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 Low Yield of Chest Radiography 
in a Large Tuberculosis 
Screening Program  1     

  Ronald L.   Eisenberg ,  MD  
  Nira R.   Pollock ,  MD ,  PhD  

 Purpose: To assess the frequency and spectrum of abnormalities on 
routine screening chest radiographs in the pre-employment 
evaluation of health care workers with positive tuberculin 
skin test (TST) results.

 Materials and 
Methods: 

The institutional review board approved this HIPAA-
compliant retrospective study and waived the need for 
written informed patient consent. Chest radiographic re-
ports of all 2586 asymptomatic individuals with positive 
TST results who underwent pre-employment evaluation 
between January 1, 2003, and December 31, 2007, were 
evaluated to determine the frequency of detection of evi-
dence of active tuberculosis (TB) or latent TB infection 
(LTBI) and the spectrum of imaging fi ndings. All chest 
radiographs interpreted as positive were reviewed by an 
experienced board-certifi ed radiologist. If there was a dis-
crepancy between the two readings, a second experienced 
radiologist served as an independent and fi nal arbiter. Any 
follow-up chest radiographs or computed tomographic 
images that had been acquired by employee health services 
or by the employee’s private physician as a result of a 
suspected abnormality detected at initial screening were 
also evaluated.

 Results: Of the 159 (6.1%) chest radiographic examinations that 
yielded abnormal results, there were no fi ndings that were 
consistent with active TB. There were 92 cases of calci-
fi ed granulomas, calcifi ed lymph nodes, or both; 25 cases 
of apical pleural thickening; 16 cases of fi brous scarring; 
and 31 cases of noncalcifi ed nodules. All cases of fi brous 
scarring involved an area smaller than 2 cm 2 . All noncalcifi ed 
nodules were 4 mm in diameter or smaller  , with the ex-
ception of one primary lung malignancy and one necrotizing 
granuloma (negative for acid-fast bacilli  ) that grew  Myco-
bacterium kansasii  on culture.

 Conclusion: Universal chest radiography in a large pre-employment TB 
screening program was of low yield in the detection of active 
TB or increased LTBI reactivation risk, and it provided no 
assistance in deciding which individuals to prioritize for 
LTBI treatment.

 q  RSNA, 2010
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lateral chest radiography. Written docu-
mentation of the results of chest ra-
diography is required as a condition 
of employment. A radiologist (R.L.E.) 
retrospectively reviewed the written 
radiographic reports on these individu-
als to determine whether they were 
considered normal or positive in that 
they demonstrated evidence of active 
or prior tuberculosis by using estab-
lished radiographic criteria previously 
published in the literature (3,6). Indi-
cations of active TB included cavitation, 
consolidation, and pleural effusion. Evi-
dence of prior TB infection included 
apical or basal pleural thickening; fi brous 
scarring; calcifi ed granulomas, calci-
fi ed lymph nodes, or both; and noncal-
cifi ed nodules. All chest radiographs in-
terpreted as positive were reviewed by a 
board-certifi ed radiologist (R.L.E., more 
than 30 years of experience) who knew 
that the chest radiographs had been 
read as abnormal but was blinded to 
the specifi c interpretations. If there was 
a discrepancy between the two read-
ings, a second experienced radiologist 
with 15 years of experience served as 
an independent and fi nal arbiter. Any 
follow-up chest radiographs or computed 
tomographic (CT) scans that had been 
obtained by employee health services 
or by the employee’s private physician 
as a result of a suspected abnormality 
detected at initial screening were also 
evaluated. 

interpreted in the context of current 
treatment guidelines. 

 Materials and Methods 

 Our hospital’s institutional review board 
approved this retrospective study and 
waived the need for written informed 
patient consent. Furthermore, this study 
complied with the Health Insurance 
Portability and Accountability Act. 

 Our study included 2586 adults who 
were evaluated by the Employee and 
Occupational Health Service at our large 
tertiary care hospital and its affi liated 
outpatient sites. These subjects under-
went routine chest radiography between 
January 1, 2003, and December 31, 2007, 
because they had positive TST results 
(defi ned as  � 10 mm induration). Our 
hospital does not perform annual radi-
ography in employees known to have 
positive TST results, and there are few 
TST conversions; therefore, virtually all 
of these studies were performed as part 
of the pre-employment evaluation, with 
a small number of studies performed 
for follow-up. Per the Employee and 
Occupational Health Service protocol, 
a baseline TST was performed in all 
newly hired employees in accordance 
with published guidelines ( 2–4 ). TSTs 
(5 tuberculin units) were placed intrad-
ermally and read 48–72 hours later by 
experienced Employee and Occupational 
Health Service nurses. On occasion, a 
documented history of a positive TST 
result precluded repeat testing by the 
Employee and Occupational Health Ser-
vice. Two-step testing was performed 
when indicated ( 4 ). 

