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Abstract

On 31 May 2019, the Division of Epidemiology (DoE) was notified of a confirmed extensively drug-resistant tuberculosis
(XDR-TB) case in Bangkok. The DoE and local teams conducted a joint investigation to describe the epidemiological
characteristics of the case, identify possible source cases and contacts, and implement control measures. A descriptive
study was performed among cases and close contacts by interviewing and reviewing the medical records using a standard
case definition. An environmental study was performed at the case's house, workplaces, and tuberculosis (TB) clinic. The
TB drugs were tested to analyze the content of active ingredients and dissolution. The case was a 36-year-old Thai male.
In 2011, he was diagnosed with pulmonary tuberculosis and had received inappropriate treatment. He developed
multidrug-resistant tuberculosis (MDR-TB) eight months later and XDR-TB in May 2019 with delayed hospital admission.
Two possible source cases, both co-workers of the index case, were identified. Of 21 contacts, 13 were screened with a
chest x-ray and found to have no abnormality. At the TB-clinic, drugs were stored in a room with inappropriate levels of
temperature and humidity; however, the content of active ingredients and dissolution of TB drugs were within normal
limits. Early hospital admission and monitoring of drug stockpile environments according to standard guidelines are

recommended.
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Background

The emergence of drug-resistant tuberculosis (DR-TB),
a form of tuberculosis (TB) which is resistant to at least
one first-line anti-TB drug, is a recent and major
threat to global TB control. The treatment duration is
substantially longer and more expensive and,
(DS-TB),
side-effects are more harmful.!* DR-TB can be
categorized into three groups, mono-resistant
(rifampicin-resistant tuberculosis; RR-TB),
multidrug-resistant tuberculosis (MDR-TB), which
means resistant to isoniazid and rifampicin, and
extensively drug-resistant tuberculosis (XDR-TB)
which means MDR-TB with additional resistance to
fluoroquinolone and at least one of three second-line
injectable drugs kanamycin and
amikacin).”

compared with drug-susceptible TB

(capreomycin,

In Thailand, 106,000 new TB cases were identified in
2018, which is approximately 153 cases per 100,000
population.® Of these, around 26% consisted of
MDR/RR-TB, which caused various outbreaks in both
the community and health care facility settings.5°In
addition, XDR-TB was decided as a dangerous
communicable disease in Thailand.!

On 31 May 2019, the Department of Disease Control
(DDC) received notification of a newly identified
confirmed XDR-TB case in Bangkok. The DDC and the
Public Health Nurse Division conducted a joint
investigation during 31 May to 6 Jun 2019. The
objectives of the investigation were to verify the
diagnosis, describe clinical and epidemiological
characteristics of the case, identify possible source
cases and secondary cases, and provide

recommendations for disease control.
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Methods
Descriptive Study

A descriptive study was conducted among the index
case, contacts and possible case(s) by
interviewing and reviewing medical records. The case

source

and contact definition followed National Tuberculosis
(NTB) Control Programme guidelines, which are
shown in Table 1.12 A possible source case is a contact
who had been diagnosed with TB within two years
prior to the index case’s symptoms onset.

Table 1. Definition of tuberculosis cases and contacts

Type

Definition

Tuberculosis case

Presumptive case
(i) cough >2 weeks
(ii) hemoptysis

A person who met at least one of the following criteria:

(iii) cough <2 weeks plus fever or unexplained weight loss

Probable case

A person diagnosed with tuberculosis and treated with tuberculosis drugs but with

no bacteriologically confirmed laboratory results.

Confirmed case

A person with bacteriologically confirmed tuberculosis based on laboratory results.

Contact
Contact

All persons with a history of contact with the index case during 3 months before the

index case developed symptoms to 2 weeks after adequate treatment

Household contact

Close contact

A person living with the index case within the same place of residence.

