription based 
amplification (TMA, RNA target sequence initially converted to DNA) and strand displacement amplification (SDA). 
One probe amplification test is the Ligase chain reaction (LCR) and one signal amplification test is the hybrid capture 
assay (Details see Chapter 10).

	 Currently this technology is used in a limiting way in the developing countries but in the future the full potential of it 
may be utilized. For indications see A.3, p. 77 Chapter 10 (Section 1).

Categorizing of techniques

 Nucleic acid  
 amplification  
 techniques

Target amplification techniques

Probe amplification technique

  Signal amplification technique

PCR

NASBA (nucleic acid sequence-based amplification)

TMA (transcription mediated amplification)

SDA (stranded displacement amplification)

LCR (ligase chain reaction)

Cleavage invader cycling probe

bDNA assay

Hybrid capture

Classic

RT-PCR
Nested

Multiplex

Quantitative

Used in –Direct clinical samples 
-Culture isolates (for diagnosis at genus/species level 
and detection of drug resistance genes; as mecA gene 
In methicillin resistant S.aureus)

DNA probe (labelled with 
Enzyme/radioisotope/ 
chemiluminescent reporter 
molecules)

RNA probe (less 
commonly used)

Flow diagram 1.9.1: Outline of genotypic techniques to identify bacteria

Nonamplified
Nucleic acid
methods
(Direct hybridization
methods)
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Table 1.9.1: Biochemical Tests

Text Principle Medium/reagent/
constituents

Procedure outline Colour of 
uninoculated 
medium/-ve 
reaction

Incubation 
duration

End result/ 
Colour of +ve 
reaction

Significance

1. Carbohydrate 
fermentation 
test (sugar 
fermentation) 
(Fig. 1.9.2)

Acid production (Car- 
bohydrate fermenta- 
tion or utilization) is 
detected by change 
of colour of medium 
and gas production by 
small inverted tube  
(Dursham’s tube)

•	 Peptone water fer- 
mentation medium

•	 0.5% carbohydrate 
(to be tested, e.g., 
Lactose)

•	 1% peptone
•	 Andrade’s indicator

Inoculate growth into 
medium and incubate

Yellow 18–24 hrs. Pink (Durham’s 
tube can show 
gas formation)

Specific patterns 
for various 
bacteria

2. Nitrate 
reduction test 
(Fig. 1.9.3)

Determines ability of 
an organism to re- 
duce nitrate to nitrites 
or free nitrogen gas

•	 Nitrate broth
•	 0.1% potassium 

nitrate

•	 Inoculate growth 
and at the end of 
incubation, add 10 
drops of mixture

•	 8% sulphanilic acid 
(in 5N acetic acid)

•	 5% alpha-napthyl- 
amine (in 5N acetic 
acid)

Yellow 1–2 days Red In identification 
of Enterobacte- 
riaceae

3. Indole 
formation test 
(Fig. 1.9.4)

Determines the 
ability of organism to 
convert tryptophan to 
indole, which is then
detected with Kovac’s 
reagent

Peptone water (rich in 
tryptophan)
1% peptone

•	 Inoculate growth 
and at the end 
of the incubation 
add 5 drops of 
following mixture of

•	 P-dimethyl ami- 
nobenzaldehyde 
(Kovac’s reagent)

•	 Iso-amyl alcohol
•	 Conc.-HCL

Yellow and 
clear

24 hrs/48 
hrs

Pink in alcohol 
layer

To differenti-  
ate E. coli from 
Klebsiella and 
Edwardsiella
from Salmonella

4. Citrate 
utilization test 
(Fig. 1.9.5)

Determines the ability 
of an organism to 
utilize citrate (of citric 
acid cycle) as a sole 
carbon and energy 
source for growth

(Simmon’s citrate)
•	 Sodium citrate 

(inorganic source)
•	 Ammonium dihydro- 

phosphate
•	 Bromothymol blue 

[indicator 
(pH 6.0–7.6)]

Inoculate growth 
lightly on to the slant 
and incubate

Green 1–2 days Blue with 
growth

In differentiating 
Salmonella from 
Edwardsiella

Others

5. Urease 
production 
(Fig. 1.9.6)

Determines the 
ability of organism 
(which have urease) 
to reduce urea to 
ammonia

•	 Christensen’s 
urease medium

•	 2% urea
•	 0.1% glucose
•	 Phenol red
•	 [Indicator 

(pH-6.8–8.4)]

Inoculate heavily 
on the surface and 
incubate

Buff coloured 4–24 hrs Pink In differentiat- 
ing E. coli and 
Klebsiella and
P. mirabilis and 
vulgaris

6. Methyl red Detects between 
strains that produce 
and maintain a 
high concentration 
of hydrogen ions 
(pH<4.5) and those in 
which reversion of pH 
occurs

•	 Glucose phosphate 
broth

•	 0.5% glucose
•	 0.5% di-potassium 

hydrogen phos- 
phate

Inoculate growth and 
at the end of incuba- 
tion, add 5 drops of 
0.1% methyl red

Yellow 2–5 days Bright red In identifying 
various members 
of Enterobacte- 
riaceae

7. Voges 
Proskauer test

Detects the ability of 
organisms to produce 
acetyl methyl carbinol 
or its reduction prod-
uct (butylene glycol)

do Inoculate growth at 
the end of incubation, 
add 1 ml O’Meara’s 
reagent (40% KOH 
and 3% creatinine) 
OR 2.5 ml of Barrit’s 
reagent (1 ml 40% 
KOH and 3 ml of 5% 
alpha napthol in
alcohol)

Yellow 2 days Eosin pink (in 
O’Meara’s) or 
Bright red (in 
Barrit’s)

do

8. Phenylalanine 
deaminase test 
(Fig. 1.9.7)

Determines  the 
ability of organism to 
deaminate phenylala- 
nine with production 
of phenylpyruvic acid, 
which will react with 
ferric salts to give 
green colour

PPA Broth 
0.2% Phenylalanine 
yeast extract 
Others

Inoculate growth and 
at the end of incuba- 
tion, add 4–5 drops of 
acidic ferric chloride

Yellow 18–24 hrs Deep green Is characteris- 
tic of Proteus, 
Morganella and 
Providencia 
genera

Contd.
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Contd.

9. Amino acid 
decarboxylase 
test (Lysine/ 
Ornithine/ 
Arginine)

To determine the 
ability of an organism 
to decarboxylate an 
amino acid to form an 
amine with resulting 
alkalinity

Moller’s decarboxyl- 
ase base
•	 1% (Lysine/argi- 

nine/ornithine)
•	 Glucose
•	 Peptone
•	 Pyridoxal
•	 Bromocresol purple 

(pH 5.2–6.8)/Cresol 
red (pH 7.2–8.3)

Control tube without 
an amino acid should 
be incubated with 
each panel of amino 
acids under investiga- 
tion. All tubes are 
overlaid with 2 to 
3 ml of sterile paraffin. 
Prolonged incubation 
beyond 10 days may 
be required to demon-
strate weak reaction

Yellow colour 
(only glucose 
fermentated)

1–5 days Turbid purple 
(tinge of yellow 
may be pres-
ent)

In identifyng 
various bacterial 
groups

10. Oxidation
– Fermentation 
test
(Fig. 1.9.8)

To determine the 
oxidative or fermenta- 
tive metabolism of a 
carbohydrate or its 
non-utilization

Hugh and Leifson’s OF 
basal medium pH 7.1
- Bromothymol blue 
(indicator) [pH 6 
(yellow)–7.6(deep 
prussian blue)]

Two tube test-for 
each carbohydrate to 
be tested, inoculate 
a pair of OF tubes, 
one open and other 
sealed with liquid 
paraffin. Also inocu- 
late a control with no 
carbohydrate.

Green colour 2–4 days •	 Fermenta- 
tive-yellow in 
both tubes

•	 Oxidative- 
yellow in 
open tube 
and green in 
sealed tube

•	 Nonutiliza- 
tion blue/ 
Green in 
both tubes

Useful in 
identifying
•	 Enterobacte- 

riaceae
•	 Micrococci 

group

11. Oxidase test 
(Fig. 1.9.9)

To determine the 
presence of compo- 
nent cytochrome oxi- 
dase enzyme, which 
catalyzes the oxida- 
tion of the reduced 
cytochrome and the 
reduction of the dye to 
purple colour

Filter strip coated 
with Kovac’s reagent 
(Tetramethyl-p- 
phenylenediamine 
dihydrochloride)

Incubate a loopful 
of the colony on to 
reagent impregnated 
paper

– Few sec- 
onds

Purplish colour In identifying 
Neisseria species 
and differentiat- 
ing Pseudo- 
monadaceae 
from Enterobac- 
teriaceae

12. Catalase test
(Fig. 1.9.10)

To determine the 
presence of enzyme 
catalase, which splits 
hydrogen peroxide 
into oxygen

30% Hydrogen per- 
oxide (stored in dark 
bottle)

Bacterial colony 
placed on a slide and 
then add a drop of 
hydrogen peroxide

– Few sec- 
onds

Immediate bub- 
bling

To differentiate 
Streptococcus 
from Micrococcus  
and Staphylococ- 
cus group

13. Coagulase 
test
(Fig. 3.2.2, pg.
261)

To determine the 
ability of an organism 
to clot plasma by the 
action of the enzyme 
coagulase

Plasma human/rabbit Slide test: Emulsify 
the colony in a drop of 
saline and add a loop- 
ful of fresh plasma.
Mix. Set up positive 
and negative controls

– Few sec- 
onds

Formation of 
white clumps

To differentiate 
S. aureus from 
other Staphylo- 
coccus species

14. Triple sugar 
Iron agar test

Determines ability of 
organism to ferment 
sugars to produce 
acid with or without 
acid/H2S

•	 Three sugars; glu- 
cose sucrose and 
lactose (1:10:1)

•	 Phenol red, ferric 
salt

Colony is inoculated 
in butt as stab culture 
and then streaked on 
slope

Red colour 18–24 hours •	 K/A, Glucose 
fermented

•	 A/A, G and 
L fermented 
with/without 
sucrose

•	 K/K, No 
sugar fer-
mented

•	 Useful in 
Entero- 
bacteriaceae
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A phenomenal change has occurred in the technology of detecting (identifying) microbes during the last few decades. 
The number of these tests and type of these tests keep increasing. Molecular based tests have become increasingly 
available. Let’s study this trend.

What are the reasons that have led to the changed in scenario that is described above?
A.1	 The sequencing of many human pathogens and identification of many of their genes have transformed our understanding 

of pathogenesis of infectious diseases. The availability of the sequence of human genome; following the completion of 
the human genome project and subsequently the identification of some of the human genes has changed our concepts of 
pathogenesis of disease. The emergence of molecular pathology, which analyzes nucleic acids to diagnose disease also 
helps to evaluate susceptibility to disease, guide treatment and predict the prognosis of disease. The ability to identify 
gene expressions helps us to delineate clinically diseases that may not have been possible on morphological or other 
clinical-cum-laboratory data.

What advantage do the tests based on traditional techniques may have over those based on molecular 
technology?
A.2	 The molecular biology tests used to diagnose infectious agents have many advantages over the traditional 

microbiological techniques, however, they should be seen to overall complement these tests, as a total dependence 
on them; can at times present an aberrated picture of the disease and miss some benefit that the traditional tests may 
be providing at times. One of the distinct advantages of culturing a bacterium or a fungus is that, one can provide 
an antimicrobial susceptibility pattern of the isolate, which isn’t exactly possible, after identification of them by 
tests based on molecular detection.

What are the indications of performing diagnostic tests based on molecular biology?
A.3	 Following are some of the applications of tests, based on molecular methods for microbial identification and 

characterization:
	 (a)	 Detection of:
	 (i)	 slow growing organisms, as M. tuberculosis
	 (ii)	 uncultivable pathogens, as T. whipplei.
	 (iii)	 Fastidious organisms: Culture-based techniques were the gold standard for diagnosis of infectious diseases. 

But currently for many diseases, as hepatitis C, HSV encephalitis, CMV infection (in immunocompromised), 
enteroviral meningitis, pertusis and C. trachomatis (genital infections), molecular biology tests have become 
the gold standard. These tests are not only more sensitive but also faster, and can predict prognosis in some 
cases.

	 (iv)	 Identification of bacteria and fungi from culture isolates at genus or species level by DNA sequence of the 
16S rRNA gene, which is a stable genotypic characteristic of an organism.

	 (b)	 Guide to treatment, for instance, detection of antibiotic resistance genes in a microbe, e.g., mec A gene for 
detecting MRSAs. Drug resistance in HIV-1 RT gene, indicates less than optimal response to antiretroviral 
drugs.

	 (c)	 Prognostication, e.g., subtyping of respiratory syncytial virus provides information on outcome of infants infected 
with it, e.g., genotype of HCV can predict response to therapy in a case with chronic HCV infection.

	 (d)	 Monitoring treatment, e.g., monitoring HIV-1 RNA level is a standard practice in initiating, monitoring and 
changing antiretroviral therapy.

	 (e)	 Epidemiology

10Detection of Microbes Based on  
Molecular Biology Techniques
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Classify the molecular biology based detection techniques.
A.4	 Classification of techniques:
	 1.	 Nucleic acid probes (example of non-amplified molecular technique)
	 2.	 Amplified nucleic acid techniques

	– Target amplification
	– Probe amplification
	– Signal amplification

	 [Details of classification see chapter 9, A4, p 65 (Section 1) and details of technique A6, 7, 8 of this chapter.]
	 3.	 DNA sequencing
	 4.	 DNA microarray technology
Describe the nucleic acid probes (nonamplified techniques).
A.5	 Nucleic acid probes:
	 This technique is used for direct detection of pathogens from clinical samples; as group A streptococci from throat swab 

and identification of culture isolates. The obvious limitation of the technique is that it lacks sensitivity and requires 
approximately 104/ml copies of nucleic acid/ml for reliable detection. To overcome this limitation one may use DNA 
probe, which targets bacterial ribosomal RNA, of which there may be 10,000 copies per cell.

