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tion, marriage, study, employment, working-holiday, or other 
visas must undergo a medical examination in a designated 
hospital. Identification of active tuberculosis (TB) cases is vital 
because the incidence thereof is much higher in South Korea 
(86.0 per 105 of the population) than in the United States (3.1 
per 105 of the population), Canada (5.2 per 105 of the popula-
tion), and Australia (6.4 per 105 of the population) in 20141.

In 1991, the U.S. Centers for Disease Control and Prevention 
(CDC) drafted a technical instruction (TI) for TB screening 
and treatment of visa applicants; this TI featured chest radi-
ography (CXR) and three consecutive acid-fast bacilli (AFB) 
smear tests on sputum if the CXR results were suggestive of 
TB. Although since 1991, the U.S. CDC TI for overseas TB 
screening has stipulated three consecutive AFB smear tests 
after an abnormal CXR, transmission of TB from AFB smear-
negative patients remains important because of the relatively 
low predictive value of these tests. In 2007, the U.S. CDC ex-
panded the TI to include three consecutive Mycobacterium 
tuberculosis  (MTB) cultures of sputum in addition to the 
smear tests and mandated drug susceptibility testing (DST) 
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and directly observed therapy (DOT) for those undergoing TB 
treatment (Culture and Directly Observed Therapy [CDOT] 
TB TI). Although some differences in the age of the subjects 
exist, the visa programs of many countries, including Canada, 
Australia, New Zealand, and the United States, follow the re-
vised TI of the U.S. CDC.

The prevalence of smear- and/or culture-positive TB has 
diminished noticeably according to the nationwide Korean 
TB surveys that were conducted every 5 years from 1965 (940 
per 105 of the population) to 1995 (219 per 105 of the popula-
tion)2. The Korean Tuberculosis Surveillance System (KTBS), 
an internet-based system of case notification, was adopted in 
2000, but this system has been criticized. Notification of TB 
cases, especially by private institutions, may be neglected or 
incomplete, which could lead to an underestimation of the TB 
burden3.

We compared the incidence of TB among visa applicants 
screened using the culture-based protocol with that deter-
mined using the smear-based protocol. Additionally, we 
indirectly estimated the status of TB in South Korea from the 
number of cases of active TB identified in medical screening 
examinations of visa applicants.

Materials and Methods
1. Subjects and study design

A total of 43,488 visa applicants underwent medical ex-
aminations in a private general hospital in Busan from May 
1, 2011, to July 31, 2015 at the request of the embassies of the 
United States, Canada, and Australia. Prior to 2007, overseas 

TB screening of pre-immigrants 15 or more years of age be-
fore departure for the U.S. comprised CXR. If the CXR results 
were abnormal, which is suggestive of active TB, three con-
secutive AFB smear tests were performed on sputum. If any 
of the tests were positive, the subject was considered to have 
class A TB. If all smear tests were negative, the subject was 
classified with class B1 TB (Figure 1). The TI was expanded in 
2007; three consecutive AFB sputum tests are still required, in 
addition to MTB culture tests if the CXR results are abnormal, 
in subjects with evident signs or symptoms of TB on medical 
examination, any history of TB, or human immunodeficiency 
virus infection. If any of the sputum or culture tests are posi-
tive, the subject is considered to have class A TB. If all smear 
and culture tests are negative, the subjected is classified with 
class B1 TB. Class A patients then undergo DST and DOT4 
(Figure 2). We retrospectively compared the number of class 
A TB patients among visa applicants using the (enhanced) 
2007 TI and the 1991 TI.

2. Laboratory examinations

The laboratory examination followed the TB diagnostic 
standards of the U.S. CDC and the American Thoracic Soci-
ety5. Three consecutive AFB smear tests on sputum and three 
MTB cultures were performed on three successive days; the 

Normal Inactive TB Active TB

No TB
Classification

Class B2 TB Three sputum
smears collected

All sputum smears negative:
class B1 TB

Chest radiograph (subject>15 years old)

>1 Positive smear:
class A TB

(no travel unless
a waiver is granted)

Figure 1. The U.S. Centers for Disease Control and Prevention 1991 
technical instructions for pre-immigration TB screening and treat-
ment. Class A TB: active TB disease; Class B1 TB: chest radiograph-
ic data consistent with active TB; Class B2 TB: chest radiographic 
data consistent with inactive TB; TB: tuberculosis. 

