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Existence of sub-
g bacillary population

* In & given lesion of TB, four
bacterial sub-populations having
different metabolic rates depending
on their surrounding partial pressure
of oxygen & surrounding pH are
present namely-

* Rapidly multiplying bacilli

+ Slowly multiplying bacilli

+ Intermittently growing bacilli
+ Dormant bacilli

+ They are acted upon with different
intensity by the different anti-TB
drugs

Now, we will come to the bacillary population; this is a very important slide I need your
attention. In a given lesion of tuberculosis we have bacteria please told you it will be in
millions, but when you look at their metabolic activity and metabolic rates that bacteria
are not similar some are rapidly multiplying, some multiply very slowly, some

intermittently in spurts they multiply and some remain dormant.

So, we have four different groups of bacilli and we need drugs that should act upon all
these 4 groups of bacilli. So, once again this is a necessity for us to use multi drugs in the

treatment of tuberculosis; where different drugs act upon different bacteria.
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Anti-TB Drug Action on Bacillary Population
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Now, this is a very interesting slide as I told you earlier you have four different types of
bacteria ok; one is rapidly multiplying extracellular. Now, almost all the drugs INH
rifampicin, streptomycin, ethambutol act upon this population of bacteria so you achieve

a rapid kill then you use all the 4 drugs.

But when it comes to slowly multiplying bacteria group B and group C; group B is a
bacteria characterized by slowly multiplying and also they multiply intermittently in
spurts. So, the only drug that acts upon this group is rifampicin to take the third group
once again slowly multiplying bacteria this these are found in acid environment the only

drug that can act upon this group is pyrazinamide.

Yet another group is dormant bacilli as of now we have no clue about which drugs act
upon this; usually they remain dormant for 20 to 30 years and they may come with
relapses after 30 40 years. Now, let us go back to A B and C. When you use a regimen
containing INH rifampcin, rifampcin and pyrazinamide they attack all the 3 groups of

organisms and you achieve a rapid bacterial kill.

Now, what happens in well when you, but this B and C they may remain for some time
and they are known as persisters and you need drugs for longer duration in order to
reduce relapses. So, a regimen should achieve a rapid kill by using these drugs regimen

should also use these two drugs to remove the persisters and to reduce relapses. So, in



order to achieve cure in order to reduce relapses you need to cover you need to include

all these 3 groups of drugs.
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Environmental factors

Anatomical factors

* Type of tissue harbouring the
tubercle bacilli affects drug
action

¥'Some drugs unable to penetrate
into all tissues & cells/
membranes e.g. Streptomycin

vBacilli in cavitary lesions are

extra cellular

Coming to the environmental factors; some drugs are unable to penetrate into all tissues,
membranes some are not able to penetrate brain barrier so you have to choose drugs

accordingly.
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Pharmacological basis of
TB treatment
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* Important to achieve peak
serum levels of all drugs
simultaneously, so that
maximum bactericidal effect is
obtained

+ Achieved by administration of
all drugs at the same time

Coming to the pharmacological basis of treatment as we have already discussed earlier; it

is important to achieve peak serum levels of all drugs simultaneously, so that maximum



bactericidal effect is obtained while treating the patient. This is achieved by
administrating all the drugs in the same time; do not split INH into morning 100
milligram, afternoon 100 and evening 100; please give INH as a 300 milligram single

dose along with the other drugs.
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Principle - Provide safe,
effective therapy for a short
duration
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Short-course chemotherapy -SCC

+ Standard of care for TB Rx for past 30
years.
+ Anti-TB drugs
+ Early bactericidal activity
+ Sterilizing activity
5 + Ability to prevent emergence of DR
Bl * Early bactericidal activity of a
regimen - provides an indication of
infectiousness
+ Sterilizing activity of a regimen -
determines duration of treatment

Now, so let us look into the short course chemotherapy like what based on what we
discussed so far. We use rifampcin, INH, ethambutol, pyrazinamide for shortcut
chemotherapy regimens and that has become the standard of care for TB treatment the

last 30 years.