	 The single-stranded nucleic acid utilized in these assays may be either DNA or RNA, so that DNA-DNA, DNA-RNA and 
least commonly even RNA-RNA duplexes may form, depending on the type of hybridization assay. These techniques 
are based on the principle that, if two nucleic acid strands sequences are complementary (i.e., are homologous), then 
they bind with each other with high specificity and form a stable double-stranded molecule. Whether such binding 
has actually occurred, is determined by the test nucleic acid strand that is added in the assay; has a reporter molecule, 
which can be detected using an appropriate substrate. The reporter molecules can be radioactive (with 32P or 125I), 
non-radioactive labelled, e.g., biotin, alkaline phosphatse or chemiluminescent based (e.g., acridium). The presence of 
radioactive reporter molecule in a test sample is detected by autoradiography, in which usually positive hybridization 
is indicated by black spots on X-ray film, as a result of radioactivity. The nonradioactive reporter molecules are usually 
detected by colorimetric principles, in which color change is detected visually or using a spectrophotometer. Presence 
of chemiluminescent reporter molecules are detected using a luminometer, which can detect emitted light.

	 The commonly used formats include liquid phase (GenProbe) and solid phase. In the liquid (solution) format, the probe 
and target (from clinical sample) nucleotide strands are placed as a liquid reaction mixture, in which reaction occurs 
faster, when solid formats are used.

	 In solid formats; filter paper hybridizations, nitrocellulose membrane (as in southern blot) and ‘in situ’ hybridization 
approaches are often used. ‘In situ’ hybridization is a technique often used by pathologists to detect the nucleic acid 
of pathogen in the pathologic tissue sample, which is used as a solid support phase. This test is sometimes available in 
‘fluorescent in situ hybridization’ (FISH) format, wherein the probe is labelled with a fluorescent dye, which is detected 
by a fluorescent microscope. This technology is also used in ‘Southern blot’ and ‘Northern’ blot assay. The probes are 
available for numerous bacterial, parasitic and viral pathogens.

Describe unique aspects of the amplified nucleic acid techniques.
A.6	 (a)	 Amplified nucleic acid techniques:
		  These techniques have some unique aspects besides those discussed in the general aspects of molecular biology 

techniques. One is the extreme sensitivity to detect nucleic acids from the clinical sample. This aspect is a distinct 
advantage but it can become problematic in the interpretation of results. For instance, PCR technique can detect 
nucleic acid from non-viable microbe, the importance of such a report could be of doubtful importance. Also 
detection of organisms, which are present in the body in minimal numbers, as a result of their being a part of 
normal transient flora or as an agent of latent infection. Secondly, these techniques can detect previously unknown 
agents in clinical samples by using broad range primers, which target a region of DNA that is conserved amongst 
a broad group of organisms; for instance, bacteria.

Enumerate the amplified nucleic acid techniques based on target amplification and their characteristics.
A.6	 (b)	 Amplified nucleic acid techniques based on target amplification:
		  As the name indicates in these techniques, a particular target of DNA or RNA is amplified. Most of these techniques 

involve two oligonucleotide primers, which bind to complementary sequences on opposite strands of the double- 
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stranded nucleic acid. These techniques are extremely sensitive and can produce billions of copies of the targeted 
sequence in a few hours. Due to this characteristic, the technique is sensitive to contamination at specimen 
preparation level and has real cross-contamination problem (i.e., positive amplicon of one test contaminating a 
subsequent test being performed). These tests are extremely popular because of adaptation of these methods to 
commercial kits. A summary of the techniques based on this principle is given in Table 1.10.1.

Table 1.10.1: Amplified nucleic acid techniques based on target amplification

Technique Temperature requirement Target Enzymes used
•	 PCR Thermal cycler required DNA, RNA DNA polymerase

•	 NASBA Isothermal RNA (DNA) RT, RNAase H, RNA polymerase

•	 Transcription mediated amplification (TMA) Isothermal RNA (DNA) RT, RNAase H, RNA polymerase

•	 Strand displacement amplification (SDA) Isothermal DNA, RNA Restriction endonucleases, 
DNA polymerase

Describe in detail the PCR technique.
A.6	 (c)	 Polymerase chain reaction:
		  The idea for this revolutionary technique to make unlimited copies of the specific nucleic acid sequence (of defined 

length and sequence) theoretically, even from a single copy of it; without cloning (i.e., using a technique involving 
living cell) came to Kary Mullis, when he was driving his car at night time in the mountains of northern California. 
The technique was developed by him during 1983–85, while he worked at Cetus Corporation, California, USA. 
For the almost unlimited applications, the technique has in the scientific world, he was awarded the Nobel prize 
in 1993 for his commendable work.

		  The fundamental basis of diagnostic techniques based on nucleic acid is that, every living being in its genome has 
unique nucleotide sequences in its DNA or RNA, which can be used for its identification (Fig. 1.10.1). Certain 
features have helped in the development of this technology. One, is the ^denaturation of the two DNA strands at 
high temperature like 95°C and their renaturation, when exposed to lower temperatures.

		  ^The elevated thermal energy breaks the hydrogen bonds between the complementary deoxyribonucleotides on 
the two strands of DNA.

		  Second, is the ability of DNA polymerase to synthesize a complementary strand of DNA, if a specific *primer is 
available, which can bind to a part of the nucleic acid. Third is the ability of old and the newly synthesized nucleic 
acid strands to be available for further cycles of nucleic acid amplification of the desired region. These features 
can result in a single molecule of DNA molecule, giving rise to greater than one billion molecules in an hour; in 
PCR reaction conducted in a thermocycler.

		  The unique component that is specific 
for the various PCR protocols for the 
different infectious agents; is the 
pair of primers. The pair of primers 
have to be so designed, that they 
are complementary to the opposite 
strand and chosen to flank the end 
region of the DNA that is to be 
amplified. The newly synthesized 
strands of DNA begin at each primer 
and extend beyond the position of 
the primer of the opposite strand. 
This pattern results in generation of 
new primer binding sites in both of 
the newly synthesized DNA.

*	 Primer is a small sequence of oligonucleotides (usually less than 100), which is complementary to opposite parts of the strand of nucleic 
acid and can serve as a starting point. Automated synthesizing equipment exist currently, which can make oligonucleotide (oligos, means 
few) primers of desired sequence and length in less than 24 hours.

Fig. 1.10.1: Depiction of the three stages of conventional PCR
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		  Requirements:
	● Thermocycler (a specially designed machine, which can carry out numerous cycles, in each of which the 

temperature is changed thrice for the three steps; as required in the protocol. Has a block to hold multiple 
small vials).

	● Deoxyribonucleotide triphosphate mixture (eqimolar mixture of dNTPs: dATP, dCTP, dGTP and dTTP).
	● Two oligonucleotide primers (specific for each protocol, a molar excess of it is provided, so that the targeted 

DNA anneals preferentially to the primers than to each other).
	● Thermophilus aquaticus enzyme (Taq) (thermo- ‘heat’, philus – ‘love’, aquaticus – from water). This 

enzyme has been derived from the hot springs of Yellowstone, National Park of U.S.A.
		  [The discovery of the thermostable DNA polymerase enzyme allowed the cycling of the reaction in a small 

vial without the requirement of adding new enzyme, after each thermal nucleic acid denaturation step, 
which is to be performed at a temperature close to the boiling point]

	● Buffers as Tris-HCl.
	● Electrophoresis machine (to analyze the amplified product).
	● Ethidium bromide (a dye that stains DNA).
	● Nucleic acid to be amplified (could be in a clinical sample)

		  NB: If the concerned gene is not in the sample, no amplified product results. The chromosomal DNA exists but at 
an extremely low level that it can’t be demonstrated on a stained gel.

		  Procedure:
		  In the PCR machine (thermocycler), numerous cycles of the three step cycle are performed. On an average about 

25 cycles can be performed within an hour, depending on the time of each of the three steps. The PCR usually 
involves 30–50 repetitive cycles.

		  1st step (Denaturation): In this step, the reaction mixture including the clinical sample is heated at a high 
temperature approximately 95°C for a few seconds, so that the complementary strands of the DNA denature to 
separate.

		  2nd step (Annealing): This step is carried at a temperature of less than 60°C. Here, the two primers anneal to the 
two denatured DNA strands. The exact temperature used in this step varies with the composition of the primers 
being used and should be less than the melting temperature of the primers being used (Tm).

		  3rd step (Synthesis): This step is usually carried out at 72°C. In this step, the nucleotides are added along with the 
primers and DNA polymerase enzyme, resulting in two pairs of nucleic acid at the end of this stage.

		  The above three steps are repeated number of times, which depends on a protocol being followed.
		  Uses:
	 1.	 The technology helps in rapid diagnosis of infections. For instance, tuberculosis culture may require up to 

12 weeks for isolation, but with this technology, the result can be available in a few hours.
	 2.	 Detection of an infectious agent, which may be present in extremely small amount in a clinical sample or a 

food product. For instance, demonstration of S. typhimurium in an ice-cream or an egg product.
	 3.	 Taxonomic classification of prokaryotes and eukaryotes (16SrRNA and 18SrRNA)
	 4.	 Forensic medicine: For instance, PCR and DNA analyses of the semen sample can be done to free the 

innocent or convict the guilty.
	 5.	 Detect genetic diseases: Using allele specific oligonucleotide probes.
Describe the modification of the PCR technique used to study the syndromic approach to diseases.
A.6	 (d)	 Multiplex PCR*:
		  It is an alternative technique to broad based PCR for detecting multiple pathogens. Here instead of one pair 

of broad-range primer, multiple pairs of primers are used, which are designed for multiple targets. So, in this 
approach technically, multiple amplicons may be produced in a situation, if co-infections are present. The 
technique is complicated and is less sensitive than classic PCR assay, as the primers have to be so designed that 
they have similar annealing temperatures and lack complementarity. Such an approach helps in implementing 

* GeneXpert cartridge performs I-sample (nucleic acid) extraction, II Amplifi ation and III Detection in self-contained equipment. Can do 
molecular biology techniques in most remote places.
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the syndromic approach to diseases. Biofire is one FDA approved test based on multiplex PCR. Such approach 
has been used detecting the various bacterial/viral causes of meningitis, detecting common respiratory viruses and 
detecting wide variety of adenovirus subtypes or serotypes that cause human infection.

Describe the other modifications of PCR.
A.6	 (e)	 Several modifications of the classic PCR format have been made, which have resulted in the expansion of the use 

of this test. Some of the modifications are given below:
		  RT-PCR (Reverse transcriptase):
		  In this technique, amplification is performed of the RNA rather than of the DNA, which is performed in the 

traditional PCR. This process is accomplished by the reverse transcriptase enzyme, which can produce a cDNA 
copy from the RNA. The cDNA produced is then amplified with the traditional technique. Currently a single 
thermostable DNA polymerase is used in the protocol, which also has significant RT (reverse transcriptase) activity.

		  This technique is useful for detecting RNA viruses; as viruses causing meningitis and detecting other organisms 
targeting their ribosomal RNA. The technique can also be useful in studying the genetic expression of microbes 
and eukaryotes, if the mRNA is detected. Quantitative RT-PCR assays for HCV and HIV help to determine the 
amount of viruses in the patient’s blood, i.e., the ‘viral load’ and are helpful in monitoring the response of the 
individual patient to therapy.

		  Broad-range PCR:
		  As the name indicates, here a pair of broad-range PCR primers are used, which focus on a larger group of 

characteristics. For instance; primer for gram positive bacteria, primer for mycobacteria as a group, primer for 
common bacteria as a group, primer for common bacteria causing bacterial meningitis or endocarditis. One can 
choose any group of related microbes or other characteristics. When one chooses genes that encode for bacterial, 
fungal or parasitic ribosomal DNA, one can gather a lot of information on their taxonomy. Once a positive result 
has been obtained with this technique, one can assess by multiple techniques the particular organism that can   
be present in the group. This approach can be time saving and help in the discovery of new pathogens. By this 
technique T. whipplei and B. henselae were discovered.

		  Nested PCR:
		  It is a modification of the PCR with the aim of increasing the sensitivity and specificity of the PCR assay. It 

utilizes two pairs of primers. The products of the first round of amplification are subjected to a second round   
of amplification with the second set of primers, which anneal to the sequences of the first round products. The 
disadvantage of this technique is the high rates of contamination, as the process requires open manipulations, after 
the first round of amplification. This approach is useful in detecting microorganism, which may be in low quantity 
in the blood, CSF or tissues; for example Rickettsia, herpes viruses and enteroviruses.

		  Real time PCR:
		  The name ‘real time’ is used in this type of PCR, as the evidence of amplification occurs during the PCR reaction 

in ‘real-time’. In this type of PCR, the target amplification and detection occurs simultaneously in the same tube. 
Here fluorogenic molecules are used for the detection of the amplified products, which are present in the same 
reaction vessel that is used for amplification. A special type of thermocycler is required here, which has precision 
optics that can determine fluorescence emission from the sample wells. The computer software supporting the 
thermal cycler monitors the data at every cycle and maintains an amplification plot for the process.

		  The fluorogenic molecules used for detection of amplified nucleic acids may be of nonspecific or specific category. 
An example of the former category is the SYBR green, which detects any amplified nucleic acid. An example of 
the specific probes is the TaqMan or hydrolysis probes.

		  This technique has several advantages; as quantitation of the nucleic acid in the clinical sample and minimal 
amplicon contamination, as the reaction vessel doesn’t have to be opened to analyze the amplicon. It also gives 
rapid results, as reaction proceeds rapidly, uses smaller reaction volumes and obviously no post PCR processing 
is required.

		  Real time micro PCR:
		  It is a portable mini, complete, comprehensive battery operated system, which can be run in peripheral place with 

minimum requirements. Report gets ready within a hour, however, a few samples can be run.

Describe transcription mediated amplified techniques.
A.6	 (f)	 Nucleic acid sequence-based amplification (NASBA) and transcription mediated amplification (TMA) 
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technique - are examples of transcription-mediated amplification method. These techniques have the greatest 
strength in the amplification  of ssRNA rather than DNA. These techniques have several advantages. Firstly; 
as these are single tube assays and the end product is RNA which is labile, so the risk of contamination is low. 
Secondly, it involves rapid kinetics and doesn’t require a thermal cycler, as no denaturation step is required, 
which is partly responsible for changing the temperature of incubation. The limitation of this technique is that it 
gives poor performance with DNA targets.

