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Abstract: Appropriate treatment is the key element in eliminating tuberculosis (TB), and
requires prompt diagnosis. We presented a case of a household contact of rifampicin-resistant
TB revealing reactive IFN-gamma release assay with unsuspicious clinical and radiologic
examinations. She was diagnosed with latent tuberculosis infection (LTBI) and treated with
isoniazid monotherapy. On the ninth month, she developed a progressive cough and was
found to harbor active TB disease with added resistance to isoniazid. An individualized anti-
TB regimen consisting of moxifloxacin, kanamycin, prothionamide, ethambutol, and pyr-
azinamide was prescribed for 20 months, leading to sputum culture conversion and improve-
ment of the reported symptom. No recurrence was observed on one-year follow-up.
Assuming high compliance to therapy, we propose that the patient may have been under-
diagnosed and received sub-optimal treatment leading to acquired-drug resistance.
Conventional diagnosis methods based on immunological assay and radiographical findings
may be insufficient to distinguish the incipient and subclinical states of TB from LTBI.
Keywords: latent tuberculosis infection, LTBI, treatment, acquired drug resistance, drug-
resistant TB, subclinical TB, case report

Introduction
Latent tuberculosis (TB) infection (LTBI) is “a state of persistent immune response
to stimulation by Mycobacterium tuberculosis (Mtb) antigens with no evidence of
clinically manifesting active TB”," affecting at least 23% of the global population.
With over 1.2 million deaths in 2018,3 ultimate disease control necessitates suc-
cessful treatment of both active and latent infection.! Of those screened positive for
LTBI, a lifetime risk of developing active TB is 5—10%, especially during the first
two years of TB exposure.' Preventing this progression remains an urgent public
health goal to reduce TB transmission. A large cohort study recently reported a rate
of 0.28% active TB progression during or soon after LTBI treatment, while
acquired drug resistance was not observed.* Accurate diagnosis of the TB state is
pivotal in treatment selection, yet, as TB disease lies within a wide clinical
spectrum,’ apathetic use of prophylaxis in improperly targeted populations may
arouse concern regarding potential side effects and acquired drug resistance.

The notification rate of TB in Taiwan was 37 per 100,000 population in 2019.°
Subjects who have contact history with index cases of culture-positive pulmonary
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TB are screened with chest radiography and interferon-
gamma releasing assay (IGRA), and prophylactic treat-
ment is advised for those diagnosed with LTBL’ The
Taiwan National TB Program mandates directly observed
treatment throughout the course of all anti-TB treatment.
Here, we present the unique case of a subject with
a history of contact with an index patient with rifampicin-
resistant TB. She was treated as an LTBI patient with
isoniazid prophylaxis, but later developed active disease
with resistance to both rifampicin and isoniazid, suggest-
ing that the isoniazid resistance was acquired during the
LTBI treatment. The Taipei Medical University Joint
Institutional Review Board approved the study (No.
N20200631) with patients’ consent obtained.

Case Description and Diagnostic

Assessment

A 29-year-old Taiwanese man presented to the outpatient
clinic at the Taipei Municipal Wanfang Hospital, Taipei City,
Taiwan, having experienced a chronic productive cough and
yellowish sputum for five months. Prior consultations with
local medical doctors left the symptoms unresolved. He
reported frequent travel to Southeast Asian countries. On
visit, chest auscultation revealed scattered bilateral coarse
crepitations, which were more prominent on the right side;
his physical findings were otherwise unremarkable. Chest
radiography revealed a right upper lung cavity. The com-
puted tomography scan showed multiple enhancement of
lymphadenopathies in the mediastinum. Three sputum
smears were negative for acid-fast bacilli (AFB); however,
sputum culture was positive for Mth. The GenoType
MTBDRplus assay (Hain LifeScience GmBH, Nehren,
Germany) revealed rifampicin resistance (rpoB gene
H526D mutation) and susceptibility to isoniazid.

The patient was treated with moxifloxacin, kanamycin,
isoniazid, ethambutol, and pyrazinamide. The treatment
course was uneventful and sputum culture was converted
to negative on the second month of treatment. The patient
was cured after 20 months of treatment, and serial follow-
ups for two years showed no recurrence of TB (Figure 1).

