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Abstract

0Oz

Objective: Resistance to at least isoniazid and rifampicin, which are
the most important drugs in TB treatment, is called multidrug-resistant
tuberculosis (MDR-TB). MDR-TB is a life-threatening condition that af-
fects children as well as adults.

Material and Methods: The medical records of children diagnosed with
MDR-TB between June 2015 and October 2018 were analyzed retrospec-
tively.

Results: Seven female (77.8%) and two male (22.2%) patients were includ-
ed into the study. Their mean age was 11.58 + 4.23 years (3.75-15 years).
Five patients (55.5%) had family members with MDR-TB. All of them had
pulmonary tuberculosis. Acid-resistant bacteria (ARB) were observed in
three (33.3%) patients, nucleic acid amplification tests were positive in four
(44.4%) patients, and positive cultures were observed in seven (77.7%) pa-
tients. Seven patients had microbiologically and two patients had clinically
confirmed MDR-TB. Five patients (55.5%) had isoniazid and rifampicin re-
sistance, two patients (22.2%) had isoniazid, rifampicin and streptomycin
resistance. A treatment protocol consisting of pyrazinamide, ethambutol,
amikacin, protionamide and moxifloxacin was started after evaluating the
culture results of the patients and family members. Cycloserine was added
to the treatment protocol of four (44.4%) patients. The total treatment pro-
cess was continued for 18 months.

Conclusion: Management of childhood MDR-TB is a long and difficult
process, but it is a preventable and treatable disease.

Keywords: Children, diagnosis, multidrug resistant tuberculosis, treat-
ment

Giris: Tlberkiloz (TB) tedavisinde en 6nemli ilaglar olan izoniyazid ve
rifampisine direng cok ilaca direncli tiiberkiiloz (CID-TB) olarak tanim-
lanmaktadir. Cok ilaca direngli tiberkdiloz eriskinler kadar ¢ocuklari da
etkileyen hayati tehdit eden bir durumdur.

Gereg ve Yontemler: Haziran 2015-Ekim 2018 tarihleri arasinda CiD-TB
tanisi alan cocuklarin tibbi kayitlari geriye donik olarak incelendi.

Bulgular: Yedi kiz (%77.8) ve iki erkek hasta (%22.2) calismaya dahil edil-
di. Hastalarin ortalama yaslari 11.58 + 4.23 yildi (3.75-15 yil). Bes hastanin
(55.5%) ailesinde CID-TB tanili bir aile Giyesi vardi. Hastalarin hepsi akci-
ger tuberkilozu taniliydi. Aside direngli basil (ARB) pozitifligi tic hastada
(%33.3), nukleik asit amplifikasyon testi pozitifligi dort hastada (%44.4),
kalttr pozitifligi yedi hastada (%77.7) gozlendi. Yedi hastada mikrobi-
yolojik, iki hastada klinik olarak CiD-TB saptandi. Bes hastada (%55.5)
izoniyazid ve rifampisin direnci, iki hastada (%22.2) izoniyazid, rifam-
pisin ve streptomisin direnci vardi. Hastalarin ve aile Gyelerinin kilttr
sonuclarini degerlendirdikten sonra pirazinamid, etambutol, amikasin,
protionamid ve moksifloksasinden olusan tedavi protokoli baslandi.
Sikloserin dort hastanin (%44.4) tedavisine eklendi. Toplam tedavi suresi
18 ay devam edildi.

Sonug: Cocukluk ¢agi CiD-TB'nin ydnetimi uzun ve zor bir siire¢c olmakla
birlikte dnlenebilen ve tedavi edilebilen bir hastaliktir.

Anahtar Kelimeler: Cocuklar, cok ilaca direncli tiiberkiloz, tani, tedavi
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Introduction

Tuberculosis (TB) is a grave global public health problem
and a leading cause of death among infectious diseases de-
spite control strategies. In 2017, the World Health Organiza-
tion (WHO) reported an estimated 10.0 million TB cases, 1
million of which were children (1). Childhood TB is a difficult
disease to treat due to lack of standard clinical and radiolog-
ical description. Bacteriological confirmation is also low in
children because of technical difficulties in sampling and the
paucibacillary nature of the disease (2-4).

One of the most important factors affecting the treatment
of tuberculosis is drug resistance (5). Resistance to at least iso-
niazid and rifampicin, which are the most important agents in
TB treatment, is called multidrug-resistant tuberculosis (MVDR-
TB). A global total of 186.772 cases of MDR-TB were detect-
ed in 2018 with a treatment success rate of 56% (6). MDR-TB
is a life-threatening condition that affects children as well as
adults. Globally, it is estimated that 32.000 children younger
than the age of 15 develop MDR-TB each year, but most are
not diagnosed, probably due to problems in recordkeeping
(5,7). The diagnosis of MDR-TB is time-consuming, requiring
microbiological confirmation and drug-susceptibility tests
(DST) that usually take longer than four weeks.