		  The procedure involved here is, first the synthesis of cDNA (complementary) from the target RNA. This step is 
possible using one type of primer that has T7 RNA polymerase binding sequence on the 5’ end of the molecule 
and the reverse transcriptase enzyme. In the next step, the RNase H enzyme degrades the strand of RNA in the 
cDNA/target RNA hybrid, leaving the single-stranded cDNA. In the next step, a second (type) primer binds to 
the cDNA strand and converts to a double stranded DNA. Currently both strands of DNA are flanked by T7 RNA 
polymerase promoter regions. Consequently, using RNA polymerase, several copies of RNA can be transcribed.

		  The NASBA based kits are used for detection and quantification of HIV-1 RNA and CMV-RNA. TheTMA-based 
kits are available for detection of M. tuberculosis and C. trachomatis.

Describe the amplified nucleic acid techniques based on probe amplification.
A.7	 Amplified nucleic acid technique based on probe amplification:
	 The techniques involve geometric multiplication of the number of probes in comparison to the target amplification 

techniques, in which geometric accumulation of the target site occurs. One of the techniques in this category is the 
ligase chain reaction, which requires thermal cycler, in which the target can be either DNA or RNA. Two sets of 
primers hybridize adjacent to each other on each of the denatured DNA strands with a small gap between the two. The 
thermostable DNA ligase ‘ligates’ (joins) the two set of primers. Amplification of the probes (ligated products) occurs 
exponentially in fashion similar to PCR, in which the amplification of the target site occurs. This method is not used 
these days.

Describe the signal amplification techniques.
A.8	 Amplified nucleic acid techniques based on signal amplification:
	 A detailed description of these techniques is beyond the undergraduate curriculum, however, a summary of the techniques 

and their features is depicted in Table 1.10.2

Table 1.10.2: Signal amplification techniques

Technique Temperature  
requirement

Target Amplification system

Branched DNA assay (bDNA) *Isothermal DNA, RNA bDNA probe

Hybrid capture assay Isothermal DNA, RNA Anti DNA-RNA hybrid 
antibody

* Require no changes in temperature of incubation, so no requirement of thermal cycler unlike PCR technique.

	 Signal amplification techniques:
	 These techniques are based on increasing the concentration of labelled molecule/reporter molecules to the target or by 

increasing the intensity of the signal from the probe. The concentration of probe or target site doesn’t occur with these 
techniques. These techniques are generally considered less sensitive than amplification techniques based on probe or 
target amplification. However, they have many other advantages. These techniques are less likely to produce false- 
positive results, as there is reduced risk of contamination in comparison to other amplification techniques. These tests are 
more amenable to the development of quantitative assays, as number of target molecules isn’t altered and the amount of 
signal is directly proportional to the amount of target sequence in the clinical sample. These techniques aren’t affected 
by the presence of enzymatic inhibitors in clinical samples, as signal amplification process isn’t dependent on enzymatic 
processes.

Briefly mention about DNA sequencing.
A.9	 As the name indicates, it is a technique which can delineate the sequence; in which DNA bases are arranged in a DNA 

sample. High throughout DNA sequencing technique, can sequence approximately a million nucleutide bases of DNA 
in a run of few hours. This technique can identify known pathogens and discover emerging pathogens.

NB: ‘run’ indicates duration, a technique has been put in operation.
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Describe the microarray technique.
A.10	 Microarray (‘Gene chips’):
	 The term microarray literally means arrangement at microscopic level. This technique comes into play, once the 

microbial genome has been sequenced. It throws light at the gene level. The arrangement is of the thousands of 
hybridization sites, each of which is an oligonucleotide, to which labelled amplification product is hybridized. The 
signals generated may be fluorescent or electrical. The device can detect multiple signals simultaneously, which can 
help in detecting DNA differences or differences in expression of mRNA. These features make this system expensive 
and dependent on software packages for extensive data analysis. The microarray analysis can be useful in discovery of 
new infectious agents, discovering new drugs, detecting genetic determinants of resistance and to study host response 
to infection (study gene expression).

What is genome annotation?
A.11	 It is the process of identifying the locations of genes and the functions of their RNA or proteins.
	 The importance this can be realized from the fact that in most of the bacterial genomes, almost half of the identified 

genes have not been assigned a cellular function.
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–  God’s Registrar (Referring to Carolus Linnaeus, who is also known as ‘Father of Taxonomy’)
–  Think of the earth as a living organism that co-exists with billions of different species. Thus the need to classify them.

Pneumocystis jirovecii was first described in 1909 and thought to be a protozoan having ‘trophozoite’ and ‘cyst’ 
stages. There was not much interest in this organism until the AIDS emerged in the 1980s, when it became a common 
opportunistic pathogen in these cases. The population of immunocompromised individuals also increased recently 
due to increased usage of immunosuppressants in organ transplant cases. This organism was an eukaryotic microbe 
of uncertain taxonomy with many workers concluding it to be a protozoan on the basis of morphological, ultrastructural 
findings and its susceptibility to common antiprotozoal drugs; as pentamidine and Trimethoprim-sulfamethoxazole. 
The controversy about its classification continued for a long time till a study in 1988 strongly indicated it to be a 
fungus on the basis of phylogenetic analysis of the organism’s 16S like rRNA sequence alignments showing close 
similarity with Saccharomyces cerevisiae. Further epidemiologic studies on its transmission have also supported its 
fungal lineage. Currently the organism is the prize possession of the mycologists, having been snatched from the 
protozoologists (parasitologists). Let’s study the interesting topic of bacterial taxonomy.

What do you understand by taxonomy?
A.1	 It is an art of biological classification, which provides for an orderly basis for the naming of bacteria and placing them 

into a category or taxon (pleural taxa). The future taxonomic studies would have to depend on DNA chip technology to 
cope with the challenge of intraspecies classification.

What is the need of bacterial taxonomy?
A.2	 The types of bacteria in this universe would be probably millions. If the same organism is studied with a different name 

in different regions of the world, the progress in bacteriology would be slow, as the scientists may be repeating the work 
that had already been done and won’t be able to share the information they are gathering.

Depict evolution of life on earth.
 A.3	 Earth is about 4.5 billion years old. It has passed through various phases, as initially its surface was very hot and 

subsequently had volcanic activity and had other adverse conditions. The life that the planet supported at that time 
correlated with its physical conditions. Currently we are aware of a few organisms that can survive adverse conditions, 
e.g., Thermophilus aquaticus can survive boiling. Dienococcus radiodurans, a bacterium can survive 300 times greater 
radiation than what man can tolerate.

What is the criticism of the science of bacterial taxonomy?
A.4	 It is said that taxonomy is written by taxonomists for taxonomists and is of no relevance for non-taxonomists. It is a 

subjective branch and in many ways is an art than a science.
What would be the characteristics of the taxonomical techniques that would make them ideal?
A.5	 The system should be stable (not affected significantly by genetic variation), objective (be able to be verifiable by any 

observer), predictive and should be based on non-expensive and simple technology. It would group organisms that are 
related through evolution and separate the unrelated ones.

What are the benefits for classifying microorganisms?
A.6	 (i)	 It provides information on evolution of organisms.
	 (ii)	 It arranges related organisms into groups.
	 (iii)	 It establishes criteria for identifying microorganisms. Identification relies on comparing the characters of an 

unknown organism with fully identified organisms in order to name appropriately.
Who is the father of Taxonomy? Describe his key contributions.
A.7	 (a)	 Carolus Linnaeus, the Swedish botanist (eighteenth-century) is considered to be the father of taxonomy. He is 

credited with introducing the binomial nomenclature, a system which is still being used. In the binomial or ‘two 
name’ system, the first name designates the genus (plural ‘genera’) of an organism and the second name stands for 
species. The first letter of the genus is capitalized. The species name is not capitalized. Both words are italicized 

11
Microbial Taxonomy



Microbial Taxonomy 85

in print but underlined, when handwritten. The International code of nomenclature of bacteria provides rule for 
naming bacteria at different taxonomic ranks (this ‘namkaran’ ceremony in humans is performed by pundits/
priests). The goal of the nomenclature is to provide the organism with an exclusive name that carries valuable 
information, e.g., Salmonella typhi.

An article submitted for publication in a newspaper contains the phrase ‘the intestinal bacteria E. Coli. 
Rewrite the phrase correctly, explaining the errors.
A.7	 (b)	 The correct phrase is ‘the intestinal bacterium E. coli. It has three errors (a) bacterium (singular term; to be used), 

(b) first alphabet of species, not to be capitalized and (c) the microbes name to be italicized.
What are some of the problems that occur during microbial classification?
A.8	 (i)	 It is difficult to decide what constitutes a kingdom.
	 (ii)	 It is difficult to decide what constitutes a species. In higher organisms, characteristic of successful mating to 

produce fertile offspring helps in identifying species. In bacteria; such criteria cannot be applied and there is a 
limited feature of lateral gene transfer (gene transfer between two numbers). The fossil records are also incomplete. 
It is difficult to decide, how different two organisms must be in order to be classified as separate species. One of 
the important criteria for species definition is approximately 70% or greater DNA relatedness with a Tm of 5°C or 
less (thermal stability of duplex), besides phenotypic agreement (greater the complementary strands fit together, 
more are the two strands resistant to dissociation by heating).

	 (iii)	 Evolution occurs continuously and rapldly in microbes, which requires continuous updating.
Which would be the best classification scheme to group organisms?
A.9	 One that would group organisms that are related through evolution and separate that are unrelated.
Which is the most accepted classification system? Mention about the five kingdom classification system.
A.10	 No single classification system is totally accepted by all biologists.
	 The five kingdom classification system is one of the most accepted classification systems. One of the advantages of this 

system is that it effectively deals with all microorganisms. The five kingdoms in it are Monera (prokaryotae), Protista, 
Fungi, Plantae and Animalia. All monerans are unicellular, which consists of all prokaryotes, which includes eubacteria 
cynaobacteria and the archaebacteria. The eubacteria are of most important in medical microbiology. The cyancobacteria 
were formerly known as blue-green algae, are photosynthetic, non-invasive and don’t pose any significant health threat 
to humans. Rarely, they are responsible for algal blooms, in which a thick layer of algae growth forms on the surface of 
water. These blooms can release toxic substances that can make the water malodorous and can harm the life dependent on 
that water. The Archaeobacteria as the name indicates are primitive prokaryotes adapted to extreme environments, e.g., 
halophiles, thermoacidophiles and the methanogens (which reduce carbon containing compound to methane gas).

What are the ranks (categories) in a microbial classification system)? Give an example for a bacterium.
A.11	 At the lowest level we have the strain. Several similar strains are grouped 

into a species. Several similar species are grouped into a genus and many 
similar genera are included into a family. Many families are grouped 
into orders and many orders characterize class and several such classes 
constitute a division. Many related divisions constitute a kingdom, e.g., for 
E. coli strain K12 (Fig. 1.11.1).

	 ‘Escherichia’ is derived from Theodor Escherich, who described it and 
‘coli’ from colon, from where it is frequently isolated.

What is the importance of culture collection. Give an example.
A.12	 For many research procedures,  genetical  identical  microbes  have  to  be used, so that work carried out in different 

parts of the world can be correlated. For commercial products; as wine and cheese to have almost identical end product 
with same flavour, genetical identical microbes have to be used. Two types of culture collections are available, namely 
National Type Culture Collection (NTCC) and American type culture collection (ATCC). Anybody can purchase the 
various microbial cultures available at a nominal cost and these are delivered by surface mail.

Mention about Bergey’s manual.
A.13	 There is no internationally accepted phylogenetic system and bacterial classification scheme. Bergey’s manual is one of 

the most accepted references for identification of bacteria.
When can you presume that a new organism has been isolated?
A.14	 When the properties of the newly isolated organism don’t tally with any of the descriptions in Bergey’s manual, then one 

can presume to have isolated a new organism.

Fig. 1.11.1: Bacterial Classification E.coli
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Enumerate the key classification approaches for organism classification and describe them.
A.15	 (i)	 Adansonian/numerical	 (ii)	 Genetic/phylogenetic
	 (iii)	 Intraspecies classification (strain typing)
Describe Adansonian classification.
A.16	 The Adansonian classification is named after Michael Adanson, who introduced it in the 18th century. It is based on the 

principle that increasing the number of study characteristics, would increase the accuracy of grouping of organisms. 
Hence, it is also called the numerical (phenetic) classification. It makes no phylogenetic assumption and gives equal 
importance to all characters. Each characteristic is given a value of ‘1’ if present and ‘0’ if not present. A computer 
program helps to prepare a similarity coefficient for a pair of organisms. If two organisms have more than 90% similarity 
coefficient, they are presumed to belong to same species.

Describe Phylogenetic classification.
A.17	This classification is based on the principle that phylogenic (natural) groups exist in nature for the organisms. The 

differentiation is based on certain characteristics that may vary in importance in their classification. Several ranks as 
kingdom, division, class, order, family, genus and species (serotype) are designated.

	 A key technology that helps in studying these phylogenetic relationships are the rRNA homology studies. rRNA is 
a probabe target, as it is present in all bacteria, functionally constant and composed of highly conserved as well as 
variable domains. Currently these techniques have been replaced by studies on 16S or 23S rRNA, which yield the 
dendrograms, which provide the critical information for bacterial taxonomy.
–	 The sequence of 16S rRNA component is critical in studying evolutionary relationships for several reasons. One 

of the key reasons is that the ribosomes have evolved slowly, as the probability of nucleotide sequence to change 
but allow the ribosome to function is limited. The role of ribosomes in protein synthesis is indispensable. The 
other reasons for using rRNA as target, is that it is present in all bacteria and is composed of highly conserved 
as well as variable domains. 16S rRNA has approximately 1,500 nucleotides. Their sequence can be determined 
by direct rRNA sequencing techniques or recently by newer techniques that rely on PCR technology. Every 
organism has unique base consequences, designated signature sequences. If the nucleotide sequences of 16S 
rRNA molecules of two organisms is similar then the two are likely to close evolutionarily. However, these 
techniques are expensive, difficult to perform and available only in a few research laboratories.

–	 DNA base composition
	 G + C value
	 It varies between 24 and 76% for the bacteria. The range observed within a genus should not be more than 10% and 

within a species should not be more than 3%. This value is a classical genotypic characteristic and is part of the routine 
description of bacterial taxa.

