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Case I

• An 85-year-old man
• Type II diabetes mellitus
• Parkinson's disease
• Dementia

• ER visit
• accidentally fell down and hit the buttock last night



Case I

• Decreased appetite (+), weight lose (+, 7 kg in 3 months), night 
sweating (+, for several weeks) ,  cough (-), chest pain (-), sputum (-)

2018/2/4 sputum AFS: Positive 2+
Culture: M. tuberculosis



Case II

•61-year-old man
• Coronary artery disease, one-vessel-disease, 

complicated with anterior ST-elevation myocardial 
infarction, Killip I, status post percutaneous 
transluminal coronary angioplasty with stenting in 
the left anterior descending artery on 2009/05/18

• Type 2 DM under insulin, poorly controlled

Case II

•5/26 NTUH oncology OPD
• Abnormal chest X-ray was told during health 

checkup in Hospital A
• Suspicion of lung cancer, stage IV, was told in Hospital A
• There were no cough, no fever, and no weight loss.

•5/20 NTUH admission to oncology Ward
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Chest echo for biopsy Bronchoscopy

Study results

•Pathology
•Lung, upper lobe, caseating granulomatous 
inflammation

•Sputum AFS x3: negative
•Bronchial lavage: TB PCR positive



Case III

•A 79-year-old man
•Hypertension 
•Diabetes mellitus, type II
•Dyslipidemia 
•Benign prostate hyperplasia
•Reflux gastritis

Case III

•2019/9/10 Orth OPD
•Pain at lateral aspect of right thigh for 1 week 
•No definite preceding trauma or fall 
•No significant pain at lower back 
•Mild discomfort at right buttock 
•Limping while walking due to pain



9/10

Case III

•2019/9/10 Orth OPD
• Pain at lateral aspect of right thigh for 1 week 

•2019/9/24 Orth OPD
• Pain at lateral aspect of right thigh for 3 weeks
• WBC 6150 (Seg 87.2%, Lym 11.5%), Hb 11.6, MCV 

86 uL, Plt 258K 
• ALP 63, LDH 163, Cr 1.1, CRP 4.01, ESR 66
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Case III

•2019/9/29 MRI Without Constrast--L Spine 
• (1) Lumbar spondylosis with moderate to severe 

central canal stenosis at the L2-L3 level, severe 
central canal stenosis at the L3-L4-L5 levels, and 
right foraminal stenosis at the L4-L5 level, causing 
right L4 (mild) and bilateral L5 nerve root 
compression.

• (2) Subacute compression fracture at the L5. 
Subchondral edema at lower portion of the L4.



Case III

• 2019/10/7
• Admission for the 

operation 

9/10 OPD10/7 Admission 9/24 OPD



OP

Case III

• 2019/10/9
• Pre-operative diagnosis

• L4 and L5 osteomyelitis with pathologic fracture of L5
• Lumbar spondylosis with spinal canal stenosis, L3-L5

• Post-operative diagnosis
• L4 and L5 osteomyelitis with pathologic fracture of L5
• Lumbar spondylosis with spinal canal stenosis, L3-L5, operated



Case III

• Pathology of OP specimen
• Bone, spine, L4/L5, excision, 

osteomyelitis 
• Microscopically, it shows fragmented 

bone and cartilage tissue with 
necrotizing debris surrounded by 
histiocytes and lymphocytes. Shadow 
cells are present. 

• AFS shows positive of few rod-like 
bacteria. PAS and GMS demonstrate 
no fungal hyphae or cocci. 

• It is compatible with osteomyelitis.

• Acid-fast stain of his sputum
• I: Positive � Negative TB PCR
• II: Negative
• III: Negative

• TB culture of his sputum
• M. tuberculosis x III

• TB culture of his surgical specimen
• M. tuberculosis



Nosocomial transmission of TB

• Apr 2003
• An health-care workers (HCWs) was screened for SARS 

symptoms (fever, cough, and shortness of breath)
• CXR: pleural effusion
• Pleural biopsy culture: M. tuberculosis
• TB screening of close co-workers � 6 additional cases of 

pulmonary TB

MMWR 2004; 53: 321–2.

Nosocomial transmission of TB

• Jun – Jul 2003
• Hospitalwide screening of HCWs � 28 (2%) of 1409 with TB

• Oct – Nov 2003
• A repeat hospitalwide screening of 1463 HCWs � additional 

29 cases of TB
• 5 were later found not to have TB after reinterpretation of 

their chest radiographs
• Another HCW developed TB lymphadenitis
• 7+28+29-5+1= 60 HCWs

MMWR 2004; 53: 321–2.



Nosocomial transmission of TB

• Review of patient records
• An elderly patient had spent 12 weeks on floor A without 

respiratory isolation before AFS-positive pulmonary TB was 
diagnosed in May 2003.

• The patient's hospital course was complicated, eventually 
requiring continuous ventilator support and frequent endotracheal 
suctioning. 