His wife, a 36-year-old Vietnamese woman without under-
lying co-morbidities, underwent TB contact investigation. She
reported no respiratory or constitutional symptoms. Physical
examination revealed no abnormality, and previous medical
history was unremarkable. The IGRA test was positive, and
chest radiography was normal (Figure 2A), thus she was
diagnosed with LTBI. She was prescribed nine months'

isoniazid monotherapy 300mg once daily, directly observed
by trained public health personnel. On the fourth month of
treatment, she reported numbness and pain in her fingertips,
which improved with vitamin B6 supplementation.

A progressive cough developed in the ninth month of
treatment. She reported no fever, chills, hemoptysis, or
night sweating. Chest auscultation was unremarkable,
with a smooth breathing pattern and no lymphadenopathy.
Physical examination was otherwise normal. Laboratory
data on haemoglobin, blood count, liver and kidney func-
tion and laboratory tests were within normal results. Chest
radiography revealed an opacity in the left upper lung
(Figure 2B). Three consecutive sputum smear examina-
tions were negative for AFB. The sputum GeneXpert test
(Cepheid, California, United States) was positive for
rifampicin-resistant Mb. The phenotypic drug susceptibil-
ity testing and GenoType MTBDRplus assay later con-
firmed resistance to isoniazid (katG deletion) and
rifampicin (rpoB gene H526D mutation). Based on these
findings, the patient was diagnosed as having active pul-
monary TB with resistance to isoniazid and rifampicin.
Further sequencing revealed susceptibility to fluoroquino-
lones, aminoglycosides, and pyrazinamide.

The wife was treated with an individualized anti-TB regi-
men comprising of moxifloxacin, kanamycin, prothiona-
mide, ethambutol, and pyrazinamide, based on the results
of the drug-susceptibility test. Following treatment, the spu-
tum culture converted to negative after two weeks. Early on
in the treatment course, she reported vertigo, blurred vision,
pain on injection site, and gastrointestinal discomfort, thus
ethambutol was later replaced with cycloserine. Following
20 months of anti-TB treatment, follow-up revealed no radi-
ological or clinical evidence of recurrence up to a year later.
Genotyping of the causative Mtb by the spacer oligonucleo-
tide typing (spoligotyping) and Mycobacterial Interspersed
Repetitive Units-Variable Number Tandem Repeats revealed
that the Mtb strains from the two cases had identical

genotypes.

Discussion

Growing cases of drug-resistant (DR)-TB raises concerns
regarding the existence of inadequate or interrupted ther-
apy in current clinical TB control practice.’ The gap
between the discovery of new drugs® and the emergence
of resistance poses a major threat to the campaign to
eliminate TB. Globally, 3.4% of new TB cases and 18%
of previously treated cases had rifampicin-resistant tuber-
culosis. A recent global cross-sectional survey showed
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Patient 1 AFB smear (-) Notify s:;::ﬂ'::? Culture Cured 1;;\:?0323':
(HUSband) Culture ongoing Taiwan CDC conversion
Contact
investigation

H IGRA (+) 9th month  Diagnosis of 2nd week
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(Wife) treatment  cough  Starttreatment conversion
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Figure | The timeline from the episodes of care of both patients.

Ethambutol > Cycloserine

Abbreviations: TB, Tuberculosis; AFB, acid-fast bacillus; CDC, Centers for Disease Control; RR, rifampicin-resistant; INH, isoniazid; MDR, multi-drug resistant; AE,

adverse events.

isoniazid resistance rates of 7.4% and 11.4% for new and
retreated cases, respectively.” To minimize the risk of
acquired drug resistance, treatment for active TB typically
involves four or more antibiotics, while treating LTBI
involves one or two antibiotics." This assumes a low risk
of acquired resistance based on the belief of limited repli-
cation among the small number of viable bacteria in
LTBL'® In the PREVENT TB trial investigating over
7000 high-risk subjects who underwent LTBI treatment,
0.19% and 0.43% of participants in the combination rifa-
pentine—isoniazid and isoniazid-only groups, respectively,
developed active TB. Isoniazid-resistant TB was identified
in two patients from the isoniazid-only arm, and none from
the combination rifapentine—isoniazid arm.'" A systematic
review reported no definite risk of developing isoniazid
resistance following isoniazid preventive therapy (relative
risk 1.45, 95% confidence interval 0.85-2.47).'* While

BT E T
‘é% :

superinfection from later contact with index patients with
DR-TB cannot be excluded, the risk of LTBI treatment-
associated acquired resistance was generally considered
negligible.* Additionally, mixed-strain Mb infection may
contribute to the occurrence of DR-TB."