	 The DNA base composition of an organism is unique, as the number of molecules of adenine A equals that of thymine 
(T) and the number of molecules of guanine (G) equals that of cytosine (C). However, some different organisms may 
have nearly identical G + C content, as vastly different humans and B. subtilis both have nearly identical GC content in 
their DNA. The GC content is expressed as:

moles G + moles C

(moles G + moles C + moles A + moles T)
 × 100

Describe the classification methods for performing intraspecies classification of bacteria.
A.18	 The methods can be categorized into phenotypic and genotypic (includes phylogenetic details). Currently great emphasis 

is given on the genotypic methods.
	 Phenotypic methods - (all that don’t focus on DNA or RNA) – Morphology, staining characteristics, cultural 

characteristic, antigenic characteristics, biochemical characteristics, phage typing, Whole cell proteins profile (by 
sodium dodecyl sulphate polyacrylamide gel electrophoresis)*, amino acid sequencing, serology.

* SDS; act as detergent, dissolves the proteins of the lysed protein.
	 Genotypic methods: see section 17, p. 810–812
What are the uses of studying intraspecies classification?
A.19	 Most often these techniques are used in the outbreak of infectious diseases, where they can help in tracing the source and 

path of the disease transmission. This is of vital importance, as this can lead to immediate control measures and help in 
preventing such outbreaks in future.

NB: For list of Microbes of medical importance, see p. 193.
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•	 Infections are most often transmitted from patient to patient by the hands of healthcare workers. 	 — Dr William Jarvis
•	 Epidemiology is like a bikini: what is revealed is interesting; what is concealed may be crucial.	 — Peter Duesbergh
•	 The aim of medicine is to prevent disease and prolong life; the ideal of medicine is to eliminate the need 

of the physician.	 — William James  Mayo

After the mysterious outbreak of pneumonia (Legionnaire’s disease) in 1976 in a hotel in Philadelphia, Legionella 
pneumophila became recognized as a common cause of nosocomial pneumonia. However the source of this organism 
and methods of control of this disease remained unknown for some time. The crucial work in this area was done by 
two teams (Best et al. and Johnson et al.), who applied Evan’s modification of Koch’s postulates and found potable 
water in the water distribution to be a key source of this organism. They found that decrease in the number of this 
organism in the water supply led to decrease in nosocomial pneumonia cases.
  One of the achievements of the last century has been the marked increased in life expectancy. One of the key 
contributors to this has been the reduced morbidity and mortality from infectious diseases. This has been possible 
because of the correct application of the science of epidemiology of infectious diseases. Let’s study this aspect.

Table 1.12.1: Selected Epidemiologic Terms

Host •	 An organism on or in which a pathogen infects

Common source: •	 The etiologic agent responsible for an epidemic or outbreak originates from a single source or reservoir

Etiological agent: •	 A microorganism responsible for causing infection or infectious disease

Mode of transmission: •	 Means by which etiologic agents are brought in contact with the human host (e.g., infected blood, contami- 
nated water, insect bite)

Nosocomial infection: •	 Infection in which etiologic agent was acquired in a hospital

Outbreak/epidemic: •	 A larger than normal number of diseased or infected individuals that occurs over a relatively short period

Pandemic: •	 An epidemic that spans the world

Reservoir: •	 Origin of the etiologic agent or location from which they disseminate (e.g., water, food, insects, animals, 
humans)

Strain typing: •	 Laboratory-based characterization of etiologic agents designed to establish their relatedness to one 
another during a particular outbreak or epidemic

Surveillance: •	 Any type of epidemiologic investigation that involves data collection for characterizing circumstances sur- 
rounding the incidence or prevalence of particular disease or infection

Vector: •	 A living entity (animal, insect, or plant) that transmits the etiologic agent

Vehicle: •	 A nonliving entity that is contaminated with the etiologic agent and as such is the mode of transmission 
for that agent

Quarantine: •	 Enforced isolation of individuals with suspected exposure to highly communicable disease. This is done 
as it is possible for a person to be contagious, even before symptoms develop.

Isolation: •	 Separation of ill person with communicable disease from those who are healthy.

How is epidemiology defined? Mention one of its earliest successful applications.
A.1	 Epidemiology is defined as the study of occurrence of health related conditions/disease, its distribution and factors 

associated with it and its control/prevention in populations. One of the earliest successful applications of it was the John 
Snow’s application, which led to the correct investigation of the ‘Broad street’ pump outbreak of cholera in London in 
1851. This led to a legislation mandating all water companies to filter their water. One of the most recent applications 
has been the description of the AIDS syndrome in 1981, hypothesis of an infectious aetiology, identification of the HIV 
virus and the subsequent control and preventive measures.

12
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What is the role of the microbiologist and clinician in the application of epidemiology?
A.2	 Epidemiological analysis has several goals. Some of these, which directly involve the microbiologist include identifying 

outbreaks or unusual rates of disease occurrence or detecting new/rare diseases, provide laboratory based efforts to 
identify the infectious agents, help in understanding of disease pathogenesis, characterize factors that contribute to 
disease transmission and develop/evaluate primary, secondary and tertiary control/prevention measures.

	 Every clinician should be aware of regional patterns of infection for effective diagnosis, treatment and prevention of 
them. This requires the study of incidence rate and prevalence rate of infections. For acute infections lasting a few 
days/weeks, the incidence rate may be high in comparison to the prevalence rate that may be low. In contrast, for 
chronic infections lasting months/years, the prevalence rate may be very high in comparison to the incidence rate. 
Early diagnosis of numerous outbreaks of infection is important, e.g., by methicillin resistant S. aureus that occur in the 
nurseries and ICUs. These must be controlled before they can create havoc. This task depends on an efficient hospital 
infection team including microbiologist.

What are the forms in which infectious disease in a geographical place can present as?
A.3	 (a)	 Outbreak: A cluster of cases in a single household/locality or small area. A local source is indicated, which has 

to be identified before further transmission can be stopped.
		  It is defined as an unusual or unexpected increase of cases to a known microbe or emergence of cases of a new 

infection.
		  Endemic: A disease occuring within a specific area or region with infections that have a stable incidence within 

the population or are constantly present in the population.
		  e.g., Sexually transmitted diseases (STDs) in hilly regions of Himachal Pradesh
		  Hyperendemic: If infection within a population has very high incidence.
		  e.g., Trachoma in a large rural district
		  Sporadic: Cases which are often unconnected, i.e., scattered (from the aspect of source of infection). Epidemic: 

An increase in infectious cases of one infection over a large area; for instance a country over a prolonged period 
of time. e.g., ‘Avian flu’ in 2020

		  Prosodemic: epidemic that is smoldering and chiefly transmitted by contact (person to person)
		  Pandemic: An epidemic that involves a larger area (usually worldwide epidemic) in a short period; for instance, 

several countries or continents, e.g., the classic 1918-19 pandemic of influenza (killed 20 million people), 
Covid-19.

What are the three components of transmission of infection, whose knowledge should be existing in order 
to control the infection in the community?
A.3	 (b)	 These are namely
	 (i)	 Reservoir of the infection
	 (ii)	 Modes of transmission and
	 (iii)	 Susceptible host
		  The relationship of infection to these is depicted below in a figure.

I II III
Reservoir of infec-

tion→
Modes of transmis-

sion→
Susceptible 

host

Describe the role of first component, i.e., ‘reservoir of infection’ in the transmission of the infection.
A.4	 Reservoir of the infection: It is defined as living beings (man, animal or plants) or other material as soil, in which the 

infectious agent can survive, live or multiply.
	 A term related to it is the source of infection, which implies the various living beings or other material, from which  

the infectious agent can transmit to the host. The reservoir and source of the infection are usually same for most of the 
infections but sometimes can be different in some diseases.

	 The source of infection may be endogenous or exogenous. The endogenous source refers to the individuals own normal 
flora present in the body becoming infections, e.g., the E. coli present as perineal flora can ascend the urinary tract of the 
(same) person and cause urinary tract infection. Another example would be the normal ‘viridians’, streptococci present 
in the oral flora of an individual entering blood during a dental procedure; as tooth extraction (not performed under cover 
of antibiotics) causing bacteremia and/or bacterial endocarditis.
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	 The exogenous source indicates infectious agents from outside the body of the individual (host) causing infections. 
These include: (a) Human cases (here in a different context) are acting as sources of infection for other individuals than 
themselves) (b) Human carriers, (c) Animals, (d) Insects, (e) Soil, (f) Water and (g) Food

	 (a)	 The human case usually becomes a source of the infection in the prodromal period (i.e., before signs and 
symptoms manifest) to many weeks after it (in some cases, the person may remain infectious for his life as TB, 
toxoplasma, HIV infected individuals).

	 (b)	 Human carrier: A carrier is defined as a person who harbours the infectious agent, who can infect others 
(including oneself) but causes no morbidity (ill health/signs or symptoms) in the individual itself.

		  The carriers can be categorized into:
	 (i)	 Convalescent carrier: It is probably the group that has the largest number of any type of carrier. It is 

defined as the individual, who continues to harbour the infectious agent despite or after having recovered 
from the disease.

	 (ii)	 Healthy carrier: It is the individual, who harbours the infectious agent but has never succumbed to it, i.e., 
has suffered because of it.

	 (iii)	 Temporary carrier: It is the individual, who harbours the infectious agent up to 6 months after having 
recovered from that disease.

	 (iv)	 Chronic carrier: It is the individual, who carries the infectious agent for years, after having recovered from 
that disease, e.g., ‘typhoid Mary’ see. p. 355

		  e.g., Herpes simplex oral infection case 
		  e.g., Infectious mononucleosis case
	 (v)	 Contact carrier: It is the individual, who acquires the infectious agent from (another) patient.
	 (vi)	 Paradoxical carrier is the individual, who acquires the infectious agent from another carrier!
	 (c)	 Animals: Some diseases of animals can also be transmitted to man, so these infectious agents in symptomatic and 

asymptomatic animals can act as reservoir of infection. A rabid dog is considered a reservoir for rabies. However, 
a man bitten by it is considered a dead end host (not reservoir), as man can’t transmit the rabies further. Details 
see chapter 11, section III, p. 240-241.

	 (d)	 Insects: Numerous insects can act as source of infection. These are the ones in which the infectious agent develops 
and multiplies as part of its life cycle, before being transmitted to man, e.g., plague bacillus and malarial parasite 
in rat-flea and mosquito, respectively.

	 (e)	 Soil: It can act as source for many bacterial pathogens as Nocardia, spores of C. tetani and C. perfringens, fungal 
pathogens; as blastomyces, histoplasma, Cryptococcus, mycetoma agents and helminthic agents; as filariform 
larvae of Strongyloides stercoralis and Ancylostoma duodenale. (Also see A1b, pg. 766 and A2b, pg. 767)

	 (f)	 Water: It acts as a source of many bacterial, viral and parasitic infectious agents. This could be due to the 
presence of agents (see chapter, Vehicles, p. 766).

		  Agent –	 Bacterial – V. cholerae
				    Viral –Hepatitis A, Hepatitis E 
		  Vectors – Dracunculus medinensis in Guinea worm
	 (g)	 Food: It acts as a source of infection for many diseases; as eggs and meat for S. Typhimurium, sweets for 

S. aureus food poisoning and rice for B. cereus infection.
NB: soils, water and food is considered a nonliving type of reservoir.

Describe the role of second component i.e., ‘modes of transmission’ in the transmission of infection.
A.5	 (a)	 Infectious agents can transmit from source (environment) or from one host to another by mechanisms, which can 

be classified as either direct or indirect. The different modes in the former include
	 (i)	 Close contact; as in touching, kissing, or sexual activity, e.g., in primary syphilis, gonorrhoea
	 (ii)	 Droplet spread (include large drops/particles greater than 100 µm) that does not spread beyond a distance of about 

1 mt from infected individuals onto the conjunctiva or to the nose/mouth of an individual.
	 (iii)	 Susceptible tissue coming in contact of a bite of an infected animals or material; as soil containing infectious 

agent, e.g., rabies following dog bite
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	 (iv)	 Vertical (congenital), this occurs when the infectious agent can travel from mother to fetus ‘in utero’ transplacentally, 
e.g., congenital syphilis and TORCH* infections. The latter infections are called teratogenic, as these are often 
associated with congenital malformations in the fetus.

	 *TORCH is acronym for Toxoplasma, Rubella, CMV and Herpes.

	 INDIRECT modes of transmission indicate that the infectious agent gets transmitted to the infected host indirectly.
	 (a)	 Vehicle borne: this occurs, when any substance serves as an intermediate means of introducing the infectious 

agent into the susceptible host. These substances include:
	 (i)	 ∆Water (details see chapter 2 section 17, p. 766)
	 (ii)	 Food (refer chapter 7, section 6, p. 356–358)
	 (iii)	 Fomites (application, see A8a, p. 350)
	 (iv)	 Infected instruments (iatrogenic)
		  E.g., Hepatitis B and HIV

∆  Ingestion of the contaminated food and water is referred to as the focal-oral route. The entry of pathogen by a non-oral 
route is referred to as the parenteral route.

	 (b)	 Vector borne (details see chapter 20 section 15, p. 715)
		  The vectors can serve as a means of transmitting infectious agents by mechanical means or biologically. The 

example of the former is soiled (contaminated) feet of housefly transmitting dysentery or vibrio organisms to 
the food that it comes in contact with. The biological mode occurs; when the infectious agent needs to develop, 
multiply or undergo cyclopropagative (both development and multiplication) before it can transmit the infectious 
agent to the man.

	 (c)	 Airborne (aerosol/droplet nuclei)  (inhalation): this occurs by airborne route and involves spread with aerosols 
(with infectious agents) with particles in the range of 1–5 µm. These particles can spread great distance by air 
currents, as remain suspended in air for long periods (unlike droplets and large particles which drops within a 
short distance of 1 metre) and cause outbreaks of measles, anthrax and TB.

