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CHAPTER 1

Introduction

Rational and Background

Tuberculosis became an important re-emerging infectious disease since AIDS
epidemic. WHO reported that 1/3 of the world population is infected with the bacteria.
Among these, 16-20 millions are active cases. It is estimated that there are 8 millions
new tuberculosis cases per year and causes 2.millions deaths which took place mostly
in developing countries. Due-to-above mention-figures, WHO declared Tuberculosis an
emergency disease which need immediate intervention to solve the problem'm

In the year 2006 \WHO.reported '}hat Thailand is among the highest TB burden
countries in the world. ThefCurrent estimates for the prevalence and incidence of TB
is based on a prevalenge /survey Corﬁ?du,g;ted in 1991, recent limited prevalence
surveys and routine case notifications: Aéditional surveys are planned to obtain better
estimates of disease burden inéluaing arr]rpng people living with HIV/AIDS during the
next two years and beyond: dF.Qljutine 'j:ééqpramme surveillance is also being
strengthened  with further__imprpvemengli_rj_t_he electronic and reporting system

already in place in-t,he country. In 2006, the NTP adQ‘"pt,ed the quarterly reporting

system replacing ; "fh_e thrice-yearly reporting system‘.Th'is will make international
comparisons more straightforward as well as facilitate aligning to reporting cycles
of major donorssineluding the Glebal Fund,

Thailand. is “reporting generalized HIV epidemic. Nationwide surveillance for
TB/HIV._co-morbidity is. routinely undertaken. ThezHIV epidemic has_had a significant
impact on'TB with-higher case notifications ‘famong young-adult.Since“AlDS spread to
Thailand in 1984, reported Tuberculosis cases also increased steadily to 58,670 cases
in 2005 Among these, 30,101 were new smear positive cases, 1,784 were relapse
cases, 19,159 were new smear negative cases, and 7,626 were extra-pulmonary
Tuberculosis. There have been 301,046 symptomatic HIV and AIDS reported cases in

Thailand till 2005 with 84,437 cases (25.5%) also suffered from Tuberculosis.



Multi-drug resistant tuberculosis in Thailand have been regarded as the third
epidemic and become global emergency since 1993. The multi-drug resistant TB is at
least resistant to 2 drugs which are isoniazid and rifampicin. The MDR-TB is uncured
despite its rare occurrence. A major cause of MDR-TB is either irregular drug taking or
not completing course of drug taking. In 1997, the WHO reported Thailand’s MDR-TB
at around 3000 cases considered as high tendency. By December 1998, the rate of
drug resistant TB was 26%, 13% to isoniazid, 12% to streptomycin, 7% to rifampicin,
7% to ethambutol and 3% to multi-drugs.~Cempared between 1968 and 1998, the
percentages of drug resistant-IB-had increased-ioreach drug. Factors related to drug
resistant TB were number oflesions in lungs, family history of TB and HIV positive
history while factors related t0.MBPDR-TB erre history of TB treatment, TB family history (
review by Dr. Petcharawan’) F Y

Northern Thailand has been hardest hlt from AIDS compared to other parts of
the country and contributed 30% ' of reperted cases. The AIDS epidemic in the area
caused high burden of TubercuIOS|s cases and un-achieved related indicators. Data

-

from Tuberculosis Center Reégion. 10 showed-m@t death rate were 11-24% (target 9%),

cure rate 65-77% (target 85%), default raﬂté_._'>]';tﬁ-12.5% (target 5%), and relapse >

10%.and the importaht data that should be a cause of ‘iow success rate is the high

(56)

rate of NTM' The factors related to death among TB~ pat|ents included HIV co-
infection, had other co=morbidity especially DM HT and COPD, and late diagnosis.
Proportions of Multi=drugs sresistance B (MDR-TB) .in. the region has been
increased both, primary” drug resistance’ and acquired drug resistance. Studies from
Tuberculosis, Center Region 10 showed 4.% MDR-TB among.never-before-treated TB
patients while a'study from'ChiangRai by Yashiyamafound MDR-TB'as high as 6 %.©
It was higher than Hot spot point (3%) of WHO criteria “There has no active strategy to
cope with MDR-TB problem up until recently due to lack of laboratory capacities.
However, the laboratory facilities of the center is improved and be able to perform DST
and get result within one month. Tuberculosis Center Region 10 is now ready to

implement DOTS-Plus strategy recommended by WHO.



The Directly Observed Treatment Short-course (DOTS) strategy of the World
Health Organization (WHO) aims to reduce initial drug resistance and acquired drug
resistance. The main strategy is that patient has to swallow the medications in front of
his or her supervisor which could be family member, health care personnel, volunteer,
or community member. There are five elements in DOTS: political commitment ; case
detection using sputum microscopy ; standard short-course chemotherapy under
proper case management; direct.observation of treatment; and a standard recording
and reporting system. Thailand adopted D@IS strategy and used for TB patients in
1996 ¥ and later expand-io-cover all area-oi-the country. DOTS is now widely
accepted from health persennel. Future plan is to distribute responsibility to local
authority through primary_eare.tnit; "L

DOTS-Plus is anether add-on strategy to tackle MDR-TB and focusing on
sputum culture, drug sensitivity test; av_éilgpility of 2% line drug. DOTS-Plus is not
intended as a universal strategy, and iJs'w_ not required in all settings.(m) DOTS-Plus
should be implemented only in sélebted ar:e.e%_s}/vith maoderate to high levels of MDR-TB.

-

DOTS-Plus is being implemented.in Bolivia,’}@@ta Rica, Estonia, Haiti, Karakalpakstan

(Uzbekistan), Latvia, Malawi, Mexico, Perq;,_:_..Ffbj_ILopines and the Russian Federation

(Arkhangelsk, Ivangn®, Tomsk and Orel Oblasts)."More. fécently, DOTS-Plus projects

have also been apbr‘ov.ed in Georgia, Honduras, Jordan, Kénya, Kyrgyzstan, Lebanon,
Nepal, Nicaragua, Romania and Syria. "7 The elements of DOTS-plus include the
followings'(S)

1. Political commitmentTis of utmostiimportance in‘treatment of tuberculosis in general
,and MDR-IB specifically..For. DOTS-Plus. it is.nécessary.to obtain“the support of the
local authorities, because ‘first of“all“financing is' necessary in“order to set up this
project. Secondly, government should regulate the distribution of tuberculosis drugs.
Patients should not be allowed to buy them in drugstores, because if self-administered,
it can be done inappropriately, thus creating more resistant strains of Mycobacteria

tuberculosis.

2. Coordination of all parties involved in DOTS-Plus project is necessary. At the

community level, former patients can be recruited to help current patients.Social



workers must be taught how to deal with MDR-TB patients. The DOTS-Plus project
should be integrated with an existing DOTS project and with the National Tuberculosis

Program. On the international level, there must be collaborative projects.

3. Laboratory aspects include culture identification of Mycobacterium tuberculosis
and providing drug susceptibility tests to first and second line drugs. Ensure high

quality of work.

4. Treatment strategy The doctors should use treatment strategy where by ascertain

that the patients actually take the drugs given+o them . For two years the patients must
)

either receive drugs in a hespital or.at allocal medieal.center. The doctors should know

what kind of side effecis'to expect.and how to deal with-them.

5. Information systems andidaia ma_nage'm@nt A well functioning DOTS-Plus program
has to have efficient information systems in order to allow the tracking of treatment of
each individual and usa@e of data in;the fé‘§earch of the disease.

In terms of medication i'ir’e:'a'tment;b;sgd in DOTS-Plus strategy, there are 2
ald 3 K
acceptable standard formats‘W)J--l. ; 773

L N

1. Empirical treatment: In MDR_;_TB:patients‘}wﬂl,n_severe symptoms or positive sputum

exam at the end 01“-‘.22";j month of treatment._The patient WNEI[ get standard CAT 1 or CAT

2 regimen with at Téést 4 medications plus Kanamycin-x’lﬁjection under background
DOTS strategy. This treatment format uses population DST results from that

geographical areajas information to helpidecide onshowstostreatthe patient.

2. Individual treatment: In patients who had DST result at the beginning of the
treatment; the” medications tsed will“be ‘according 10 individual.DST result following

guideling for the programmatic management of drug resistance tuberculosis (table 1)



TABLE 1 Individualized regimen design based on DST for first-line drugs

PATTERN OF SUGGESTED REGIMEN DRUG RESISTANCE COMMENTS
(DAILY UNLESSOTHERWISE STATED)

H-R Z-E-injectable agent- One Group 4 agent is sufficient if E and Ze
fluoroquinolone susceptibility has been ascertained. Two
(+ one or two Group Group 4 agents should be used in
4 agents) extensive disease, or if the DST result is

questionable (i.e reported susceptibility to E or

VA
despite a history of these agents being
used in a failing regimen).
H-R (+ S) and lor E~injectab|e‘ _ ' Only use the first-line agents to which the
Eorz agent-flueroguino- A\ 4 patient’s strain is susceptible. Use
lone (+ two or more TI 4 alternative injectable agent if S resistance
Graup 4 agents)’ 4 is present. More than two Group 4 agents
}

dia should be used in extensive disease or if
S Tsistance to Eand Z s present or

g Sy suspect-ed. Group 5 agents can be

- considergd if an adequate regimen of four

drugs ¢annot be formed based on DST.

H = isoniazid; R = rifampicin; E = ethambutol; Z = pyrazihamide; S = streptomycin

The basisiis toruses3,new: medications plusiKanamyeinzinjection for 3-6 months.
The overall treatment Course should be 18 months long. The laboratory follow up
should-be, as .the followings:-BUN,, Creatinine,, and LET .every 3.month, Chest X-ray
every 6 month.
Table 2 Recommended treatment regimens for new smear positive and DST

shows drug-susceptible disease

TB treatment regimens

Initial phase Continuation phase

2HRZE(S) 4HR




The investigator, together with TB center region 10 staff, has evaluated the
facilities and health service as well as community network in upper northern Thailand
and concluded that it is possible to introduce DOTS-Plus strategy in the area. The
laboratory (element #3) will be novel for the region. We hope that this initiative will help
improve the overall efficacy of TB treatment in the area.

However according to several reports, DOTS-Plus strategy has not been so
successful. Tuberculosis center Chennailndia summarized treatment of MDR-TB TRC
experience between 1980 — 2005 showedsthat cure rate was at only 65%."” Drug
resistance is often attributed-{o a patient’'s-nencompliance with the therapeutic
regimen. Noncompliance, e hewever, has/many. cause such as poverty, lack of
scientific awareness about the diseas@, homelessness, side effects of the anti-TB
drugs, and especially social stigma. This findings underscore the importance of
understand local needs and soc__i,o—bultd?é ,?spects of ‘community to implement TB

4
control program effectively. i

L

Mobile phone becomes e'ssentia'lfd;pa;'t of daily life activities for most Thai

people nowadays. It has potentialin helping'_'_hgalth care personnel communicate with

TB patients since it is conv_e@enpe and:p};nf;id_ential and offers protection against

. . (13). \ e L { . . .
social stigma ™ Vitsarutratana et al. reported encourading evidences using mobile

phone to follow-up ;Té.patients in 2 districts of Chiang Vel province. They found that
this strategy increaséd cure rate and improved patients’ psychological status. Most
patients felt warms less jsociak stigmag, more willingness tostaking care of themselves
through mobile,phone'talks 'with health'personnel.

The..investigator hopes _that using.DOTS-Plus, following. WHO guideline by
introducing new laboratory technigues (identify for ‘NTM;' DST)" together with using
mobile phone to communicate with the patients will help improve patients’ compliance
to treatment and at the same time raises patient's understanding on their co-
morbidities (DM, HT, and CVD) if any resulting in more effective overall TB control in

the region.



Conceptual Framework

The DOTS Plus Framework for the Management of TB and Multi-Drug-Resistant TB

The framework is organized around the same five components of the DOTS

strategy, as the underlying principles are the same. The core components are

comprehensive ensuring that all essential elements of the DOTS Plus strategy are

included and we compared the framewark between DOTS and DOTS-Plus as follows:

DOTS

DOTS Plus

1. Political commitmeént

1eSustained politicalland administrative commitment
14 /A Welrt—functioning DOTS program.

142 fLong-term investment of staff and resources.

1.8 Coordination efforts “Petween the community,  Local

governments, and international agencies

2. Case detection using

sputum microscropy

24 Diagnosis‘--‘df MDR 1B through quality-assured culture and

df—ug susdééti-bility testing.

"21.!5roper triaé_'e_b?"apatients into DST testing and. the DOTS-

Pius progrém e

3.Standard short-course

chemotherapy under
Proper case
management:

3. Appropriate treatmentstrategies that utilize
secondline drugs under prop’ér management
conditions
3.1 Rational treatment design (evidence-based.)
3.2 Directly observed therapy/|(D@T) ensuring long-term
adherence.

3.3 | Monitoring and management of/adverse drug Reactions

4. Direct observation of

treatment

4.Uninterrupted supply of quality-assured anti-TB drugs

5. Standard recording

and reporting system

5.Recording and reporting system designed for the DOTS Plus
programs that enable performance monitoring and evaluation of

treatment outcome.




Figure 1 Frame work of Cost analysis
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Health Facility

ODPC.10 PCMO

Regional Hospital. Community

General Hospital. Hospital

Research Question F

SN INENDT soorermsr o
AR e gy

To conduct comparative study on TB control effective model in northern area

1.Primary Objective
1.1 To compare the effectiveness of TB treatment outcomes between non MDR-
TB patients who got routine DOTS-plus care model and patients who got routine

DOTS-plus care model plus mobile phone communication.
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1.2 To compare the effectiveness of TB treatment outcomes between MDR-TB
patients who got routine DOTS-Plus care model and patients who got routine

DOTS-Plus care model plus mobile phone communication.

2. Secondary Objective
2.1 To compare cost effectiveness of TB treatment outcomes between non MDR-
TB patients who got routine DOTS-plus care model and patients who got routine

DOTS-plus mobile phone communication:

2.2 To compare cost effectiveness of TB treatment outcomes between MDR-TB
patients who got routine DOTS-Plus care model and patients who got routine

DOTS-Plus care madel plus mobile phone communication.

Research Hypothesis &
Ho : DOTS-plus communigation.among ndn__.M_DR—TB patients using mobile phone will

be more effective than €onventional Héal_th fagility

s i Ad
3

Ho : DOTS-plus communication among MD_R-[B patients using mobile phone will be

more effective th_an conventional Health facility

Ethical Considerationé

Ethical approval awas obtained ffem the Ethical Review Committee for
Research InvolvingtHumaniResearch [ofl Chulalangkorn: University and the  Ethical

Review Committee for Research infHuman Subjeets , Departmentiof Disease Control.

All" participants' will be “given "adequate “information, ‘and written informed
consent will be obtained from each participant. Participants may withdraw from the
study at any time without effect to their care and treatment.

All collected information will be kept confidential and be used only by
investigators and health staff. Result will be distributed in collective manner not in
individual. Each patient will be taking care of by the same health staff team through out

the study period.



"

Expectation benefit

Short-Terms Benefit
1.1 Help to decrease rate of epidemic of drug resistance against tuberculosis in
various kinds (MDR-TB)
1.2 Help to increase cure rate of tuberculosis control plan in the area of zone 1
1.3 To decrease death rate of the patient of tuberculosis

Government (For Ministry of Public

If rate of drug resista \““ ” s decreased, the government could
save cost for the patient r@rlow klrﬂég so much. Then, the budget for
such cost can be sp i
issues.

Tecnology Support :

This will help _ : i matter to be guided for

efficiently. This also help the
e o
development of Carm health of the patént

Service Sector

This can help tge body providing yvioe in public health matter has time to

service the ﬂlew h@‘\ %ﬁ]a&]% ﬁhw'rﬁla ’]s;ﬁ};ﬁto care of the patient.
Limit a ?ﬂlquq ﬁﬂ
ost-effectiveness calculation in terms of economy is difficult . This study did

not include the capital cost and the cost was integrated by project.



Table 3 Administration & Time Schedule

12

Time

Phase

Year 2008

year 2009

Month
1-3

Month
4-6

Month
7-9

Month
10-12

Month
13-15

Month
16-18

Month
19-21

Month
22-24

1.Prepare Proposal by

2. Complete literature
review by

3.Complete field work by
3.1 screening MTB pt
with PCR test

3.2 Culture MTB pt

3.3 Drug sensitivity test

3.4 direct smear for AFB

3.5 sputum Culture

3.6 Drug sensitivity test
when culture positive

3.7 Chest X-ray

3.8 Blood Chemistry

3.9 blood for sugar test

3.10 home visit by volunteer
in non mobile group

3.11 Telephone call every

day for mobile phone
group

3.12 Conference meeting
with TB staff of government
hospital in 7 provinces ,
upper north Thailand

3.13 supervision

=

e

>

=

4. complete analysis by

5. Give presentation on

6. Complete final

report by

Operation definition

The folloawing ofyvariable statesindhelplrpose ofthestudy weére'definded as -

MDR-TB ®": A patient who has active tuberculosis with bacilli resistance at lease

to both isoniazid and rifampicin

Non MDR-TB ® :

shows drug-susceptible disease

DOTS ® :

A patient who have culture positive and drug susceptibility

is a strategy used to reduce the number of tuberculosis cases. In

DQOTs,healthcare workers observe patients as they take their medicine. Left

alone,many people with tuberculosis fail to take all their medication and contribute




to the spread of drug-resistance tuberculosis. .And DOTS strategy was introduced
to 5 components : 1) Sustained political commitment 2) Access to quality-
assured sputum microscopy. 3) Standardized short-course chemotherapy for all
cased of TB under proper case management conditions, including direct
observation of treatment. 4) Uninterrupted supply of quality-assured drugs. 5)
Recording and reporting system enabling outcome assessment of all patients and
assessment of overall programme performance.

DOTS-plus ®)isa comprehensive management strategy under development and
testing that includes the.ive-ienets ofithe DOIS sirategy. DOTS-plus takes into
account specific issues (sueh'as the use of second-line anti-TB drugs) that need
tobe addressed in area where.there is hi‘"gh prevalence of MDR-TB.

55
Treatment outcomes ..

mean/that “at" the end of the treatment course for each
patient with sputum pésitive should be sﬁ?jw.the result of 6 criteria as below :

: \
1 Cured : A patient who was initially'smear-positive and who was smear-negative

in the last month of treatmentand on at-least.one previous occasion.
vl

2 Completed treatment : A patient who had!_’_cf:_@:mpleted treatment duration but did

not meet the criteria for cure of failure. e

d -4 el

3. Died : A patientwho died from any cause during treatrﬁent.

4. Treatment failurel"i"ﬁl A patient who was initially smear-positive and who remained
smear-positive at month 5 or later during treatment. -

5.Defaulted : A patient whaese, treatment, was jinterrupted foer 2-<consecutive months
or more.

6. Transfer.out.: A patient who transferred to.another reporting unit and for whom
the treatment outcome'is not Known:.

7 Successfully treated : A patient who was cured or who completed treatment.

13
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Abbreviations

AFB Acid-fast bacilli

AIDS Acquired immunodeficiency syndrome

CP Continuous Phase

DOT Directly observed treatment

DOTS The internationally recommended strategy for TB control
DST ’
DTC
DM
GFATM
GLC
HIV

HT
ICMR
IP

IRL 2
LFT WA

MDR i Ssistance (resistance to isoniazid and rifampicin)
MDR-TB '
NCCLS
NTM |
NTP Nationtubero 0 ol prog amme@ equivalent
RNTCP Revized y;g)nal Tuberculo%'.s’ControI Program

= AUEANENINGINS

STR treatment regimen

AR B SAlUNNINYNA Y

ODPC.1:'O Office of Disease Prevention and Control 10

is and Malaria

PCMO Provincial Chief Medical Office

DTC District Tuberculosis coordinator
NHSO National Health Seculity Organization
TAD Treat after default

VMI Vendor Managed Inventory



CHAPTER 2

Review of Literature

Gagandeep Singh Grover and Jaspreet Takkar®” had reviewed the recent advances
in Multi-drug resistant Tuberculosis in the year 2008 as follow :-

Tuberculosis (TB) persists as_a global public health problem of serious
magnitude requiring urgent attention. Current global efforts to control TB have three
distinct but overlapping dimensions: humanitarian, public health, and economic.