Chest radiograph (subject>15 years old)

Normal Chest radiograph, medical history
or examination suggestive of

TB or HIV infection

No TB classification
Three sputum samples collected

for smear and culture

All sputum smears
and cultures

negative: class B1 TB

>1 Positive smear
or culture:
class A TB

(no travel unless
a waiver is granted)

Drug susceptibility
tests on positive culture
and followed by DOT

until therapy completed

Figure 2. The complete Culture and Directly Observed Therapy 
Tuberculosis Technical Instructions of U.S. Centers for Disease 
Control and Prevention. Class A TB: active TB disease; Class B1 TB: 
chest radiographic data consistent with active TB; TB: tuberculo-
sis; HIV: human immunodeficiency virus; DOT: directly observed 
therapy. 
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examiner donned protective gloves and a N95 mask when 
collecting sputum. The room in which sputum was collected 
was under negative pressure and was fitted with a ultraviolet-
based sterilizing system6. If sputum production was difficult, 
sputum was induced by inhalation of an aerosol consisting 
of sterile hypertonic saline. Sputum specimens were stained 
using the Ziehl-Neelsen method and cultured on both solid 
medium (3% egg-based Ogawa medium) and in liquid me-
dium (Middlebrook 7H12 medium); subjects with a single 
positive result on AFB smear or culture tests were considered 
TB positive. Detection of non-TB mycobacteria (NTM) was 
not considered a positive result. DST was performed using the 
absolute concentration method in Lowenstein-Jensen me-
dium. Pyrazinamide susceptibility testing was performed by 
the pyrazinamidase test. If a culture test was positive, DST was 
performed for amikacin, capreomycin, cycloserine, ethambu-
tol, isonazid, kanamycin, levofloxacin, moxifloxacin, ofloxacin, 
para-aminosalicylic acid, prothionamide, pyrazinamide, rifab-
utin, rifampicin, and streptomycin. Multidrug-resistant (MDR) 
TB (MDR‑TB) was defined as TB resistant to both isoniazid 
and rifampicin, while extensive drug-resistant TB (XDR-TB) 
was defined TB that was also resistant to any fluoroquinolone 
(ofloxacin, moxifloxacin, or levofloxacin) and at least one 
second-line injectable drug (amikacin, capreomycin, or kana-
mycin), as well as MDR7.

3. Statistical analysis

We documented the general characteristics of the popula-
tion and calculated the rate of TB cases. The chi-square test 
and Fisher’s exact test were used to compare proportions. 
Continuous variables are expressed as the mean±standard 
deviations (SDs) and categorical variables were expressed as 
numbers and percentages. All tests of significance were two-
sided, and a p-value of <0.05 was deemed to reflect statistical 
significance. All analyses were performed using SAS software 
version 9.2 (SAS Institute Inc., Cary, NC, USA).

4. Ethics statement

An ethics review was performed, and permission to collect 
data from the visa applicants was obtained from the institu-
tional review board of Haeundae Paik Hospital (IRB No. 2016-
07-009-001). The requirement for informed consent was 
waived because this study involved only a review of the medi-
cal records and posed minimal risk to the subjects.

Results
Among the 43,488 applicants, we excluded those under 15 

years of age (n=444) who did not take CXR according to the 
U.S. CDC protocol, as well as foreigners (n=592). Applicants 

who visited several times because of repeat visits to one coun-
try or visits to several countries (n=1,887) were counted only 
once. Finally, we evaluated 40,558 subjects. The average age 
(±SD) of the population was 26.8 (±6.6) years; 21,980 (54.2%) 
were aged 25–34 years, 15,532 (38.3%) were 15–24 years, with 
those of younger age (15–34 years) constituting 90% of the 
population. Thirty-one applicants stated that they had previ-
ously undergone treatment for TB. Abnormal CXR results 
suggestive of either inactive or active TB were obtained from 
365 subjects (0.9%, 899.9 per 105 of the population) (Table 1).

Fourteen subjects refused further sputum examinations, 
and 351 underwent three sputum AFB smear tests and MTB 
cultures. Seven subjects had at least one positive smear test 
and 33 at least one positive MTB culture. Twenty-nine sub-
jects were negative on the AFB smear tests but positive on the 
culture tests. One positive sputum test was associated with a 
positive MTB culture in 11 cases, two sputum tests were asso-
ciated with positive cultures in 17 cases, and all three sputum 
tests were positive in five cases, together with positive culture 
data (Table 2).

TB was identified in 36 subjects (88.8 per 105 of the popula-
tion) using the CDOT TB TI but in only seven using the 1991 
U.S. CDC TI (p<0.001). When evaluated by sex, 22 males (96.8 
per 105 of the population) and 14 females (78.5 per 105 of the 
population) were classified with TB using the 2007 TI, but 
only four males and three females were classified with TB us-
ing the 1991 TI; these differences were statistically significant 

Table 1. General characteristics of the study population 
(n=40,558)

Characteristic No. (%) 

Sex

   Male 22,718 (56.0)

   Female 17,840 (44.0)

Visiting country

   United States 1,406 (3.5)

   Canada 10,691 (26.4)

   Australia 28,461 (70.2)

Age, mean±SD (yr) 26.8±6.6

   15–24 15,532 (38.3)

   25–34 21,980 (54.2)

   35–44 1,855 (4.6)

   45–54 739 (1.8)

   55–64 281 (0.7)

   ≥65 171 (0.4)

Previous treatment history of TB 31 (0.1)

Suggestive of TB on CXR 365 (0.9)

TB: tuberculosis; CXR: chest X-ray. 
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(p<0.001 and p=0.007, respectively). Six cases were resistant 
to at least one TB drug (16.7%), and two were MDR-TB (5.6%) 
according to the CDOT TB TI (Table 3).