		  Applied importance: see chapter 2, section 17, p. 768.
Can a pathogen have multiple portals of entry?
A.5	 (b)	 Yes. If the specific adhesins (for pathogen) is present at multiple tissue in different organs. e.g., tubercle bacillus 

can enter the human host by respiratory droplets, food (including milk) and through the skin wounds.
Describe the role of the third component, i.e., ‘Susceptible host’ in the transmission of the infection.
A.6	 The characteristics of the individual play a vital role in eventual outcome of the host-parasite (infectious agent) 

interaction. The host factors can be classified into two categories as depicted below:
	 I.	 Factors that determine exposure
	 (i)	 Sex
	 (ii)	 Age (as child may be attending a childcare facility, whereas a young adult might be staying in military 

barracks)
	 (iii)	 Socio-economic status could determine good diet, hygiene and life-style diseases
	 (iv)	 Behavioural factors; as using alcohol or I/V drugs or risk behaviour
	 (v)	 Sex habits: homoxsexual/heterosexual, number of partners
	 (vi)	 Occupation
	 (vii)	 Travel to endemic areas
	 (viii)	 Vector exposure
	 II.	 Factors that determine occurrence of infection and its severity
	 (i)	 Genetic constitution of the individual: A large number of human genes have been found to be associated 

with altered susceptibility to infectious agents. It is likely that a significant functional variation in the 
human genome has evolved to facilitate human defense against the infectious agents.

	 (ii)	 Immunity status of the individual including vaccination status. The inflammatory response of the host is 
critical for initiating the infection or resolving the infectious process. Bacterial infection initiates a triple 



Epidemiology of Infectious Diseases 91

series of host responses involving the complement, kinin and coagulation pathways. C3a, C5a and other 
components are inflammatory and cause inflammatory cells to migrate from the luminal side of the vessel 
to the site of infection.

	 (iii)	 Quantum and virulence of the infectious organisms; as antibiotic resistance.
	 (iv)	 Duration of exposure and route of entry of the infectious agent
	 (v)	 Coexisting infections
	 (vi)	 Vaccination
		  The outcome of the infection would depend on the interaction between factors which influence microbial 

pathogenicity and the various host factors mentioned including its immune status (see section of immunology,  
p. 153–154 and 161–162).

		  Note:	 ●	 Many factors that determine exposure would also influence the occurrence and severity of infection

			   ●	 Identification of many clinical syndromes; as haemolytic-uremic syndrome required extensive microbiological 
testing. For instance, the former syndrome required isolation of the organism (E. coli) from the sample, testing 
with specific antisera and pulse field gel electrophoresis of the isolate (to comment on the identity of strains 
involved at source level in the outbreak).

			   ●	 Compromised host: A person who lacks resistance to infection due to deficiency in any of the host defenses e.g., 
a person with physical trauma, surgical wounds or immunodeficiency (Immunocompromised)
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•	 You can find bacteria everywhere. They are invisible to us. I have never seen a bacterium except under a microscope. They are so 
small, we do not see them, but they are everywhere.	 — Bonnie Bassier

Let’s study how microbes cause pathogenicity with three integrated clinical based studies

Integrated Clinical Case Based Study 1

Three months back Shefali, a twenty-three years old female was treated for a lower urinary tract infection with 
ampicillin to which she had responded well. Currently, she has again presented with similar complaints and urine 
culture has revealed E. coli count of >105 CFU/ml. The antimicrobial susceptibility report of this isolate has revealed 
it to be resistant to ampicillin.

What is the likely reservoir of organism for causing UTIs in this case?
A.1  (a)	 They are likely to have acquired from the organisms present in the patient’s GIT, which have colonized the 

perineal area. Most of the UTIs are endogenous in origin i.e., endogenous infection.

Describe the terms saprophyte, opportunistic pathogen, pathogen, pathogenicity, virulence and parasite.
A.1	 (b)	 ●	 Saprophyte: These are free living organism, who don’t need a host (living being) to survive, but can survive 

on decaying and dead organic matter. These organisms cannot invade a host, but under circumstances of 
lowered resistance of the host may cause infection, e.g., B. subtilis.

		  ●	 Opportunistic pathogen: Some microorganisms (saprophytes or commensals) can cause damage under 
certain conditions; as Micrococci/coagulase negative staphylococci in immunocompromised individuals or 
an organism getting introduced into a normally sterile site; as Proteus spp. in blood.

		  ●	 Pathogen: These are microorganism that regularly causes disease or are capable of causing disease in some 
proportion of apparently immunocompetent host.

		  ●	 Pathogenicity: It refers to the ability of microorganisms to cause disease.
		  ●	 Virulence: It refers to degree to which a given microorganisms is pathogenic. It is measured by ID50 

(I=infectious and D=dose) and LD50 (L=lethal, and D=dose). The former is defined as the number of 
organisms required to cause infection in fifty percent of those exposed to the pathogen, whereas the latter  
is defined as the number of organisms required to kill fifty percent of test animals exposed to the pathogen. 
However it should be clear that the virulence of the organism must be viewed in the perspective of the host. 
For instance; whether Hepatitis B infection causes asymptomatic infection or fulminant hepatitis depends 
on the genetic constitution of the host and the immune mediated mechanisms, besides varying virulence of 
HBV.

		  ●	 Parasite: This term needs clarification because one often talks of host-parasite relationship in general 
microbiology and immunology. Truly speaking in latter context, parasite refers to any organisms (as bacteria, 
viruses etc.) which are dependent on other organisms (host) for their sustenance but in medical terminology, 
it classically refers to a protozoan or helminth.

Distinguish between commensalism and parasitism.
A.1	 (c)	 Commensalism* is a relationshp between two organisms in which one benefits and the other (host) is not harmed, 

whereas parasitism is a relationship in which one organism benefits and the host gets harmed.
* A typical example is existence of E. coli in intestine. However this relationship may be described as mutualism (when microbe and host 
both benefits), as there is evidence of E.coli producing vitamins B and K.

NB: Symbiosis is a host–parasite relationship in which both are interdependent on each other and can’t live without help of other.

13
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Depict in a figure the relationship between contaminants, infection and disease.
A.1	 (d)

Constant interaction 
of billions of 
microorganisms with 
host result in →

Some microorganisms
contaminate the host
→

The microorganisms 
remain present on the 
host for prolonged 
time, results in 
colonization of the 
host but does not elicit 
an immune response 
or multiplication, can 
lead to →

Infection
(microorganisms 
start multiplying 
on or within host 
and produce 
inflammation in the 
infected tissue) can 
lead to→

→Disease (tissue 
dysfunction and/or 
damage occurs)
→Cure
→Carrier state

A related term that one should known is syndrome, which is defined as a disease, characterized by certain combination
(complex) of signs and symptoms.

What is the most common relation between the prokaryotes and the human body?
A.1	 (e)	 The human body carries billions of prokaryotes, the number of which is many times the total number of cells 

(eukaryotic) the human body has. The current study of microbial pathogenicity at molecular level has revealed 
that most! infections are beneficial to both the microbe and the host, for instance the microbial colonization and 
infection provides protective flora to the host and stimulates the immune system. The central question that arises is 
what makes the microorganism pathogenic? The answer is not simple, as the process starting with contamination/ 
colonization to disease involves many processes and depends on several factors.

When is disease is said to have occurred?
A.1	 (f)	 Disease is said to have occurred, when the multiplying infectious agent causes injury to host tissues and as a result 

sign and symptoms are produced in the host.
What are the microbial determinants of virulence?
A.1	 (g)	  (i)	 Infectious dose: Infectious dose is defined as the minimum number of organisms that can initiate an   

infection. The ID varies from one organism in Q fever, to about 10 in rabies and tuberculosis, 100 in 
Shigella and 1000 in enteric fever.

		  (ii)	 Route of infection: It should be noted that many organisms can cause disease or are infective, only when 
they enter the host by an optimal route, e.g., Vibrio cholerae causes diarrhoea only, when it enters orally. 
However some organisms can cause infection by multiple routes, e.g., S. aureus.

		  (iii)	 Expression of microbial virulence factors
			   For a successful infection and disease; a pathogen may require several virulence factor, which may be a 

mixture of many enzymes and toxins.
	● Adhesins (help in colonization) Table 1.13.1(p. 95–96)
	● Enzymes (help in tissue invasion), pathogenicity islands*
	● Siderophore (seen in many pathogens (including Entamoeba histolytica) is a substance that can 

steal iron from the host’s iron carrying proteins. Optimal iron concentration is required for pathogen 
growth and multiplication)

	● Antiphagocytic factors
	● Toxins – Two categories exists; exotoxin and endotoxin. Based on site of action, can be categorized 

into (a) cytotoxins (e.g., Leucocidin) which destroy cells (b) neurotoxins (e.g., tetanus toxin) which 
damage nerve cells and (c) enterotoxin (e.g., cholera toxin) which affect intestine.

	● Miscellaneous – Vi-antigen
		  Others: as Vi antigen of S. typhi (promotes virulence of typhoid bacillus) and K antigen of E. coli help 

to resist phagocytosis and lytic action of complement. Haemolysin and leukocidins are cytotoxic and 
damage RBC and WBC, respectively.

		  (iv)		 Host factors: Numerous factors including cytokines IL-1, IL-6 and TNF produced by the host in response 
are responsible for numerous manifestation; as fever, muscle proteolysis, etc.

* a new term, recently introduced to refer to a cluster of genes, which encode many virulence factors and are present on bacterial chromosomes/
plasmid. They are absent on non-pathogenic strains and move by horizontal gene transfer. Can convert a virulent strain into virulent one.
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		  (v)	 Regulation of pathogenicity: A successful parasite should be able to continuously sense its local environment 
and be able to distinguish those that favour rapid growth from those that are inhospitable and require 
adaptation. It should also be able to make drastic transitions required, when the pathogen changes host 
during it’s life cycle, e.g., Y. pestis has to shift from rat flea (arthropod vector) to human. The pathogen must 
be able to express differentially their genome to survive in all situations.

What are the five stages in the course of an infectious disease?
A.1	 (h)	 I.	 Incubation period: It is the period between entry of pathogen into the host and the appearance of first 

symptoms.
		  II.	 Prodromal stage: The period when mild signs and symptoms occur.
		  III.	 Acute stage: When high intensity signs and symptoms occur.
		  IV.	 Period of decline: The signs and symptoms begin to decline.
		  V.	 Convalescence period: The body heals and returns to normal

Do the symptoms provide any benefit to host?
A.1	 (i)	 It appears that many of the symptoms have evolved in the host to effectively deal against the pathogen. Take for 

instance the cough, if it is inhibited by anti cough syrups, it would compromise with the ability the respiratory 
tract to expel pathogens. Similarly if low grade fever is treated with antipyretics, it would inhibit it the optimal 
immune response to disease.

Describe the type of infection the lady in the above case is having.
A.2	 (a)	 The lady is having an acute, localized reinfection.
Categorize the various types of infection.
A.2	 (b)	 (i)	 According to degree (region) of infection

	● Localized – confined to a small area or an organ, e.g., amoebic liver abscess.
	● Generalized – spread to many regions, e.g., meningococcemia with petechial rash

		  (ii)	 According to chronology (sequence of infection)
	● Primary: Initial infection (first time) with a pathogen, e.g., colitis due to Shigella flexneri.
	● Reinfection: Subsequent infection with the same pathogen in the same host, e.g., second attack of 

E. coli UTI.
●	 ∆Secondary: Invasion by a (different) pathogen subsequent to primary infection, e.g., chickenpox 

lesions (primary infection) on skin getting infected by S. aureus following child scratching the itchy 
lesions, e.g., bacterial (H. influenzae) pneumonia following viral (Influenza) lung infection.

∆It is called secondary as it occurs after a primary infection.
		  (iii)		 According to duration

●	 Acute: Rapid onset (hours) and brief duration (days) 
	 e.g., staphylococcal food poisoning
●	 Chronic: prolonged duration (weeks) 
	 e.g., TB of lung

		  (iv)		 According to presentation
●	 Syndrome: A disease (condition) characterized by a specific group of signs and symptoms.
●	 Subclinical (asymptomatic): When clinical signs and symptoms are not manifest (detectable)
	 e.g., most common state for most infections, indicates a desirable state for both the host and the 

pathogen, as it is not detrimental for either.
●	 Persistent: It is one in which organism (virus) remains continuously (usually at low level) present 

over a prolonged time after the acute infection has ended; as chronic active hepatitis (Hepatitis B)
●	 Latent: The pathogen remains viable but does not proliferate till the conditions appear favourable for 

its multiplication.
	 It is usually differentiated from a persistent infection by the pathogen not being demonstrated 

continuously.
	 E.g., Herpetic infection of ganglia, TB infection of lymph node
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●	 Opportunistic: Opportunistic pathogen (see chapter 4, section 17, p. 778-779).
●	 Fulminant: Infection that occurs suddenly and intensely. 
	 e.g., Cholera (diarrhoea), Gas gangrene of gut
●	 Cross: When a patient already suffering from a disease, acquires new infection.
●	 Mixed: Two or more pathogens infecting same tissue, e.g. gas gangrene, wound infections, human 

bite infection, dental caries.
●	 HIV and tuberculosis in an individual is better termed as co-infection
●	 Iatrogenic: It is an infection, which results as a result of patient’s therapeutic or investigative 

procedure, e.g., UTI following urinary catheterization in an admitted case
●	 Nosocomial: These are infections acquired following admission in a hospital. Traditionally; defined as 

occurying after 48 hours of admission in hospital to differentiate from community acquired infections.
		  (v)		 According to source (possible) of infection.

●	 exogenous (exo = ‘outside’; genous = ‘born from’): microbe from the environment breeches host 
defences and causes infection.

●	 endogenous (endo = ‘inside’; genous = ‘born from’): microbes from normal flora (of case) invades 
the host and especially infects the sterile tissue.

How has this individual likely acquire the UTI?
A.3	 (a)	 The individual has likely acquired the infection by an ascending route i.e. the bacteria in the perineal region 

colonized the urethra and ascended to the urinary tract resulting in UTI.
Describe the role of adhesins in microbial pathogenicity.
A.3	 (b)	 They explain the process of how the microbes attach to living surface and what can be a possible portal of entry 

for a pathogen in a host. The first step a pathogen has to undergo before it can colonize/infect a host, is that it 
must adhere/attach to the surface of the human host. For this to occur the pathogen usually have adhesins, which 
adhere to receptors on the host cell. The list of such adhesins  is depicted in table 1.13.1. The adhesins prevent 
the pathogen from being removed from the host by various physiological processes; as persistalsis in the gut, 
coughing in the respiratory tract or flushing in the genitourinary tract. Some examples are polysaccharide slime in 
Staphylococcus epidermidis and alginate in P. aeruginosa. The proximity of the pathogen to the host; as a result 
of adhesins, help in toxin action and invasion of the host.