Alleviating illness, suffering, ahé death-of individuals due to TB is the major
humanitarian concern fora patient-centgred approach to TB control. The public health
dimension concerns preper.diagnosis élrnd treaiment of patients with TB to decrease
disease transmission. This nécgssitates ﬂ_je development of well-organized TB control
programs (responsive and adaptable to tbe reforming health sector). TB is responsible
for considerable direct and indirect co;fs_. to the individuals and the society. The
economic dimension of TB Controllrelates.’-rirb_.a reduction of these costs, alleviation of

==,

poverty, and promotion of develapment.

o

The emergence of resistanée to drugs ‘tsed to trqat TB, and particularly multi-
drug-resistant TB (MDF%*B?,—h*as*become-a'signiﬂoant public health problem and an
obstacle to effective ‘TB control."?

Drug resistancé is manifested when there is av selective growth of resistant
mutants among!the actively multiplying bagillary population inithe presence of drugs.
The emergence of drug resistance, depends upon the frequency of drug resistant
mutants: in'the |stsceptible “bacillary “population; the /size of itheactively multiplying
bacillary population in the lesions, and the anti-microbial quality of the drugs used.
Drug resistance of the Mycobacterium tuberculosis isolated from patients who have
been treated for 1 month or more is defined as “acquired drug resistance”, while that of
patients who have never been treated previously or treated for less than 1 month is
called —primary drug resistance”.””

Resistance to a single drug is defined as “mono resistance” and resistance to

two or more drugs is defined as “poly resistance.” Resistance to at least Isoniazid and
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Rifampicin is termed as “MDR".
Extent of the Problem

In a study among 50,000 TB cases in 35 countries, the World Health
Organization (WHO), Centers for Disease Control (CDC), and International Union
Against Tuberculosis and Lung Diseases found that in India, Russia, Latvia, Estonia,
The Dominican Republic, Argentina, and the Ivory Coast (the so called “Hot Zone"), TB
was resistant to the commonly prescribed drugs Isoniazid and Rifampicin. One third of
the countries surveyed had a MDR TB level beiween 2-14%."" In
another study among 64,104 1B cases from-68~geographical settings, WHO found
drug resistant TB to be between 2.9% to 40.8%. The prevalence of drug resistance was
directly related to the proportion:of pre'*fiously treated cases registered and inversely
related to the proportion @f TB gases treated under directly observed treatment short

course (DOTS) "™ o d p A study
i J
conducted by the Indian CounC|I of I\/Iedleal Research (ICMR) in India in nine centers

A ¥

found MDR TB ranging from 0. 6% to 3 2% m respect to initial drug resistance and 6%
to 30% in respect to acquired drug: re&stano_e_..g__;j High

proportions of drug resistan_c_e___ha:ve been",f:fo_L_j.n(_j in Wardha, New Delhi, and Tamil

Nadu. Drug resistance to Isoniazid was 20.9%, 50.7%, a‘{.n,d 23.6% respectively while

MDR TB was 9.6%,;33;..7%, and 23.3%, respectively.(zo) ~ Drug

resistant TB has frequently been encountered in India“and its prevalence has been
known virtually=from the time anti-TB drugs.were;introduced-However, there is no state-
representated surveillance data of drug resistance among patients with TB and a major
limiting. factor in conducting .drug. resistance studies. is the lack.of state level Quality
Assured Culture and Drug Sensitivity (DST) laboratory facilities: Tubereulosis Research
Center and National Tuberculosis Institute have found MDR TB levels of less than 1% to
3% in new cases and 12% in re-treatment cases. With a rapid increase in coverage of
Revised National Tuberculosis Control Programme (RNTCP) and a high cure rate
observed in most regions, low emergence of drug resistance is expected across the

(15)
country.
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Causes of Resistance

Drug-resistant TB has microbial, clinical, and programmatic causes. From a
microbiological perspective, the resistance is caused by a genetic mutation that makes
a drug ineffective against the mutant bacilli. An inadequate or poorly administered
treatment regimen allows drug resistant mutants to become the dominant strain in a
patient infected with TB."
Transmission of Drug-Resistant TB

Drug-resistant and drug-susceptiblesTBis _transmitted in the same way. For
many years, drug-resistant TB was believed to'be |ess infectious than drug-susceptible
TB. This belief was largely based.on animal studies. Now, it has been found that drug-
resistant bacilli were"not _less infeotiouls; in fact, contact with previously untreated
patients had a similar risk” ofinfection, regardless of Whether the bacilli were drug
susceptible or drug resistant. . -‘ p

However, an increased risk of i%jeétion has been found to occur when in
contact with a patient with drug—fe$istant TB*who had been previously treated and this
increased risk resulted from pfqldhéed ekgéggge rather than increased infectiousness
of the drug-resistant bacilli.(m)_" T .

Prevention of MDR TB

The key to the successful prevenﬁbh of the em—e}g.‘ence of drug resistance is
adequate case finding, prompt and correct diagnosis, and effective treatment of
infected patients. This candoe achieved through the use of DOTS.”

Drug Resistance Ainew, protocal for state-wide Drug (Resistance Surveillance
(DRS) under RNTCP was developed'in 2005. Overthe next five yeans, RNTCP plans to
systematically carry out state-wide DRS surveys in.dhe states of Andhra/Pradesh, Delhi,
Gujarat, Kerala, Maharashtra, Orissa, Uttar Pradesh, and West Bengal. Besides this,

23)

the ICMR will be conducting a separate DRS in the states of Tamil Nadu and Sikkim.|

DOTS Plus
DOTS Plus refers to a DOTS program that adds components for MDR TB

diagnosis, management, and treatment. TheWHO-endorsed DOTS Plus program
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began in 2000. At that time, the Green Light Committee (GLC) was established to
promote access to high quality second line drugs for appropriate use in TB control
programs. In 2002, the Global Fund to fight AIDS, TB, and Malaria (GFATM) started
financing TB control programs, including MDR TB, greatly reducing the economic

barrier to MDR TB control. DOTS-Plus programs can and should strengthen the basic

DOTS strategy.“5

The RNTCP views the treatment of MBR.TB patients as a "standard of care'
issue. Recognizing that the-treatment ofJI\/IDR TB.cases is very complex, treatment will
follow the internationally.reeommended DOTS Plus guidelines and will be done in
designated RNTCP DOFS Plus sites. Th,lere will be at'least one site in each state that

i
will have ready accessito an'RNTCP-aceredited culture and drug susceptibility testing
) .._ al'

_—

(DST) Iaboratory.(23
The DOTS Plus Framewerk for the Mana'éefhent of Multi-Drug-Resistant TB

The frameworK'is @rganized arouafd_.th_e same five components of the DOTS
strategy, as the underlying principles é;é-'_t.he same. The core components are
comprehensive ensuring that 'élrl éssentialiéléf%ents of the DOTS Plus strategy are
included and are as follows: = ST _
1.Sustained political Zne-acmiRISHaHYE-0OMMINeRk-CE= 2
1.1A well—functionihé DOTS program.
1.2 Long-term investmwe-nt of staff and resources.
1.3Coordination: eiforts' between the community, local‘governments, and international
agencies.
2. Diagneosis of MDRy By, through; qualitysassured (culture sand=drug susceptibility
testing.
21.Proper triage of patients into DST testing and the DOTS-Plus program.
3. Appropriate treatment strategies that utilize secondline drugs under proper
management conditions.

- Rational treatment design (evidence-based.)

- Directly observed therapy (DOT) ensuring long-term adherence.

- Monitoring and management of adverse drug reactions.
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4.Uninterrupted supply of quality-assured anti-TB drugs.
5.Recording and reporting system designed for the DOTS Plus programs that enable
performance monitoring and evaluation of treatment outcome.

Each of these components involves more complex and costly operations than
those for controlling drug-sensitive TB. However, addressing multi-drug resistant TB
will strengthen the existing TB control program.

Case finding strategy At present, RNTCP, does not have sufficient quality-assured
laboratory capacity to do DST in all patientss Hence, the program will use a strategy
that enrolls patients with a very high-risk of MDR TB into RNTCP DOTS Plus activities
and treatment with the'RNTCR-Category |V regimen. Patients who are defined as an
MDR TB suspect should bedidentified anld investigated further for MDR TB. A MDR TB
Suspect is defined as'a Category, j,I pa’rr'er)t who is smear positive at the end of the
fourth month of treatment or'later, _,

Drug-resistant cases A patient is-.Conﬂrrr"weel to have multi-drug-resistant TB only by
an RNTCP quality assured mtermedrate reference laberatory (IRL). Such patients are
classified according to the followmg defrmtren A confirmed MDR TB case is an MDR
TB suspect who is sputum Culture posrtrveend whose TB is due to bacilli that are
resistant in-vitro to at least |son|azrd and rrfambrcrn (the DST result being from an
RNTCP accredited IRL)

Bacteriology With respect to drug-resistant TB, bacteriology includes both sputum
smear microscopy and eulture examinationgSmear microscopy and culture should be
performed and results, reported according to international standards.

Smear and culture conversion  Iwo separate_indicators, one, based on sputum
smears ‘and the othier, on cultures should be calculated. Patientsywill be considered
culture ‘converted after having two consecutive negative cultures taken at least one
month apart.

Treatment of Multi-Drug-Resistant Tuberculosis Classes of anti-TB drugs The
classes of anti-TB drugs have traditionally been divided into first- and second-line
drugs with isoniazid, rifampicin, pyrazinamide, ethambutol, and streptomycin being
the primary first-line drugs. These drugs can also be grouped based on efficacy,

experience of use, and drug class. The different groups are shown in Table 4.
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Table 4: Anti TB Drugs

Grouping Drugs

Group 1: First line anti TB drugs Isoniazid (H),Rifampicin(R),Ethambutol (E),Pyrazinamide (2)

Group2: Injectable anti TB drugs Streptomycin (S),Amikacin (Am), Kanamycin (Km),

/Cm)
Group3:Fluoroquinolones foxacin (Ofx), Levofoxacin (Lvx);
_’

Group4:Oral second-lin . : ide ( s mide (Pto); Cycloserine (Cs);

anti-TB drugs 7 salycilic acid (PAS);

Category IV regimen

RNTCP will be using a ' dized treatment regimen for the treatment of
MDR-TB cases under the prd@ﬂ’ﬁ‘l;{hq’fﬁ ensive Phase w'l consist of 6-9 months of
Km, Ofx, Eto, Cs, Z;
Ofx, Eto, Cs, and E. /

I Q
The RNTCP Wil;‘Ze using a standardized treatment regimen (STR), comprising

of 6 drugs ﬁ/ﬂﬂ moﬂﬂ”?ﬁeﬁrﬁﬁfe ethambutol, and

cycloserine) cmlng ensive Phase and 4 drugs (ofoxacin,

N e R e

any of the bactericidal drugs (K, Ofx, Z, and Eto) or any 2 bacteriostatic drugs (£ and

Cs) are not tolerated.

Drug dosages and administration
Drug dosages for MDR TB cases are decided according to the weight band

recommendations given in Table 5.
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Table 5: Recommended dosage according to weight in DOTS Plus

Drugs <45 Kg > 45 Kg

Kanamycin 500 mg 750 mg

Ofoxacin 600 mg 800 mg

Ethionamide 500 mg 750 mg

Ethambutol 800 mg 1000 mg

Pyrazinamide . 1250 mg 1500 mg

Cycloserine . " ,f 750 mg

Na PAS WY 12 mg
All drugs should sage under directly observed
treatment (DOT) by : OXil dose of 100mgs should be

administered to all patie

If a patient gai

the DOTS Plus site commi ay Efdh‘s
'é 1,-' f

band drug dosages. The n [ { vided whenever the patient is

of treatment and not as soon as
change of weight is noted assﬁp@ﬂ_f;jfaﬁ ble = In deciding about the
dosages, apart fromihe consideration ""“"";""f-f‘ - is also necessary to rule
0 otlons in the individual by

conducting routine

TR WTWEVF‘TWE’J“S] 173

Drugs <45 Kg . o/ 45Kg
Kanamygq/nll IEI “i]gjzuﬂ II i g l | B I Ei &gvial
Ofoxacin 200 mg tablets (3) 400 mg tablets (4)
Ethionamide 250 mg tablets (2) 250 mg tablets (3)
Ethambutol 800 mg tablet (1) 1000 mg tablet (1)
Pyrazinamide 500 mg tablet (1) + 750 mg tablet (1) 750 mg tablet (2)
Cycloserine 250 mg tablets (2) 250 mg tablets (3)

Na PAS 100 g box 100 g box
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hematological investigations like full blood count, random blood sugar, liver
and kidney function tests, etc., and urine microscopy. Other investigations like
skiagram, ultrasound etc. may be appropriately carried out as required in a particular
case.
Treatment duration

The recommended duration of administration of the intensive phase (IP) is
guided by smear and culture conversion. The minimal recommendation is that the IP
should be given for at least 6 months. After.6 months of treatment, the patient will be
reviewed and the treatment changed to.the CPif the culture results from the 4th month
are negative. If the culture results‘from tthe 4th month remain positive, the DOTS-Plus
site Committee will decideson extending'lthe IP treatment by up to 3 months. If the 4th
month culture is still awaited after 6_--mongh$ of treatment, the IP will be extended until
the result is availablewith further t_rea:tme'lrl'w't being decided on according to the culture
result when this becomes availablé. Afteria_ rﬁaximum of 9 months of IP treatment, the
patient will be initiated on the CF" c}f treat@ént The recommended duration for CP is

vl -
18 months. A ety

-

For follow-up culture .and. DST, tﬁe_-_pa_tient needs to go to DTC. After
discharge, the pati.e-r]‘t will visit the DOTS-Plus site facility" only if deciding to change

from the IP to the ;GF’, at the end of treatment, at the time of the management of
adverse reactions, and‘at the time of change of treatmenidue to non-response.
Management of .Contacts 6i"MDR TB

Among contacts'of patients.with MDR TB, the use ofliséniazid may reasonably
be questioned. Close contacts of MDR TB patients should recéive careful clinical
follow-Up for a period of atlleast 2 years. During this stage, no prephylactic treatment
of MDR TB contacts is recommended over and above the existing RNTCP guidelines.
The following measures should be taken to prevent the spread of MDR TB:

- Early diagnosis and appropriate treatment of MDR TB cases

- Screening of contacts as per RNTCP guidelines and follow-up for 2 years

- Further research into effective and non-toxic chemoprophylaxis in the areas

(21-27)

of high MDR-TB prevalence.
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Conclusion

DOTS is a proven cost-effective TB treatment strategy. A combination of
technical and managerial components, DOTS quickly makes infectious cases non-
infectious and breaks the cycle of transmission. Using DOTS also prevents the
development of drug-resistant strains of TB that are often fatal and very expensive to
cure.®” Multi- -drug-resistant TB is both an individual tragedy and a reflection of poor
program performance. The top priority i to prevent the emergence of MDR TB by
ensuring a low default rate of cases treated with#first-line anti-TB drugs. If MDR TB has
emerged in a certain area, it should be treated. in addition to improving the basic
treatment. In this “situatien, .a@ccurate and reliable drug susceptibility testing,
methods to support patientssin order'tL to ensure direct observation of complete
treatment, and the us€ of maximally. effective regimens must be ensured. Patients with
MDR TB have a goodi€hance for a cure wrth second-line drugs, hence the treatment,
if it is to be provided, should be optlmallyaselected and administered.”” Second-line

drugs should not be keptin reserve and the treatment observation must be ensured.
J J b

i -'_,JJJ
Cost and Cost effecti@e’analysis reviews

(1993) From 1987-1989 They studled Cost-effectiveness

Kamolratanakul et at i

analysis of three " short—oourse anti-tuberculosis programmes compared with a
standard regimen in Thailand. The study was undertaken to compare the efficacy,
effectiveness and cost-effectiveness of thrge; short-course regimens with a standard
programme fomrtreatment of new tuberculosis (TB) cases. The tesults showed that the
three short-coutse regimens were more cost-effective than the standard regimen from
the perspective of both«proeviders ands patients. /Among ~the~three short-course
programmes, isoniazid, | rifampicin: and pyrazinamide for 2! months, followed by
isoniazid and rifampicin twice a week for 4 months was the most cost-effective
(US$70.24/effectiveness from providers' perspective and US$103.31/effective from
patients' perspective). The result of this study throws some light on the development
of new policy options, with scarce health resources, in the treatment of tuberculosis by

the National Tuberculosis Programme in Thailand.
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(34)

Floyd K et.al In 1997 he studied cost and cost-effectiveness of increased
community and primary care facility involvement in tuberculosis care in Lilongwe
District, Malawi. They compared 2 strategies1) the strategy used until the end of
October 1997, which did not require any direct observation of treatment (DOT) and 2)
a new community-based strategy introduced in November 1997, which required DOT
by a community member 'guardian’ or a health worker for the first 2 months of
treatment. The finding showed that for new smear-positive patients, the cost per
patient treated was dollars 456 with the Conventienal hospital-based strategy, and
dollars 106 with the new.decentralised-strategy.-Costs fell by 54% for health services
and 58% for patients. The cost per patient cured was dollars 787 for the conventional
hospital-based strategy, .and.sdollars 296 for decentralised treatment. For smear-
negative patients, the cast per patient treated was dollars 67 with the conventional
unsupervised strategy, and dollars 101?wj}h the community-based DOT strategy.
Costs increased for health Sewices; patiéﬂts and guardians. Cost-effectiveness was
similar with both strategies, at around dolla?r%ébo per patient completing treatment.

Sterling ®9 ot al. ( 2003 ) studied Impa(;t;_bg}DOTS compared with DOTS-plus on
multidrug resistant tuberculos}i_s_.ﬂ_a_nd tubercg?c@is__geaths: decision analysis.They used

Monte Carlo simulationof a Markov decision tree by using people with smear positive

pulmonary tubechlcc)rs_is. And Analyses modelled diﬁe‘rent levels of program
effectiveness of DOIS and DOTS-plus, and high (10%) and intermediate (3%)
proportions of primary smultidrug resistant tuberculosis, while accounting for
exogenous reinfection. ' They found that the madel predicted that under DOTS,
276 people would die from tuberculesis (24 multidrug resistant and 252 not multidrug
resistant) over 10°years under optimal limplementation in- an aréa with 3% primary
multidrug resistant tuberculosis. Optimal implementation of DOTS-plus would result in
four (1.5%) fewer deaths. If implementation of DOTS-plus were to result in a decrease
of just 5% in the effectiveness of DOTS, 16% more people would die with tuberculosis
than under DOTS alone. In an area with 10% primary multidrug resistant tuberculosis,
10% fewer deaths would occur under optimal DOTS-plus than under optimal DOTS,
but 16% more deaths would occur if implementation of DOTS-plus were to result in a

5% decrease in the effectiveness of DOTS
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Mitnick ““et al. ( 2002 ) from 1996-1999 studied Community-Based Therapy for
Multidrug-Resistant Tuberculosis in Lima, Peru. They describe the first 75 patients to
receive ambulatory treatment with individualized regimens for chronic multidrug-
resistant tuberculosis in northern Lima. We conducted a retrospective review of the
charts of all patients enrolled in the program between August 1, 1996, and February 1,
1999, and identified predictors of poor outcomes.They found that the infecting strains
of Mycobacterium tuberculosis were resistant.to a median of six drugs. Among the 66
patients who completed four or more months of therapy, 83 percent (55) were
probably cured at the completion of treatment.-Five-of these 66 patients (8 percent)
died while receiving therapy.Only one patient continued to have positive cultures after
six months of treatment.#All spatients i'p whom treatment failed or who died had
extensive bilateral pulmenary sdisease. “In a multiple Cox proportional-hazards
regression model, the predictors of the tiTlr"neJ;to treatment failure or death were a low
hematocrit (hazard ratie, 4.09; 95 percentieonﬂdence interval, 1.35t012.36) and a low
body-mass index (hazard ratio, 323 95 pquﬂcent confidence interval, 0.90 to 11.53).
Inclusion of pyrazinamide andﬂ,ethambutol'in-ﬁijpe regimen (when susceptibility was

confirmed) was associated with.a favorablei;c_iutgome (hazard ratio for treatment failure

or death, 0.30; 95 petcent confidence interval, 0.11t0 0.8_3‘7).,

Kamolratanakul (37)ét‘a|: (2002) from 1996-1997 studied Coéi analysis of different types
of tuberculosis patientw-at tuberculosis centers in Thailand . They compared the total
provider costs.of‘deliveringiservices 1o/ different types of TB#patient in four zonal TB
centers located!in the east, northeast, north, and south of Thailand. This aim was
accomplished~byrealculatingsthey unit costs #of /B dreatment, services at these TB
centersgduring the year 1996-1997. All units of the zonal TB centers were classified
into 5 cost-center categories: treatment units, laboratory units, radiology units,
pharmaceutical units, and administrative/supportive units. The results showed that the
average total provider cost of multi-drug resistant TB (MDR TB) patients was B
89,735.49 which was the highest of any type of patient and was 17 times higher than
the cost of smear-negative TB cases; this finding was attributed to the high cost of

anti-TB drugs for MDR TB cases (B 65,870), some 95 times higher than the cost for
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smear-negative cases. Total provider costs were highest in the northeastern region TB
centers and lowest in the southern centers for every type of TB patient: smear-
negative TB cases (fl 7,727 vs fl 3,916), newly smear positive TB cases (fl 12,539 vs fl
7,020), TB with AIDS cases (fl 15,108 vs fl 8,369), re-treatment TB cases (fl 16,679 vs
fl 9,696), and MDR TB cases (fl 102,330 vsfl 82,933). The information from this study
may be useful when reviewing the role, function, and cost structure of each TB center
in Thailand in order to establish a strategic plan for effective TB control.

