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We report a case of a 23-year-old female immigrant from China who was diagnosed with multidrug-resistant tuberculosis 
affecting her lung and brain, resistant to the standard first-line therapeutics and streptomycin. She was treated with prothion-
amide, moxifloxacin, cycloserine, and kanamycin. However, her headache and brain lesion worsened. After the brain biopsy, 
the patient was confirmed with intracranial tuberculoma. Linezolid was added to intensify the treatment regimen, and steroid 
was added for the possibility of paradoxical response. Kanamycin was discontinued 6 months after initiation of the treatment; 
she was treated for 18 months with susceptible drugs and completely recovered. To our knowledge, this case is the first multi-
drug-resistant tuberculosis that disseminated to the brain in Korea.
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Introduction

Multidrug-resistant tuberculosis (MDR-TB) is defined by the 

infection with Mycobacterium tuberculosis resistant to at least 

two of the most effective anti-tuberculosis medications, isoni-

azid (INH) and rifampin (RFP). Extensively drug-resistant tu-

berculosis (XDR-TB) is defined as TB strains resistant to INH 

and RFP, and also resistant to any fluoroquinolone and at least 

1 of 3 injectable second-line drugs; i.e., amikacin, kanamycin, 

or capreomycin. Fluoroquinolones and injectable drugs are 

the most effective second-line therapeutics; loss of one or 

both drugs can consequently weaken treatment regimens [1, 2]. 

Rapid diagnosis and optimal selection of treatment regimen 

is essential for successful treatment of MDR-TB [1, 2]. MDR-

TB is a problem of increasing importance, especially in east-

ern Asia, including South Korea, where the TB prevalence rate 

is intermediate. For cases of MDR-TB with central nervous 

system (CNS) involvement, it is more difficult to select the op-

timal regimen. Here, we report what we believe to be the first 

case in Korea of an MDR-TB infection with multiple organ in-

volvement including the CNS, confirmed by brain biopsy [1, 3].
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Case Report

A 23-year-old female without any underlying disease pre-

sented to the emergency room with a 2-week history of fever 

and general weakness. She immigrated to South Korea from 

Qingdao, China 2 months ago. The patient was initially treated 

with antibiotics at a local clinic for community-acquired 

pneumonia. She was transferred to an 800-bed teaching hos-

pital owing to dyspnea and persistent fever.

On presentation, the patient looked pale and malnourished 

(152 cm, 35 kg, body mass index 15 kg/m2) and had a tem-

perature of 38°C, heart rate of 118/min, respiratory rate of 28/

min, and blood pressure of 100/62 mmHg. Her breathing 

sounds were coarse with crackles on whole lung fields. The 

cervical lymph nodes were not palpable. 

Laboratory evaluations revealed the following values: white 

blood cell (WBC) count of 6,760/mm3, with 87.0% neutrophils 

and 7.8% lymphocytes, platelet count of 84,000/mm3, hemo-

globin of 8.8 g/dL, aspartate aminotransferase of 295 IU/L, al-

anine aminotransferase of 171 IU/L, albumin of 2.3 g/dL, and 

C-reactive protein level of 7.27 mg/dL. A test for antibody to 

the HIV was negative. Arterial blood gas analysis showed oxy-

gen pressure level of 50.2 mmHg and 89% oxygen saturation. 

On chest X-ray, there was diffuse bilateral ground glass opaci-

ty (GGO) in both lungs, especially lower lungs (Fig. 1A). Chest 

computed tomography on the day of admission demonstrated 

nodular consolidation in right upper lobe, as well as diffuse 

bilateral GGO and multifocal infiltration in both lungs, which 

were thought to be atypical pneumonia or pulmonary hemor-

rhage (Fig. 2).

Levofloxacin and imipenem/cilastatin were empirically ini-

tiated for treatment of pneumonia. The Gram stain of sputum 

showed many WBCs, few epithelial cells, and only some 

Gram-positive cocci, Gram-positive rods, Gram-negative rods.

On day 2 of admission, the patient was placed on a mechan-

ical ventilator. No bacterium was cultured on sputum. Initial 

transtracheal aspirate specimen was negative by staining the 

acid-fast bacilli (AFB), but it was positive by tuberculosis poly-

Figure 1. (A) Chest radiograph on admission. Bilateral ground glass opacity is visible. (B) After 2 months of anti-tuberculosis treatment, chest radiography 
shows no active lung lesions. (C) After 18 months of anti-tuberculosis treatment. No residual lesion.
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Figure 2. Computed tomography (CT) of chest at admission, showed 
diffuse bilateral ground glass opacity in both lungs and a nodular consoli-
dation with pulmonary emphysema in right upper lung.
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merase chain reaction (TB-PCR, LG Lifescience, Seoul, Ko-

rea). On day 6 of admission, the patient was started the treat-

ment with INH, RFP, etambutol (EMB), and pyrazinamide 

(PZA). Levofloxacin was also continued to treat possible com-

bined bacterial pneumonia. On day 16 of admission, the pa-

tient’s fever subsided. 