		  Knowledge of adhesins can be used in the prevention of disease, as antibody to the adhesins may prevent the 
first step of host parasite relationship to occur. This approach has been to certain extent successfully utilized in 
prospective vaccines for gonorrhoea.

Table 1.13.1: Adhesins of common human pathogens

Pathogen Adhesin Adhesion mechanism/host receptor
S. aureus •	 Lipoteichoic acid •	 Receptor unknown

Staphylococcus sps •	 Slime •	 Receptor unknown

Group A Streptococcus •	 Lipoteichoic acid and M. protein (LTA-M) •	 Receptor unknown, anchor to epithelium

Group B Streptococcus •	 Protein •	 N-acetyl glucosamine

Streptococcus mutans (‘viridans’) •	 Dextran slime layer •	 Tooth surface (caries)

N. meningitidis •	 Fimbriae •	 Attach to mucosa of pharynx

N. gonorrhoeae •	 Fimbriae •	 Attach to cells of genitalia, N-acetyl glucosamine

C. diphtheriae •	 Surface protein •	 Pharyngeal mucosa

E. coli -Type I fimbriae
-Colonization factor antigen 1 fimbriae (well
developed K antigen capsule)

•	 D-mannose GM ganglioside

E. coli (fimbrial) •	 p fimbriae •	 Uroepithelium

Shigella •	 Type 1 fimbriae •	 D-mannose

Vibrio spp. •	 Glycocalyx •	 Intestinal epithelium

Contd.
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T. pallidum •	 P1P2P3 •	 Fibronectin

Pseudomonas aeruginosa •	 Fimbriae and slime layer -

M. pneumoniae •	 Protein P1 •	 Sialic acid

Chlamydia spp. •	 Lectin •	 N. acetyl glucosamine

Human immunodeficiency virus •	 gp 120 •	 CD4 antigen

Influenza virus •	 Viral spikes •	 Sialic acid

Polio virus •	 Capsid protein •	 CD155

Entamoeba histolytica •	 Galactose-binding lectin •	 galactose

Describe the role of enzymes in host invasion by a pathogen.
A.3	 (c)	 Invasiveness is defined as the ability of the organism to enter host cells, penetrate mucosal surfaces (including 

tissue destruction) and spread within the host after colonization. This is facilitated by numerous enzymes; which 
include:

	 (i)	 Protease	 (ii)  Nuclease – breakdown (depolymerise) nucleic acid	 (iii)  Lipase
	 (iv)	 Mucinase – breakdown mucin protective coating on mucous membrane (e.g., by V. cholerae, E. histolytica)
	 (v)	 Keratinase: digest keratin chief component of hair and skin, e.g., most dermatophytic fungi
	 (vi)	 Collagenase: digests principal fibre of connective tissue e.g. Clostridium species
	 (vii)	 Hyaluronidase: Breaks down hyaluronic acid, a polysaccharide present in connective tissue that helps to 

cement animal cells. So; this enzyme helps in spreading of pathogen, is also called ‘spreading factor:’, e.g., 
by staphylococcus, streptococci, pneumococci, clostridia, other anaerobes

	 (viii)	 Lecithinase: breakdown lecithin, e.g., by Clostridia
	 (ix)	 Streptokinase (fibrinolysin) breakdown fibrin e.g., Streptococci spp.
		  This enzyme is life saving in treatment of myocardial infarction, as can dissolve the fibrin clots in coronary 

arteries
	 (x)	 Coagulase: This converts fibrinogen into fibrin and form a wall around bacteria in infected area, thus 

preventing the bacteria from phagocytosis
	 (xi)	 IgA1 protease: This splits the key mucosal antibody and facilitates infection, e.g., by Neisseria gonorrhoeae
	 (xii)	 ß lactamases: These inactivate the beta lactam ring of antibiotics, hence make them ineffective. Thus the 

pathogens can survive the hostile environment containing β-lactam antibiotics
What in this case’s history may explain the resistance of E. coli to ampicillin?
A.4	 Presence of antimicrobials in the gut can accelerate the mobilization of plasmids resistant to ampicillin and other 

antimicrobials to transfer to other previously susceptible organisms, in this case to E. coli. This may explain the current 
E. coli isolate causing UTI to be resistant to ampicillin.

Integrated Case Based Study 2
Understanding pathogenicity of disease is crucial and complex. However, one of the well understood concepts in 
pathogenicity, is of toxin, which is a soluble product secreted outside the bacteria. The bacteria that cause the 
disease by this mechanism need not even invade the body, just colonization is enough. Modifying this toxin has 
made the public health team, control many dreaded disease.

What is the name of this toxin?
A.1	 Exotoxin
What are the human diseases attributed to exotoxin? Mention the part of the bacterial genome carrying 
the gene for the toxin.
A.2	 Major clinical and syndrome/disease in which exotoxin implicated

Contd.
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Table 1.13.2: Exotoxin mediated diseases

Toxins Part of implicated genome
Food poisoning (S. aureus) •	 Enterotoxin (types A-E) •	 Plasmid
Diarrhoea (E. coli, enterotoxigenic) •	 LT and ST (labile and stable toxins) •	 Plasmid

Haemorrhagic colitis syndrome (EHEC, Enterohaemorrhagic 
E. coli)

•	 Shiga like toxin (SLT) •	 Phage (lysogenized or transformed  
genome)

Diarrhoea (V. cholerae) •	 Choleragen •	 Chromosomal genes
Pseudomembranous colitis (Clostridium difficile) •	 Toxin A and B •	 Chromosomal genes
Tetanus (spastic paralysis) (C. tetani) •	 Tetanospasmin •	 Phage (lysogenized bacterium)
Diphtheria (C. diphtheriae) •	 Diphtheria toxin •	 Phage (lysogenized bacterium)
Pertusis (B. pertusis) •	 Pertusis toxin •	 PT operon
Scalded skin syndrome (S. aureus) •	 Exfolative toxin •	 Phage
Toxic shock syndrome (S. aureus) •	 Enterotoxin -
Scarlet fever (S. pyogenes) •	 Erythrogenic toxin •	 Phage T12 has role

	 Other pathogens which have partly their pathogenicity dependent on exotoxins: B anthracis, B cereus, K. pneumoniae, 
S. flexneri, S. typhimurium, Y pestis, Y. enterocolitica and Aeromonas hydrophila.

Compare and contrast the characteristics of exotoxin with endotoxin.
A.3	 (a)	 Exotoxins are proteinaceous in nature. So the exotoxins has all its properties as mentioned in Table 1.13.3. They  

are one of the most poisonous substances, as it has been estimated that a few pounds of botulinum toxin can wipe 
out the entire human population.

Table 1.13.3: Characteristics of exotoxin and endotoxin

Exotoxins Endotoxins

Structure •	 Protein in nature Lipopolysaccharide in nature

Components •	 Most are composed of two subunits, fragment B is the binding  
fragment and fragment A is the active one, having enzymatic activity

See A3b, p. 99

Action •	 Enzymic •	 Non-enzymic

Source •	 Some gram negative, mostly gram positive bacteria •	 Gram negative bacteria

Effects on body •	 Specific to tissue, e.g., tetanus toxin on nerve endings •	 Non-specific (generalized)

Functional types •	 Three namely: Enterotoxin, Neurotoxin and Cytotoxin •	 Non-specific

Production •	 By secretion •	 By lysis of organism

Genetics •	 Often encoded on plasmid (e.g., LT and ST toxins of EPEC), also on lysogenic 
phage, e.g., C. diphtheriae

•	 Chromosomal
•	 Origin is from cell wall

Characteristics •	 Highly potent (few microgram can kill man) •	 Weakly potent

•	 Highly antigenic (stimulates antitoxin production) •	 Weakly antigenic (doesn’t stimulate antitoxin 
production)

•	 Can be toxoided •	 Cannot be toxoided

•	 Heat labile (at >60°C), as structurally is a protein •	 Heat stable (withstands 100°C for 1 hour)

•	 Can be neutralized by antibody •	 Cannot be neutralized, pyrogenic (sepsis 
shock occur)

•	 Non-pyrogenic •	 Pyrogenic

Example of disease •	 Cholera
•	 Diphtheria

•	 Enteric fever
•	 Meningococcal meningitis

Identification •	 Immunoassay (antisera helpful)
•	 Ileal loop assay (classical test)
•	 Cell culture (e.g., effect on vero cells

•	 Immunoassay (recently developed)
•	 Limulus amebocyte lysate test (ability of endotoxin 

to clot lysate of amoebocyte cells from horseshoe 
crab, rabbit pyrogenicity)

Vaccine •	 Antitoxin (specific antibodies available for some toxins, as toxoids) •	 None
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Tabulate the effects of exotoxins produced by different pathogens.
A.3	 (b)	 Effects of exotoxins

Table 1.13.4

Bacterium Name of toxin or disease Action of toxin Host symptoms
•	 Bacillus anthracis •	 Anthrax (cytotoxin) •	 Increases vascular permeability •	 Hemorrhage and pulmonary 

edema
•	 Bacillus cereus •	 Enterotoxin •	 Causes excessive loss of water and 

electrolytes
•	 Diarrhoea

•	 Clostridium botulinum •	 Botulism (eight serological types, 
neurotoxins)

•	 Blocks release of acetylcholine at 
nerve endings

•	 Respiratory paralysis, double 
vision

•	 Clostridium perfringens •	 Gas gangrene (alpha toxin, a 
hemolysin)

•	 Breaks down lecithin in cell 
membranes

•	 Cell and tissue destruction

•	 Food poisoning (enterotoxin) •	 Causes excessive loss of water 
and electrolytes

•	 Diarrhoea

•	 Clostridium tetani •	 Tetanus (lockjaw) (neurotoxin) •	 Inhibits antagonists of motor 
neurons of brain

•	 Violent skeletal musclular 
spasms, respiratory failure

•	 Clostridium botulinum •	 Progenitor toxin •	 Blocking release of acetylcholine at 
synapses and n/m junction

•	 Botulism (foodborne, infant and 
wound)

•	 Corynebacterium 
diphtheriae

•	 Diphtheria, (produced by virus 
infected (cytotoxin) bacteria)

•	 Inhibits protein synthesis •	 Heart damage can cause death 
weeks after apparent recovery

•	 Escherichia coli •	 Traveller’s diarrhoea 
(enterotoxin)

•	 Causes excessive loss of water and 
electrolytes

•	 Diarrhoea

•	 Escherichia coli
	 (0157. H7)

•	 Hemolytic uremic syndrome •	 Destroys intestinal lining and 
causes haemorrhages in kidney

•	 Bleeding and kidney failure

•	 Pseudomonas 
aeruginosa

•	 Various infections (exotoxin A) •	 Inhibits protein synthesis •	 Lethal, necrotizing lesion

•	 Shigella dysenteriae •	 Bacillary dysentery (enterotoxin) •	 Cytotoxic effects •	 Diarrhoea

•	 Staphylococcus aureus •	 Food poisoning (enterotoxin) •	 Stimulates brain center that causes 
vomiting

•	 Vomiting

•	 Scalded skin syndrome 
(exfoliatin)

•	 Causes intradermal separation of 
cells

•	 Redness and sloughing of skin

•	 Streptococcus 
pyogenes

•	 Scarlet fever (erythrogenic, or 
red-producing toxin)

•	 Causes vasodilation •	 Maculopapular (slightly raised, 
discoloured) lesions

•	 Vibrio cholerae •	 Cholera (enterotoxin) •	 Causes excessive loss of water (up 
to 30 liters/day) and electrolytes

•	 Diarrhoea; can kill individual 
within hours

Enumerate the common vaccines based on modification of exotoxin.
A.4	 Diphtheria and Tetanus are the classic diseases in which toxoid based vaccines are used. Toxoid based vaccines have 

been used for anthrax and botulism. For cholera, toxoid based vaccines have not been successful. Toxoids are modified 
toxins that have lost toxigenicity but retained antigenicity. Formalin is often used to convert toxin into toxoid.

Integrated Clinical Case Based Study-3

In the popular ‘Man vs. wild’ series on discovery channel of TV, a prominent trekker in the forest of South America is rescued by the 
emergency team. On examination he was found to have fever, hypotension, hyperventilation and several infected wounds, which 
resulted from his frequent falls on the ground, while trying to escape from the jungle.

What is the provisional clinical diagnosis of the trekker?
A.1	 Septic shock
What class of microbes are likely to be responsible for the clinical entity?
A.2	 Gram negative bacteria such as E. coli, Klebsiella spp, Pseudomonas spp. and Bacteriodes spp. are more likely to be 

responsible for causation of septic shock than gram-positive bacteria.
What toxin is responsible for his condition?
A.3	 (a)	 Endotoxin
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What is the structure of this toxin?
A.3	 (b)	 It is a heat stable lipopolysaccharides as depicted in Table 1.13.3. They are integral part of outer membrane of  

gram negative bacteria and get released into circulation following lysis of some bacteria. Lipopolysaccharide 
(LPS) consists of polysaccharide O (somatic antigen), a core polysaccharide and lipid A that faces the cell interior.

On hospitalization, besides administration of fluids, the case is also administered antimicrobial agents. His condition 
was found to have deteriorated (instead of improvement)!

What may be the likely cause of his deterioration?
A.4	 The destruction of numerous gram negative bacteria by the antimicrobial administration can cause a massive release of 

endotoxin, which may be responsible for the clinical worsening.
Depict diagrammatically the pathogenesis of endotoxic shock.
A.5	 Endotoxins (locally and circulating systemically) cause activation of complement, coagulation system and macrophages. 