38)

Stephen C. Resch B et al. (2006) studied Caost-Fffectiveness of Treating Multidrug-
Resistant Tuberculosis. by developedg dynamic_state-transition model of TB. In a
base case analysis, thesmodel was: calibrated to approximate the TB epidemic in
Peru, a setting with a smear-positive TB i%ncidence of 120 per 100,000 and 4.5% MDR
TB among prevalent cases. SecOhdar&_d'.énalyses considered other settings. The
following strategies were evaluated: fif’§,t—1-ine drugs administered under directly
observed therapy (DOTS), locally. stanajap_r.dL_zed second-line drugs for previously
treated cases (STR1), locally standardizé&“.second—line drugs for previously treated
cases with test-confirmed MDRTB (STRZ),@%‘brehensive drug susceptibility testing
and individualized treatment for ’previously;fr'é.aiéd eases (ITR1), and comprehensive
drug susceptibility t6sting-ana-inaividualized-treatmentior-all cases (ITR2). Outcomes
were costs per TB aeath averted and costs per qualitY—adjusted life year (QALY)
gained. We found thatr strategies incorporating the use 6f second-line drug regimens
following firstiline“treatment 'failure-were highly cost-effective”compared to strategies
using first-line "drugs only. In our base case, standardized second-line treatment for
confirmed ! MDRI TB ‘cases (STR2) had-an‘inéremental cost-effectiveness ratio of $720
per QALY ($8,700 per averted death) compared to DOTS. Individualized second-line
drug treatment for MDR TB following first-line failure (ITR1) provided more benefit at
an incremental cost of $990 per QALY ($12,000 per averted death) compared to
STR2. A more aggressive version of the individualized treatment strategy (ITR2), in
which both new and previously treated cases are tested for MDR TB, had an
incremental cost-effectiveness ratio of $11,000 per QALY ($160,000 per averted
death) compared to ITR1. The STR2 and ITR1 strategies remained cost-effective
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under a wide range of alternative assumptions about treatment costs, effectiveness,
MDR TB prevalence, and transmission. They concluded thatTreatment of MDR TB
using second-line drugs is highly cost-effective in Peru.

Eliud Wandwalo™® et.al. (2005) studied in 2002 for cost and cost-effectiveness of
community based and health facility based directly observed treatment of
tuberculosis in Dar es Salaam, Tanzania. They compared two alternative strategies :
health facility based directly observed treatment by health personnel and community
based directly observed treatment by treatment supervisors. Costs were analysed
from the perspective of health-services, patienis-and community in the year 2002 in
US $ using standard methods. Treatment outcomes were obtained from a
randomised-controlled trial"which \was {:onducted alongside the cost study. Smear
positive, smear negativerand extra-pulmonary TB patients were included. Cost-
effectiveness was cal€ulated as the costff)er_: patient successfully treated. The results
showed that the total cost of treating'a pgtjent with eonventional health facility based
DOT and community based DOTJvnvére $ 14§?nd $ 94 respectively. Community based
DOT reduced cost by 35%. Cast.iell by 27%-’;f§[ghea|th services and 72% for patients.

When smear positive and smear negativé_.._'gat_ients were considered separately,

community DOT was associated  with-45% “and 19%,reduction of the costs

respectively. Patienfs‘ used about $ 43 to follow their medication to health facility which
is equivalent to their monthly income. Indirect costs were“as important as direct costs,
contributing to-abaut 49% .01 thestotal patient's-costs The,main reason for reduced cost
was fewer number of Visits*to 'the TB clinic. Community based DOT was more cost-
effective at.$ 128 _per patient successfully.treated” compared. to.$ 203 for a patient
successfully‘treated with health facility-based DOT:

Kominski, Gerald F“ etal. (2007 ) in 2006 studied costs and cost-effectiveness of
adolescent compliance with treatment for latent tuberculosis infection: results from a
randomized trial.they assigned adolescents between the ages of 11 and 19 years who
were referred to one of two participating clinics after being screened for TB and
receiving a positive diagnosis indicating LTBI (n = 794) to one of four groups: usual

care, peer counseling, contingency contracting, and combined peer
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counseling/contingency contracting. Primary outcome variables were completion of
isoniazid preventive therapy (IPT), total treatment costs, and lifetime TB-related costs
per quality-adjusted life year (QALY) in each of the four study groups (three treatment,
one control). Cost effectiveness was evaluated using a five-stage Markov model and a
Monte Carlo simulation with 10,000 trials. The results showed that average costs were
199 dollars for usual care (UC), 277 dollars for peer counseling (PC), 326 dollars for
contingency contracting (CC), and 341 dollars for PC+ CC combined. The differences
among these groups were all significant ai_ine_p = .001 level. Only the PC + CC
group improved the rate-of lPT-completion (83.8%)-relative to usual care (75.9%) (p =
.051), with an overall incremental CE ratio of 209 dollars per QALY relative to usual
care. They concluded that": lncentives'lcombined with peer counseling are a cost-
effective strategy for helping adeoleseents to complete care when combined with peer

_—

counseling. ; v
\ 4
Lydia Kivihnya-Ndugga A’ étal (2003) ‘studied the comparison of PCR with the

Routine Procedure for Diagnosié of Tfti:be-rculosis in a Population with High

-

Prevalences of Tuberculosis and. Human Immunedeficiency Virus. Sputum specimens

were collected from 1,396 TB:suspects att??ndjng the Rhodes Chest Clinic, Nairobi,

Kenya. The specimens were analyzed for the p_réis_ence of Mycobacterium

tuberculosis by PCR‘; culture on LOwenstein-Jensen mediam was used as the “gold
standard.” All culture-positive samples were genotyped™to identify the mycobacterial
species. The sensitivity iand specificity rof-PGR were 93 and«84%, respectively. HIV
status did not affect the sensitivity of PCR. ‘A total of 99.7% 'of the true smear-positive
and 82,1%.0f the_true.smear-negative TB, patients ‘were .correctly. identified by PCR.
PCR detected M tuberculosis th™1157% “of the ‘eulture-negative "suspects, 60% of
which had one or two PCR-positive sputum specimens. Of the 490 positive cultures,
486 were identified as M. tuberculosis. The high sensitivity of Amplicor PCR merits
usage in a clinical setting with high TB and HIV burdens. Thus, PCR can be
considered as an alternative to ZN staining in combination with chest X-ray for

diagnosis of TB; however, cost-effectiveness studies and operational studies are
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required to support an evidence-based decision of introducing PCR for TB control in
high-burden environments.

Kangovi S et.al.(42)(2009) reviewed a classification and meta-analysis of community-
based directly observed therapy programs for tuberculosis treatment in developing
countries. And found that Ten major features define CBDOT program structure and
function. Programs that paid their CBDOT providers tended to differ from unpaid
programs based on all of these features. CBDOT programs in which providers
received financial reward had success rates«i85.7 versus 77.6% in programs without
financial reward for providers. Fhis difference -was-not statistically significant. CBDOT
programs fall into two major.archetypes, which differ in their structure and possibly in
their outcomes. \

Kabongo et.al.(43)(2010) hads studied  the effectiveness of home-based directly
observed treatment for tuberculosis in Kq_l\?vepeng West subdistrict, Botswana. with a
quantitative, observational study using f‘routinely collected TB data from 405 TB
patients and combined with 26“q-galitati\}é__i;—depth interviews. They found that the
overall cure rate for smear-positive pulmdn;é@ TB patients was 78.5%. Treatment

outcomes were not statistically different i?_ébgeen FB-DOT and HB-DOT. Contact

tracing was signifigaptly better in FB-DOT patients. Int@&iews revealed advantages

and disadvantages:fbr.both FB and HB options and that flé}l(ibility in the choice or mix
of options was important. A number of suggestions were'made by the interviewees to
improve the HB-DOT sprogrammes Andshad concluded that-HB-DOT is at least as
good as FB-DQT in“terms of the treatment outcomes, but attention must be given to
contact tracing. HB-DOT offers some patients theflexibility they need.to adhere to TB
treatment ‘and community volunteers ‘may be strengthened by ongoing training and
support from health workers, financial incentives and provision of basic equipment.

Floyd K et.al.(44)(2003) had study the Cost and cost-effectiveness of increased
community and primary care facility involvement in tuberculosis care in Lilongwe
District, Malawi. By introduced to assess the cost and cost-effectiveness of new
treatment strategies for new pulmonary tuberculosis patients, in 1997. And compared

two strategies for new smear-positive pulmonary patients 1) the strategy used until
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the end of October 1997, involving 2 months of hospitalisation at the beginning of
treatment, and 2) a new decentralised strategy introduced in November 1997, in
which patients were given the choice of in- or outpatient care during the first 2 months
of treatment. For new smear-negative pulmonary patients, the two strategies
compared were 1) the strategy used until the end of October 1997, which did not
require any direct observation of treatment (DOT) and 2) a new community-based
strategy introduced in November 1997, which required DOT by a community member
'‘guardian’ or a health worker for the first 2 months.of treatment. Costs were analysed
from the perspective of.health-services, patienis;=and the community in 1998 US
dollars, using standard methods: Cost-effectiveness was calculated as the cost per
patient cured (smear-posiiive gases) andj as the cost per patient completing treatment
(new smear-negative cases). fhere findings for new smear-positive patients were the
cost per patient treated was dollars 456 w_'j‘thﬂthe conventional hospital-based strategy,
and dollars 106 with the new decentraliged strategy. Costs fell by 54% for health
services and 58% for patients. The Cost:;é?dra-patient cured was dollars 787 for the
conventional hospital-based strategy, and dﬁo’]_rllafs 296 for decentralised treatment. For

smear-negative patients, the .cost per pﬂe;ﬁepi_ treated was dollars 67 with the

conventional unsupetvised strategy, and dollars-101 wit_h‘-vthe community-based DOT

strategy. Costs iHCre.ased for health services, patierﬁé and guardians. Cost-
effectiveness was similar with both strategies, at around dollars 200 per patient
completing treatmentsWhen pewssmear-positive -and=new. smear-negative patients
were considered together, the new strategies were"associated with a 50% reduction in
total annual.costs. And.concluded.that. There is.a ‘stfrong, economic.case for expansion
of decentralisation "and " community-based " DOT “in “Malawi. ‘Furtherinvestment in
training and program supervision may help to increase effectiveness.
Doungnate Tonimit ) (2000) had investigated cost-effectiveness between DOTS and
SAT by using a retrospective cohort design conducted on a cohort of 204 new
pulmonary TB patients with sputum smear positive, regardless of HIV status. All
registered patients between October 1, 1998 and March 31, 1999 were followed up

until the occurrence of events or the day of study termination (November 30, 1999)
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and a cost per case cure was calculated for each strategy. In general, the TB patients
were mostly unskilled male workers with the mean age of 45 years, graduated from
primary school level. There was a high death rate particularly among smoking males
aged 15-34 years. Results revealed that the proportion of defaulters at the second
month of treatment was 2.6% for DOTS compared with 11.5% for SAT. The median
time-to-cure among the DOTS group (184 days) was shorter than those among the
SAT group (210 days). Their findings evidence that the cure rate of patients under
DOTS (67.5%) was significantly higher thanthat under SAT (34.5%) with the net gain
of 96%. The unadjusted analysis showed that patients.under DOTS were more likely to
be cured at 1.96 times higher ihan that of SAT (p<0.01). Using Cox's proportional
hazard model, the patienis treated undégr DOTS had the estimated relative hazard at
2.91 (95% Cl 1.70-4.70) compared with those under SAT after adjusting for
occupation and residences Although an a}v‘/efgge cost per patient treated under DOTS
(7,363 Baht) was higher than those und(;r-; SAT (5,422 Baht), the difference was not
statistically significant (p=0.77). -.Iﬁ.ifact, acjpdst per case cured under DOTS (10,905
Baht) was lower than thosé under SAT (1572»4 Baht). Sensitivity analysis indicated
that the advantage of cost-effectiveness ofIS_and SAT was sensitive to cure rate

but not for travel cestand labour cost. Moreover, sensiti_v‘i-vtyv results indicated that the

net gain between fh‘e two programs should be at least 36% in order to maintain an
economic advantage of DOTS over SAT. And concluded that, DOTS offer a higher
cure rate than-SAJ, resulting, inyincreased costssavings-forpublic health, thus DOTS is
superior to SAT; for TB control programs. ‘Further investigation on high death rates and
implementing a.madified DOTS (M-DQTS).stratedy.in SAT setting aré recommended.

David and Daniel®" (1999)" had 'determined 'the' ineremental cost-of directly observed
therapy (DOT) for patients with tuberculosis at low risk for treatment default, by
applied a model of DOT effectiveness to 1,377 low-risk patients in California during
1995. The default rate for their cohort, which consisted of those with no recent history
of substance abuse, homelessness, or incarceration, was 1.7%. The model predicted
that DOT and self-administered therapy (SAT) cured 93.1 and 90.8% of these

patients, respectively. DOT would initially cost $1.83 million more than SAT, but avert
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$569,191 in treatment cost for relapse cases and their contacts, for a net incremental
cost of $1.27 million ($919 per patient treated), or $40,620 per additional case cured.
The cost-effectiveness of DOT was sensitive to the default rate and relapse rate after
completing SAT. DOT would generate cost savings only when the default and relapse
rates were more than 32.2 %and 9.2%, respectively. Given the low default rate and
resulting high incremental cost of DOT, provision of DOT to low-risk patients in
California should be evaluated in the context of resource availability, competing
program priorities, and program success in.completing self-administered therapy with
a low relapserate. 4

Carlos Acuna-Villaorduna et al (2008) had study Cost-Effectiveness Analysis of 5
DST methods in the context of a ¢linical trial that compared rapid with conventional
DST methods. The methads under investigation were direct phage-replication assay
(FASTPlague-Response; Biotech), direct éfmplification and reverse hybridization of the
rooB gene (INNO-LiPA; Innogenetics),{_indirect colorimetric  minimum inhibitory
concentration assay (MTT; ICN .Biomed:fééjg), and direct proportion method on
LOwenstein-Jensen medium. Tihese ‘were ﬁcompared with the widely used indirect
proportion method on Léwen_stein-Jenseh;_m'gdium. They found that all alternative
DST methods werg found to_be cost-effective,_compared with other health care
interventions. DST methods also generate substantial cost':savings in settings of high
prevalence of multidrug-resistant tuberculosis. Excluding the effects of transmission,
the direct preportion imethed: on | Owenstein-dJensen~medium was the most cost-
effective alternative DST method for patient groups with prevalences of multidrug-
resistant tubereulosis of 2%,.6%+20%; and H50% (cost in J$$2004, $94, $36, $8, and
$2 per disability-adjusted life year, respectively).

Okello D et.al.'(48)(2003) had studied in rural Uganda about the cost and cost-
effectiveness of community-based care for new smear-positive pulmonary
tuberculosis patients compared with conventional hospital-based care by analysis
the costs from the perspective of health services, patients, and community volunteers
in 1998 US dollars, using standard methods. Cost-effectiveness was calculated as the

cost per patient successfully treated. And they found that the cost per patient treated
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for new smear-positive patients was dollars 510 with the conventional hospital-based
approach to care (dollars 419 for the health system and dollars 91 for patients), and
dollars 289 with community-based care (dollars 227 for health services, dollars 53 for
patients and dollars 9 for volunteers). Important new costs associated with
community-based care included programme supervision (dollars 18 and dollars 9 per

patient at central and district levels, respectively) and training (dollars 18 per patient).

care. Length of hospita YR 19 days.
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CHAPTER 3

Research Methodology

Research design

An open label, multi centers, Randomize control trial study.

p: ﬁﬁent hospitals in upper northern
T ——

—

Phaya . Chiang Rai, Prae, and Nan).

Research Methodology

Study location \
For patients treatm ow

—

7 provinces (Chaing

Main hospital will be

For laborator hctudiny 2 of microbes and drugs
sensitivity test: the ¢ ‘section of Office of Disease

Prevention and Control

For data collectio ) " al " > JOffi Jisease Prevention and Control
region 10

Population

Target population k.:_l

New cases of tuberculosis patients) both

non MDR-TB and MDR-TB who are dlagnosed in the upper north of Thailand

swdypopmaﬂua'mmawmm

New oases of sputum smear gositive pulmonary Tuberculosis joatients both non
o R NG9 Ggd A o PRI FEI 7 powcn
hospltal in the upper northern region of Thailand between May 2009 — December

2009

Once diagnosed with pulmonary TB by the doctor, the sputum will be sent to TB
center region 10

* 1o test whether the patient is infected with M. Tuberculosis or not using PCR
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technique (extract by Boom technique, amplification by NASBA technique,

and detection by Molecular technique)"*”

*to do DST using proportion method of The National Committee for Clinical
Laboratory Standards (NCCLS)
* Both laboratory results will be reported back to the hospital within one month
Eligibility criteria
Inclusion criteria:
1. ldentify by PCR to be M. Tuberculosis-afterhad smear positive

2. Never been treated with 2 line.drug-anti-TB.chemotherapy

3. Age 15 years old'or older

Exclusion criteria "L
1. Pregnancy / laetation andhad higtqry of epilepsy-and Alcoholism
2. Unable to communicate witH the iﬂyéstigators /'health care personnel
3. The bacteria is pesisted o Isoni?;zid, Rifampicin together with Kanamycin+

+Ofloxacin+ Pyrazifiamide# PAS (XDR}, .
Discontinuation Criteria for participant ’-ij-'__
1. Lostto follow up = Cos -

2. Death_and transfer out -

Sample size [+

The formula l:ISGd to calculate the optimum sampleﬁsizemg)

No £ 1 zol 200+ 2BW Rafd4R-P1 = 3 °
{ P (1-R) }2
Projected RR=2,  OL= 0.05 =1.96, «» [3 = 0.05 £/1.64

Expected cure rate'for MDR-TB group.from/previous study = 65%.1

(P1=0.65),n=18.68
Expected cure rate for non MDR-TB group from previous study = 70%"”
(P1=0.70), n =29.80
When cure rate was lower than 85% RR for MDR-TB would be higher than 1
We will add 10% of sample size to return subject who will leave from the study
so the sample size should be as follow :-
- Sample size for MDR-TB =19 cases/arm

- Sample size for non MDR-TB =30 cases/arm
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Study samples, sampling strategy, and enroliment

The patients with sputum smear positive TB and drug resistant TB and
qualification as Inclusion criteria from the hospital sending sputum specimen to be
tested were explained on tuberculosis and aids by nurse or officer in charge of the
hospital, together with details in the project introduction document. After such
information was given and the patients had time to make decision to join the project,
they were inquired on their wish towands the project. The patient willing to join the
project received a letter of consent to /be .signed and then the attendance and
treatment were provided to.them accordi‘ng to-procedure of the project.
Selection of patients for the interventionjgroup and.control group
1) When the patients had passed AFB test and DST test, in case of the patient with
drug resistant TB found, .ihes ones v:llith non-pulmoenary tuberculosis(NTM) were
screened out, remaining the ones‘vwith;lﬂ\;/lycobaoterium Tuberculosis (MTB) to be
selected to join the gomparative exéeri-mental study project conducted with
randomization.
2) In case that the selected patients are vfﬁéui_ntervention group, the officer in charge
notified the patient and coordinated on disb;mégment of drug from VMI system for the
patients to take at home, together with e>;<f5fé.'|ﬁirig how to. get injection of and take
drug, where every meal-the patients were followed up ta‘kirjg the drug as prescription
by mobile phone prc;vided by the project for the patients Who did not have telephone.
And the patients were éppointed to receive the drug on rﬁonthly basis.
3) In case thatithe selécted patients are the control:group,the officer in charge notified
the patient andicoordinated on disbursement of drug from VMI system for the patients
to take at'home, tegether with explaining how ito get/injection oiand take drug and
following up drug injecting and taking of the patients according to the prescription as
same as the study group but they were followed up by AIDS/TB volunteers every
month for 18 months without using mobile phone.
4) The pharmacist of the hospital was charged to prepare disbursement of drug from
VMI system of the host hospital for the patients and provide drug counseling.
5) Every month, the patients had to be appointed for physical examination, sputum

specimen test. The officer in charge notified the patients to bring their sputum
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specimen to be tested for following the result of treatment, total 2 specimens, and see
if the patients were completely cured in those two groups of subjects.