A person who associated, socialized or interacted with the index case for more than

8 hours per day or 120 hours per month but did not live in the same house

Face-to-face interviews were conducted using a semi-
structured questionnaire of Thailand’s tuberculosis
case investigation form-02 and -03 for TB cases and
contacts, respectively.’® For the case, data collected
included demographic characteristics, past and
present illnesses and a list of possible source cases and
contacts. In addition, the risk of developing DR-TB and
potential strategies to combat this risk was evaluated
using a patient-centered approach (PCA), which is a
method for quality improvement of TB treatment
recommended by World Health Organization and the
Thai Division of Tuberculosis.'?>!* PCA can be defined
as “providing care that is respectful of, and responsive
to, individual patient preferences, needs and values,
and ensuring that patient values guide all clinical
decisions”.'* For contacts, data collected included
demographic  characteristics, contact category
(household or non-household), and underlying diseases
and symptoms.

Environmental Study

We conducted an environmental study at the index
case’s house, workplaces and affected TB-clinics using
face-to-face interviews and direct observation. For the
index case’s house, we directly observed the type of
building and physical structure, sputum disposal
locations, and presence of air ventilation. For
workplaces, we interviewed personnel concerning the
type of activity, duration of employment, health
screening, and number of co-workers and position, and

observed the index case’s working zone and presence of

air ventilation. For TB-clinic, we interviewed
personnel concerning clinic workflow, type, and
number of health care providers. The temperature and
relative humidity of all TB stockpiles were recorded
using a standard thermohydrometer, three times per
day, at 9:00 AM, 12:00 AM and 3:00 PM during 6 to 10

Oct 2019.
Laboratory Study

Chest radiography was done among all contacts. If any
abnormality of chest imaging was detected, sputum for
TB and DR-TB using GeneXpert MTB/RIF was
performed.’® In order to assess the active ingredients
and dissolution of tuberculosis drugs in the TB clinic,
we purposively collected the oldest batch of first-line
TB drugs from a selected stockpile and sent it to the
Bureau of Drug and Narcotic, Department of Medical
Sciences for processing.!®

Results
Descriptive Study
Index case description

The index case was diagnosed with XDR-TB in Bangkok
and reported to the DDC on 31 May 2019. The case was
a 36-year-old Thai male living in Bangkok with a history
of MDR-TB. He had health insurance under the
Universal Coverage Scheme and was registered at his
home town (400 kilometers from Bangkok).”
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In July 2011, he visited a private hospital after
experiencing unexplained weight loss and was
diagnosed with TB based on chest imaging without an
acid fast bacilli (AFB) test or drug susceptibility test
(DST). After two months of medication prescription, he

was lost to follow up.

In April 2012, his symptoms worsened and, after
visiting a general practitioner, he was referred to a TB
He reported that at the TB clinic, the
multidisciplinary team, which used a patient-centered
approach, could support him by increasing his
awareness and improving his understanding on the

clinic.

importance of treatment.

In May 2012, based on his first DST, his disease was
found to be resistant to first-line drugs. He was
diagnosed with MDR-TB and was prescribed five TB
drugs of which only two, namely kanamycin and

ethionamide, were active. One year later, he obtained
culture conversion and was treated monthly for
another six months. At the end of this treatment, he
had had treatment for a total of 45 months, meaning
that his final status was “completed treatment”.

On 16 May 2019, he re-visited the same TB clinic due
to chronic cough and was diagnosed with relapsed TB
by positive sputum AFB results.

On 31 May 2019, he was diagnosed with XDR-TB.
However, he was not hospitalized until 5 June due to
problems with his health insurance. During the
admission period, patient-centered approaches were
not performed.

Results of the DST, diagnosis, drug regimens received
and critical points at each treatment place are shown
in Table 2.