The activation of the latter results in release of numerous cytokines, which play a key part in the pathogenesis.
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What class of microbes are likely to be responsible for the clinical entity?
A.2 Gram negative bacteria such as E. coli, Klebsiella spp, Pseudomonas spp. and Bacteriodes spp. are more likely to be 

responsible	for	causation	of	septic	shock	than	gram-positive	bacteria.
What toxin is responsible for his condition?
A.3 (a)	 Endotoxin
What is the structure of this toxin?
A.3 (b) 	 It	is	a	heat	stable	lipopolysaccharides	as	depicted	in	table	1.13.3.	They	are	integral	part	of	outer	membrane	of	

gram negative bacteria and get released into circulation following lysis of some bacteria. Lipopolysaccharide 
(LPS)	consists	of	polysaccharide	O	(somatic	antigen),	a	core	polysaccharide	and	lipid	A	that	faces	the	cell	interior.

On hospitalization, besides administration of fluids, the case is also administered antimicrobial agents. His 
condition was found to have deteriorated (instead of improvement)!

What may be the likely cause of his deterioration?
A.4 The destruction of numerous gram negative bacteria by the antimicrobial administration can cause a massive release of 

endotoxin,	which	may	be	responsible	for	the	clinical	worsening.	
Depict diagrammatically the pathogenesis of endotoxic shock. 
A.5	 Endotoxins	cause	activation	of	complement,	coagulation	system	and	macrophages.	The	activation	of	the	latter	results	in	

release of numerous cytokines, which play a key part in the pathogenesis. 

Endotoxin

Macrophage Neutrophils B lymphocytes Complement Endothelium

Cytokine release 
(TNF, IL-1 etc) 

Increase in kinins Antibodies Activation of alterna-
tive pathway

Thrombosis and DIC

Shock

Fig. 1.13.1: Pathogenesis of endotoxic shock

 Depending on the amount present in the circulation, it’s effect may include fever, cardiovascular shock (in large amounts) 
and	thrombosis,	the	condition	known	as	endotoxic	shock.	Death	can	result	from	multiple	organ	failure.	Such	condition	
commonly occurs following blood infection by E. coli, Salmonella spp. and N. meningitidis. 

 The hospital perfusion team (including nurses) should realize that fever occurring shortly after starting i.v. drip, may be 
due	to	contamination	of	the	fluid	with	gram	negative	bacteria.	In	such	an	event,	the	incriminated	fluid	should	be	replaced	
with	a	new	lot	and	the	contaminated	lot	should	be	sent	for	testing	of	endotoxin.	Autoclaving	is	unlikely	to	inactivate	the	
endotoxin,	as	it	is	heat	resistant.	

Describe the strategies deployed by the pathogen to outwit the phagocyte.
A.6 Phagocytes form an important component of the host to counter the advancement of the pathogen. The pathogen, 

if it has to succeed must form strategies to avoid the phagocyte. These strategies are numerous and are designated 
antitiphagocytic. First	 amongst	 this	 is	 the	 elaboration	of	 toxins;	 as	 leucocidins	 (leuco=white,	 cidin=destroy),	which	
destroy the white cells, e.g., by Staphylococcus and Entamoeba histolytica. Secondly, some pathogens secrete a capsule 
or	slimy	layer	(extra	cellular	surface	layer)	that	prevents	the	interaction	of	the	pathogen	and	the	macrophage,	e.g.,	S. 
pneumoniae, N. meningitidis, Y. pestis and Cryptococcus neoformans.

 Thirdly certain pathogens; as M. tuberculosis,	Chlamydia	spp.	and	Toxoplasma	spp.	prevent	the	fusion	of	phagosome	
and lysosome (containing the destructive chemicals) in the macrophage, thus these pathogens can survive intracellularly 
and escape the host immune response. Lastly some pathogens as Rickettsia, Leishmania and Trypanosoma cruzi produce 
some substance that let them escape from the phagosome of the macrophage into the cytoplasm of the host cell, before 
the phagosome fuses with the lysosome in the macrophages. 

Fig. 1.13.1: Pathogenesis of endotoxic shock

	 Depending on the amount present in the circulation, it’s effect may include fever, cardiovascular shock (in large amounts) 
and thrombosis, the condition known as endotoxic shock. Death can result from multiple organ failure. Such condition 
commonly occurs following blood infection by E. coli, Salmonella spp. and N. meningitidis.

	 The hospital perfusion team (including nurses) should realize that fever occurring shortly after starting i.v. drip, may be 
due to contamination of the fluid with gram negative bacteria. In such an event, the incriminated fluid should be replaced 
with a new lot and the contaminated lot should be sent for testing of endotoxin. Autoclaving is unlikely to inactivate the 
endotoxin, as it is heat resistant.

Describe the strategies deployed by the pathogen to outwit the phagocyte.
A.6	 Phagocytes form an important component of the host to counter the advancement of the pathogen. The pathogen,        

if it has to succeed must form strategies to avoid the phagocyte. These strategies are numerous and are designated 
antitiphagocytic. First amongst this is the elaboration of toxins; as leucocidins (leuco=white, cidin=destroy), which 
destroy the white cells, e.g., by Staphylococcus and Entamoeba histolytica. Secondly, some pathogens secrete a capsule 
or slimy layer (extracellular surface layer) that prevents the interaction of the pathogen and the macrophage, e.g., S. 
pneumoniae, N. meningitidis, Y. pestis and Cryptococcus neoformans.

	 Thirdly certain pathogens; as M. tuberculosis, Chlamydia spp. and Toxoplasma spp. prevent the fusion of phagosome 
and lysosome (containing the destructive chemicals) in the macrophage, thus these pathogens can survive intracellularly 
and escape the host immune response. Lastly some pathogens as Rickettsia, Leishmania and Trypanosoma cruzi produce 
some substance that let them escape from the phagosome of the macrophage into the cytoplasm of the host cell, before 
the phagosome fuses with the lysosome in the macrophages.
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•	 Antibiotics are truly miracle drugs that have saved countless lives.	 — Betsy Bauman
•	 If at the first sign of infection, you jump in with antibiotics, you do not give the immune system a chance to grow stronger. 	

	 — Andrew Weil

The term chemotherapy was coined by the German Nobel laureate, Paul Ehrlich; who believed that chemical 
substances could selectively kill pathogenic organisms; without injuring the host. It was his firm conviction, that his 
606th attempt led him to launch a compound called ‘Salvarsan’*, which had some clinical value for syphilis and was 
used for a few years. This was an arsenic based drug that was toxic to both Treponema pallidum and unfortunately 
also to humans. It was because of the lack of selective toxicity, that the drug got discontinued. In the present scenario, 
this drug would have been categorized as one with low therapeutic ratio. The term chemotherapeutic drug is used for 
any chemical that is used in the treatment or prophylaxis of disease. Let’s study these agents.
* name so as was believed to offer salvation from syphilis and was an arsenic compound (Arsphenamine)

Describe the discovery and marketing of penicillin.
A.1	 Penicillin discovery in 1929 in the London laboratory of Alexander Fleming is well known. A plate of Staphylococcus 

aureus became contaminated with the mold (fungus) Penicillium notatum and inhibited the growth of the bacterium around 
it. It was inferred that some compound may be secreted by the fungus that inhibits the bacterium. A compound called 
penicillium was extracted from the fungus, which had antibacterial activity. However this great discovery had  to wait 
almost a decade before Howard Florey and Ernest Chain realized the potential of the discovery and went in for industrial 
production of penicillin in UK. The clinical trials of the drug occurred in 1941 and proved its effectiveness (and high 
*therapeutic ratio). However gross misuse of it led to decline of its efficacy, as the drug resistance rate went high.

Highlight the importance of antimicrobial drugs.
A.2	 The importance of antimicrobial agents can be gauged from the fact that currently more than 250 such agents are in use 

worldwide and their production is exceeding 100,000 tons/year (including veterinary, agricultural and medical fields). 
These have reduced the incidence of many diseases and have increased the life span of man.

What is the limitation of the antimicrobial usage in the control of infectious diseases?
A.3	 Because of its excellent effectivity in many diseases, one should not go with the misconception that they may lead 

to eradication of some diseases in the future. Such a scenario may never come. Only an integrated approach can help 
achieve such a goal, as has occurred in small pox.

What is the basis on which antimicrobials are chosen for clinical use?
A.4	 Ideally a large difference should exist between the antimicrobial level that is inhibitory to the microorganism and the 

concentration that is toxic to the host cells. The principle on which antimicrobial agents are chosen in their selective 
toxicity towards the microbe rather than the host. The selectivity of these drugs towards microbes is not absolute, as 
some harm to host does occur with some antimicrobial agents; as amphotericin B.

Describe the evolution of the term ‘antimicrobial agents’.
A.5	 Initially the compounds acting on microbes were mainly antibiotics, i.e., chemical substances that were produced by 

metabolism of microorganisms that had the capability of inhibiting or destroying microbes. Later on came the category 
of semi-synthetic drug and synthetic drugs. The synthetic drugs are those that are totally synthesized in the laboratory, 
e.g., Trimethoprim and the semi-synthetic drugs  are those that are partly made by the microorganism and partly by  
the laboratory synthesis, e.g., cephalosporins. Currently the distinction between antibiotics and synthetic drug is of 
little relevance, as many antibiotics; as chloramphenicol and aztreonam are produced synthetically. Currently the term 
antimicrobial agents is often used. It also avoids the confusion the term chemotherapeutic drug can cause, as drugs used 
against malignancies are also known by this term.

*	 Therapetic ratio may be defined as the highest dose a patient can tolerate without side (toxic) effect, divided by the dose required to control a microbial 
infection

14Chemotherapy of  
Bacterial Diseases
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What is the basis of categorizing antimicrobial agents into bacteriostatic and bactericidal categories?
A.6	 One way of classifying antimicrobial drugs is by categorizing into bacteriostatic and bactericidal drugs. Bacteriostatic; 

as the name indicates are drug that inhibit the activity of microbes, but do not destroy/kill them. It is important to use 
these drugs, where the human defence mechanisms are intact. The suppression of the metabolic activity may be a 
reversible inhibition one, i.e., once the levels become suboptimal the microbe may resume their metabolic activity. The 
bactericidal (cidal means destroy) drugs; as the name indicates are drug agents that can destroy the microbes, if used in 
optimal concentration. It must be remembered that MIC assays can be run for both type of drugs, but MBC assays can 
be run for only bactericidal drugs.

What is the basis of characterizing the antimicrobial drugs on the basis of the spectrum of activity?
A.7	 Antimicrobial drugs are also classified on the basis of the spectrum of activity. The two categories are namely, narrow- 

spectrum agents and the broad-spectrum agents. The former as the name indicates act on a small number of infectious 
agents, e.g., Benzyl Penicillin acts primarily against gram 
positive and negative cocci with little activity against 
enterobacteriaceae (enteric gram negative bacilli). Broad-
spectrum agents; as the name indicates have an activity 
against wide range of gram positive and gram negative 
bacteria including certain obligate intracellular agents. These 
are basically indicated, when pathogen is unknown, e.g., 
septicaemia and when multiple pathogens are possible, e.g., 
perforated colon. Ideally; as far as possible, narrow spectrum 
agents should be used in therapy of infections, as then the 
chances of super infection, drug resistance and adverse 
reactions are minimized. However, if the clinical condition is 
such that the aetiological agent is not known or infection with 
multiple microbes is suspected, then broad spectrum agents 
should be considered.

What is the basis of characterizing the antimicrobial 
drugs on the basis of the site of action in the microbe?
A.8	 The classification of the antimicrobial agents on the basis of 

site of action in the microbe is depicted in Table 1.14.1 and Fig. 1.14.1.

Table 1.14.1: Classification of antimicrobial drugs on the basis of site of action in the microbe

I.
Cell Wall Synthesis Inhibitors

II.
Action On Cell Membrane

III.
Inhibition of Protein Sythesis

IV.
Inhibition of Nucleic Acid Synthesis

•	 Beta lactams; as Penincillin, 
Cephalosporins, Methicillin, 
Carbenicillin

•	 Polymyxins •	 Tetracycline, Doxycyline, Tigecycline∆ Quinolones; as 
•	 Nalidixic acid 
•	 Ciprofloxacin
•	 Norfloxacin

•	 Bacitracin (polypeptide) •	 Colistin (Polymyxin E) •	 Aminoglycosides (as Streptomycin, 
Gentamicin)

•	 Nitrofurantoin,  
(Nitrfurans)

•	 Cycloserine •	 Gramicidin (eye drops) •	 Chloramphenicol Nitroimidazoles; as
•	 Metronidazole 
•	 Tinidazole

•	 Amphotericin B •	 Macrolides; as 
Azithromycin, Roxithromycin, 
Clindamycin Lincomycin (approved in 
2001 for clinical use)

Rifamycins; as 
•	 Rifampicin 
•	 Rifabutin

•	 Carbapenems; as 
Imipenem, Meropenem

•	 Nystatin (Mycostatin) •	 Oxazolidinones as Linezolid 
(approved in 2004 for clinical use)

•	 Sulphanilamide, 
•	 Dapsone,
•	 PAS

•	 Monobactams; as Aztreonam •	 Streptogramins (discovered in 1962 e.g., 
quinupristin-dalfopristin)

•	 Trimethoprim,
•	 Trimethoprim-Sulfamethoxazole

•	 Glycopeptides; as  
Vancomycin,  
Teicoplanin, 
Daptomycin

	 This categorization would be followed in this textbook, while studying treatment aspects.
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What is the basis of categorizing antimicrobial agents into bacteriostatic and bactericidal categories?
A.6 One way of classifying antimicrobial drugs is by categorizing into bacteriostatic and bactericidal drugs. Bacteriostatic; 

as the name indicates are drug that inhibit the activity of microbes, but do not destroy/kill them. It is important to use 
these drugs, where the human defence mechanisms are intact. The suppression of the metabolic activity may be a 
reversible inhibition one, i.e., once the levels become suboptimal the microbe may resume their metabolic activity. The 
bactericidal (cidal means destroy) drugs; as the name indicates are drug agents that can destroy the microbes, if used in 
optimal concentration. It must be remembered that MIC assays can be run for both type of drugs, but MBC assays can 
be run for only bactericidal drugs. 