6) All patients joining the project were registered as the patient with TB according
to normal system of NTP. The result of response to anti-TB drug of those two samples
was recorded in the form designed specifically for data collection according to the

form in the appendix which DTC of general hospital will be collected.

.or control group with systemic
ﬂe of DISEASE Prevention and

Control, 10 7 ol ‘

Allocation of treatment

Each subject will ass

4
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Intervention
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Figure 2 : Diagram for intervention in MDR-TB group

All AFB +ve at 7 provinces in Upper northern of Thailand (n=3993)

r

| : S ,
Identify for M.Tuberculosis for N .Tu’d_'t_ajrpulo&s for take off

confounding-factoriby |PER technique

Drugrsensitivity test

(‘one month for both test

Px CAT1 for1 month

v?{ dsed Secofid-line and not NTM (N = 38 )

F i Y] 4d
¥ o
b e

Follow-up 18.monthis with =&
6K ,OPEZ/120PEZ or
6K.Q O =

-

Model 2

6

= 6K,0PEZ/120PEZ or
K-OEtCsZ/120ECsZ (n=19)

DOTS-plus with volunteer
and no mobile phone
Follow-up 18 months with

Measurement

1. Qutcome treatment
(success-rate,cure rate,failure rate '&conversion rate)
2. Effectiveness

(*Average posti/patientsrtreated successfully, GE ratio)
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Figure 3 : Diagram for intervention in non MDR-TB group

Screening

All AFB +ve at 7 provinces in Upper northern of Thailand (n=3060)

Identify for M.Tuberculosis for|take off confounding facter Px CAT1 for1 month
by PCR technique
Drug sensitivity test | . (one month for both test )
Enrollment M.TB (no drug resistance)and(-not NTM) (n = 60)
Systemic'Randomized er‘r’n laboratory of TB central ODPC,10

Intervention

DOTS#plus with Mabile, phone:
Followstp §'months with ;
2HRZE®S)/4HR (0=30) | 4

DOTS-plus with volunteer

no mobile phone

Follow-up 6 months with
2HRZE(S)/4HR (n=30)

: ;
o .}_l' f-' f{ti'g . |
Measurement 1/ Outcome treatment
(suCcess rate,cure rate,failure rate &conversion rate)
s o =
2.-Effectivenessy ===
( Average cost /patients treated successfully,CE ratio)

Materials and Methodg_

For this study, the model of TB control,is defined into 2 models as follow:

Model 1 was'the madel that process on DOTS-Plus*with non mabile phone or with
volunteer )

Step T Screen NTiVpatient out of TB patient with AFB paositive sputum specimen

Step 2: Perform Drug Sensitivity Test (DST)

Step 3: Provide care according to the way of WHO "2 for MDR-TB treatment using
normal DOT

Model 2 was the model that process on DOTS-Plus with mobile phone
There are 3 steps same as model 1. The different point is on step 3 including the

service of communication to remind the patient for medication via mobile phone

additionally.
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Operating Procedure:

The meeting was held to explain steps of operation and filling of forms of the
project to networks attending the project as follow:

Step 1: To screen NTM patients using molecular technique(so'w. This was conducted at
TB Center Zone 10, Chiang Mai, when the AFB positive sputum specimen was
received from the hospital in the area of study.

Step 2: To test TB drug sensitivity. applying Proportional Method of National Committee
for Clinical Laboratory Standards (NGCLS), containing both First line drugs and
Second Line Drugs, that is, [soniazid (H), Rifampicin (R), Streptomycin (S),
Ethambutol (E),” Kanamycin (K), and Oiloxacin (O)

Step 3: The hospital in the area’of study'lgave information to the patient in case that the
patient has MDRAIB @nd ‘was randomized to attend the project. When the
patient signed‘for giving consenf’to attend the project, such patient would be
enrolled as a project patient and they would be treated according to WHO guide
for MDR-TB applying normal DOT method for the group of model 1, and DOT
with using mobile phone for the grotrtp; qf maodel 2. And the physicians in charge
of TB clinic of the hos_pltel in the are‘;am,_gf:etudy were given counsel by specialist

via telephone_fat anytime they found the problem.

The intervention

For control group with MDR-TB

Group of Model 15 This is a group of patients who weére found, MDR-TB from the result
of DST and diven consent to attend the project. These patients were treated with
medieine fniformula acoording 40, WHO guidesling, that fis) 6K, QREZ/120PEZ in case
that they resist HR, HRS. And if any patients resist HRE or HRSE, they will be given
medicine in formula of 6K,;OPEtZ/120PEtZ for treatment. These patients had to come to
receive the medicine at the central hospital or general hospital in the area they live or
TB Center Zone 10, Chiang Mai. And they were visited by TB volunteer every month

until the end of treatment course of 18 months.
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For experiment group with MDR-TB

Group of Model 2: This is a group that were provided treatment same as the group of
model 1 in all respects but they were given counsel and reminded for medication via
mobile phone for every meal they had to take the medicine by officer of TB Center Zone
10, Chiang Mai. In case that any patient had no mobile phone, such patient would be
given a mobile phone with SIM Card enabling them to receive the call of reminding
them for medication or giving counsel in ¢ase of problem from taking medicine, and
making appointment to come to receive .the medicine and be examined on sputum
specimen every month, with explanation to -make them clear that they were asked to
keep the mobile phone on_iarorder to be remind for medication every meal by the

officer.

For control group with non MPDR-TB*

Group of Model 1: This is aigroup of pa-;:tients who were found non MDR-TB from the
result of DST and given consent to attendll_‘the projeot. These patients were treated with
medicine in formula according +to theﬁf‘d;a‘ndamtional TB control program , that is,
2HRZE(S)/4HR for treatment. These patieri‘téihj.ad to come to receive the medicine at
the community hospital in the.area they live-tg_-hgve physical check up by nurse, sputum
examination,

And they were visited-y TB volunteer every month until the end of treatment course of 6

months. (from the day of AFB positive)

For experiment,group with non MDR-TB

Group,.of Model 2. This is.a group. that were‘provided treatment same as the
group of madel 1in all respects "Butithey were given!ceunsel ‘and-reminded for
medication via mobile phone for every meal they had to take the medicine by
officer of TB Center Zone 10, Chiang Mai. In case that any patient had no mobile
phone, such patient would be given a mobile phone with SIM Card enabling them
to receive the call of reminding them for medication or giving counsel in case of
problem from taking medicine, and making appointment to come to receive the

medicine and be examined on sputum specimen every month, with explanation to



make them clear that they were asked to keep the mobile phone on in order to be

remind for medication every meal by the officer

Research instruments

This study was a systemic randomized control trial study design . The

research instruments were :-

1. Drug adherence book record & obile phone communication record

2.
3. ldentity for TB testinc
4

patient treated ssfully and CE-ratio

1. Each subject will b f particular hospital

2. Each subject will be as > patient identification number

3. Clinical data th staff and investigators
4, All specim the [aboratories willl ient name attached an

use only patient id

U]

5. All data will be input into data files and kept
have access to thefiles.

ﬂumwﬂmwa“m

AR N0 AY.....

frequency as in table 7

42

cret. Only investigators will
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Table 7 Data Collection

Data Collection Time record Responsibility Record Form

1. TB factor After enroliment Nurse of Form 1-3,10
Regional/general

hosp for MDR-TB and
Nurse of community
hosp for Non MDR-TB

2. Drug adherence Every month Form 4.1-4.7
3. Labboratory exam Form 5-6,8-9
3.1 AFB/culture Every month 1 Form 06.1
1]
3.2DST Before.enrollment Form 06.1
-’ L1}
3.3 Identify for MTB Before enrollment 5y Form 06.1
3.4 LFT/bl chemistry Every8fmone = Form 06.2
| »
4. Chest X-ray Every 6 month Form 4.1
5. Physical exam Every month _Dooctor of Regional/ | OPD card for TB patient
~deneral hosp for MDR-TB
i
‘and Nurse of community
hosp for Non MDR-TB
6. Mobile phone Evegfdlayf = % T'E'éeﬁter 10. Form 07 with content- Drug
’ ¥/ taken,TbB drug side effect and

communication

=31l General health of patient

el

Procedure 1-6 do by-medical stafﬂ!‘:a-i-Regional hospital/General hospital in

home province of -p_aitiﬁni&do_to_bmtj_gmup__RQSﬁanckj)er will monitor data-record

every 2 month.

Data analysis

Data ¢f, monitoring on"MDR-TB was:collected from aceess database from TB
system of Thailand MOPH -U.S. CDC Collaboration (TUC). Summary statistic for
continuous variable were_present as_mean and=standard_deviation(SD). Univariate
analysis was perfarmed using Fisher's~exact test for categoricalyand Wilcoxon’s test
for continuous variable.

The endpoint were cure rate,complete rate, failure rate and success rate, for
18 months for MDR-TB group and 6 months for non MDR-TB group and also
conversion rate at 1 month for both group.

Conversion was estimated using the Kaplan-Meire method. The difference in

conversion rates was determined using the log-Rank test.
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All outcome were compared between DOTS-Plus with mobile phone
group(model 1) and DOTS-Plus without mobile phone group (model 2). Kaplan-Meire
estimates were used to compare the differences of conversion event of both
groups(MDR-TB & non MDR-TB).

All P values were two-sided,and P values <0.05 were considered to be
statistically significant. Statistical analyses were performed by using STATA(version

10.1) and Epi Info programe (version 6 ).

Cost Analysis

Costs were assessed from societal perspectiverand was performed according to
provider and patient perspective:

The provider cost data was coHecEted from health care delivery system,
tuberculosis control program at regional, provincial,and eéemmunity level. The direct

medical care costs could be devided-inteo2 component.

\ #

1. labor costs: These were/the paymentl:%i for 1) time compensation for doctors,

nurse,and pharmacists. 2) telephone call._?)' laboratory task,and 4) volunteer costs

<
for DOT visit. L

#4334
—

2. non labor costs were for medications,l_ab@l-atory materials,culture medium for

- g
gl

AFB,C&S,DST, and';microbes- identification. These catégory of expenses also

covered cost of / blood chemistry  tests,chest ‘{X—ray,Iogistics,telephone
bills,management, and monitoring. All"the unit costs were calculated as charge
costs and not included capital costs.

The saurce.of provider cost came fram health care system as below :-

Category cfcost SourCe 0f [cost
1. Drugs 1. Price list of drug (TB center,ODPC10 ,2010)

2. Laboratory Material for AFB,C&S,DST,ldentify 2. Price list of material (TB center, ODPC10,2010)

3.Blood chemistry(BUN,Cr,SGOT,SGPT) 3. Comptroller General’'s Department

4.Chest X-ray 4. Comptroller Generall's Department

5. Mobile phone package 5. CAD telecom(2009) AIS (2010)

6.Personal payment for mobile phone call 6.Regional program of  ODPC10(2010)
7.Program management and staff costs 7. Regional&provincial program in region 15,16

(2010)
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Patients costs was collected using a structured interview questionnaire. The
transportation cost was considered as direct cost in this case. Indirect costs included
patients’income lost from work absence due to visiting the TB clinic. The daily lost was
calculated from each patient's monthly income. The income lost of the relatives who
accompanied the patients to TB clinic also considered as indirect cost and was

calculated in the same way.

Outcome

Effectiveness : The effectiveness was measured as the average increasing of
the success rate of treatment eutcome. Data.on freatment outcomes were obtained
from the randomized-controlled tial and operational definitions used in this study are
explained in detail below.

Non MDR TB group \

Out come assessmentiwas undértgken by labolatory examination of sputum
by technicians unawarg of treatmeht allobétion. Standard International Union Against
Tuberculosis and Lung Disease/MWHO out;';.or‘hes were used to measure effect.

A patient was Classified as Cured:-j_f gomfirmed to be sputum negative at 6
months and at least one previous Q:gcasioni"..ra‘_d |

A patient was classified as having: §9mpleted treatment if treatment was
completed but smear results_vvere not av;ﬁb’l_e on at least two occasions prior to
completion of treatment. o o

Treatment f'ai:fu"re was recored for patients who r’errrjained or became positive
at 5 months or later.

MDR TB group

Treatment suceess for, MDR' TB.group, incldded;patients who-=were cured and those
who completed treatment ({Curel +.Complete treatment ). Cured patients will be those
with positive sputum smear befores'starting treatment and confirmed to be sputum
negative at 7(or 8)vmenths and atleast one previous occasion, Treatment success is
used in‘routine practice to refer to smear positive patients who are cured and have

completed treatment

Completed treatment for MDR TB group applied to: patients who had positive pre-
treatment results, negative results at 2 months, and no end of treatment results;
patients who had negative pre-treatment results and had been placed on treatment
for clinical reasons, and patients who completed the full course of treatment, but had

no pre-treatment or end-of-treatment bacteriological results.
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Calculate of treatment outcome
When A = Number of evaluate case
a = Number of cure patients
b = Number of complete treatment patients

¢ = Number of failure patients

Cure rate

Complete rat
Failure rate
Death rate
Default rate

Treatment success _ ;omplete treatment

Y]

Cost effectivenes "yi: } age~cost per patient treated
- -

successfully. This wil :I» done by dividing the total o,_[ﬁ and patients successfully

treated. (CE ratio ).

AU INENIneIng




CHAPTER 4

Result and Analysis
From screening the patients having TB positive sputum specimen by using
microscope from April 2008 to September 2009, total 3993 persons, NTM is found for

264 persons or 6.6 percents according to table 8.

w B screening for NTM infection in

n T‘balla 1 Apr 08-Sept 09

Table 8 Number

Result of exam Percentage
No growth 12.3
Contaminate 4.4
NTM infected 6.6
Non NTM 76.6
And from all sorted NTM G g sensitivity testing was performed
MDR-TB was found for 87 persens or 2.8 pe detailed in table 9

ng for MDR- TB in
g Aﬁ'il 2008-September 2009

o

N TV LT, e

I;xam I\ER-TB

o Q)R 1) 4 2 ) ) 2 A

q
From total of 87 MDR-TB patients, 38 patients could be enrolled into the

project,and from 2980 non MDR-TB patients 60 patients could be enroll into the
project separated into group of study and characteristics of population as table 10.1-

10.2



Table 10.1 Baseline demographic and clinical characterisrics of MDR-TB groups

Demographic&Clinical Mobile Non Mobile p-value
Characteristics phone group phone group
n=19 n=19
Sex Male 12(63.2%) 12(63.2%) 1.00
Female 7(36.8%) 7(36.8%)
Mean Age yr (sd) 35.8(+12.4) 45(+15.6) 0.496
Type of patient New 7(36.8%) 6 (31.6%) 0.732
Relaps/TAD 12(63'2%; 13 (68.4%)
HIV infection  Infected 2(10%) 1(5%) 1.00
Not Infeeted 17(90%) 18(95%)
ill with DM DM 5(25%) 2(10%) 0.405
no DM . 12(7’5%) 17(90%)

_—

Table 10.2 Baseline demographib&cliniéal“bharacterisrics of Non MDR-TB groups

Demographic&Clinical y 4 Mobi'_lje“ 4 Non Mobile p-value
Characteristics : phong’gr()up phone group
n=30. n=30
1. Sex Male 4 20(66.0%) 19(63.3%) 0.661
Female =" 10(338%) %  11(36.7%)
2. Mean Age yr (sd)+ 50.1(+19.0) 56.0(+14.5) 0.094
3. Marital status Single 4(13.3%) 3(19.0%) 0.511
Couple 19(63.3%) 23(76.7%)
Widow 7(23.3%) 4(13.3%)
4. Education Naliteracy 6(26:1%) 7(23.3%) 0.870
Primary/Secondaly‘school 21(70.0%) 21(70.0%)
High school/university 3(10.0%) 2(6.7%)
5. Typexof patient New 28(93.4%) 30(100%) 0.350
Relaps/TAD 2(6.6%) 0
6. TB Drug resistance yes 1(3.3%) 0 0.500
no 29(96.7%) 30(100%)
7. HIV infection Infected 2(6.7%) 4(13.3%) 0.389
Not Infected 28(93.3%) 26(86.7%)
8. ill with DM DM 5(16.7%) 6(20%) 0.738
no DM 25(83.3%) 24(80%)

X* test for p-value
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By the way, mostly characterisrics of sample are not different but it was found
that in MDR-TB group the group of model 2 had ratio of diabetes higher than the group
of model 1.

When treatment outcome of the patients enrolled into the project of those 2
group were followed up, it is found that the patients of group of model 2 had rate of
change positive result of sputum test to be negative within 1 month higher than the

group of model 1.

In the MDR-TB group, Figure 4 ab
month was 10%(95%CI 2% ;,_ l

80%(95%Cl,55%-92%) in DOTS-Plus wit out

ility of sputum not conversion within 1

us with mibile phone and was

In the non MDR-T i b.Lllty of sputum not conversion
within 1 month was 63% 78%) - DOTS-Plus with mobile phone and was
48%(95%C1,30%-64%) in '

However there” were s ~.in non MDR-TB group (p-
value<0.001) but were mot

between two groups of patie

Figure 4 Kaplan-Meire e { n/Con [ vent by model implementation
in MDR-TB group during 18 k . d in non MDR-TB group during 6
months of treatment (b) : Z

1.00
|

LAY 75

ﬂ_ﬂﬂ’mﬂ"@w

Log rank: P value = 0.000

AR ASATAI UEN IR Y
_\_‘ S S S

T T T T T T T T T T T
0123456789101 12131415161718 0 1 2 3 4
Months since treatment start (months) Months since treatment start (months)

0 2gurvivaé)psré)babilit(y75
vwa

0.00
0.00

‘ — group=DOTS-Plus with Mobile Phone ~ —— = group = DOTS-Plus without Mobile Phone. — group=DOTS-Plus with Mobile Phone ~ —=—="group =DOTS-Plus without Mobie Phone

(a) (b)
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When treatment outcome of MDR and non MDR TB groups had treated full 6

months, and 18 months it is found that the samples of group of model 2 in both MDR

and non MDR-TB group had success rate in high level as 100 percents while the group

of model 1 had success rate only 73.7% with in MDR group and 96.7% in non MDR

group. Both MDR and non MDR TB groups there was no failure rate found in the group

of model 2 while failure rate of the group of model 1 is 26.3% and 3.3% respectively.