There is also little information about the optimal treatment
of MDR-TB, which is a complex, long, and costly process. The
use of second-line medications, lack of child-friendly formula-
tions, treatment abandonment problems, and possible drug
side effects are the main handicaps (8-10). On the other hand,
the outcome of MDR-TB treatment in children is generally ef-
fective in cases of early diagnosis and treatment. There are rel-
atively few pediatric reports in the literature about MDR-TB.
This study aimed to elucidate our clinical experience in the di-
agnosis and successful treatment of nine children with MDR-
TB from a single center.

Materials and Methods
Study Design

This retrospective single-center study enrolled patients at
Kanuni Sultan Siileyman Research and Training Hospital, De-
partment of Pediatric Infectious Disease, between June 2015
and October 2018. We analyzed the detailed data of 200 pa-
tients diagnosed with TB.

The medical records of all patients were reviewed to ob-
tain data on patient age, sex, contact history, the culture re-
sults and drug susceptibility of the contact case, tuberculin
skin test (TST) results, laboratory and radiological findings,
ARB, Mycobacterium tuberculosis (MTB) polymerase chain re-
action positivity, MTB culture, resistance results, treatment,
and complications.

Patient Definitions

MDR-TB diagnosis was based on history of exposure to in-
dex case; positive TST, clinical, and radiological findings; and
microbiological results. Patients were diagnosed with MDR-TB
when nucleic acid amplification tests and/or bacteriological
cultures confirmed multi-drug resistance with DSTs from ad-
equate samples.

In the absence of microbiological confirmation, patients
were considered to have probable or presumed MDR-TB if
they had a known contact with an infectious adult with MDR-
TB and/or signs or symptoms of TB and/or immunological evi-
dence of M. tuberculosis with positive TST.

The posterior-anterior chest radiographs and/or thoracic
computerized tomography findings of all patients with pul-
monary tuberculosis (PTB) were evaluated for hilar or medias-
tinal lymphadenopathy, consolidation, atelectasis, and pleural
effusions.

Laboratory Investigations

A standard TST was performed placing purified protein de-
rivative (PPD) (0.1 mL containing 5 Todd units) intradermally
and reading the results after 48-72 hours. In children vacci-
nated with BCG, an induration of =15 mm was considered a
positive reaction.

Clinical samples including sputum or gastric aspirate were
examined by Ziehl-Neelsen acid-fast staining. The Kinyoun set
staining method was used to detect ARB. Lowenstein-Jensen
solid medium and BACTEC™ MGIT™ 960 System liquid broth
medium were used for the cultivation and isolation of Myco-
bacterium species.

First, in positive culture samples, the differentiation of non-
tuberculous mycobacteria was examined by immunochro-
matographic assay (BD MGIT TBc identification test). Suscep-
tibility to isoniazid, rifampicin, streptomycin, and ethambutol
was detected by BD BACTEC MGIT 960 SIRE culture kits.

The Seegene Anyplex MTB/NTM Real-Time Detection
Assay demonstrated the differentiation of nontuberculous
mycobacteria. For MTB-positive samples, four mutations for
isoniazid KatG, three mutations for inhA promoter, and 18
mutations for rifampicin rpoB genes were analyzed. The Any-
plex I MTB/MDR and MTB/XDR Detection (Seegene, Korea)
analysis system was used to identify MDR-TB and extensively
drug-resistance tuberculosis.

Statistical Analysis

IBM SPSS Statistics for Windows version 21.0 (IBM Corp.)
was used for statistical analysis. Numerical data were ex-
pressed as mean * standard deviation and categorical data
were expressed as frequency (n) and percentage (%). Approv-
al was obtained from the Local Ethics Committee to perform
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our study (2019.05.128). A signed informed consent form was
obtained from all parents of the patients in this study.

Results
Demographic Data

We analyzed the detailed data of 200 patients diagnosed
with TB, 21.3% of them had acid-resistant bacteria (ARB) and
19.4% of them had M. tuberculosis culture positivity.

Nine patients were diagnosed as MDR-TB, seven of whom
were females (77.8%) and two of whom were males (22.2%).
Their mean age was 11.58 + 4.23 years (3.75-15 years). Five
patients (55.5%) had family members with microbiological-
ly confirmed MDR-TB. The family members were properly on
treatment protocol of MDR-TB. All of the patients were of Turk-
ish origin and had received the Bacille Calmette-Guérin vac-
cine. All of the patients had low socioeconomic status and the
body weights of all patients were below the third percentile.
None of the patients had a comorbid disease.