Currently, the IGRA test is considered the state-of-the-
art method for diagnosis of LTBI. However, IGRA
assesses the T-cell response to TB antigens and cannot
distinguish the latent infection from active disease.
Reliable estimation of microbiological load is not avail-
able. Moreover, optimal diagnosis of active TB is also
films
reported,'* and interpretation of chest radiography

challenging as normal chest are frequently
results is often disputed by different observers.'
Negative mycobacterial culture results do not essentially
exclude the possibility of active TB. Studies emphasized

that the spectrum of human TB infection lies within the

Figure 2 Chest radiography images (A) before and (B) after nine months of isoniazid treatment for the patient who progressed to active disease following the latent

tuberculosis infection treatment.
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continuous dynamics of metabolic bacterial activities and
hosts” immunological responses.'® Hence, in the early 20th
century, further clinical staging of TB was introducedie,
incipient and subclinical TB infection, which divided
latent and active TB along the clinical disease spectrum.
Briefly, both incipient and subclinical TB show a state of
ongoing or impending progression of infection, but differ
in the presence of radiographic abnormality or microbio-
viable Mib.

Monotherapy for incipient TB has been proposed as an

logical evidence of active replicating,
attractive alternative. However, the practical diagnostic
criteria for incipient TB infection is not clearly defined,
thus efficacy and risk of emergence of drug resistance for
a specific regimen cannot be evaluated.” Treating subcli-
nical TB, which harbors active microbial replication and
thus has a higher probability of resistance-associated
mutations, with LTBI regimens theoretically bears a risk
of emergence of resistant strains.

Given that incipient TB is not detectable on the basis of
symptoms, radiography, or microbiological testing, our
understanding of the epidemiology of incipient and sub-
clinical TB is very limited at present. Definite evidence of
the diagnosis of the incipient or subclinical TB state is
unavailable in our case. Despite this, we pointed out an
important occurrence of drug resistance following possible
undiagnosed incipient/subclinical TB treated as LTBIL
A detailed course of events and follow-up is presented,
along with a comprehensive diagnostic approach to define
the causative agent as well as the treatment regimen
decision.

In summary, we presented a subject with contact his-
tory to an index patient of rifampicin-resistant pulmonary
TB, who was diagnosed and treated as LTBI with isonia-
zid monotherapy on the basis of a positive IGRA test and
no evidence of clinical nor radiological presentations.
However, with a presumptive effective regimen and
high compliance under a directly observed treatment pro-
gram, her progression to active TB with acquired resis-
tance to isoniazid was unexpected. In clinical practice,
distinguishing incipient or subclinical TB infection from
LTBI is unrealistic. In this case, we assume that the initial
isoniazid treatment was “sub-optimal” and thus selec-
tively intensified the acquired resistance to this drug
when, at the time of contact screening, the wife would
have been either at the incipient or subclinical TB states.
While the possibility of mixed-strain infection cannot be
excluded, the identical bacterial fingerprint observed

from both patients renders this hypothesis less
conclusive.

It is crucial to exclude subclinical or active TB during
the management of LTBI to avoid acquired resistance.
However, doing so is clinically challenging since reliable
tools are still unavailable. The present report should raise
concern regarding this issue and warrant future studies to
develop more accurate testing methods, as well as diag-
nostic and therapeutic guidelines for further investigation

of bacterial burden and clinical disease states.

Patient Perspectives

From the perspective of the husband, he was surprised and
did not realize that there was still a risk of his wife
developing TB even though his treatment was successful.

Now I know that the disease can spread before I was even
diagnosed. I think the contact screening is important
because I don’t want any of my family to develop this

disease again in the future.
From the perspective of the wife:

It is terrible to know that I got TB after the hard time
completing nine months of medications. I did follow all
the rules and have taken the drugs obediently! The doctors
should have a better diagnostic tool to avoid what
I experienced to happen to other people.

Abbreviations
AFB, acid-fast bacilli; IGRA, interferon-gamma releasing
assay; LTBI, latent tuberculosis infection; Mth,

Mpycobacterium tuberculosis; TB, Tuberculosis.
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