• Isolates from this patient matched the genotype of the seven
culture-positive HCWs, five of whom (including the first 
diagnosed HCW) worked on floor A.

MMWR 2004; 53: 321–2.

Number of heath-care workers (HCWs) surveyed and number 
with tuberculosis (TB) diagnosed by hospital floor and unit

Floor Unit No. HCWs Dx TB, N % Odds ratio 95% CI

Floor A Pulmonary 77 28 36 47.3 23.4 – 95.4

Floor B Intensive care 57 6 11 9.7 2.9 – 22.0

Floor C Radiology 84 4 5 4.1 1.6 – 16.8

Floor D Dialysis 186 5 3 2.6 0.9-7.2

Remaining floor 1172 14 1 Reference

MMWR 2004; 53: 321–2.



Effect of Types of Contact and Living Conditions on  the Likelihood of 
Contagion from Common Bacterial and Viral  Respiratory Tract Pathogens

Musher DM, et al. N Engl J Med 2003; 348: 1256-66
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• In 2011, World Health Organization (WHO) 
recommends switching conventional to 
fluorescence microscopy 

•Whether introduction of these more sensitive 
diagnostic tools reduces the risk of nosocomial 
TB transmission? 



Aim
• To assess whether switching from conventional 

microscopy to a more sensitive rapid diagnostic tool 
(fluorescent microscopy) improves early detection and 
prompt isolation of hospitalized patients with 
undiagnosed TB

Sun HY, et al. PLoS One 2020

Methods

• Study period

• Period 1: Jan 1 – Dec 31, 2001
• conventional microscopy with Ziehl-Neelsen staining, 

• represented the baseline situation before 2003 SARS 
outbreak

• Period 2: Jan 1 – Dec 31, 2014
• after full switching to fluorescent microscopy with 

auramine-rhodamine staining and the quality assurance 
program

Sun HY, et al. PLoS One 2020



Methods

•Study setting
• A medical center with a 2,200-bed capacity 

providing both primary and tertiary referral care

• 3,454,724 outpatient visits and 91,645 admissions 
in 2014

• nearly 2-fold than that in 2001

Sun HY, et al. PLoS One 2020

Tuberculosis control practices, 2001–2014

• Enhanced contact investigation
• Annual chest X-ray for HCWs
• TB case managers
• Contact tracing

• Improvements in laboratory diagnosis
• timely results of AFS, TB cultures, identification, drug susceptibility, 

fluorescent microscopy, text messages, Capilia

• Expansion of isolation facilities
• 48 respiratory isolation rooms in 2001 to 86 respiratory isolation rooms in 

2014

Sun HY, et al. PLoS One 2020



Tuberculosis control practices, 2001–2014

• Enhanced contact investigation
• Annual chest X-ray for HCWs
• TB case managers
• Contact tracing

• Improvements in laboratory diagnosis
• timely results of AFS, TB cultures, identification, drug susceptibility, 

fluorescent microscopy, text messages, Capilia

• Expansion of isolation facilities
• 48 respiratory isolation rooms in 2001 to 86 respiratory isolation rooms in 

2014

Methods

• Study population
• Hospitalized patients with culture-confirmed pulmonary TB in 25 wards/units 

in 2001 and 2014

• Comparison
• The duration from admission/arrival to respiratory isolation in 2001 and 2014
• Cox regression 

• used to adjust for effects of covariates
• Causal mediation analysis

• Used to identify the effect mediated by improved smear detection rate



1. Respiratory isolation rooms
2. Discharge
3. 14-day anti-TB treatment

Methods – Definitions I

• Time to respiratory isolation
• The zero time 

• the date of admission to the hospital or the date of arrival to emergency department 
(ER) 

• The end of follow-up 
• the date when the patients was sent to a respiratory isolation room (event), 
• the date of discharge (from hospital or ER) before respiratory isolation can be 

implemented (censored)
• the date of 14-day anti-TB treatment completion (censored), or the date of mortality due 

to any cause (censored)



Methods – Definitions II

• For patients with multiple admissions or multiple positive sputum 
cultures

• only the admission with or following the first positive sputum culture (the 
index culture) was used to calculate the Kaplan-Meier estimates for time to 
respiratory isolation.

• Total non-isolated infectious patient-days in hospital
• each TB case/patient was considered infectious from 3 months prior to the

first positive sputum culture 
• unless being put in a respiratory isolation room or had already received a 14-

day course of at least two in vitro active anti-tuberculous agents after the last 
positive sputum culture

Methods – Definitions III

• For those who had multiple hospitalization or had ever been 
transferred between wards/units before being diagnosed with 
pulmonary TB or adequately treated

• all hospitalizations or stay in each ward/unit were counted in the calculation 
of total infectious patient-days



Methods – Definitions IV

• Typical presentations of pulmonary TB
• a prolonged cough for >3 weeks
• clinical suspicion of pulmonary TB based on chest radiography, such as 

cavitary pulmonary lesions, upper lobe diseases, or miliary lesions 
• already received a confirmed diagnosis of pulmonary TB by a positive sputum 

culture of Mycobacterium tuberculosis, positive acid-fast stain (AFS), or 
positive TB PCR, before the hospitalization