Table 2. Timeline of index case from medical record review showing place of treatment, drug sensitivity test, diagnosis, drug

regimen and critical points

July 2011 April 2012 May 2012 October 2014 May 2019
Place of Private Hospital D TB-clinic TB-clinic TB-clinic TB-clinic
Treatment
DST No initial AFB I, R, Z, Ofx, PAS I, R, Z, Ofx, PAS, Sputum negative I, R, FQs, AG/CP
(Resistant to)  No DST Lfx for 6 months (Genotypic DST)
Diagnosis New TB MDR-TB MDR-TB Improved XDR-TB
Treatment IR, Z E Km, Eto, Ofx?, Km, Eto, Ofx?, Discontinue drug Start XDR regimen

PAS, z°

PAS, z°

No initial AFB and DST
No PCA -> poor

Critical points Inappropriate
diagnosis
compliance Inadequate drug

regimen

Inadequate drug
regimen

Delayed hospital
admission process
due to health
insurance problem

Note: °TB drugs that the patient received while already being resistant to them. I: Isoniacid, R: Rifampicin, Z: Pyrazinamide, E: Ethambutal,
PAS: Para-aminosalicyclic acid, Ofx: Ofloxacin, Lfx: Levefloxacin, Eto: Ethionamide, Km: Kanamycin (Km), PCA: Patient-centered approach,

FQs: Fluoroquinolones, AG/CP: Aminoglycosides/Cyclic polypeptide

Identification of contacts and possible source case

There were 21 reported contacts, as shown in Table 3.
We screened 13 of these, all three household contacts
and 10 of the 18 close contacts. Only one of his four
close friends were screened because he preferred not to

tell them all due to fear of stigmatization and some of
his old contacts during his first episode of TB were not
contactable. However, no additional case among the
screened contacts was detected. All had normal chest
imaging and no abnormal symptoms. Therefore,
sputum GeneXpert MTB/RIF was not performed.

Table 3. Contact screening of index case and demographic characteristics of contacts

Type of contact (number)

No. of contacts screened (%)

Median age (range)

Household contacts (3) 3 (100%) 11 (4-34)
Close contacts (18) 10 (56%) 34 (22-44)
¢ 2009-2014 colleagues (10) 6 (60%) 32 (26-44)
® 2015-2019 employees (4) 3(75%) 26 (22-30)
® 2009-2019 friends (4) 1(25%) 35

worked. The first case was a 26-year-old male

co-worker, treated at the TB clinic. He was diagnosed
93

For possible source case, two suspected persons were
identified, both from a restaurant where the index case
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with DS-TB in 2005 and MDR-TB in late 2005. His
illness persisted during 2005-2013. While working at
the restaurant in 2009, his sputum culture remained
positive with a high concentration of the Mycobacterium
organism. He worked in the kitchen with the index case
for almost two years, spending more than eight hours
per day together in close proximity.

The second case was a male co-worker who the index
case reported having a chronic cough during 2009-2011.
He died from TB (presumptive) in 2011. However, we
could not identify the hospital or clinic where he was
diagnosed or treated and therefore could not review his
medical record.

Environmental Study
Index case house

The house of the index case was a two-story townhouse
consisting of two bedrooms and two bathrooms, one
bedroom had an air-conditioner, and each had two
windows which were rarely opened. The index case
reported that he usually disposed of his sputum in the
toilet bowl.

Previous workplace (2009-2015)

From 2009 to 2015, the index case worked at a
restaurant where his major duties involved preparing
and cooking food in the kitchen, which had an
air-conditioner. His workspace was located next to an
MDR-TB patient’s workspace (approximately two
meters away). From an interview with the restaurant
owner, health screening was mnot provided for
restaurant employees until 2012.

Current workplace (2015-2019)

The index
preparation of ingredients at his house and distribution
of ingredients to vendors under his employment.

TB-clinic

case’s main work activities involve

This clinic was a major public TB clinic located in
Bangkok. It consisted of two outpatient department
(OPD) rooms and one directly observed treatment
(DOT) room. All three rooms had adequate natural air
ventilation. More than 20 multidisciplinary health
care providers were employed. The clinic serviced
approximately 50 TB cases per day.