After 26 days of admission, the culture of transtracheal aspi-

rate on MGIT 960 medium yielded M. tuberculosis, was sent to 

the laboratory for rapid drug resistance assay and convention-

al drug sensitivity test of absolute concentration method by 

The Korean Institute of Tuberculosis [4]. On hospital day 31, 

rapid drug resistance assays by GenoType MTBDRplus turned 

out to be resistant to both INH and RFP with katG gene and 

rpoB gene mutation [5]. Administration of these drugs was 

stopped, and amikacin and moxifloxacin were added to the 

treatment regimen [1, 2]. Chest radiography showed marked 

improvement (Fig. 1B). Meanwhile, on hospital day 34, she 

developed fever over 40°C again, and a headache with in-

creasing intensity. The cerebrospinal fluid (CSF) analysis 

showed white WBC count of 350/mm3 with 91% neutrophils 

and 8% lymphocytes, red blood cell count of 540/mm3, pro-

tein of 162 mg/dL, glucose of 35 mg/dL, and adenosine deam-

inase (ADA) level of 14.1 u/L. TB-PCR and AFB culture of CSF 

were negative. Magnetic resonance imaging of the brain 

showed high signal intensity on T2 weighted image with en-

hancement consistent with tuberculomas (Fig. 3A). After ad-

ministration of the dexamethasone 0.4 mg/kg, the headache 

subsided. The follow up CSF was analyzed after 10 days, 

showing WBC count of 6/mm3, red blood cell count of 3/mm3, 

protein of 57 mg/dL, glucose of 44 mg/dL, and ADA of 13.5 u/L. 

The dexamethasone was tapered over 4 weeks. 

The result of conventional drug susceptibility testing was re-

ported at the hospital day 71, which showed M. tuberculosis 

strain was resistant to RFP, INH, EMB, PZA, streptomycin and 

sensitive to amikacin, kanamycin, capreomycin, levofloxacin, 

moxicloxacin, ofloxacin, prothionamide, cycloserine, p-amin-

osalicylic acid and linezolid. Therefore, anti-TB medication 

was switched to kanamycin, prothionamide, cycloserine with 

moxifloxacin (Fig. 4).

After 20 days of treatment with second line anti-TB medica-

tion, on hospital day 93, the headache reappeared, the frontal 

brain lesion enlarged and surrounding edema worsened in 

brain CT (Fig. 3B). The stereotactic brain biopsy was per-

formed to confirm CNS TB for brain mass. The CSF analysis 

was normal except mildly elevated protein of 99 mg/dL. The 

CSF was negative for TB-PCR nor AFB culture. The biopsy 

showed only granulomatous necrotic tissue positive by TB-

PCR, suggestive CNS-TB (Fig. 5). The brain tissue did not show 

any positive micro-organisms with Ziehl-Neelsen, Periodic 

acid-Schiff, Gomori’s methanamine silver, and Gram stain. 

But culture for brain tissue was not performed. Sputum cul-

ture was negative since hospital day 22, there was no sign of 

pulmonary tuberculosis. The dexamethasone 10 mg/d was 

started for the possibility of paradoxical enlargement of intra-

cranial tuberculoma. Linezolid was added to intensify the reg-

imen, and the headache improved without neulorogic sequel-

ae. Kanamycin was stopped after 6 month-treatment due to 

pain of injection site. She was treated for 18 months after ini-

Figure 3. (A) Brain magnetic resonance image (MRI) on hospital day 31 
showed brain edema and lesions on subcortical white matter of left frontal 
lobe and left temporal lobe which high signal intensity on T2-weighted 
image in the subcortical white matter of left frontal lobe (30×22 mm) and 
temporal lobe (24×20 mm), on coronal view (left) and transverse view 
(right). (B) Brain CT on hospital day 91. Ring like enhanced lesion with 
calcification in left frontal lobe (34×22 mm) and temporal lobe (28×19 mm) 
with enlargement of primary mass and progression of brain edema. (C) 
Brain CT After 20 months of anti-tuberculosis treatment, residual low den-
sity is in left frontal subcortical white matter without enhancement.
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tial TB diagnosis with susceptible drugs, and completely re-

covered. The chest X-ray was completely resolved (Fig. 1C) 

and the brain lesions on brain CT were stable without en-

hancing lesion (Fig. 3C).