They are different significantly in statistic at p=0.0001 for MDR group and p=0.047 for

non MDR TB group as the resultin table 11:

v
Table 11 Treatment Quicome of MDR and non-MDR TB groups by model
implementation ,
|
MDR4TB group( n=38) Non MDR-TB group( n=61)
= Model 1
Model 1 non IQ;/lo&el 2 non Model 2
Treatment mobilé phone: moﬁiig phone | mobile phone | mobile phone
Outcome ar ) {or gr gr
=19/ n=19. n=30 n=30
1. Cure rate 14 6(31.6%) | 19(100%) 28(76.7%) 30(100%)
2. Complete rate 8(42.1%) 0(0%) 6(20.0%) 0(0%)
3. Failure rate 5(26.3%) 0(0%) 18.3%) 0(0%)
4. Success rate 14(73.7%) 19(100%) 29(96.7%) 30(100%)
p-value 0.0001 0.047

X* test for p-value
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And when trend of MDR-TB in northern area of Thailand was monitored from
April 2008 to September 2009, it shows that the prevalence trend of MDR-TB is

decreased as detailed in figure 5

Figure5 Trend of MDR-TBratein Upper north, Thailand during
april 2008-september 2009

- 5
23
g. 2 __.‘,
1
¢ Apr09-Sept09
——NMDR TB rate 1.8

For the result of e total cost between Mobile

phone and non mobile in p were not different as in table
11.1,11.2

The total cost of with Mobile group was baht 2,422,605 and

The total costof MD ' e pt one group lower than the

J — |

group that unused mobile phone only baht 7,480 in MDR=FB and baht 600 in non MDR-
TB group

The avﬂ uEJ g m Hm ﬁﬁua&l ’J mDﬁTB with Mobile phone

group was baht 127 506 and 14,890.67 as in table 42
BN DLk 53 A AT s o

phone gr%up was baht 127,899 and 14910.67 as in table 12

The average total cost for cure was not different significant in both group
respectively (p-value= 0.674) as in table 12

* In table 11.1,11.2 The high cost of non mobile group was from volunteer cost
and the cost of laboratory labor in case of sputum still positive. Sputum should have to
culture and test for drug sensitivity.and should have more cost for specimen

transportation.
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The total cost of managing a TB patient to treatment completion

between mobile phone& Non mobile intervention in MDR group

Cost Analysis

MDR-TB gr(n=38)

Unit cost : Non
. Mobile(N=19 .
Direct cost per patient ( ) Mobile(N=19)
A. Provider cost Total cost Total cost
A1 Drug regimen * 6K50PEZ / 120PEZ 38,970 272,790 272,790
* 6K50EtCsZ / 120ErCsZ 114,600 1,375,200 1,375,200
A2 Material for Sputum Smears 18 times 1,080 20,520 20,520
A3 Material for Sputum Cultures 18 times 33600 68,400 68,400
A4 Material for Sputum DST 1 time 100 2,400 2,400
A5 Material for Sputum for Identity NTM 1 time 350 6,650 6,650
A6 Specimen transportation 18 times 240 13,680 13,680
A7 Lablabor * AFB+C/S+ PCR+DST \ 556.6/mobile 10,575 14,470
761.6/non mabile
A8 BUN, Creatinine, SGOT, SGPT . 1,320 25,080 25,080
A9 X-rays "';‘ 4240 4,560 4,560
A10 Overall follow-up/Supemvision - 2295 43,605 43,605
A11 Program management at - A 195,614 296,590 296,560
regional/provincial level for conference: F
meeting _.r .
A11.1 doctor charge per month ~-900 17,100 17,100
A11.2 pharmacist charge per month ——900 17,100 17,100
A11.3 nurse charge per month - fRg0- 17,100 17,100
A12 program management (on top from NHSO) 3,000 57,000 57,000
A13 Mobile phone call = = 180 43,420 3,420
A14 Mobile phone package 1130 14,400 14,400
A15Mobile phone cost (for-pt who didn’t have 295 5,600 5,600
mobile phone, 6 in 19 and 2 for call center)
ToTal 2,278965 2,252,245
B. Patient costs | (direct cost)
B1 Visits to a health facility.
Indirect costs 1,800 34,200 34,200
B2 Absence from work ( labor cost/day fram
AVerage income’par,month) 1,980 871620 37,620
ToTal 71,820 71,820
C. Family costs (Indirect cost)
1.1 Transportation cost with patient
1.2 Absence from work (labor cost/day from 1,800 34,200 34,200
average income per month) 1,980 37,620 37,620
ToTal 71,820 71,820
D. Volunteer costs (direct cost)
1.1 payment charge for volunteerDOT visits 1,800 - 34,200
ToTal - 34,200
Total (A+B+C+D) 2,422,605 2,430,085
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Table 11.2 The total cost of managing a TB patient to treatment completion
between mobile phone& Non mobile intervention in non MDR group

Cost Analysis

Non MDR-TB gr (n=60)

unit cost Non
. i Mobile(n= .
Direct cost per patient obile(n=30) Mobile(n=30)
A. Provider cost Total cost Total cost
A1 Drug regimen 2HRZE(S) /4HR 2,380 71,400 71,400
A2 Material for Sputum Smears 6 times 360 10,800 10,800
A3 Material for Sputum Cultures 6 times 1,200 36,000 36,000
A4 Material for Sputum DST 1 time 100 3,000 3,000
A5 Material for Sputum for Identity NTM 350 10,500 10,500
A6 Specimen transportation™ 6 times 240 7,200 7,200
A7 Lab labour  * AFB+C/S+ PGRtBDST 230/mobile 6,900 7,900
\ 263.3/non mobile
A8 BUN , Creatinine,SGOT,SGRT 2 times ‘ 440 13,200 13,200
A9 X-rays 2 times ‘ 160 4,800 4,800
A10 Program management at 2
regional/provincial level(conference / 5,380 174,900 174,900
meeting and supervision) 1
A11 Program management (on top from NHSO) ; 800 24,000 24,000
A12 payment charge for nurse o e, 200 6,000 6,000
A13 Mobile phone call 6 months 160 1,800 -
A14 Mobile phone package O 2,400 -
A15 Mobile phone cost (for pt whe-didn:thave | = 187 5,600 -
mobile phone, 8 in 30)
ToTal 377,600 375,200
B. Patient costs (direct cost)
B1 Visits to a health facility 480 14,400 14,400
Indirect costs
B2 Absencefromiwark 672 20,160
( labor cost/day fremfincome per month) 20,160
ToTal 34,560 34,560
C. Family costs’ (InGirect-cost)
1.1 Transpartation/costiwith patient 480 14,400 14,400
1.2 Absence from work 672 20,160 20,160
( labor cost/day from income per month)
ToTal 34,560 34,560
D. Volunteer costs (direct cost)
1.1 DOT visits for collected sputum 100 - 3,000
(on top from HHSO)
ToTal - 3,000
Total (A+B+C+D) 446,720 447,320




Table 12 Average Total cost per patient to treatment completetion between mobile

phone & non mobile phone intervention in MDR and non MDR TB group

Average Total cost / patient (baht)
Patient Group Non Mobile p-value
Mobile phone phone
MDR TB group 127,506.00 127,899.00
Non MDR TB group 14,890.67 14,910.67 0.674

X* test for p- value
2

In table 12 the average total cost per patient. of MDR and non MDR-TB with
Mobile phone group waslower than the group that unused mobile phone only baht
393 in MDR-TB and baft 20+in ;non MDFé—T“B group. And the average total cost for
cure was not different significant’in both grLgLIJp respectively (p-value= 0.674)

"
Effectiveness offDOTS-Plus by using mobile phene was calculated as the

average cost per patient treated sudcessfu'l-ﬂl‘;d/'raand found that cost effective ratio was
-14.6 baht/patient treated suceessfully in MDR group and was -5.0 baht/patient
treated successfully in non MDR-group as inr-teible. 13. So these intervention showed

the high of cost effectiveness.

Table 13 Cost effective analysis between mobile phone & non mobile phone
intervention in, MDR and non MBR TB group
Cost
Policy Average Average Patient Patient effectiveness
cost/pt cost/pt treated treated ratio (CE)
of ofimon successfully. successfully baht/pt
Mobile phone Mobile of Mobile | Of non Mobile treated
ar phone gr phone gr phone gr successfully
MDR TB gr 127,506.00 127899.00 1A g3 AU -14.6
Non MDR TB gr 14,890.67 14,910.67 1A 96 AU -5.0
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Summary

From analysis result of experimental study in kind of True Experimental study
(Randomized controlled trial) to compare effectiveness of TB patient care with MDR-TB

between model 1 and model 2, it shows that

1.Model 2 could help the TB pé ositive disease sputum specimen to
become negative within in the 1" month, with statistical

op the epidemic of MDR-TB.

significance at P< 0.001 i ped.to

2.Model 2 coul a ' \-\\ & OF increase success rate with
statistical significance f [ "‘§ \ d p=0.047 in non MDR-TB
group. And could be achi é“ 0 ;  nrogra 'cators as indicate by WHO.
{&‘ 'E-‘il . ' \
: R :
3. Model 2 was effegtiveness than Mede

the CE ratios reflecting the cost
TSl-Plus with mobile phone strategy
arm were very low and in d be-save budget of laboratory
labor and transport Specimel :,j 1,000 baht/ person in the

group with MDR-TB and 62.25 bz . up%mon MDR-TB.
AULINENINYINT
AN TUNM NN Y



CHAPTER 5

Discussion and Conclusion

Discussion

As the study result as above, it is found that DOTS-Plus and use of reminding
phone made situation of MDR-TB in the northern area of Thailand had decreasing trend
from 4.1 percents during April 2008 — September.2008 to be 1.8 percents during April 2009
— September 2009. Consequently, the implementation method is a method helping to
resolve the problem of MDR-IB+in"the nor%em of Thailand from high rate of MDR-TB in the
past to become the rate lower than Hot spoylt.

Especially, DOTS=Plus'in/Model 2,L'having reminding communication to the patient
for medication every meal and Comiﬁg to.:h"ave physical examination and have sputum
specimen examination, andireceive d'rug Cc;b\tiﬁuously every month by using mobile phone
auxiliary to effectiveness of treatment sinceg-}t.-could Increase success ratio to reach 100
percents. And it also could help to-'imprové{tbor)version rate in sputum specimen from
positive to become negative in ShOFeEtime. théhi:r;sgfwithin the 1% month, it is in high level as

84.2 percents. When comparing to the model 1 fﬁé'fbperation was conducted according to

usual public health sq%VWEe system, accompanying With"r’gﬁhinding for meditation from
volunteer, it is found that ¢onversion rate in the 1" month is only 57.9 percents. By the way,
the reminding phone couﬁld help to improve behavior of thé patients especially in MDR TB
group as follow:

1) It helped to remind the patient to bring the sputum specimen for examining regularly with
quality, that is, the paiient of group of model 2 had result of sputumrspecimen examination
by culturing fully in every month. This is different from the group of model 1 by observing in
assessment result on cure rate and complete rate. If the result of sputum specimen
examination is full, complete rate would be low but cure rate would be high.

2) It helped to improve behavior of cessation of meditation from misunderstanding that the
symptom become well and the sputum specimen became negative and meditation was

done regularly according to prescription of physician.
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3) It helped to reduce forgetting to take medicine in each meal. For example, a patient in
group of model 2 enjoying in working if there was no reminding phone, he might forget
taking medicine for the last 6 months.

4) It helped to reduce behavior of omission of taking some medicine since the patient
understood that he might feel no good when took such medicine. This causes effectiveness
of meditation decreased down and it was found in the group of model 1, 1 person.

5) It helped to support intention and understanding on the reason of meditation for
effectiveness of treatment outcome and this was found in most patients of the model 2.

6) It helped the patient to reduce the discremination and it was confidentiality for the
patient live in the social usually. We can s8e this fromm the patient in group of model 2 where
the patient went along to takesmedicine fully and had sputum examination fully, there was
no failure of treatment whiledn ustal modelv'br maodel 1, the failure rate was 26.3 percents. In
the sample of group of model 1, a patieat followed up and paid attention by the officer so
that the patient would take the medicine reg_.jJIarIy py contacting to relatives and teacher in
school to help to take care offher for medita’tt]‘gn but the teacher expressed his intention to
have the student stop attending the"g.;.lass aﬁg[.-_it made the student felt unhappy so that it
effected to the treatment for this'student Waé;féiﬂéd. This point is very important, that is,
paying attention on feeling of patient. Thisﬂﬁé—@onsistent to the study of Dr. Surasingh
Wisarurat, a dentist whqisper;iaiize.s_m_preventive medicine. éf-Public Health Office, Chiang

“3), on use of mobilé phone for TB patient care, showing {hat when the mobile phone is

Mai
conducted to follow up tﬁe patient, the patients feel warm, not alone, no discremination by
the social, and arfe eficouraged to take care ofithemselves tobecome healthy.
7) it has high possibility to develop the process of use of remineing phone because about
80 percents fipatients imtheyproject have itheir own mabilegphone andithe expense of call
center for communication to the patient also is not high, just about 500 baht per month by
post pay and we can pay the incentive for staff at call center to communicate to patients as
this project.

By total point of view, possibility of success of this project is so high since the
treatment outcome in the patient without MDR-TB who taking medicine with DOT (not

DOTS-Plus) only 6 months and number of medicine they took was not much and the side

effect also was not much like the group of MDR-TB. Totally in the northern area, the
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success rate of operation was only 72 percents (50), lower than level targeted by WHO. And
when it is compared to study result on DOTS-Plus in several levels in various countries
according to summary of analysis on Treatment of MDR -TB :TRC Experience (1980-2005)
of Tuberculosis Centre Chennai(m,it is found that cure rate is in low level, averagely at 65
percents, lower than result of the model 2 and model 1 of this study. And when it is
compared to the study of WHO at Philippines, Estonia, and Russia, on effectiveness of
operation by using DOTS-Plus method, comparing the result between before and after

52-54)

using DOTS-Plus method 2% it isfound thatdafter using DOTS-Plus, the cure rate was
increased in the level of 60-75% (The cure raie.of the new patients are higher than the one
of the patient who were treated before). The process of DOTS-Plus focuses on drug formula
selection according to the result of MDR-TB of each patient and this result is similar to the
result of this study on model1 of MDR TB "Jgroup even it is lower than the model 2 but it is
worth for WHO to apply for further oper'ationt.u

The CE ratios reflecting the cost _léemefits of both MDR and non MDR group in
DOTS-Plus with mobile phone strategy arm were very low and in negative territory. If mobile

phone is to be used. It should be used in MD‘Rﬁgroup since this group had more negativeity

of CE ratio than non MDR group. “/= 2

Anyway, the different eosts betweerﬂ%ﬁé#:group with mobile phone and without
mobile phone are o‘o(sit_of_labotaiom_labor, transportatbn‘ of specimens and for
volunteers, where the bbst of Laboratory labor and pay for volanteers in the group without
mobile phone are higher than the group with mobile phone 38,095.00 baht or 4.6 times of
cost in the group.with meébile"phone in MDR-<FB group andywas ‘double in the group with
non MDR-TB .

n suchsecasey if werapplydhe imethed 24D OT Szpluss with, mobile phone), we will
save budget of examination and transportation of specimens and pay for volunteers
1,000 baht/ person in the group with MDR-TB and 62.25 baht/person in the group with
non MDR-TB.

Factors influencing to success of this project as DOTS-plus

1. Political commitment of the Ministry of public Health.
2. Coordination : —It depends on the area with good coordinator. In this project, the pay

is motivation.
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3. Laboratory :- requires TB culture and Identify for mycobacterium tuberculosis, and
TB drug sensitivity test (DST) with standardization, where in this project, TB Center Zone
10 handled quickly within 1 month after receipt of specimens.
4. Treatment strategy :- The physician has to have the technique ensuring that the
patients will receive the drug and the patients have to come to receive the drug at the
hospital near their home continuously for at least 18 months. And the physician has to
know side effect of each kind of drug used for treatment for effective attendance to the
patients. (In this study, the patients were facilitated to take the drug regularly by using
mobile phone to give counseling on taking drud.every meal.)
5. Information systems and data management :=forun DOT-Plus well, it requires the
efficient data system able.i@ Use to follow treatment of .each person.( In this study, the
data system was set fer"drug" resistance monitoring and following up provision of
attendance and treatment, able o/ reply If‘hg study result if the project can achieve
reduction of multi-drug resistance) | _,

),

Recommendation ‘ e

From reduction of prevalence ratev'fgf-dl\_/IDR—TB from 4.1% in year 2008 to be
1.8% in year 2009, or from 87 persons-to be 38:@29’;’50%, this is deemed that it could help
to save budget of government fer-treatment abo'ui-5,992,782 baht, and also could stop
epidemic of MDR-TB1oo_lf there is separate investment, exeluding the cost of drug from
National Health Seculitys Organization( NHSO) funds for t?eatment for about 38-40
persons expected that they still remain in the area about 1,508,702.00 baht/year (Total
cost of managingdMPR-IB patients to,completion ~Brug-cost) eontinuously in order to
fund total management cost except the drug cost, it will be able to help stop epidemic of

MDR-TB in the northern area.

Conclusion

In summary ,This paper describes our experiences with DOTS-Plus by mobile
phone and the successful outcome suggests that DOTS-Plus by mobile phone is feasible
,affordable and cost effectiveness to extend application of process to area having high

MDR TB prevalence
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Appendix B

Form 1  Patient History
Cost-Cost effectiveness ;A comparative study of TB and MDR TB case management with Health volunteer &
Health facility base model versus Health facility base & mobile phone communication by DOTS-PLUS strategy

in upper north of Thailand

6. Education D no educ

[] Secondary school

[] Bachelor’s degree '6e - oter...........
7. Adress ..oocoeeeeeeen. v N . _' veete e AMPNUT. e
Province.......ceeeiiinieennn. o 5 pglf | out municipal
8. Work place Adress............. .. i — L TR
9.HOME Tel.erieereecereeeeeeeeeee e ...... :
Mobile phone .......... e _

lliness History

10.Did you have Diabetis ™ -
[] ves ] No B year Of illcceeuveerenieireneennnnnes
11. Did you have HIV infection? 4 L7

e B NENINGINT

12. If you have HIV i%ction , . Did you recieged ART ?

5o AR NN I UK N EFTRY ™

ver been receive
D Yes D No

Year of given TB drug............. Hospital of TB drug given...................

14. If you have HIV infection , Did you ever been receive TB drug ?
[] Yes [ No Year of given TB drug...........
15. Did you smoke?

D Yes D No

16. Did you Drink alcohol?
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[ ves L] No

17. If you drink alcohol , How frequency you have?

[] every day [] 2-3 time/week [ other............
18. Did you ever been used VD ?

[ ves [J No

19. Did you ever been have drug allergy ?

[ ves [J No

20. Did you have any symptom ?. when you o pital.
[] caugh ith sym N f gum with blood/swamp

[ ] chest pain ied/t [ ] other specify..........
How long of symptom?..( ....... o k/month/year)
21. How many person in yo W S "y » person

22. Did your family have TB

D Yes D No

D Yes D No

27. The accompany of patient amily or from ' [ ] nabour.......

27. Income of patient per! nmonth. ...

28. Income of patient per mﬁh;.. pe

ﬂ‘UEI’J‘VlEJ'VIiWEI’]ﬂi

Reporter.Name

QW?ﬂﬁﬂiﬂJ um'mmaﬂ

Report Date .........[........./coiii.
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FORM 2 suvazdmsaugamsanuivesdibe
av d' a A % Y % d'g % % U Y
Tulasams3de seailszansmmvesmsquadnug the Talsafineen3nuial snednavion2 vinu

meldszuw DOTS Twwamaviiionauuy

2
3. HaMITUFANIT

D Transfer out

[ duq 1T [

3.2 1 $nwasuy
[] success

[] Complete
[ Failure

[] Relape

0 0 ﬂauﬁﬁqqegmﬁwmﬂg _________________________________

Non-TB Deaa-lmﬂmmﬁ ..................................................