Three medication stockpiles were identified: a main
stockpile, an OPD stockpile and a DOT stockpile. The
main stockpile was kept in a room with adequate
temperature (<30°C) and humidity control (<60%). It
contained most of the TB drugs including second-line
drugs which were transferred to the OPD stockpile
once a month. The OPD stockpile was stored in a room
with an air-conditioner which was turned on only
during working hours. It stocked TB drugs for six
months without temperature or humidity control. The
DOT stockpile was a medication stockpile for DOT
which was transferred from the OPD stockpile once a
week. It was stored in a room without temperature and
humidity control. Relative humidity and temperature
ranged from 36-55% and 24.4-27.0°C, 44-54% and
25.0-29.4°C, and 45-64% and 27.2-33.5°C in main,
OPD and DOT stockpile, respectively. For drug
quality, samples of active ingredients and dissolution
were all within normal levels (Table 4).

Table 4. Environmental and Laboratory study of quality of four different drugs from OPD stockpile

Drug Environmental Study

Laboratory Study

Detail of samples / storage

Storage at OPD stockpile

Standard Identification?

duration at OPD stockpile Temp Humidity Concentration Dissolution
(suggested duration) (Standard Level) (Standard Level) (Normal range)
Rifampin In Packages / During During 97.4 Passed
3 months (<1 month) 6—10 October, 6—10 October, (90.0-110.0% la.)
Isoniazid In Bottles / Working hour Working hour 98.6 Passed
3 months (<1 month) 25.0-29.4°C 44-54% (90.0-110.0% la.)
Ethambutol In Packages / (<30°C) (<60%) 96.5 Passed
3 months (<1 month) (95.0-105.0% la.)
Pyrazinamide In Packages / 99.7 Passed

5 months (<1 month)

(93.0-107.0%% la.)

Note: % la.: % label claim

Action Taken

Five days after confirmation of XDR-TB, the index case
was admitted to a hospital and started on a regimen
two days later. He remained in hospital for two months
until sputum conversion. After discharge, he attended

the TB clinic and opted for DOT at a healthcare service
near his home. We suggested to his wife to clean the
entire house thoroughly, change the bedding set
regularly, open the windows every day to improve air
ventilation, and identify a proper sputum disposal
area. We planned to follow up the contacts every six
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months for the next two years and encouraged them to
see a doctor if suspicious symptoms developed. At the
TB clinic, we advised health personnel to monitor the
temperature and humidity levels of all stockpile rooms.

Discussion

This DR-TB investigation illustrated several gaps in
TB control in Thailand. Here, we discuss the TB
control gaps in four perspectives including; patient
perspective (risk of developing DR-TB), healthcare
provider perspective (lack of DST during first period of
treatment and inadequate treatment), TB clinic and
health system (inadequate drug storage and problem
with health insurance), and employer perspectives
(pre-working health screening and sick leave).

From the patient perspective, the index case had a
history of working with a confirmed DR-TB case
which was a risk factor for DR-TB.!® Infection with
MDR-TB had a direct impact on the poor
end-of-treatment outcome.!® Another contributing
factor was that he was a relapsed case who had a
history of having taken TB drugs in the past.?°
Moreover, his poor drug adherence during the initial
treatment period could be one of the factors associated
with DR-TB.22® In Bangkok, the rates of lost to
follow-up and relapse were higher than the national
level during 2016-2019.2* Lost to follow-up might be
the result of associated factors such as remoteness of
an accommodation to the nearest healthcare facility,
living in an urban area and having a regular
occupation, which were factors found in this case.?2¢
Moreover, lost to follow up is known to be associated
with poor drug adherence and relapse, which are
known key risk factors for developing secondary
DR-TB.2! PCA performed by a multidisciplinary team
at the TB clinic appeared to improve his drug
compliance and adherence to follow up. However, the
PCA approach can only be well-organized in TB clinics
which have a large number of healthcare providers
and is not isolated from a medicine dispensary and
family medicine unit.?"?8