Discussion

The emergence of MDR-TB is one of the major concern 

about public health. Despite a complex treatment regimens 

and longer treatment periods, second-line anti-TB drugs are 

overall less effective than first-line drugs, which are associated 

with a higher incidence of adverse drug reactions [1, 2]. Ac-

cording to data from the Korea Centers for Disease Control 

and Prevention, 49,532 patients were diagnosed with TB in 

South Korea in 2012. The 78.5% was newly diagnosed, and 

3.1% was foreigners. In Korea, 2.4% of new cases was infected 

by the MDR-TB strain in 2012, which is a significant increase 

compared to 1.6% of new cases in 1994 [3, 5-7]. The incidence 

of MDR-TB in China was even higher, at 5.7% of new case in 

2007. The China was reported as high MDR-TB burden coun-

try containing with other 11 countries in WHO [3, 6]. The drug 

sensitivity tests are recommended to newly diagnosed pa-

tients, which should be analyzed in the TB cased from high 

prevalence area of MDR-TB [1, 2].

WHO underscores that MDR-TB treatment regimens must 

include at least 4 effective drugs, typically first-group drugs, an 

injectable drug, a quinolone, and fourth or fifth-line drugs and 

to be continued for at least 24 months [2]. The optimal regi-

men to MDR-TB of CNS is not determined. Ethionamide, pro-

thionamide, cycloserine, and fluoroquinolones such as moxi-

floxacin have sufficient penetration across the BBB to be 

useful for treatment of CNS-TB [1, 8]. Moxifloxacin had been 

shown to be the most potent quinolone for tuberculosis in in 

vivo experiments, and easily crosses the BBB [1, 2, 8]. Prothi-

onamide, and cycloserine were included in our regimen on 

the basis of both on their ability to cross the BBB and the drug 

resistance of the isolated bacterium [1, 2, 9, 10]. Linezolid was 

reported to be rapidly penetrate into CSF and considered for 

Figure 4. Clinical course of patients with disseminated MDR-tuberculosis.
MTB, Mycobacterium tuberculosis; B-MRI, brain MRI; B-CT, brain CT; TB, tuberculosis; PCR, polymerase chain reaction; INH, isoni-
azid; RFP, rifampin; CXR, chest X ray; IPM, imipenem; LVX, levofloxacin; MXF, moxifloxacin; AMK, amikacin; KAN, kanamycin; EMB, 
ethambutol; CCS, cycloserine; PTH, prothionamide; DMS, dexamethasone; LZD, linezolid; HD, Hospital day. 

Figure 5. Hematoxylin and Eosin stain of brain biopsy at frontal lobe sub-
cortical white matter lesion. Chronic granulomatous inflammation is visible 
in the arrow mark. 
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treatment of patients with CNS infection in previous studies 

[11-13]. Furthermore, intracranial tuberculoma of this case 

was enlarged during the treatment, which was explained by 

two possibilities. The first reason is a paradoxical response 

which can be explained of an interaction between the host 

immunity and the direct effects of mycobacteria [14]. The sec-

ond possibility was brain mass, other than tuberculoma, 

which was necessary to be verified by brain biopsy. After the 

brain lesion was confirmed to be a tuberculoma, we decided 

to treat patients with linezolid and steroid. 

Linezolid, fifth-group TB drug, can be considered as treat-

ment option for MDR-TB and XDR-TB cases. Recently, clinical 

trials of linezolid have shown good culture conversion rates of 

73-87% in highly drug-resistant pulmonary tuberculosis [9, 10, 

13]. Therefore, linezolid was added to three drugs to this con-

firmed case of MDR-TB in CNS with steroid, even though the 

consensus of therapy for MDR-TB of CNS was not reached. 

Several studies have reported successful treatment of highly 

drug-resistant TB with linezolid and background drugs [9, 10, 

13]. 

Patients with MDR-TB meningitis have shown poor progno-

sis, based on the previous case reports and single case series 

[15-19]. According to a report of MDR-TB meningitis in the 

United States, mortality rate of 26 MDR-TB meningitis patients 

was 73% [18]. In South Africa, a report of 30 MDR-TB meningi-

tis patients showed 66.7% of mortality rate [19]. Detection of 

MDR-TB, isolating of pathogenic strain and performing con-

ventional drug sensitivity test is important in the patient who 

came from highly prevalent area of MDR-TB due to the poor 

prognosis of CNS-TB. We report a disseminated MDR-TB case 

developed in immigrant from China, highly prevalent of MDR-

TB, which was controlled with second line drugs including 

linezolid.
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