QW?ﬂﬁﬂiﬂJ UNIINYAY
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nuuesun 3

suUsBUMIneuIulsa MDR-TB
TnsamsIdeises Usz@nswavesmsguadnug theTaldsafines Jalsneation2 vuu

meldszuu DOTS luuamamiilanauuu

U A a A a A
1. v aou U Hverd ¥olsangnua
2, ¥o-ana {1 HN. o VR RVTYE, S
3. M350y MDR-TB
3.1 nsai 1heisuenns awisn
OV UTHA M cerrrrrenerrrrssssesersoeseeeeesssfi asbbos s e dessearssens b ssesene s ssses

IS v d‘

3.2 nsdilinenaiaied :
gasenilylufogiiu RN NN .............

semsenndn (asdnansulylesseznahimy 4 wow)

Ofloxacin (200) uoul b NN x 100’s
Ofloxacin (100) JIELEEEEC N W x 100's
PAS (1 gm) S tea— , .............................. x 1000’
Ethionamide (250) 0 TETC i e i x 100’s
Kanamycin 1 gm. In] e A vials
D-cycloserine (250) U x 100's (1iin'l@mme

o & 4 T . .
nsais wilwitoanin luegluguideline )

A )
() N g W oW T N N S W RN 2! ERIINR)Y]

( )

MUK

4 d’l 9 [ a @ d o w 9 v P~
HUENHa - 1. uuuesuil I5dsenevnulubneuazisn wa d1inauilesn Hﬂ?ﬂﬂuiiﬂﬁ]o

@ 1 Y
HUUFEU 1 aUY @@Ejﬂ’)ﬂ 1 919



DOTS-Plus Health facility (
Form4.1)

Patientname .......ccceenveverinecinnne

MDR-TBNO......cvveerrnnrrnnns
Define sample case
name...

TB Drug given by

control

FEGIMEN. ... eiiiiieisree s e sser s s

Hospital

................ ProjectID.No.............ccceeeevseennes TB.NoOL.nn,

78

im/ ime. i

3| 3

wt L_. AFB

wmXray

May5
2 pay

[Noon

Jnigth

Jun5
2 pay

[Noon

Jnigth

Jul
52pa

Note : Method to correctdata :
supervised X= Not given drug

O=Directlyobserved N= not
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DOTS-Plus  Health facility ( Form 4.2)

Pati ..ProjectID.No. .TB.No MDR-TB no ...

Define sample case control Hospital name.

Drug used withdose in each month by Regimen ....

dimly wlr|]z]|e]|s |km|an|cm|ra Ce | pis patient s symptom somment

IEto.

e Jworse  kstable other

May-52 r |

Jun-52

Jul-52

Aug-52

Sept52} J.

Oct-52] 2

Nov-52

Dec:52

Jan-53

Feb-53]

Mar53 ol |

Apr53 i s J

May-53) = 1= -

Jun-53

Jul-53) i L =

Aug-534

Sept53f

oct5y |

Nov-531

Dec:534

Jan-54

Féb-54]

Mar-54]

Apr-54

May-54]

Jun-54

Name of data recorder




DOTS-Plus Health facility (Form 4.3)

Patientname ..ProjectID.No

.TB.No. MDR-TB no

Define sample case control

Side effect record

Hospital name.....

80

o haib b Pscal ™ P s

Howlo et

May-52]

Jun-52

Jul-52]

Aug-5

Sept52]

Qct-52]

Nov-52

Dec-52

Jan-53]

Feb-53

Mar-53] g

Apr-53

May-53]

Jun-53]

Jul-53]

Aug53

| Seowd]

Oct-53]

Nov-53}

Dec-53]

Jan-54]

Feb-54)

Mar-54]

Apr5d

May-54]

Jun-54]

Drug regimen used ... Any adjust regimen

No Yes  Which regimen




DOTS-Plus Health facility (Form 4.4)

Fo-anadihe S £+ [-Xo1 4 [ 1.1 TR, TB.NO....oovvrrrinian MDR-TB N0 ..c.evuerns i

dszumnguinathe e Ao nuALAN Faam

Summarize of treatment follow-up

81

Symptom show

Day 0 ( Base line) ‘\\l .

eatmen

Month 18

End of treatment

—
——
| ——

Body wil

Z 7NN

w7/ BN\ NSO
77/ E TR

LI ERANNN
ey YANN

Symptom*’] _' . J =l

&= |k
A
\

Note : ** i ) no symptom =0, mild(normal activity daily life) = 1, moderate (some limitation of ADL) = 2

severe (total limitation of ADL)=3, Very severe (symptomatic atrest need admission) =4

*** When have high risk for side effect




DOTS-Plus Health facility (Form 4.4)
Fo-anagioe .. Project ID.No.

drnmnguireie g Amn ARy

Summarize of treatment follow-up

DST] ﬂ

Symptom show Day 0 ( Base line)
Bod:
Temparature]
fa 4."
NG
R I
W E
Dyspnea sign| Fa:
. "y,
as
N
Symptom* ’ J.ﬂ"
FI1E SR
e -
PR
Direct smeal —
T #:
L -l‘::"d‘.-“ -
=
TBcul

82

MDR-TBNO ..oovivninnvinnns
doam
Month 15 Month 18 End of treatment
\
s
A
.‘
!

CXi Lﬁ

severe (total limitation of ADL)=3, Very severe

***When have highrisk for side effect

o,

rest need isson) =4

) no symptom =0, mild(normal activity daily life)= 1, moderate (some limitation of ADL) =2




DOTS-Plus Health facility (Form 4.5)

Patientname

.TB.No.

MDR-TB no..

..ProjectID.No.

Define sample case control

Drug given for TB-HIV case Name data recorder.

Hospital name....

83

ARV_regimen regimen for Ol ...

— 14

regimen for Ol ...,

other drug for DM

other drug for HT

comment

May-52

Jun-52

Jul-52]

Aug-52

Sept52]

Oct-52)

Nov-52

Dec-52 =

Jan-5

Feb-53 ¥

Mar53

Apr53 &

May-53

Jun-53 e

Jul-53

Aug-53

Sept6 3y

Oct:53

Nov-53

Dec53

Jan-54

Feb-54

Mar-54

Aprsd

May-54

Jun-54




DOTS-Plus Health facility ( Form 4.6)

Patientname ..ProjectID.No.

.TB.No

Define sample case control

msiun ARV Tnegn o filuiinaga.

Hospital name.

MDR-TB 1O ....ocvuvnniniins

84

Jun AFB.

usXcray

May-52

Jun-52

Jul-52)

Aug-52)

Sept52]

Oct:-52

Nov-52|

Dec-52) 1 L

Jan-53

Feb-53)

Mar-53) #

Apr-53]

May-53 =l=

Jun-53

Jul-53]

Aug-53)

Sept53]

Oct-53

Nov-53)

Dec-53)

Jan-54

Feb-54)

Mar-54)

Apr-54)

May-54

Jun-54

Note : Method torecord: O=Directly observed , N = not supervised




DOTS-Plus Health facility ( Form 4.7)

Patient name ..Project ID.No. ... .TB.No. MDR-TB no

Define sample case control Hospital name..

Ol Drug regimen

M d ] d o i ] o o A o o 2] 2 E gther symptom

Jan-5.

Feb-5:

Mar-5:

Jun-5:

Jul-5:

Oct5:

Now5:

Jan-5

Feb-5:

Mar-5.

Note : Method to record; O=Directly observed , N= notsupervised , x =not given drug



DOTS-Plus Program ( Form 5(1))

Foagagilon

Project ID.No.

TB No.

MDR-TB no

drmnguiieing ndanin

Tuusinsifou

86

fre

105

s

EE

1052)

s

EE

)

ws2)

5]

2]

s

505

o s}

seyrluieneusssiudfun O=Directlyobserved , N=not supervised , x = liliun



DOTS-Plus Program ( Form 06 )

87

o-again Project ID N TBN: MDR-TB no
Umamnguieine ngidnn njumsugy Hom
oG "
P
" Leucod o Epith 4
w | Ha | wac |omo | s [NesrofEasnofeass onoe] v N I ey LR anefurobi sucn s | co | i1 | o fwac | oo




DOTS-Plus Health facility (Form 06.1)

88

Result (AF) Result (Culure ) Result from_Identication
Month ot Month
Result Result from Medin Result
amiy Sample No amiy Sample No amy | sampleNo
vine_| concal solid_| viquid | other w1 N
0

1 1

2 2

3 ] 3 Result HIV

Month amy | sunpieno | Resur

6 6

7 A

8 8 . Result Diabetis

9 o ) " Month d/mly Sample No Result

10 19

1 11 ¥ "

12 304

F
ol o

13 5 Name patient

14 14 ; T8B. MDR-TB.

15 154 T . Sample defind

16 V ) 16 il case.

17 i g aatnl

18 18

19 19 Hospitl name.

21 2 Name da recorder

Drug susceptibilty testing (DST) results
s N X ; z i ¥ Puojkto Pas Other
Labno. | amiy
P Wl Moo 8 boo Bhood” L Bbo B8 BPBhi. Be bie BRSO MooSwls |8 B s bicc
WAABMR © Method for DST: R resistnce, S~ Susceptible ,C = Contumingte * Direct 71601uM 6y 1 (o Uz Conform indirect




DOTS-Plus  Health facility (Form 062 )

Patient name .Project ID.Ni ... .TB.No. MDR-TB no .

Define sample case control Hospital name..

Result of Laboratory exam

oiwy comment

o ey o e

PR [ PR R I R

Jul-5:

Nov-5:

Dec:-5:

Jan-5!

Nov-5:

Dec:5

Jan:!

Mar-!

May-

Jun-!

Name data recor i




DOTS-Plus with Mobile communication

For Call Center ( Form 07)

90

ationt Na ID.Project No. IBNo MDRTE No, Juom
ow e Timeof calling Obstacles and strtegies 1o solve the problem ou e Time of calling Obstacies and stratogies 1o solve the problem
i i
i il
-
& id
i 5
i il
. "
i
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DOTS-Plus Program (Form 8)

Form for sending sputumsample for Identify and DST ( Drug susceptibility testing ) of M.T is B center; DPCI0
(Lab Serial No ) d/mly Name-surname sex agel Requirment Hospital name of sample Name of sender Name of reciver
X (ollow-uj
—

fnunuiaya



Report Form for Identify and DST ( Drug susceptibility testing ) of M. Tuberculosis, TB center;DPC10

DOTS-Plus Program (Form9)

92

( Lab Serial No )

iy

Name-Surname

Identi

y result

DST result

Non 1B

Fg

PtoEto

Note :

R = resistance

§ = Susceptible

C = Contaminated

Name of data recorder.
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DOTS-Plus Program (Form 10)

Foapagio -Project ID.No. .TB.No... MDR-TB N0 ....ocovmrrnnnns
dsznmnguinats nn A uAdLRN Foan
apl nmadamumaiimn

sTarmMsAamukeMesnn
P— Day 0 ( Base line)

\ f :
| b AM £ P | Boudts Boud s o s s
—~—
-
= .
Temparature, /m‘\

Symptom ™’}

Direct smeal

B 3

ADR =

o

AR18IN SN INENAE

winwwg

gh) no symptom =0 , mild(normal activity daily life) = 1, moderate (some limitation of ADL) = 2

severe (total limitation of ADL)=3, Very severe icatrest need issit =4

W n iR ianafian afnafseang 1 v Tasy Trla vive fan wiiaeded 1 0miie 15 1o e me i
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Appendix C

Diagnosis of TB

Since TB is an infectious disease caused by Mycobacterium (M)tuberculosis
the diagnosis of TB should (as far as possible) be by demonstration of
M.tuberculosis on culture or acid-fast bacilli (AFB) on smear examination. The
World Health Organization (WHO) has strongly recommended sputum smear
examination as the preferred screening test and suggests examination of 3 deeply
coughed out sputum samples — spot sample.on day 1, overnight sample and a spot
sample in the morning.on day 2. Regently it _has been shown that sputum smear
positivity is greater than 90% where greater than 5 ml of sputum is use for smear
diagnosis of pulmonaryTB.«Culture 'Pf M. tuberculosis is the gold standard for
diagnosis of TB. Culturgrof mycobacteria is @ much more sensitive test than smear
examination and has'begn estlmated to, deteot 10-100 viable mycobacteria per ml of
sample and in case of aclive disease they are found to be 81% sensitive and 98.5%
specific. Culture methoeds are also requ;red for further drug sensitivity testing in

¥ K
cases of suspected drug reSlstant cases. I39n|a2|d and rifampicin resistance can

be reliably measured; resistance {o pyrazlungmlge, ethambutol, and streptomycin is

more difficult due f(_f) limitations of technique. The theragleutic index for a given drug

is low for certain;sécond line drugs such as ethionamide, cycloserine, viomycin
and para amino safieylic acid (PAS) and it leads to misinterpretation of results due
to failure to.distinguish’Detween sensitive .and.. resistant strains. Misdiagnosis of
MDR-TB due to laboratory‘related-errors has been-reported recently.

Smear examination:

Ant important. | componentgef TB managemént is ‘good quality smear
microscopy to identify M. tuberculosis as acid-fast bacilli (AFB). As smear gives a
quantitative  estimation of bacilli being excreted, it is of vital clinical and
epidemiologic importance in assessing the patient’'s infectiousness and to follow

the progress of TB patients on chemotherapy.
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The World Health Organization (WHO) has strongly recommended sputum
smear examination as the preferred screening test and suggests w\examination of 3
deeply coughed out sputum samples as follows:

Day 1 — spot sample
Day 2- Overnight sample and a spot sample in the morning.

More than 3 bacilli on the whole smear are needed to consider the smear
positive. Though AFB smear examination is an extremely simple test carried out in
most laboratories, it requires dedicated effort to obtain accurate results. Hence,
every effort should be made to establish-reliable laboratories with adequate quality
control. .4

Smear examination has the advantage of simplicity, availability and rapidity,
but the sensitivity is _affecied by theyllskill and experience of the microscopist, the
number of specimens gxamined and the " concentration of organisms (5,000-10,000
per ml) in the sputum. Fhe Sensitivity orf;th,e most common procedures widely used
i.e. Zeil-Nelson’s (ZN) technigue of

Fluorescent Microscopy (FM) 1

For AFB smear range‘fiom 22% to 78%. Smear positivity depends Upon

proper collection of the sample; approprif@“é_e'Staining techniques, and the number of

bacilli in the samg]e;_. Recently, sputum smear positfyity has been reported in

upto>90% cases where greater than 5 ml of sputum wa"s; used for smear diagnosis
of pulmonary TB.

Smearexamination-of sputumiand:other body-fluids/ itssues by Zeil-Nelson’s
(ZN) techmique or Fluorescent Microscopy (FM) is a rapid method of identifying
AFB=A ssmall, preportion, ofwpatients withy pulmenary, TB; may.e smear negative,
particularly children™ and “the "‘elderly. "Also, ™ probability" of " finding AFBs in
extrapulmonary (paucibacillary) specimens is much lower. In such cases other
options that can be used are a) smear and culture on sputum, gastric lavage or
bronchial washings, body fluids e.g. pleural/ pericardial / ascetic fluid, cerebro
spinal fluid (CSF) or tissue obtained from biopsy b) specific empiric anti-TB therapy

(SEATT), or c) close monitoring until diagnostic tests confirm TB.
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Culture:

Culture of M. tuberculosis is the gold standard for diagnosis of TB. Culture
can be performed on sputum, gastric lavage, bronchial washings or broncho-
alveolar lavage, bronchial washings or broncho-alveolar lavage (BAL), extra
pulmonary site aspirates and tissue biopsy collected in saline. Bronchoscopic
washings can be contaminated easily by tap water used to clean containers and
inadequately sterilized bronchoscopes.

Culture of my cobacteria is' " @ much more sensitive test than smear
examination and has been.estimated to detect 10-100 viable mycobacteria per ml of
sample and in case of active disease they are found to be 81% sensitive and 98.5%
specific. Another advantage of culture is that it allown specific species identification
and testing for recognition of" drug sué,ceptibility patterns. Media used for cultivation
may either be solid megiia like/l owenstein Jensen’s (L-J) media, Middlebrooks 7H10
or liquid media like"Middlebrooks 7H1T|i. Bactec 460 TB Radiometric system and
Mycobacterium Growth Indioatpr Tube ;MGIT) 960 are most commonly used rapid
broth based detection”system fpr isoléﬁp_n- and identification of M. tuberculosis
complex in liquid media. A;_“Cor-nbinatio@.ﬂ]iquid and solid media is a standard
procedure accepted worldwide: =8

Positive S—fﬂ;éﬂS with_negative_cultures (smeal Positive, culture negative,

S+C-) are reportéd to occur in 0.3% to 3% of sped?nens studied. A negative
culture result with @ specimen containing tubercle Bacilli may occur in patients
receiving chemmotherapy,~particularly; thase containing, «ifampicin due to organisms
which may have lost the ability of grow in culture media and are practically dead. In
patientsswho=are, not on chemotherapy other-causessof .S+C- are, false positive
results, exposure” of specimens “to” sunlight” or heat,“prolonged—storage before
inoculation, inadequate culture media and deficient incubation. Most cases of S+C-
convert to negative smears with continuation of same treatment regimen.
Drug Susceptibility Testing (DST):

Culture methods are also required for further drug sensitivity in cases of

suspected drug resistant cases. Diagnosis if MDR TB requires demonstration of

resistance to at least isonizid (H) and rifampicin (R) (“HR resistance”); hence
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specific attention should be focused on measurement of resistance to isoniazid and
rifampicin using standardzed laboratory techniques, which specify inoculums size
and are calibrated between laboratories.

Types of Drug Resistance:

Primary Resistance: Caused due to infection with organisms, which are
resistant to one or more anti-TB drugs in patients who has never had any anti-TB
therapy before.

Initial Resistance: Defined as infection with strains resistant to one or more
anti-TB drugs in a new TB patient. This®categery includes patients with primary
resistance and undiselosed acquired resistance i.e. those who either do not
remember prior treatmentef refuse to divulge the information of past treatment.

Acquired Resisiance (secondaliry resistance): This type of drug resistance
arises during the coursé offthe freatment and is usually due to non-adherence of
recommended therapy or faultly»_préscriafiop.

Multi-Drug Resistance (MDR): I%efers fo resistance to two or more of anti-
tuberculosis drugs. It €an be injﬁ:al as vx'/:,t?jcl___laﬂs acquired. Generally MDR is taken as
resistance to at least both iseriazid- and iammcm

Drug Susceptibility Technigues iri;fub,emulosis

Three m,ethods have been described by;‘;‘ the WHO viz. absolute

concentration, reéisfénce ratio and proportion method -

Absolute concentration method: Here growth is taken ad the end point. It is
also referred«to.as the, Minimal Inhibitery-Concentration(MI&) method. The method
requires care,in the "choice of appropriate inoculum since resistance on the part of
the microorganisms..is..clinically . significant. only .when .at. least 1% of the total
bacterial population®develops' fesistance at the " critical ‘concentration. Critical
concentration can be defined as the lowest concentration at which the susceptible
bacilli fail to grow in presence of the drug.

Resistance ratio method: It determines the resistance ratio between the MIC
of the strain of patients and MIC of reference strain (H,,RV). This test also requires

proper adjustment of inoculum size. Since reference strain is also included in this
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test it is more accurate than the absolute concentration method as slight changes
in the drug concentration are adjusted for.