Clinical and Laboratory Findings

All of the patients were symptomatic, prolonged cough
was the most common symptom present in all patients, fol-
lowed by sputum production (n= 6, 66.6%), weight loss and
night sweating (n= 4, 44.4%), and fever (n= 2, 22.2%). The pa-
tients were diagnosed with pulmonary TB. All patients were
negative for HIV. Mean vitamin D level of the patients was
10.01 + 4.13 ng/mL. Tuberculin skin test was positive in five of
patients (55.5%).

All of the patients had radiologic findings on chest X-rays
either mediastinal or hilar lymphadenopathy, lober or patchy

consolidation and air bronchogram. Cavitary TB was present
only in one patient (P8). We were able to obtain computed to-
mography findings of P1,P5,P6,P7,P8. Radiographic imaging
of the patients are presented in Figures 1-4.

ARB was observed in three (33.3%) patients, nucleic acid
amplification tests were positive in four (44.4%) patients, and
positive cultures were observed in seven (77.7%) patients.
In total, seven patients had microbiologically confirmed
(P1,P2,P3,P6,P7,P8,P9) and two had clinically confirmed MDR-
TB (P4,P5). Five patients (55.5%) had isoniazid and rifampicin
resistance, and two patients (22.2%) had isoniazid, rifampicin,
and streptomycin resistance.

Patient Treatment and Outcomes

A treatment protocol consisting of pyrazinamide, etham-
butol, amikacin, protionamide, and moxifloxacin was started
after evaluating the culture results of the patients and family
members. Cycloserine was added to the treatment protocol
of four (44.4%) patients (P1, P2, P5, and P9). Amikacin was ad-
ministered five days a week for six months.

We did not observe any side effects of amikacin. Depressive
side effects and hypersomnia were observed in one patient
on cycloserine (P1), and vision impairment developed in one
patient on ethambutol (P2). The drugs were discontinued in
each patient. All of the patients were given a high-calorie diet
with protein, and vitamin D supplements were provided. Con-
trol samples including either sputum or gastric aspirate were
obtained approximately one month after the first positive cul-
ture result. Complaints disappeared after an average of two
months of hospitalization, and the patients were discharged

Figure 1,2. Lobar infiltration and air bronchogram in chest x-rays of patient 3 and patient 8.
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Figure 3. Mediastinal lymphadenopathy, calcification, air bronchogram.

Figure 4. Cavitation in computed tomography of patient 8.

from hospital when control samples showed negative ARB
and culture results and their general conditions improved. All
patients were treated under direct supervision during hospi-
talization and ambulatory periods. The total treatment pro-
cess was continued for 18 months.

The demographic, laboratory findings and treatment pro-
tocols of the patients are shown in Table 1.

Discussion

This is a single-center pediatric report about MDR-TB in
Turkey. Our country has an intermediate prevalence of TB,

with an incidence rate of 17 per 100.000 inhabitants (1). In
2016, 12.417 patients were diagnosed with TB, 200 of whom
had MDR-TB (11). In a large pediatric study from our country
consisting of 1.541 TB cases, MDR-TB has been diagnosed in
9 (5.8%) patients (12). We had nine pediatric patients in total.
Seven were females (77.8%), and all were younger than 15
years. Mean age was 11.58 + 4.23 years (3.75-15 years). Glob-
ally, children under 15 constitute one quarter of the cases of
MDR-TB. In a large meta-analysis of MDR-TB in children, it has
been found that 65% of the children were younger than 10
years, and 56% of them were females (13).

Tuberculosis is generally a disease of poor and malnour-
ished populations. The socioeconomic and nutritional status
of the patients may play an important role in the course of TB
infection (14,15). In this report, all of the families were of a low
socioeconomic status, which is defined as families who are
paid minimum wage. The body weights of all patients were
below the third percentile.

Low vitamin D levels are often reported in TB cases. Vita-
min D may support the induction of innate antimicrobial im-
mune response and promote macrophage-mediated killing of
M. tuberculosis (16,17). Some studies suggest that vitamin D
supplementation can enhance response to anti-tuberculosis
therapy (18). The vitamin D levels of our patients were low and
we provided supplements to each patient.