Now, these group of drugs exhibit three important activities; one early bactericidal, two
sterilizing activity and three ability to prevent emergence of drug resistance; now early
bactericidal activity of a regimen provides early kill and patient becomes non infectious

and smear and culture become negative in more than 90 percent within 2 months.

So, each regimen should have drugs that has got bactericidal activity. Sterilizing activity

of a regimen determines the total duration of treatment.
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Anti-TB drugs - actions

Ranking of drugs with respect to their type of activity
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This slide tells you the different types of activity; early bactericidal, cell activity,
sterilizing activity and prevention of emergence of drug resistance. An ideal drug should
have all the three activities; look at isoniazid acid, look at rifampicin and pyrazinamide
these 3 drugs have all the three activities in various proportions and when we use these
three drugs in a regimen we achieve both early bactericidal activity and sterilizing

activity.

The certain extent streptomycin is useful in early bactericidal activity so it is given for 15
days or 1 month in the beginning of the treatment and ethambutol helps in reducing the

emergence of drug resistance.
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in anti-TB treatment

Intensive phase  Continuation phase

2 HRZE 4HRE
2 months 4 months
H - Isoniazid H - Isoniazid

R - Rifampicin R - Rifampicin
1 - Pyrazinamide
E - Ethambutol

So, based on all these activities we design treatment regimens. What is a regimen? A
Regimen is a group of drugs; given in a particular combination, in the particular dosage,
in a particular for a particular duration. So, each regimen will have two phases namely

intensive phase and continuation phase.

Intensive phase will have 4 drugs namely INH, rifampcin, ethambutol, pyrazinamide for
2 months and continuation phase will be for 4 months including H, INH, rifampcin and

ethambutol.

(Refer Slide Time: 06:09)

Intensive phase

Phase of bactericidal activity
* Why combine four drugs in the
intensive phase (IP)?

a) To achieve rapid killing of
actively multiplying bacillary
population

b) To eliminate naturally
occurring DR mutants

¢) To prevent further emergence
of DR mutants

+ Optimal duration (new cases) -2
months (minimum)

+ Essential for achieving smear
conversion of 90% & reducing
infectiousness significantly
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Why should we have intensive phase? Now, this clearly tells you why we should
combine 4 drugs in the intensive phase of treatment; intensive phase is to achieve rapid
kill of multiplying, rapidly multiplying bacillary population, metabolically active rapidly
multiplying bacteria which from the majority of the population are killed by kill in this
phase.

This phase also eliminates naturally occurring progressive mutants, this phase also helps
to prevent further emergence of DR mutants and optimal duration will be for 2 months
and usually we achieve a smear and culture conversion of 90 percent at the end of

intensive phase.
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Continuation phase

Phase of sterilising activity

+ Goal - To kil all remaining viable
bacilli or reach a point of
sterilization

+ Takes a much longer time to kill the
more slowly growing organisms or
persistors
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Ll « Fewer drugs for a comparatively
longer time - ensures elimination of
persisters

+ Optimum duration of CP is 4 months
in new cases

+ Sterilizing activity of a regimen is
reflected by the relapse rate after
successful treatment

.

Now, this slide tells you about the continuation phase; this is the phase of sterilizing
activity as I told you earlier at the end of 2 months we achieve culture negativity in 80 to
90 percent of the patients need to consolidate the culture conversion you treat them for 4
more months; so that they do not develop resistance or do not come back its smear

possibility.

How the sterilizing activity is achieved? It is by giving drugs for 4 more months. Here
you give fewer drugs, but for a longer duration optimum duration would be for 4 months
that is totally in a regimen you will have intensive phase and continuation phase and total

period of 2 plus 4, 6 months of treatment.



Now, sterilizing activity of a regimen is reflected by the relapse rates after you treat the

patient after they are cured.
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Existence of lag period.