Proportion method: The ratio of the number of colonies obtained on the
drug-containing medium to the mumber of drug-free medium gives the proportion of
resistant bacilli. Thus it is a qualitative as well as a quantitative method as it gives
the proportion of resistant bacilli to sensitive ones. Bactec 460 TB uses the
proportion method and since detection is by radiometric analysis results obtained
are quicker.

However, variations in laboratory metheds in evaluation of _M. tuberculosis
and drug susceptibility can lead to "éliagnostic errors in a certain percentage of
patients. Misdiagnosis_off MPDR-TB' due to laboratory related errors has been
reported recently. Thespossible explallhation has been cross contamination, with M.
avium complex, suspected m|slabellng and discrepant susceptibility tests due to
poorly standardized technigues in dm‘er*enﬁ laboratories. An important issue also is
the reliability of the teChni@ues currently ___p[.s.,eld {0 measure drug resistance.

Although isoniazid andd_[ifampidiﬂ-qresistance can be reliably measured,
resistance to pyrazinamide, ‘dindmbutol; '-é'h"ez‘"’streptomycin is more difficult due to
limitations of technlque The-therapeutic! melex for a glven drug is low for certain

second line drugs Qnr‘h as—ethionamide, r‘\/r‘lncprmp V|om|yC|n and para amino

salicylic acid (PAS) and it leads to misinterpretation of results due to failure to
distinguish between sensitive and resistant strains.

Other: Diaghastic/techniquesiavailable) ifor TBiand,their limitations:

Radiology: Tuberculosis is a great mimic and no radiological picture can be

charaeteristicsof-the-diseases Chest radiograph can-be-helpful in localizing
abnormalities "but” to” establish” the “diagnosis tuberculosis, ‘further“examination is
necessary. Only bacteriology can provide the final proof . Radiological findings are
relevant only to a certain extent and are therefore recorded as

-Normal

- Abnormal

- Cavitatorly or non-Cavitatory

- Stable, worsening or improving
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High rate of over diagnosis by X-ray is high penalty for relatively small gain
in patients

That might be missed by microscopy. Computed tomography (CT) scan
findings in tuberculosis are equally non-specific. However, in cases of mediastinal
lymphadenopathy, peripheral rim enhancement with relatively low attenuation
centers can suggest a diagnosis of tuberculosis in the appropriate clinical setting.

Diagnostic Test based on immunology:
Tuberculin skin tests (TST)

TST e.g. Mantoux test (MT) can‘be used as diagnostic aid. A positive test
indicates presence of infection-but not'active disease. Positive TST can, however be
used to indetify individualsJer .isoniazid preventive therapy (IPT)/chemoprophylaxis.
If the initial MT is negative the test shd}uld be repeated within 1-2 weeks. This two-
step MT may eliminate someg false.negative reactions.

A negative skin test does not egcll,l_:de TB, and positive skin test alone does
not establish the diagnosis. J

A positive test indicatessp.'r;esence:(:?_f ?nfection but not active disease.

-

Reasons: s sl da

False Negatives: About 20% of patients with active TB may have negative

d

skin tests, and some populations have an even higher" incidence of false-negative

results.

For example; 50% false negative rates have been reported in patients with
asvanced H|\infection.

False positives: results may'occur in patients infected by non tuberculous
mycobacteria (NTM) e.g. M. avium complex

BCG vaceination: lIn €ountries'where BCG vaccination has been widely used,
the skin test is not useful, because individuals vaccinated with BCG will have a
positive skin test.

It is useful to detect and treat new TB cases in countries where the incidence
of tuberculosis is low, and the health care system works well.

Routine Blood investigations
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Blood tests, which must be performed in a suspected case of TB, are
estimation of haemoglobin (Hb) and white blood cell count (WBC). Low hemoglobin
found in tuberculosis may be due to anemia of chronic infection and does not
require routine iron/vitamin supplementation. WBC is particularly useful in HIV-TB
co-infection, where total lymphocyte count of >2000 corresponds to CD4 count of
500 (“surrogate lymphocyte count”). Erythrocyte sedimentation rate (ESR) has no
diagnostic or prognostic value. The patient should be screened for diabetes and
counseled for HIV testing. Blood urea nitrogen (BUN)/serum creatinine help confirm
normal renal functions. Liver function tests_are not routinely recommended in all

patients with TB but mustbe assessed in thosewith pre-existing liver disease.

Antimycobacterial Suseepiibility Testing for Mycoebacterium tuberculosis Complex

Methods in this Study

_—

)

1.1 Introduction

Current methods for suéceptibility-’-fe’s"ting of M.tuberculosis complex (MTBC,
i.e., M. tuberculosis, M.bovis, M_'africaﬁd}ﬁ;J,M. microti, M. canettii) are based on
proportion methods and afé considerfiéquivalent to the standard methods
established by Canetti etﬂ-arI:»The propbr;t-igr-llmethods used globally rely on a
bacteriological déflﬁition of drug resistance that was dév,éloped in recognition of the
difficulties in defining clinical resistance, “Resistance is defined as a decrease in
sensitivity of sufficient®degree to be reas@nably certain that the strain concerned is
different from a|sample of wild/strains of human type thatchave never come into
contact with the drug. For several decades, the method of sproportion using
Middlebrook 7H10 agar has been considered the standard method in the United
States and is described in this document.

The agar proportion and radiometric methods both define resistance as
growth of greater than 1% of an inoculum of bacterial cells in the presence of a
“critical” concentration of antituberculous drug. The critical concentrations of

antituberculous drugs were adopted by international convention and represent the

lowest concentrations of drugs that inhibit 95% of “wild strains’ of M.tuberculosis that
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have never been exposed to the drugs, while at the same time not inhibiting strains
of M.tuberculosis that have been isolated from patients who are not responding to
therapy, and that are considered resistant. The recommended critical
concentrations of drug were originally determined in egg-based :Lowenstein-Jensen
medium  and equivalent concentrations of drugs were later established in
Middlebrook 7H10 and 7H11 for the agar proportion method and in the media used
in commercial susceptibility test systems. Every laboratory should test the
susceptibility of MTBC to the critical concentration of drug for the test method they
are using. The critical coneentration is the standard that allow interpretation of tests
by any of the procedures. When greaf‘ér than 1% of the tested bacterial population in
a clinical isolate becomes'resistant to the critical concentration of a drug, that drug
is not, or soon will naiwbe, Useful for "bontinued antituberculous chemotherapy. In
establishing critical copCentrations for a hew testing system, serial dilutions of drug
may be tested to determing what drugT'.;concentration In the new test system gives
the same result as the gritical c_oncenff@_tiqn using the reference agar proportion
method. n {2l

Using the critical cohcéntrations&’f’:‘primary antituberculous drugs (i.e.,
isoniazid, rifampin, ethambutol, and i'p')iyfe'tziﬂamide), the results of in vitro

susceptibility testinggf these correlate-wellwith-clinical effectiveness in patients with

tuberculosis. Daté‘ concerning testing of secondary éhtituberculous drugs (see
Table 1), however, are mere limited. There is also little information on the correlation
of in vitro susceptibility testing iresults/and clinical outcome far most slowly growing,
nontuberculous mycobacteria. Exceptions are testing Mycobacterium kansasii to
rifanpina(ferswhich imvitre suseeptibilitydestresultsibased on, the,interpretive criteria
used sof MTBC have good correlation with clinical efficacy) and testing
Mycobacterium avium to clarithromycin.

Although the agar proportion and rapid broth methods represent breakpoint
susceptibility test using a single, critical concentration of drug, laboratories may test
an additional higher concentration of isoniazid , however, can provide the physician
with information about the level of drug resistance in deciding whether to continue

therapy with isoniazid either at the usual dose or an increased dose.
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User of this document should be aware that the standardized agar
proportion method for susceptibility testing of MTBC described here is not a rapid
test. To assure the earliest possible detection of resistant organisms, rapid methods
are the recommended standard of practice for drug susceptibility testing of MTBC in
the United States and many industrialized nations. Use of a broth susceptibility
testing method, in conjunction with rapid methods for primary culture and
identification, should provide MTBC susceptibility test results within an average of 28
days of specimen receipt. Laboratories ;should use this 28 day goal for reporting
MTBC susceptibility test results to guide_seleetion of the combination of primary
culture, identification, and susceptibilﬁ’“y test methods.

The recommended rapid broth methods for susceptibility testing of MTBC
are commercial systems _that /have v'lbeen cleared by the US food and Drug
Administration (FDA). At the time this doEument was written, two such FDA-cleared
systems were available. /[The --manuf:écture has responsibility for determining
appropriate drug cenceatrations and é_f_‘p_leqi_ﬂc testing instructions. Therefore, the
recommendations in this docum_ént do 'r_fig_t_include those testing instructions which
are the manufacturer’s respbns‘ibility. F@aé‘f instructions are provided for the
reference agar proportion- method, usniﬁg'»..:l\/Hddlebrook 7H10 agar. The agar
proportion method jis_the_standacd_agamst,which new.rﬁethods are evaluated. Itis
also used to cohﬁrm results obtained in commercial Broth systems and to test
additional drugs and/or concentrations of drugs that are not available in commercial
test systemyThelfirstlisolatetofMTBC /fabtained ffomrevery patient should be tested.
Susceptibilityatesting should be repeated if cultures fail to convert to negative after
threesmonthsyof~therapy; or+if-there isgclinical~evidence) ofy failurejto respond to
therapy. Any such rapid method utilized should have been previously demonstrated
to produce results that correlate with those obtained with the standardized agar
proportion method. If the results obtained for a patient’s isolate tested against any
agent, by any rapid method, indicate resistance, or if the results, by any rapid
method, are in any way ambiguous of problematic, then repeat testing of the isolate

against that agent using the standardized method of proportion may be warranted,
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Simultanceoously, consideration should be given to testing the secondary agents,
so that several drugs can be identified to which the isolate is susceptible.

The full panel of primary drugs for susceptibility testing of MTBC includes
isoniazid (INH) at two concentrations (critical and higher concentration), rifampin
(RIF), ethambutol, and pyrazinamide (PZA). This represents a combination of tests
that provides the clinician with comprehensive information related to the four-drug
therapy currently recommended for treatment of most patients in the United States
with tuberculosis Including PZA and a higher concentration of INH in the primary
panel provides immediate additional information about the efficacy of four-drug
therapy when resistance is encountered. THe full panel of primary drugs may also
provide sufficient information.o. avoid unnecessary. secondary drug testing when a
strain of MTBC is resistantsonly to INH which is the most frequent pattern in the
United States. Drug’ susceptibility ?Ltésting with rapid methods, however, is
expensive, requiring that laboratories rrTq;aK,e decisions about a cost-effective panel.
Laboratory directors‘should €onsuit witﬁj—}t_he;_ir Pulmonary and/or Infectious Disease
specialist and TB control ofﬂceﬂr_:ﬂvvhen 'fﬁ}‘alging decisions concerning reducing the
number of drugs tested. Thé detision toﬁéﬂ-‘a reduced of expanded panel. (e.g.,
including streptomycin) of-primary antibtﬂb'efculous drugs should be based on
considerations of: ;i_’ljl_tbe_paiienL_population served; 412X prevalence of drug
resistance;3) Stahdard drugs used for treatment withintihe community; and 4) the
availability and timeliness of obtaining additional testing when resistance or drug
intolerance (is| encounteredt In imany |areas /laboratiories fmay consider testing a
reduced panél of primary drugs consisting of a single, critical concen tration of INH
, RIF andsethambutol.«State; provingial mndrecal publicshealthdaberatories serve as
referral centers for mycobacterial testing, including drug susceptibility testing for
MTBC. At a minimum, state and provincial public health laboratories should provide,
or assure access to, the full panel of primary and secondary antituberculous drugs.
This reference service is necessary to provide continued surveillance of drug
resistance, and to rapidly augment testing for laboratories that may choose to test a

reduced panel of primary drugs.
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Whenever secondary drug testing is required, laboratories should avoid a
‘piecemeal’ approach to providing clinicians with additional drug susceptibility test
results. This is a particular concern, because currently most secondary drug testing
is performed using the slower agar proportion method. Whenever an isolate of MTBC
is resistant to RIF or resistant to any two of the primary drugs, a comprehensive
battery of susceptibility tests that includes all of the secondary drugs and additional
(higher) test concentrations of the primary drugs should be performed. If such
testing is not done in-house, the isolate should be immediately forwarded to a public
health or other referral laboouatory

Case scenarios™ With recommiendations for MTBC susceptibility testing are
described in Appendix A
Agar Proportion Methood "L

The proceduredis performed by inoculating equal quantities of several
dilutions of a standardized inoculum orﬁo agar-based medium with and withoub the
test drug. Separate, countable colonieé‘_ghg_uld be observed on a control quadrant
without any of the drug. The nunr_rﬁ.ber of’»é??ny forming units (CFU) growing on the
drug-containing medium compared with t@eﬁ‘growing on the drug-free medium are
then determined and expressed-as a perq;ritége. Strains of tubercle bacilli in which

growth on drug-containing media_represents more _tﬁhan 1% of the number of

colonies that devélop on drug-free media are Considéféd to be resistant to that
agent. The agar proportion method using Middlebrock 7H10 agar medium (7H10
agar medium)iissrecommended by the"UsS RublieiHealthsSenvice.

1.1 Antutiberculous Agents

Source

Antimicrobial * standards“or“ reference ‘powders, for “Use=with the agar
proportion method, can be obtained from commercial sources. Most antimicrobial
reference powders are also available from:U.S. Pharmacopoeial Convention, Inc.

Reference Standards Order Department 12601 Twinbrook Parkway,
Rockville, MD 20852, USA

Pharmacy stock of other clinical preparations are not to be used.

Acceptable drug standards bear a label the states the generic name, its assay
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potency (usually expressed in micrograms(*g) pre mg of drug], and its expiration
date. The antimicrobial powders are to be stored as recommended by the
manufacturer or at -20°C or below in a desiccator (preferably in a vacuum). When
the desiccator is removed from the freezer, it is to come to room temperature before
it is opened (to avoid condensation of water).

1.2.2Weighing Antituberculous Drugs

All antimicrobial agents are assayed for inhibitory activity. These units may
very widely form the actual weight of the drug, and they often differ between drug
production lots. Thus, a.laboratory musisstandardize its antimicrobial solutions
based on assays of the“lets of antimicrobial pewders being used. Either of the
following formulae may bestised.to determine the amount of drug or diluent needed

for standard solution. \

i

. _VoYumE(n;L).Assay Potency(ug /mL)

Z ; Assay Potency( ug/mg)
Or
g . _.'l ?
Volumafimi ;.-Wezbht(ﬁtg.).Assay Potency(ug/ mg) ©)

Cé_'hé:’é‘ntration (ug/mL)

i .
g™y =

gl

The antimi@kobial powder_should be weiqhec"ll on an analytical balance

calibrated with Néﬂbnal Institute of Standards and Techh'cl)logy (NIST; Gaithersburg,
MD) weights (or othér approved reference weights). If possible, more than 100 mg of
powder should tbe weighed: it ds|advisable ito raccuratelysweigh a portion of the
antimicrobialgagent in excess of that reqgired and to calculate the volume of diluent
needed tosobtainthefinal concentration desired-as informula, 2 above.

Example: "To prepare 100" ml of a stock solution=containing™,280 - g/mL of
antimicrobial agent from an antimicrobial powder with a potency of 750 — g/mg (for
example, streptomycin). It is necessary to accurately weigh 170 to 200 mg of the
antimicrobial powder on an analytical balance. If the actual weight were 182.6 mg,

the volume of diluent needed would then be:
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(182.6mg)(Weight) e .(750 ug / mg)(Potency)
(1280 pg/mL)(Desired Concentration)

Volume (mL) = =107.0mL

1.2.3 Selection and Concentration of Antutuberculous Drugs

The primary drugs are INH, RIF, ethambutol, and PZA. Table 1 lists the
concentrations recommended for the first three drugs for use with the agar
proportion method, using 7H10 or 7H11 agar medium. See Section 3.7 of this
document for a discussion of susceptibility testing of PZA. Testing all of the
secondary antituberculous drugs listed in. Table 21 should be performed on all
isolates of MTBC that aresresistant to 5IF orresistant to any two of the primary drugs.

1.2.4Preparation.and Storage of Stock and. \Working Solutions.

Examples of stock . solution ooncentrations of antituberculous drugs made

i
from drug powders oglyophilized oommercial products are noted in Table 2.

a

1.2.4.1Drug Pewders

_—

Stock solutionss of antituberculohslgagents available as powders are to be

dad

prepared at concentrations of-at/least 1‘--‘00@ * @/mL and preferably 10,000 Wg/mL
except as noted in Table 2, footnote Apﬁfr’bxmately 100 mg of drug (depending on
the potency) dissolved in 10 mL of sterile—detllled water would yield a stock solution

of 10,000 g/mL

Some drug‘s;aust be dissolved in solvents othe—r’ihan water, In such cases it
is necessary to only Vose sufficient solventto solubilize the antimicrobial powder, and
then dilute to the finalfsteck concentration with sterile distilled water or appropriate
buffer, as suggessted in Table 2.

Sterilize solutions using agmembrane filter (e.g., cellulase nitrate or Mixed

cellulese ester [nitrate and acetate] with/a pore size of 0.22 L. Paper, asbestos,
or sintered glass filters, which may absorb appreciable amounts of certain
antituberculous agents, are not to be used. The first 10 to 15% of the filtered
solution is discarded, because initially, some of the drugs could adsorb to the filter.
Small volumes of the sterile stock solutions are dispensed into sterile
polypropylene or polyethylene vials appropriate for low-temperature storage,

carefully sealed, and stored for up to 12 months at - 70°C . Thaw to room
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temperature and use without delay, discard excess, and never refreeze. Lower
concentration stock solutions and higher storage temperatures have also
demonstrated satisfactory stability for 12 months (i.e.,capreomycin 1,000 Jlg/mL at -
20°C, streptomycin 2,000 Hg/mL at 3 to 7°C and PAS 2,000 g/mL at 3 to 7°C). In
all cases, directions provided by the drug manufacturer are considered to be part of
these general reconmmendations.

1.3 Preparation of Drug Medium

1.3.1 7H10 Agar Medium

7H10 agar medium is recommended ier susceptibility testing. 7H11 agar
medium, which can beof help in the 'r‘écovery of INH-resistant strains of MTBC, is an
acceptable alternative. Thosewho da use 7H11 agar should be aware that different
concentrations of somg antimyoobacté'rial agent must be used with this medium (see
Table 1). Inspissated eg§ miediaare not recommended.

7H10 agar medium jis prepared_'.;erm a dehydrated base as recommended
by the manufacturer“After the agar is adt@plgved, it is allowed to cool to 50 to 56 'C
in a water bath before addingn_ﬁbe req_U_;iyg(—tI oleic acid-albumin-dextrose-catalase
(OADC) supplement (warmed'to-room tehi_pgfbture, 22 t0 25°C) and the appropriate
antimycobacterial agent. Thisimedium is EJ;;u'aj:Iy-prepared in lots of 200 mL.

1.3.2 Agar Dilution Method

(1)Thaw a tUbe of the frozen stock of the drug and”ldilute with water to yield a
working concentration (usually 200 to 10,000 Lg/mL). To achieve the desired final
concentratiofi’ (Se€ Table2); 1 add ithe “@ppropriatervoltimesof working solution to
sterile 7H10 agar tempered in a water bath at 50 to 56'C to reach a volume of 180
mL.

(2) "Mix the agar thoroughly with" OADC (20 mL*for a 200 mL total volume)
and the antituberculous drug solution.

(3) Dispense 5-mL amounts into labeled quadrants of a series of sterile
plastic Petri plates, reserving one quadrant for 7H10 agar medium without any
added drug.

(4) Dispense the media onto the plates as quickly as possible after mixing

the component parts to prevent partial solidification of the agar in the mixing
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container. The agar in each quadrant should be 3 to 4 mm deep. Allow the agar to
solidify at room temperature.

(5) Before use or storange, plates should be thoroughly dried by placing
the plates with lids partially removed, preferable in a laminar-flow hood for several
hours or overnight.