Discussion
In total, 36 cases of TB were detected in visa applicants us-

ing the CDOT TB TI (88.8 per 105 of the population). The inci-
dence was found to be already high in younger subjects (118.3 
per 105 of the population aged 25–34 years) and to increase 
with age. When the older smear-based U.S. CDC TI was used, 
only seven applicants were classified as having TB; thus, 29 
positive TB cases (80.6%) were missed when the older TI was 
used.

The prevalence of TB in South Korea has decreased with 
an improving economy, but TB control remains unsatisfac-
tory8. A public health problem is evident. The incidence of 
TB (86 per 105 of the population) is the highest among the 
34 countries of the Organization for Economic Cooperation 
and Development (OECD) in 2014; the average TB incidence 
in the other 33 OECD countries was only 9.76 per 105 of the 
population in 20141. In the United States from 2001 to 2008, 
South Koreans accounted for 8.1% of all estimated TB cases 
among newly arrived students/exchange visitors and for 6.2% 
of TB cases among newly arrived tourists and business travel-
ers, ranking as the fourth and seventh most significant sources 
of infection, respectively9.

Immigration has been an important cause of TB in high-in-
come countries. In the United States, for example, 64% of new 
TB cases in 2013 were attributable to infections spread from 
foreign-born subjects10. The U.S. CDC conducted a prelimi-

Table 3. Characteristics of the TB cases identified using different technical instructions

Characteristic
1991 TI 2007 TI using CDOT

p-value
No. (%)

Cases per 105 of 
the population

No. (%)
Cases per 105 of 
the population

TB cases identified 7 (17.3) 36 (88.8) <0.001

Sex

   Male 4 (57.1) 17.6 22 (61.1) 96.8 <0.001

   Female 3 (42.9) 16.8 14 (38.9) 78.5 0.007

Age, yr

   15–24 - - 3 (8.3) 19.3 0.250

   25–34 5 (71.4) 22.7 25 (69.4) 113.7 <0.001

   35–44 - - 3 (8.3) 161.7 0.499

   45–54 1 (14.3) 135.3 3 (8.3) 406.0 0.624

   55–64 - - 1 (2.8) 355.9 >0.999

   ≥65 1 (14.3) 584.8 1 (2.8) 584.8 >0.999

Drug-resistant TB 6 (16.7)*

   MDR-TB - - 2 (5.6)* - -

   XDR-TB - - 0 (0) - -

*Percentage of TB cases.
TB: tuberculosis; TI: technical instruction; CDOT: culture and directly observed therapy; MDR: multidrug-resistant; XDR: extensively drug-
resistant. 

Table 2. Sputum test results of those with abnormal chest 
radiographs (n=351)

Variable No. (%) 

AFB smear and MTB culture

   AFB smear (–) and MTB culture (–) 315 (89.7)

   AFB smear (+) and MTB culture (–) 3 (0.9)

   AFB smear (–) and MTB culture (+) 29 (8.3)

   AFB smear (+) and MTB culture (+) 4 (1.1)

No. of positive AFB smears 7 (2.0)

   One 5

   Two 0

   Three 2

No. of positive MTB cultures 33 (9.4)

   One 11

   Two 17

   Three 5

AFB: acid-fast bacilli; MTB: Mycobacterium tuberculosis.
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nary study on the effectiveness of pre-immigration TB screen-
ing programs in Vietnam among 1,179 U.S.-bound immigrants 
with abnormal CXRs; positive AFB smear results were de-
tected in 82 (7.0%) immigrants, positive MTB culture results 
in 183 (15.5%), and negative smear but positive culture results 
in 120 (10.2%)11. Follow-up evaluation from 1999 to 2005 
revealed that 7.0% of smear-negative TB immigrants were 
diagnosed with active TB after arrival in the United States12. 
A DNA fingerprinting study performed in the United States 
showed that at least 17% of TB patients had been infected 
by smear-negative patients; the relative TB transmission rate 
from smear-negative to smear-positive patients was found to 
be 0.22 (95% confidence interval, 0.16–0.32)13.