Patients living in areas with high rates of resistance, pa-
tients with unsuccessful or irregular treatment, and patients
who have had close contact with infectious individuals should
be evaluated for MDR-TB (5,19). Investigating household con-
tact is essential in the diagnosis of pediatric MDR-TB since the
source is generally an infectious adult at home. It is necessary
to have the microbiological results and the DST of the contact
case. Seven of our patients (77.7%) had family members with
TB, and five patients (55.5%) had family members with MDR-
TB. Only a small percentage of the children develop MDR-TB
because of inadequate treatment, non-availability of drugs, or
poor adherence to treatment (20). None of these factors was
present in our patients.

Management of MDR-TB patient contact is a complex
process. For symptomatic contacts in whom active disease is
demonstrated, a DST should be done, and appropriate treat-
ment should be started as soon as possible. Guidelines for
patients in contact with MDR-TB without active disease rec-
ommends preventive therapy, especially for patients younger
than five years and for immunosuppressed patients with TST
indurations of 5 mm or more (21). Our current guideline, re-
ported in 2019, also recommends starting prophylaxis for pa-
tients older than five with latent TB or who are at high risk (22).

The diagnosis of MDR-TB is challenging in children due to
the paucibacillary nature of the disease, difficulties in obtain-
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Table 1. The demographic, laboratory findings and treatment protocols of patients

Patient Gender Family History of Microbiologic Radiologic Treatment
Number Age MDR-TB Results Resistance Results Findings Protochol
PZA
: INH o ETB
F TBin fgther and brother ARB positivity RF Mediastinal Iy‘mphAadenopathy AMK
1 Resistance pattern L Calcification
14 years 3 month Culture positivity STR ) PTO
unknown . Air bronchogram
resistance MXF
DCS
PZA
INH L ETB
r PCR positivity RE Mediastinal Iymphgderjopathy AMK
2 Unknown L Patchy consolidation
13 years 4 months Culture positivity STR ) PTO
. Air bronchogram
resistance MXF
DCS
PZA
. L - ETB
3 F MDR-TB in mother ARB positivity INH Lober consolidation AMK
15 years old (INH, RF resistance) Culture positivity RF resistance Air bronchogram PTO
MXF
MDR-TB in mother and ) PZA
. o ARB negative R ETB
M sister (Brother of 3 ) None Lober consolidation
4 ; PCR negative - ) ) AMK
3 years 8 months patient) . Clinical confirmation Air bronchogram
(INH, RF resistance) Culture negative PTO
' MXF
PZA
. . ETB
F MDR-TB in mother and ARB negative
) None — AMK
5 13 years 10 uncle PCR negative . ) Mediastinal lymphadenopathy
. ) Clinical confirmation PTO
months (INH, RF, STR resistance) Culture negative MXE
DCS
PZA
ARB negative INH o ETB
6 14 years Z months Unknown PCR negative AP Mecgglslznes]cleliynmr‘iitjadcll:r;sg:thy AMK
Y Culture positive resistance P PTO
MXF
PZA
MDR-TB in mother, ARB negative INH . ETB
7 6 e;\fs old brother and two sister PCR positive RF Medlsz?cnhal gg?gl?gaet?gnpathy AMK
Y (INH, RF resistance) Culture positive resistance y PTO
MXF
Mediastinal lymphadenopath PZA
MDR-TBin mother, brot- | ARB negative INH ymphadenopatiy ETB
F ; o Patchy consolidation
8 9 vears old her and two sister PCR positive RF Al bronchodram AMK
Y (INH, RF, STR resistance) Culture positive resistance 1chog PTO
Cavitation
MXF
PZA
TBin sister ARB positive INH F18
F ) posit Mediastinal lymphadenopathy AMK
9 Resistance patern PCR positive RF L
14 years 6 months . ) Lober consolidation PTO
unknown Culture positive resistance MXE
DCS
The Anyplex Il MTB/MDR and MTB/XDR Detection (Seegene, Korea) analysis system was used to identify MDR-TB and extensively drug-resistance tuberculosis.
INH: Isoniazid, RF: Rifampicin, STR: Streptomycin, PZA: Pyrazinamide, AMK: Amikacin, PTO: Prothionamide, MXF: Moxifloxacin, DCS: Cycloserine.

ing specimens for culture, time-consuming drug susceptibili-
ty testing, and limited laboratory capacity to conduct tests for
drug resistance (5,8). Children with MDR-TB are predominant-

ly diagnosed based on clinical criteria without microbiolog-
ical confirmation in the presence of contact with index case
with MDR-TB. Patients are diagnosed with microbiologically
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confirmed MDR-TB when multi-drug resistance is determined
by nucleic acid amplification tests and/or by culture in M. tu-
berculosis isolates. A child with clinical TB who has a history of
contact with an adult with MDR-TB but no positive M. tubercu-
losis culture is considered a presumed/probable MDR-TB case
or a clinically confirmed MDR-TB case. A child with a history
of treatment failure or who has a relapse of TB after receiving
adherent first-line anti-tuberculosis treatment is considered a
presumed/probable MDR-TB case (19). All of our patients were
symptomatic, and we were able to perform microbiological
evaluations. We did not have any cases of presumed/probable
MDR-TB. Seven patients had microbiological and two had clin-
ical confirmation of their diagnoses.