What is the basis of characterizing the antimicrobial drugs on the basis of the spectrum of activity?
A.7 Antimicrobial drugs are also classified on the basis of the spectrum of activity. The two categories are namely, narrow-

spectrum agents and the broad-spectrum agents. The former as the name indicates act on a small number of infectious agents, 
e.g., Benzyl Penicillin acts primarily against gram positive and 
negative cocci with little activity against enterobacteriaceae 
(enteric gram negative bacilli). Broad-spectrum agents; as the 
name indicates have an activity against wide range of gram 
positive and gram negative bacteria including certain obligate 
intracellular agents. These are basically indicated, when 
pathogen is unknown, e.g., septicaemia and when multiple 
pathogens are possible, e.g., perforated colon. Ideally; as far 
as possible, narrow spectrum agents should be used in therapy 
of infections, as then the chances of super infection, drug 
resistance and adverse reactions are minimized. However, if 
the clinical condition is such that the aetiological agent is not 
known or infection with multiple microbes is suspected, then 
broad spectrum agents should be considered. 

What is the basis of characterizing the antimicrobial 
drugs on the basis of the site of action in the microbe?
A.8 The classification of the antimicrobial agents on the basis of 

site of action in the microbe is depicted in table 1.14.1 and Fig. 1.14.1.
 Table	1.14.1: Classification of antimicrobial drugs on the basis of site of action in the microbe

I.	
Cell	Wall	Synthesis	Inhibitors

II.	
Action	On	Cell	Membrane

III.	
Inhibition	of	Protein	Sythesis	

IV.	
Inhibition	of	Nucleic	Acid	Synthesis

Beta lactams; as Penincillin, 
Cephalosporins, Methicillin, 
Carbenicillin

Polymyxins
Tetracycline Quinolones; as 

Nalidixic acid 
Ciprofloxacin
Norfloxacin

Bacitracin
(polypeptide)

Colistin
(Polymyxin E) 

Amino glycosides (as
Streptomycin, Gentamicin) 

Nitrofurantoin, 
(Nitrfurans) 

Cycloserine Gramicidin (eye drops) Chloramphenicol Nitroimidazoles; as 
Metronidazole
Tinidazole

Amphotericin B Macrolides; as 
Azithromycin, Roxithromycin, 
Clindamycin
Lincomycin

Rifamycins; as 
Rifampicin
Rifabutin

Carbapenems; as 
Imipenem, Meropenem

Nystatin (Mycostatin) Oxazolidinones as
 Linezolid

Sulphanilamide,
Dapsone,
PAS

Monobactams; as Aztreonam Streptogramins Trimethoprim,
Trimethoprim-Sulfamethoxazole

Glycopeptides; as
Vancomycin,
Teicoplanin,
Daptomycin

 This categorization would be followed in this text-book, while studying treatment aspects.∆ In 2005, US FDA approved new class of antibiotic related to tetracycline called the glycylcyclines. In it new drug, Tigecycline.
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  Chapter 1
1.	 Describe the contributions of Anton van Leeuwenhoek.	 Table 1.1.1.,  p. 4
2.	 Describe the contributions of Robert Koch.	 A 6, 7.,  p. 6,7
4.	 Describe the contributions of Louis Pasteur.	 A 5,6.,  p. 5,6
5.	 Describe the contributions of Paul Ehrlich.	 A 9.,  p. 7

  Chapter 2
1.	 Discuss the role of staining and microscopy in study of microbes.	 p. 10–15
2.	 Describe the principle and types of stains.	 A 2–10., p. 10–11
3.	 Describe Gram’s staining.	 A 9–17., p. 11–12
4.	 Describe Z.N. (acid fast) staining, Negative staining.	 A 18–20.,  p. 12–13
5.	 Describe Dark ground microscopy.	 A 30–35., p. 13–14
6.	 Describe Fluorescent microscopy.	 A. 37, 38 ., p. 14
7.	 Describe Electron microscopy.	 A 39–42., p. 14–15

  Chapter 3
1.	 Enumerate the differences between prokaryotes and eukaryotes.	 A 5., p. 22
2.	 Draw Labelled diagram of bacterial cell.	 Fig. 1.3.1., p. 16 and Fig. 1.3.12., p. 21
3.	 Describe Bacterial capsule.	 Table 1.3.1.,  p. 17 and Fig. 1.3.2., p. 23
4.	 Describe Bacterial cell wall.	 Table 1.3.1., p. 17, Table 1.3.2., p. 22 and Figs 1.3.3, 1.3.4., p. 23
5.	 Enumerate differences between cell wall of cell wall of gram positive and negative bacteria.	 Table 1.3.1., p. 17
6.	 Describe Cytoplasmic cell membrane.	 Table 1.3.1., p. 18 and Fig. 1.3.5., p. 23
7.	 Describe Bacterial flagella.	 Table 1.3.1., p. 18-19 and Fig. 1.3.6. and 1.3.7., p. 23
8.	 Describe Bacterial fimbriae.	 Table 1.3.1., p. 18and Fig. 1.3.1., p. 16
9.	 Enumerate the differences between common and sex fimbriae.	 Table 1.3.1. , p. 18
10.	 Describe differences between flagella and fimbriae.	 Table 1.3.1., p. 19
11.	 Describe Bacterial spore.	 Table 1.3.1., p. 20 and Figs. 1.3.8, 1.3.9., p. 23–24
12.	 Describe Intracytoplasmic inclusions in bacteria.	 Table  1.3.1., p.20
13.	 Describe L forms of bacteria.	 Table 1.3.1., p. 17 and A4d., p. 435

  Chapter 4
1.	 Define sterilization and mention differences from disinfection. Classify sterilization agents.	 A1 (a-d)., p. 25
2.	 Discuss the role of sterilization and disinfection in a healthcare setting including 

Tyndallization and Inspissation	 A1e, A3, A4d., p. 26–27
3.	 Classification of critical and semicritical agents according to Spaulding.	 A3., p. 28
4.	 Describe the principle, functioning of autoclaves including monitoring of its efficacy 

(role of moist heat in sterilization).	 A5, 6, 3., p. 26–28
5.	 Describe Hot air oven.	 A4c., p. 26–27
6.	 Describe Plasma sterilization.	 A14., p. 32
7.	 Describe Sterilization by filtration.	 A1–6., p. 32–33
8.	 Describe Sterilization of heat sensitive agents.	 A9a,b and A4–6., p. 32–33
9.	 Describe Disinfection techniques used in hospitals, their principle and use.	 A7–11., p. 29–31
10.	 Describe techniques of disinfection of skin.	 Table 1.4.1., p. 31
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11.	 Describe Vapour phase disinfectants (gaseous sterilization agents).	 A13a,b., p. 32
12.	 Describe Sterilization controls.	 A3, A4c., p. 26–27, A13b., p. 32
13.	 Describe Sterilization by radiation including ‘Hot sterilization systems and Cold’ sterilization agents.	 A8–10., p. 34
14.	 Describe Chemical agents as sterilization agents including alcohols,  

aldehydes, dyes, halogens, phenols, surface active agents and metallic salts.	 A 10., p. 29–31
15.	 Describe methods of testing disinfectants including Rideal Walker test, Chick Martin test and ‘In –Use test’.   A11, p. 31
16.	 Mention about Household water purification systems.	 Clinical based study 3., p. 32

  Chapter 5
1.	 Discuss the terms Phenotype and genotype.	 A 1, 2 ., p. 41
2.	 Describe Methods of gene transfer among microbes resulting in variability in microbes.	 A3., p. 41
3.	 Describe Structure of bacterial DNA and method of its replication.	 A4., p. 37–38
4.	 Describe Structure and function of RNA.	 A5., p. 38
5.	 Define gene and related terms.	 A6., p. 38–39
6.	 Describe Transcription and Translation.	 A9., p. 39–41
7.	 Define mutation, describe types including tests to detect mutation.	 A4., p. 42–45
8.	 Describe Transformation including types and importance.	 A5., p. 45–46
9.	 Describe Transposition (Transposons) ‘Jumping genes’.	 A6., p. 46–47
10.	 Describe Plasmids including definition types, role, laboratory detection.	 A 7 a,b., p. 47–49
11.	 Describe ‘R’ plasmids.	 A7b., p. 48–49
12.	 Describe Conjugation.	 A7c., p. 49–50
13.	 Describe Transduction (Bacteriophage its structure, types, life cycle and typing).	 A 8., p. 50
14.	 Describe Lysogenic conversion.	 A4., A5., p. 478–479
15.	 Describe control of gene expression including lac operon.	 A9., p. 51

  Chapter 6
1.	 Discuss Generation time and give its classic examples.	 A2., p. 52
2.	 Describe Autotrophs and Heterotrophs (and their types).	 A5., p. 62–63
3.	 Describe Fermentation (including the historical aspect).	 Vignette., p. 45, A 8–10., p. 55–56
4.	 Mention applications of fermentation	 A 13–15., p. 56–57
5.	 Describe Physical factors affecting growth of bacteria	 A7ii., 53–55
6.	 Enumerate metabolism categories in microbes and discuss them 

(aerotolerant, aerobic, facultative anaerobic and anaerobic).	 A7 ii., p. 53–54
7.	 Describe capnophiles, micraerophiles, extremophiles.	 A7 ii, iii, iv, v, vii-ix., p. 53–55
8.	 Describe Redox potential.	 A7ii., p. 53

  Chapter 7
1.	 How can role of microbes be studied in health and disease? Mention the goal tried to achieved, 

while cultivating bacteria.	 Vignette  and A1., p. 58
2.	 What do you understand by medium (plural media)?	 A4., p. 58
3.	 Classify culture media and discuss them.	 A5, A7–A12., p. 58–60
4.	 Describe the following categories of media including enriched, enrichment, selective, 

indicator, differential, sugar, transport and anaerobic.	 Table 1.7.1., p. 61–67
5.	 Describe the following types of media namely blood agar, chocolate agar, 

Sabouraud dextrose agar and Lowenstein Jensen media.	 Table 1.7.1., p. 63

  Chapter 8
1.	 What do you understand by ‘culture’ and ‘pure culture’?	 A1, 2., p. 68
2.	 What are the uses/indications of culturing bacteria?	 A6., p. 68
3.	 Describe briefly the aerobic culture techniques.	 A 9., p. 69
4.	 What is the major limitation of the liquid culture technique?	 A7., p. 68
5.	 What are the techniques to culture media on solid media 

(including streak culture, lawn culture, pour plate method)?	 A 9, 10., p. 69–70
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6.	 How does one separate mixtures of different bacteria contained in a clinical sample? 
(incld cragie’s method)	 A 10ii, p. 69

7.	 Describe the anaerobic culture techniques.	 A3a. to A4b., p. 234–235
8.	 Describe principle and use of Mc Intosh and Filde’s anaerobic jar.	 A3a., p. 234 and Fig. 1.6.1 a,b., p. 53, p. 234–235
9.	 Describe briefly the Gaspak system.	 A 3a., p. 234
10.	 Describe briefly the RCM medium.	 Table 1.7.1., p. 66
11.	 Describe the concept and phases of the growth curve with the help of  

a figure and mention its industrial application.	 A. 11., p 70–71
12.	 Describe the techniques to monitor bacterial growth.	 A. 12., p. 71

  Chapter 9
1.	 What are the advantages in identifying an isolate in culture?	 A1., p. 72
2.	 What are the two broad ategories of tests to identify the microbes?	 A2., p. 72
3.	 What is the role of the classic phenotype based tests in the identification of the microbes?	 A. 3., p. 72–73
4.	 Describe the following phenotype based tests; namely IMViC (indole, methyl red, 

Voges Proskaeur, Citrate utilization), catalase test, Phenylalanine deaminase test, 
decarboxylase test and TSI test.	 Table 1.9.1., p. 75–76

5.	 Enumerate the two categories of the nucleic acid tests (phenotype independent) 
and their sub categories and their examples.	 A4., p. 74

  Chapter 10
1.	 Describe the technique of detection of microbes by nucleic acid probes	 A5., p. 78
2.	 Describe the principle, steps and limitations of the classical PCR test.	 A6c., p. 79–80
3.	 Describe the types of PCR tests and their applications.	 A 6d., p. 80–81
4.	 Describe the technique Trancription mediated amplification (TMA) and Ligase chain reaction (LCR)	 A6f., p. 81–82

  Chapter 11
1.	 What would be the characteristics of an ideal microbial taxonomical system?	 A5., p. 84
2.	 Describe bacterial taxonomy.	 A4–A19., p. 84–86
3.	 Describe the Adansonian (numerical) and Phylogenetic classification methods.	 A 16, 17., p. 86

  Chapter 12
1.	 Describe a recent disease, in which epidemiological work up of it, led to control of the outbreak.	 Vignette., p. 87
2.	 Define the terms endemic, hyperendemic, sporadic, epidemic, prosodemic and pandemic.	 Table 1.12.1., p. 87
3.	 Enumerate various modes of transmission of diseases and give examples.	 A5., p. 89-90
4.	 Describe the role of vehicles and vectors in the transmission of the microbial agents.	 A5a,b., p. 90

  Chapter 13
1.	 Describe briefly the following terms: saprophyte, opportunistic pathogen, pathogen, pathogenicity, 

virulence and parasite.	 A 1b., p. 92
2.	 Diagrammatical depict the relationship between contaminant, infection and disease.	 A.1d., p. 93
3.	 Describe the key microbial determinants of virulence.	 A1g., p. 93–94
4.	 Describe the role of adhesins in microbial pathogenicity.	 A3b., p. 95–96
5.	 Describe the role of enzymes in invasion of the host by a pathogen	 A 3 c., p. 96
6.	 Categorize the types of infection, according to degree of infection, and chronology 

sequence of infection,	 A2 bi, ii., p. 94
7.	 Enumerate the human diseases, in which exotoxin is implicated and mention 

the part of microbial genome responsible for it.	 A2.,  p. 96–97
8.	 Compare and contrast the characteristics of exotoxin and endotoxin.	 A 3a., p. 97
9.	 Enumerate the common vaccines in human usage based on modification of exotoxin.	 A 4., p. 98

  Chapter 14
1.	 Classify the antimicrobial drugs on the basis of their action and give examples.	 A8., p. 101
2.	 Write briefly on beta lactam antibiotics, cepalosporins, carbapenems, macrolides and quinolones.	 Table 1.14.1., p. 101

  For Single Response Assessment/Examination Questions, See Appendix 5. pg. 840
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