From the health care provider perspective, we could
not determine whether the index case was a primary
or secondary DR-TB case due to a lack of DST during
the first period of treatment. This issue was also
mentioned in a previous case investigation.?® DST can
provide a definitive diagnosis and proper treatment
of DR-TB, which can improve the treatment success
rate.?® In addition, the index case received the
adequate dosage and duration of TB drugs, but his
disease was resistant to two drugs during the
MDR-TB treatment period. According to NTB and
the U.S. Centers for Disease Control and Prevention
recommendations, patients should receive at least

four different drugs that are active against
tuberculosis.?%2 Therefore, the index case received an
inadequate drug regimen during his MDR-TB
treatment period. Inadequate drug treatment for
MDR-TB could amplify XDR strains (secondary
XDR-TB), which could eventually be transmitted to

contacts, who then develop primary XDR-TB.222329.33

From the health system perspective, drug quality is
another risk factor explored in this study. In the TB
clinic the room containing the DOT stockpile during
the day-time had inadequate temperature and
humidity levels, which could affect the quality of drugs
leading to treatment failure.?*3° Nevertheless, the
concentration and dissolution of all drugs tested
among the standard TB regimen were within normal
ranges based on independent laboratory tests. Despite
the fact that XDR-TB patients are designated by law
to be isolated with compulsory hospitalization, the
identification process of the hospital in isolating the
index case and providing timely treatment was delayed
due to a health insurance issue.? This can lead to
further problems including treatment failure and
disease spreading.1821,27:40

From the employer perspective, of the two possible
source cases, one co-worker did not leave his job
during the period when the index case was still
working at the restaurant. His sputum culture
remained positive which could increase the risk of
transmission to the index case.'® According to NTB
guidelines, patients should leave their job wuntil
sputum conversion occurs in order to prevent disease
transmission.!® Furthermore, the co-worker did not
have chest imaging performed before beginning their
employment in the restaurant. All employees should
have health checks before

adequate starting

employment.
Limitations

Firstly, we could not interview the first of the two
possible sources. However, a two-year period of daily
and prolonged contact with the index case and the
high concentration of Mpycobacterium organism
meant that he was the most likely source of infection.
Secondly, we could not interview all contacts of the
index case due to insufficient contact information.
Thirdly, we did not have information why the first
doctor did not take DST during his first visit and the
other doctor prescribed four drugs that only two drugs
were active during his treatment for MDR-TB. And
lastly, we could not perform any tests on MDR-TB or
XDR-TB drugs, which are known to degenerate more
quickly than the standard TB drugs and evaluate the
temperature and humidity of the stockpile rooms

during the night-time.*?
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Recommendations
For National TB Control Agency

A number of recommendations can be made from the
results of our investigation. Firstly, identification and
clarification of the health insurance status of TB
cases, especially DR-TB cases, and an additional
consensus on the healthcare facilities available for
admission of index cases who lack health insurance,
are needed. Secondly, sputum specimens, especially
among DR-TB cases, should be kept until completion
of treatment. Thirdly, encouraging an annual health
check-up policy, including chest imaging, among
employees and workers should be reemphasized.
Strengthening the patient-centered approach, not
only to DR-TB patients but also to those with DS-TB,
is suggested, contingent on the availability of human
Lastly, enhancing the co-operation
between TB clinics and family medicine units is
recommended.!*%

resources.

For Tuberculosis Clinics

Appropriate diagnostic methods, including a
requirement to perform AFB testing and DST, and
the prescription of appropriate drug regimens,
especially among DR-TB patients, should be
reemphasized to attending physicians.1%13
Establishing a protocol to reassure physicians of the
appropriate diagnosis and drug regimen is also
suggested.  Additionally, the humidity and
temperature of stockpile rooms should be checked
regularly. Lastly, an adequate sick leave period for all
new TB cases should be reemphasized to attending
physicians.

Conclusion

We identified a TB outbreak involving three cases,
including one confirmed XDR-TB (index case) and two
possible source cases who were co-workers of the index
case. No TB was detected among any of the index case’s
contacts. Close and prolonged contact with a confirmed
DR-TB case, poor drug compliance, and prescription of
an inappropriate drug regimen were factors related to
XDR-TB development. Early clarification of health
insurance status, provision of an adequate sick leave
period, use of a patient-centered approach, and regular
monitoring of standard TB drug stockpiles are strongly
recommended.
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