Methods – Definitions V

• TB-related hospitalization
• the chief complaint suggested an infectious etiology or 
• the admission was for inpatient TB treatment

• Comorbidity-related hospitalization
• admitted for management of acute complications of non-infectious diseases 

• such as myocardial infarction, pulmonary edema, malignancy, or acute exacerbation of 
chronic lung diseases

• Identification of TB cases
• a computerized registry of Mycobacteriology Laboratory, verified in each case 

with review of medical records



Results

• The number of hospitalized patients with culture-confirmed 
pulmonary TB

• 180 of 403 (45%) in 2001 
• TB incidence in Taiwan in 2001: 72+/105

• 81 of 301 (27%) in 2014
• TB incidence in Taiwan in 2014: 48.4/105

Characteristics of hospitalized patients with 
culture-confirmed pulmonary tuberculosis



Results

• Time to respiratory isolation: 2001 vs. 2014
• The median non-isolated infectious duration

• decreased from 12.5 in 2001 to 3 days in 2014 (P<0.001)



p = 0.028

Kaplan-Meier estimates for time to respiratory isolation of hospitalized 
patients with tuberculosis, 2001 vs. 2014.

Factors associated with prompt respiratory isolation (Model 1: 2014 vs. 2001; Model 2: The effects 
of positive sputum acid-fast smear and TB-PCR; Model 3: The effect of physician alertness)



Results

• Effect of fluorescent microscopy
• Switching to auramine-rhodamine staining with fluorescent microscopy 

doubled the overall positive sputum smear rate from 22.8% (2001) to 48.1% 
(2014) (P<0.001), particularly in patients with non-cavitary lung lesions (18.8%
to 42.9%, P<0.001)

• Cox regression analyses 
• a positive sputum smear was associated with an earlier respiratory isolation (aHR 3.2, 

95% CI 2.1–4.9, P<0.001)
• Causal mediation analyses 

• the two-fold higher sputum smear detection rate of fluorescence microscopy doubled 
the likelihood of early respiratory isolation (odds ratio [OR] for natural indirect effect 
mediated by improved sputum smear detection rate: 1.8, 95%CI 1.3–2.5, P<0.001)

Characteristics of hospitalized patients with 
culture-confirmed pulmonary tuberculosis



Factors associated with prompt respiratory isolation (Model 1: 2014 vs. 2001; Model 2: The effects 
of positive sputum acid-fast smear and TB-PCR; Model 3: The effect of physician alertness)

Causal mediation analyses of the effect attributable to switching from conventional to 
fluorescence microscopy



Results

• Alertness of physicians
• measured by duration from patient arrival to physician’s ordering of smear or 

culture, also improved from 2001 to 2014 (median: 5 vs. 2 days, P<0.001)

• Cox regression analysis 
• physician alertness was also associated with earlier respiratory isolation (aHR

0.98 for each additional day before physician ordering TB smear/culture, 95% 
CI 0.96–0.99, P = 0.004)

• Causal mediation analyses 
• improved physician alertness increased the likelihood of early respiratory 

isolation by 1.3-fold (OR for natural indirect effect mediated by early ordering 
of smear/culture: 1.3, 95% CI 1.02–1.5, P<0.001)

Non-isolated infectious duration of hospitalized patients 
(at the first admission after the index culture)



Factors associated with prompt respiratory isolation (Model 1: 2014 vs. 2001; Model 2: The effects 
of positive sputum acid-fast smear and TB-PCR; Model 3: The effect of physician alertness)

Causal mediation analyses of the effect mediated by the higher rate of early ordering
(less than 4 days after admission) of smear/culture in 2014



Results

• Total non-isolated infectious patient-days per year
• 2001

• a total of 4,778 infectious patient-days in hospital (582 from smear-positive patients, 
4,196 from smear-negative patients) 

• 2014
• the total non-isolated infectious patient-days in hospital decreased by 69%, to 1,502

infectious patient-days (229 from smear-positive patients and 1,273 from smear-
negative patients) 

• Improvement occurred over all types of wards/units, including ER, internal 
medicine wards, surgical wards, and intensive care units



Total non-isolated infectious patient-days from hospitalized patients with 
culture-confirmed tuberculosis, 2001 vs. 2014

Conclusions

• Highly sensitive rapid diagnostic tools could substantially improve
timing of respiratory isolation and reduce risk of nosocomial TB 
transmission in high TB risk settings. 

• Lack of typical presentations and hospitalization due to comorbidities
continued to be main reasons of delayed isolation. 

• Studies will be required to assess whether routine sputum smear or 
TB-PCR of all hospitalized patients with cough or abnormal chest 
radiograph is effective in overcoming these remaining barriers



Take Home Messages

•
• Admission for comorbidities (Case I and III)
• Atypical presentations (Case II and III)

•
• X
•

•