The radiological features of MDR-TB are generally similar
to drug-sensitive TB. Subsegmental or lobular consolidations,
centrilobular nodules, and a tree-in-bud appearance were the
most frequent radiological findings in our patients. There are
reports of a higher presence of cavities in MDR-TB patients,
but most cases are adult patients who developed second-
ary resistance during or following anti-tuberculosis therapy
(23,24). We observed cavitary TB in only one patient.

The treatment of MDR-TB is as challenging as the diagno-
sis. The lack of child-friendly formulations, the higher cost of
medications, the longer treatment duration, and the possible
side effects of the drugs are compelling factors. The first step
in treating MDR-TB is knowing the DST results of either the pa-
tient or the source case. Especially in the youngest age group
(<5 years), empirical treatment is based on the resistance pro-
file of the source case. One (P4) was younger than 5 years, and
the treatment regimen was designed according to the DST
results of the source case. We could not microbiologically con-
firm two cases.

There are two treatment regimens recommended by WHO.
In their latest report, the shorter MDR-TB regimen of 9 to 12
months is considered for patients who do not have a severe
form of the disease, including miliary TB and central nervous
system TB; who have not been previously treated with sec-
ond-line drugs; and in whom resistance to fluoroquinolones
and second-line injectable agents has been excluded. HIV pa-
tients with extrapulmonary disease are also not suitable for
short-term treatment (25). The long-term treatment regimen
is considered in children with resistance to any second-line
drugs or who have previously received these drugs for more
than one month, for whom the shorter MDR-TB regimen
failed, and who have severe forms of extrapulmonary TB (8).
The longer regimen includes at least five effective drugs, in-
cluding pyrazinamide and four second-line drugs (one cho-
sen from Group A, one from Group B, and at least two from
Group C). Group A includes levofloxacin (or moxifloxacin) and
gatifloxacin; Group B includes amikacin (or streptomycin), ca-

preomycin, and kanamycin; Group C includes ethionamide
(or protionamide), cycloserine (or terizidone), linezolid, and
clofazimine (25,26). High-dose isoniazid and/or ethambutol is
also recommended to strengthen the regimen.

We did not have any cases with extrapulmonary TB, and
we were able to test for resistance to second-line drugs. We
chose the long-term treatment regimen according to the
guidelines of the Ministry of Health (21). The treatment pro-
tocol, consisting of pyrazinamide, ethambutol, amikacin, pro-
tionamide, and moxifloxacin, was started after evaluating the
culture results of patients and family members. Cycloserine
was added to the treatment protocol of three patients due to
protionamide resistance in the source case or the patient her-
self (P1, P5, P9). One patient (P2) received cycloserine due to
vision impairment while on ethambutol treatment. Another
patient (P1) developed adverse neuropsychiatric reactions to
cycloserine, which is a well-known side effect (27). Although
second-line injectable agents are associated with an increase
in successful treatment of TB, they can result in hearing loss,
which has been previously reported in 24% of children treat-
ed for MDR-TB (28). We carefully followed our patients during
amikacin treatment, and none of our patients developed
hearing loss.

MDR-TB has a good prognosis in pediatric patients if prop-
erly treated. Treatment of MDR-TB was completed as recom-
mended by national policy without evidence of failure, and
three or more consecutive cultures taken at least 30 days
apart were negative after the intensive phase of treatment
(13). The success rate of MDR-TB treatment in children is gen-
erally 77.2-82% (29,30). All patients were treated successfully
under supervision without loss or discontinuation of therapy
in our study. However, we had very few patients compared to
previous reports. In addition, we did not have cases with HIV
or extrapulmonary TB, which are independent risk factors in
treatment failure (30).

In conclusion, we focused on the diagnosis and treatment
of MDR-TB in nine pediatric patients. Although we had a very
small number of patients, we considered it necessary to re-
port our clinical experience because of the limited number of
pediatric reports on the subject. Management of childhood
MDR-TB is a long and difficult process, but it is a preventable
and treatable disease. Patients with TB and a history of adult
contact or treatment failure should be evaluated for MDR-TB.
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