“In vitro experiments - after a culture of M.TB is
exposed to certain drugs for some time, it takes
several days before new growth occurs.”
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In the earlier years we used to give treatment intermittently that is thrice weekly or twice
weekly. How is it possible to give 4 drugs thrice weekly, what is the scientific basis for
this? If you look at this culture media, look at the log count; in the culture the bacterial

count goes up.

Suppose this culture is exposed to INH and the culture media shows a drop in the
bacterial count; even after removal of the drug say INH you expect after removal of the
drug the culture media should show increase in the viable counts like this, but what you
find is a continuation of the drop in the bacterial count and this is called lag phase. Even
after removal of the drug the bacteria do not multiply, this may be for few hours or few

days and after that the bacteria starts multiplying once again.

This principle of lag phase that is once the culture is exposed to your drug the bacterial
count goes down even after removal of the drug the bacterial count continues to go down
it takes some time for it to recover metabolically and to multiply; this principle is used in

intermittent chemotherapy.

Now, using this principle of lag phase intermittent doses they are given maybe thrice

weekly or twice weekly; the main principle here is intermittent dosing increases the



efficacy of the treatment by allowing the organisms to re enter the active metabolic

phase, in which the bactericidal drugs are more effective.
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Currently recommended -
Daily anti-TB treatment

+ Daily anti-TB treatment is currently
recommended by World Health
Organisation (WHO) and Revised
National TB Control Programme
(RNTCP) of India

+ Evidence from systematic review
and meta-analysis

¥ Rates of acquired drug resistance were
3.3 times higher in patients being
treated thrice-weekly throughout than
those who received daily

¥ Use of thrice-weekly intensive phase in
patients with pre- treatment isonfazid'
resistance was associated with higher
risk of failure and acquired drug
resistance
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WHO -Treatment of tuberculosis: guidelines - 4th ed

Currently WHO and national TB control program of India recommends daily anti TB
treatment, this is based on the systematic review and meta analysis, but they have
observed higher rates of resistance when intermittent regiments are used; also among
patients harboring INH resistant organisms the rates of failure was more and also

acquired resistance was more.

So, currently the national TB control program of India recommends daily anti TB

treatment.
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Ensure adherence to therapy
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Directly observed treatment
Ensures that patients receive the
+ Right drugs
* Right doses
+ At right intervals
iy ° For the right duration

3 Long term self administration drugs is
problematic

Directly observed treatment - reduce
LOST TO TREATMENT

It is not enough if we design a proper regimen and a proper dosage and start treatment; it
is equally important that we ensure treatment adherence and see that the patient is

treatment compliant and completes the envisaged chemotherapy.

And for this one of the methods used is directly observed treatment; where patient is
helped either a community worker or a person from the from their own house to
complete the treatment. Long term self administration of drugs is always problematic and
patients may not complete treatment because they are symptomatically better you
invariably after the intensive phase and they do not find the need to take treatment

completely.

So, directly observed treatment helps to reduce loss to treatment from the program point

of view and it may ensure adherence to prescribed chemotherapy.
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Key messages

+ TB treatment regimes are designed
to achieve cure and to reduce
relapses

* TB treatment reduces mortality and
morbidity

+ Never give a single anti-TB drug

=l + Combination of drugs should act on

S bacilli that are on different

[#8 metabolic phases
Bl + The regimen should have
bactericidal activity, sterilizing
activity and ability to prevent the-
emergence of resistant mutants

* Help the patient to adhere to
treatment
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To conclude my talk I would like to tell these key messages. One TB treatment regimens
are designed to achieve cure and to reduce relapses. TB treatment reduces mortality and
morbidity the dictum is never ever give a single anti-TB drug or never had a single drug

to failing regimen.

Always a combination of drugs should be given that act on different bacillary population
that was described to you earlier. The regimen prescribed should have bacterial activity,
sterilizing activity and ability to prevent emergence of resistant mutants. Apart from all
this it is equally important to see that the patients complete their treatment, adhere to the

treatment and do not stop treatment half way through.

This has to be done by someone in the family or from the community. Thank you for

patient listening and I hope you have understood the principles of chemotherapy.

Thank you.