The AFB smear test has a sensitivity of about 53%. A sec-
ond specimen increases this to 64.4% and a third specimen 
increases this to 66.4%–69.4%14. This is because 5,000‒10,000 
AFB per microliter sputum sample are required for a positive 
result15, compared to 10–100 AFB per microliter for a sputum 
culture16, which has a sensitivity of 80%–85% and specificity of 
about 98%17-19. The low sensitivity of the AFB smear test is also 
attributable to differences in staining technique, centrifuga-
tion speed, reader experience, and the TB prevalence in the 
population (30%–80%)17,20. In this study, the culture test identi-
fied 33 TB cases, compared to seven for the AFB smear test.

After implementation of culture-based TB screening in sub-
jects from countries with a high TB burden in 2007, the annual 
number of TB cases diagnosed within 1 year of arrival among 
foreign-born subjects decreased steadily from 1,326 to 940 
(2008–2012) compared with the 1,424–1,626 (mean 1,504) 
cases (2002–2007) diagnosed prior to implementation of the 
new TI. Concomitantly, the incidence of smear-negative cul-
ture-positive cases increased from 178 (42.4%) in 2008 to 629 
(59.5%) in 201221. Approximately 60% of immigrants and refu-
gees with TB had negative smear results but positive culture 
results, according to the U.S. CDC22. The enhanced screening 
program reduced the occurrence of TB within 6 months of ar-
rival in the United States from 86 of 2,049 subjects (4.2%) (pre-
intervention; applying the 1991 TI) to 22 of 1,430 subjects 
(1.5%) post-intervention (applying the new 2007 TI)23. In the 
present study, 29 of 36 cases (80.5%) were smear-negative but 
culture-positive using the 2007 TI, whereas only seven were 
diagnosed with TB using the 1991 TI.

Drug-resistant TB was not uncommon in this study. DST 
is included in the enhanced TI to identify drug-resistant TB 
cases and to treat MDR-TB. In a four-round Korean study 
on national drug resistance conducted from 1994 to 2004, 
the prevalence of anti-TB drug resistance increased steadily 
from 11.3% to 12.8% and that of MDR from 1.6% to 2.7% of 
new cases and 27.5% to 14.0% of previously treated cases, 
respectively24. In a previous Korean study, 5.8% of new cases 
and 20.1% of previously treated cases had MDR-TB25. Another 
study in South Korea reported that 6.8% of total TB cases were 
MDR-TB, and 12.4% of these were XDR-TB26. In this study, six 

of the 36 patients (16.7%) diagnosed with TB were resistant to 
at least one anti-TB drug, and two (5.6%) had MDR-TB and it 
was consistent with previous study. 

Host immunity against MTB declines with age27. We found 
that the number of TB cases per 105 of the population in-
creased with age. A high prevalence of latent TB and TB re-ac-
tivation may explain this finding. However, the high incidence 
of TB even in younger subjects suggests that TB remains 
infectious and is spreading among the young in South Korea. 
The incidence of TB in this study was 88.8 per 105 of the popu-
lation, which is lower than the 89.6 per 105 of the population in 
the 2013 KTBS annual report of TB in Korea28. The incidence 
of TB among subjects 25–34 years of age was greater in this 
work that in the 2013 report (113.78 vs. 76.4 per 105 of the pop-
ulation 25–29 years of age and 60.4 per 105 of the population 
30–34 years of age, respectively). The difference between our 
findings and the KTBS report becomes greater with increasing 
age, with the exception of those 15–24 years of age (19.3 vs. 
37.2 per 105 of the population 15–19 years of age and 62.7 per 
105 of the population 20–24 years of age, respectively). 

Much effort has focused on controlling TB in South Korea. 
The latent TB infection (LTBI) guidelines are reinforced in the 
revision of the 2014 Korean guidelines for TB because LTBI 
treatment is important for reducing the incidence of TB29. 
Moreover, identification of active TB cases is also important 
for reducing the prevalence of TB.

This study had several limitations. First, it was performed in 
a single private hospital and was of a retrospective design, so 
the results are not representative of all visa applicants in South 
Korea. A multi-center prospective study would provide a 
clearer picture. Second, the study population consisted mostly 
of young subjects; less than 10% were over 35 years of age, 
possibly indicating selection bias. Third, AFB smear-positive 
and MTB culture-negative cases were common due to NTM 
or contamination of sputum. Fourth, most applicants refused 
to report their history of TB treatment to avoid further sputum 
tests; indeed, 14 applicants with CXR results suggestive of TB 
refused sputum tests. If these subjects had agreed to such test-
ing, the TB frequency might have been higher.

The culture-based protocol identified a fivefold greater 
number of TB cases than the older smear‑based protocol. TB 
screening tests, including consecutive sputum MTB culture 
tests, are essential for the diagnosis of, and epidemiological 
studies on, TB. The national TB control program needs to be 
enhanced, including by use of culture tests, if the prevalence of 
TB in South Korea is to be reduced.
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