(6) After drying, use the plates immediately, or store them in sealed plastic
bags at 4 to 8°C for no more than 28 days. Protect all plates from light during
storage.

(7) Test several samples of each batch.ef plates for sterility by incubating at
35°C for 48 hours; discard these samﬁ)ies.

1.4 indirect Susceptibility Test

For the Agar Prepostion Methcljpl, susceptibility testing usually is performed
using cultures alreadyuisolated fin or on a growth medium. The preparation of a

_—

standard inoculum®is cfitical, b.eciausegl variations in the number of bacilli in the
_ y

inoculum can alter the interpretation of thé test.

1.4.1Preparation of the Inoculum. »

4

1.4.1.1Inoculum from Solid Media ﬁojr%r_ljie Agar Proportion Method

The following steps -should be fcﬁl_oy_'yeg:

(1)Tht inoculum may be prepared by scraping;‘;fr,eshly grown colonies (not

more than four gO‘ﬁve weeks old) form the surface of the medium, taking care to
sample all parts of*the growth. Care should also be“taken not to scrape off any
medium. Primagy jcultures, srathen than=subcultures; should be used whenever
possible.

(2)Broth _subcultures.may, reduce. the fatimber .of slowly“growing resistant
tubercle'bacilli in the'culture-thus’giving a false-susceptible’ result.

(3)The bacterial mass is transferred to a sterile 16-x 125 -mm screw-cap
tube containing 6 to 10 glass or plastic beads and 3 to 5 mL of Tween-albumin liquid
medium, such as Middlegrook 7H9.

(4)The growth is first emulsified along the inside wall of the tube with the
help of a spatula or applicator stick. After closing the cap, the contents of the tube

are homogenized by vigorous agitation on a vortex mixer for one two minutes, using
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precautions to obtain only swirling, centrifugal mixing rather than churning, which
may result in increased aerosol production.

(5)The tube is allowed to stand for 30 minutes or longer to allow larger
particles to dettle and to decrease the possibility of aerosol dispersion.

(6)The supernate suspension is withdrawn and transferred to another sterile
glass tube, and the absorbance is adjusted by adding broth until the density is
equivalent to that of a McFarland 1 standard. McFarland standards may be
purchased commercially or prepared in-house using barium chloride and sulfuric
acid.

(7)Freshly grown cultures ianroth, usually 7H9. may be used for the
inoculum. After mixing well, allow: thesuspension to settle for 30 minutes to reduce
the aerosol at the top of the'tube and IlJallow large clumps to settle. Then adjust the
turbidity of the superntant te the McFarand No. 1.standard.

_—

1.4.2 Inoculation and Incub:ation) of Media

1.4.2.17H10 Agar Plates =

FRAd g

To inoculate the plates, pefiorm 't_t}e__ following steps:

(1) Prepare 10 and 40 dilutionsb’f-iﬁe standardized suspension in Tween-

albumin broth, such as 7H9,.-0r sterile sali'r)é_—-bﬁsierile water.

(2) Using s_’é}terile. cotton-plugged pipet, inoou!aﬁte*Oﬂ mL of the 10 dilution

onto the control q'u‘édrant and onto each of the drug—ooﬁilaining quadrants (this can
be done by inoculating three drops at different points on each quadrant of the agar
plate).

(3) Similarly, inoculate 0.1 mL of the 10 dulution onto the control quadrant
and~ontoseach ~of the~drug-containing, .quadrants sAnsa secondsseries of drug-
containing ‘plates.

(4) If the culture to be tested is old or scant growth is present, it may be
necessary to use lower dilutions of the inoculum, such as 1:10 and 1:1000 , or to

subculture the organism first in growth. For broth subculture, a portion of the culture

on solid media is inoculated into 7H9 broth and the broth is incubated at 37 & 1 0C,

with daily shaking, until the turbidity matches that of a No.1 McFarland standard.
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(5 )Allow the inoculated plates to stand at room temperature until the
inoculum spots are absorbed into the agar (i.e.,until the spots are dry).

(6) Seal the plates in individual CO, — permeable polyethylene bags.

(7) Incubate the plates medium-side down, at 37 +1°Cinan atmosphere of
510 10% CO, — Incubation under such an increased CO, atmosphere does not have
a detrimental effect on the antimycobacterial drugs tested routinely in 7H10 agar
medium. Colonies may be larger under CO, incubation conditions.

(8) The plates should be protectedfrom light during incubation.

(9) Examine the plates carefully, préferably microscopically using a
dissecting microscope, each week fo?fa period of no longer than three weeks. If the
colonies on the control_medium are mature, resistance may be reported before three
weeks. However, the.interpretation “d;Lug susceptible” should not be made until the

i

third week. 4

Alternately, a modified indirect s'ysceptibility method that requires less media
can be considered. Organism _,di!_utions;f_j}f_, 1;(_)'2 and 10" are prepared as described
above. One control quadrant without d‘liug!.and all drug-containing quadrants are

each inoculated with 0.1 mik-of the TOgiﬂhtion. A second drug-free control is

o

inoculated with 0.1 mL of the 40" ‘dulution; which generally gives countable colonies

(see Example 3 i} So0lon-3:4:3-H

1.4.3 Interpretation

The pathobillogy of MTBC differs from that of many other bacteria. MTBC is
an intracelldlar pathogen;;y and in this' regard, litfis important to be aware that the
intracellular @drug concentration and activity may differ considerable from the
corresponding values imserumyand/or otheryextracellular fluidsy Also the infecting
bacillizoften are composed of differing mixtures of populations of actively growing,
slowly growing, and latent organisms at different sites and inside walled-off
tubercles; drug effectiveness may vary among these different populations. As a
consequence of these aspects of MTBC infection, susceptibility testing of MTBC
differ from the susceptibility testing of aerobic and facultative bacteria in the

following ways that directly or indirectly impact the reporting of results:
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Testing with any antimycobacterial agent is performed at two different
concentrations at most.

There is not uniform consensus regarding the clinical relevance of the results
of testing at a higher concentration when two concentrations are used; this is
particularly true for INH

“Critical” concentrations of certain drugs (the concentrations thought to be
most relevant for predicting clinical responsiveness) were established many years
ago, and for some drugs the values for these concentrations differ depending on the
testing medium used.

The reference agar proportior’?’wmethod employs a percentage calculation to
determine resistance or_susceptibility.

The reference #BAGTEC metﬁod for PZA susceptibility testing employs a

calculation procedure unique to that determine resistance or susceptibility

_—

i
\ r

)

Many user of suseeptibility repdvir:‘t?_,l may be confused or even misled if only
the results of growth at the test_éd condg{n_tration(S) or an MIC is reported without
some interpretive comment. ‘Therefore, a@?ﬂhnimum, for every drug tested, reports
should include the nsme of-the-drug testeud;."éé-well ad a clinically helpful interpretive
comment, such as susceplxble,_tesxstant Ok “borderj,ine,” the last for PZA only. If
a laboratory Wishéé to report the concentration at which Ijrugs have been tested, it
should also specify the testing medium and/or testing method used, and /or specify
the equivalent réfereice'methodiconcentrations. {If the reference method equivalent
concentrations are given, then stating the actual concentrations tested and/or the
testing methodsis eptionaly) «Laboratories=usingn thes referense gagar proportion
methad also have the option of reporting percent resistance, if they so choose.
However, at this time there is no evidence to suggest that a lower percent resistance
may provide partial drug efficacy in the clinical management of the patient. To avoid
confusion, whenever testing is performed at concentrations in addition of the
“critical” concentrations (or their equivalents in methods other than the reference
agar proportion method), the reference method equivalent concentrations should be

specified. In the case of an organism tested against two concentrations of INH, to
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the lower concentration of which the organism is resistant and to the higher of which
it is susceptible, the following comment should be appended to the results: “These
test results indicate low-level resistance to INH. Some evidence indicates that
patients infected with strains exhibiting this level of INH resistance may benefit from
contimuing therapy with INH. A specialist in the treatment of tuberculosis should be
consulted concerning the appropriate therapeutic regimen and dosages.”

Some scenarios and sample reports are:

Sample 1. A laboratory only at the low (“critical”) concentration,

quadrant:

Option A:

Option B:

Antimycobacterial Interpretion
Agent .‘__3
Isoniazid 0 Susceptible

s+ AR LYY PRI e 0 s o

broth method'and the isolate is de‘;ermlned to be susoeptlble at that concentration:

N 1ANTIIEU UANINYA Y

Antimycobacterial Agent Interpretation

Isoniazid Susceptible




Option B:
Antimycobacterial Equivalent Reference Interpretation
Agent Method
Concentration
(Mg/mL)
Isoniazid 0.2 Suseptible
Option C::
Antimycobacterial | Concentration Method % Interpretion
Agent Resistance
Isoniazid 0.2 Susceptible

Sample 3. A laborat
proportion method,
containing quadr

concentration, and 1

113

30 colonies on the drug -

colonies at the higher

Option A:
Antimycobacteria Interpretion
Agent
Isoniazid Agar Resistant
proportion
Isoniazig‘:} Susceptible
v (see note)
Option B:
Antimycob ri : - Interpretion
G (AL &.nm
Ison|a2|d 0 Agar Resistant
o W ANT I EU b, VlEHﬁJEI
[$oniazid 2 Agar Susceptible
proportion (see note)
NOTE : These test results indicate low-level resistance to INH. Some evidence

indicates that patients infected with strains exhibiting this level of INH resistance

may benefit from continuing therapy with INH. A specialist in the treatment of
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tuberculosis should be consulted concerning the appropriate therageutic regimen
and dosages.
Sample 4 A laboratory testing INH at both concentrations, using a rapid broth

method and the isolate in question, is determined to be resistant at the lower

concentration but susceptible at the higher concentration:

Option A:
Antimycobacterial Equivalent Reference Interpretation
Agent Method
ration (Mg/mL)
Isoniazid Resistant
Isoniazid S — Susceptible
’ 1 (see Note)
Option B:
Antimycobacterial Interpretion
Agent istance
Isoniazid 0.2 Resistant
Isoniazid 1.0 Susceptible
(see note)
=TI e
NOTE: These t%t results"lrrdlftfate |low-level resistance.to INH. Some evidence
L ’

indicates that patients-infected-wi ith=strains—exhi iDiting

= Ais level of INH resistance
may benefit from c@m {pecialist in the treatment of

tuberculosis should b§ consulted Conoernlng the appropriate therageutic regimen

oo 18] Y1 291 T NN

1.4.3 4interpretation of Groeyvth Observed on 7H10 Agar foIIows

ARARIN TN URTINH IR

* 500 colonies (confluent growth)4+

* 200-500 colonies (almost confluent growth)3+
*100-200 colonies2+

*50-100 colonies1+

* <50 colonies: record the actual number of colonies
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At least one of the control quadrants of the two dilutions should have
countable (i.e.,at least 50) colonies; otherwise, the results are not valid. If the plate
with the countable colonies on the control is not the same as the dilution with any
countable colonies for the drug-containing quadrants, one can use the number of
countable colonies from the higher dilution plates, multiply this number by the
dilution difference between the two plates, and use this as the denominator when
calculating the percent resistance. An example is given later in this section

If the control quadrant has 3+ or 4+ growth and there is no growth in the
drug-containing quadrant; the results can“besreported as susceptible. In most
cases, it will be possible to estimate {he proportion of resistant colonies as greater of
less than 1% of the control pepulation. Most of the culture results will be obviously
susceptible or resistant (sge examplés below) and only in rare instances should
there be an Interpretation of the modified indirect susceptibility method follows guide

_—

lines for interpretation offthe standard ir’bdirlect method. See example 3 for a sample
calculation and interpretation: _

The presence " of mich.QolonieS"Jf_r_nay represent true resistance, partial
resistance, or may be a restlt of drug dé_‘é;?—éi!-ﬁation followed by an overgrowth of

susceptible organisms. . —One = study ilr'e*'b:;)r’fed that most strains that have

microcolonies with;ietbnmhufnl in-the_agar proportion:, method have ethambutol-
susceptible resulfé with BACTEC 460 TB. The signiﬁéance of microcolonies is
unknown . Since the frequency of microcolonies may vary from one laboratory to
another, each fabaoratofy; should' determing| how to “best:report results. One
approach is tolalways note the presence of microcolonies with a statement that their
significancesis, unknawn:y Ifzar laboratoryropts netitoineport microgolonies associated
with asspecific drug such as ethambutol, this decision should be based on its own
experience with microcolonies (e.g.,reprocucibility on repeat testing) and
consultation with its TB specialist.

The first week reading at seven days is for the purpose of detecting the
growth of contaminating bacteria or fungi, and for the detection of any rapidly
growing mycobacteria. In the direct-susceptibility test, the growth of even the slowly

growing mycobacteia may be evident within two weeks of incubation. Susceptibility
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test results should not be reported on readings made after this short incubation time
with the exception of a strain that is obviously resistant to the drugs, since drug-
resistant tubercle bacilli can grow more slowly than susceptible strains. The optimal
time for interpreting growth on plates is three weeks after inoculation. If the culture
in the drug-free control has not grown at the three-weeks. The resaults of the test at
the six-week reading, however, can be reported only for the agents to which the
isolate appears to be susceptible, and if adequate growth exists in the drug-free
quadrant. The reasons for this are not completely understood, but it is probable that
the late-growing colonies escape drug action and begin to grow when the drug level

in the medium drops below the minimal inhibitory concentration.

The formula for determining percentade of resistance and some examples are:

number of ¢olonies on drug - containing quadrant.

% Resistant = _ s 4 = 100
number of colonies on control quadrant
)"
Example 1 Sample‘Calgulation and lntéfrprg_tation
£y Growth on:
Antimycobacterial = N 4 .
d J sk 1 eIy 1 % R
Agent/Concentration — ¢ = 0 % Resistant
Control k) A% 7_4_ 100 colonies -
Isiniazid (0.2 Nlg/mL) 2+ 10 colonies 10
Rifampin (1.0 4g/mis) 0 g-e0lonies 0
Ethambutol (5.0 0 0olinies 0
Hg/mL)
, nuimber-oficolonies ondrug 4 containing quadrant (10).
% Resistant = = 10%

number of'eolonies'on contrel quadrant(100)

Interpretation based on calculation, abkove: susceptiblesto RIF and ethambutol; 10% resistance

to INH.

Example 2 Sample Calculation and Interpretation

Growth on:
Antimycobacterial § -
my ) 107 107 % Resistant
Agent/Concentration
Control 4+ 500 colonies -
L 100 )
Isiniazid (0.2 Lg/mL) i 0 colonies 2
colonies
Rifampin (1.0 tg/mL) 0 0 colonies 0
Ethambutol (5.0 o
0 0 colinies 0
g/mL)
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number of colonies on drug - containing quadrant(100).¢100

% Resistant = 2%

number of colonies on control quadrant (50) multiplied

by the dilution factor, which is the difference between
10_4 and 10_2 (1 00)
Interpretation based on calculation above: susceptible to ethambutol and RIF; 2%

resistanct to INH.

Example 3 Sample Calculation .and Interpretation of the Medified Indirect
Proportion
Method.
4 Growth on:
Antimycobacterial 3 4 .
- 10 10 % Resistant
Agent/Concentration
Control :4+ 5 0 colonies -
Isiniazid (0.2 ptg/mLy) ! Al > 1
Isiniazid (1.0 Lig/mL) Qs 0
Rifampin (1.0 Lo/ml) . Q 0
Ethambutol (5.0 tg/mL) 25 colonies <1

. )
% ol ok
Interpretation:Resistant to INH (O.ZI.HQ{mL) (because colony xounts [2+] are
greater than the 10" control _[50 colonies].r__ainq susceptible to ethambutol (because

colony counts [25 Qolonies] are less than the 10" contrQI [50 colonies]) , INH (1.0

Mg/mL), and RIF
1.5Direct Susceptibility Test

1.5.1Principle

The |directidrug susceptibility test is @ procedure based on inoculation of
drug-containing media with processed (cencentrated aftenr digestion and
decontamination)’ sputim specimens | that are smear-positive.for;acid fast bacilli
(AFB) to determine the proportion or percentage of resistant MTBC in the patient’s
bacterial population method or by a commercial method that has been approved
and validated by FDA for direct susceptibility testing.

The advantages of the test are:

Results can be reported within three weeks (from the time of specimen

receipt in the laboratory) for a majority of smear-positive specimens.
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The proportion or resistant bacteria recovered better represents the patient’s
bacterial population. It is cost-efficient. The disadvantages of the direct test are:

The inability to accurately calibrate the inoculum, which may result in
insufficient or excessive growth on drug-free control quadrants.

Possible growth of contaminants, making results uninterpretable

The results of the test are valid only if the isolate is MTBC or M. kansassii

(RIF only)

The total rate of failure for the digect method can reach 10 to 15% or more,
which results in frequent retesting by one @ithedndirect methods
1.5.2 Agar Plates : 4

The direct suscepiibility test is performed using 7H10 or 7H11 agar. The
number of drug-containing plates to tlie inoculated will vary depending on whether
only primary or both primary’ and secondary. agents are to be tested.

1.5.3Inoculation and Incu_baiion d é

4
After the digestion and decontamination steps, and confirmation that the

specimen is AFB smear-positive,:the sp‘u:t;gm' specimen is inoculated onto drug-free
(control) and drug-containing;quadrants of the agar plates. The inoculum used is

based on the results of the. A_F_B-:smear, gér_‘f_@tmed using a fluorochrome stain, as

shown in Table 4.~Each quadrant is inoculated with O.];‘ mL of inoculum, except for

specimens Conta"ir‘wiﬁng less than 5 AFB /field, in which case the inoculum is
increased to 0.2 mL* After inoculation the plates are treated as described in steps 5
to 8 in Sectionr3:4.2.

The "Plates” are examined microscopically; using ‘a dissecting microscope,
without removing.the plates.from the polyethylene bags, at.one, two, three, and six
weeks of incubation, The results’observea at'one and two weeks of incubation are
recorded onto a laboratory worksheet, but are not to be reported. The purpose of
this examination is to evaluate for growth of contaminants and to determine (at two
weeks) if a sufficient nember of microcolonies are present on the drug-free medium.
Contamination or insufficient growth is usually an indication that the direct test may
fail. In such cases, an indirect test can be initiated using growth from the initially

inoculated media.
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1.5.4Reporting and Interpretation

Results are reported after three weeks of incubation, if the colonies on drug-
free medium are mature as described in section 1.4.3

Some isolates may not grow, or do not grow sufficiently after three weeks of
incubation. If this occurs the plates should be reincubated and examined at six
weeks. “Susceptible” results can be reported at six weeks if no growth appears on

the drug-containing segment but resistance should not be reported at six weeks.

agents.

4

AULINENINYINT
PAIATUAMINYAE




120

Appendix D

Drug Adverse effects
Isoniazid Mide: Rash, urticaria, acne, arthralgias, shoulder-hand
Syndrome, drowsiness, mood changes
Severe : Hepatitis, hypersensitivity, peripheral neuritis,
Optic neuritis, anemia, pellagra, SLE syndrome, rarely
‘ nd coma due to over dosage.
blood levels of phenytoin,
firam
Rifampicin iscoloration of body fluids.
stained
anemia,
rome, acute renal failure
xfoliative derm |t,*| cases Drug interactions
ed |_so|0ne,-_ jitoxin, ketoconazole, propranolol
o raceptivies, oral anticoagulants and anti
Ethambutol

Pyrazinamid

)

-.n .r- T

Mide ; ab"/o \

oﬂskln photosensitivity.

Streptomycin,

Amika

/e
AT_ -
T
vy

B8]

Hearing loss, ataxia, hypersensftT\flty, nystagmus,

%waw%wgﬁﬂﬁ

Cycloserine

qsalicylic acid

Mood andﬁognltlve determtlon psych03|s ta'mors Serzures

Ciprofloxacin,

Ofloxacin

Abdominal distress, headache, anxiety, tremors,

Insomnia, diarrhea, hepatitis, arthralgia

Davidson P T, Le H Q. Drug Treatment of Tuberculosis, 1992, Drugs 1992;

43:651-673.
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