 In accordance with the Employee and 
Occupational Health Service protocol, 
all individuals with positive TST results 
routinely underwent posteroanterior and 

             The majority of new cases of tuber-
culosis (TB) arise from reactiva-
tion of dormant foci of infection. 

Consequently, treatment of latent TB 
infection (LTBI) is a major component 
of the national strategy to eliminate this 
disease in the United States ( 1 ). The 
tuberculin skin test (TST) is the most 
common means of detecting prior TB 
infection. For subjects with positive test 
results, the American Thoracic Society 
and the Centers for Disease Control have 
recommended that routine screening 
chest radiography be performed to ex-
clude clinically active TB (required prior 
to initiating treatment for LTBI) or to 
detect evidence of old healed disease to 
assess reactivation risk ( 2,3 ). 

 Health care workers (HCWs) con-
stitute one of the largest populations of 
individuals in the United States for whom 
routine screening for LTBI is generally 
recommended ( 4 ). In a recent evaluation 
of the value of the lateral projection 
in screening chest radiography in 875 
asymptomatic individuals with positive 
TST results in a pre-employment setting, 
we found no case of active TB or any 
radiographic fi ndings that, per guidelines, 
would enable us to defi nitively classify 
an individual as being a high-priority 
candidate for LTBI therapy ( 5 ). This 
experience prompted a larger study to 
evaluate the spectrum of fi ndings on 
screening chest radiographs in asymp-
tomatic individuals with positive TST 
results in a pre-employment setting and 
to assess how these fi ndings would be 

 Implication for Patient Care 

 The contribution of chest radiog- n

raphy to case management in the 
pre-employment setting would be 
greatly increased by future large-
scale studies to clarify the rela-
tive reactivation risk conferred 
by specifi c abnormal imaging 
fi ndings. 

 Advances in Knowledge 

 Universal chest radiography in a  n

large preemployment tuberculo-
sis (TB) screening program was 
of low yield in the detection of 
either active TB or increased 
reactivation risk of latent TB 
infection (LTBI). 

 Published guidelines for interpre- n

tation of relative reactivation risk 
conferred by specifi c fi ndings on 
screening chest radiographs pro-
vided no assistance in deciding 
which individuals to prioritize for 
LTBI treatment. 
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area involved was smaller than 2 cm 2 . 
Of the 31 noncalcifi ed nodules, 16 (52%) 
were not confi rmed at follow-up chest 
radiography or CT, whereas fi ve (16%) 
were shown to be calcifi ed at CT; no new 
fi ndings were observed on any follow-up 
images. Of the remaining 10 cases of 
noncalcifi ed nodules, fi ve were 4 mm 
in diameter or smaller and showed no 
change on subsequent chest radiographs. 
Three nodules of similar size ( � 4 mm 
in diameter) were found in individuals 
who were lost to follow-up. Of the re-
maining two cases of noncalcifi ed nod-
ules, one was confi rmed to be a primary 
lung malignancy ( Fig 1  ). In the other, 
the individual was asymptomatic, and a 
sputum smear was negative for acid-
fast bacilli. CT-guided aspiration biopsy 
of the mass yielded tissue that was 
consistent with necrotizing granuloma 
(negative for acid-fast bacilli) at patho-
logic analysis and grew  Mycobacterium 
kansasii  on culture ( Fig 2  ). 

 Of the 660 individuals with positive 
TST results who had undergone both 
chest radiography and in vitro diagnos-
tic laboratory testing, 135 (20.5%) had 
positive in vitro diagnostic test results, 
and 517 (78.3%) had negative in vitro 
diagnostic test results. The remaining 
eight individuals had indeterminate in 
vitro diagnostic test results. Of the 135 
individuals with positive in vitro diagnos-
tic test results, eight (5.9%) had positive 
fi ndings at chest radiography that were 
potentially consistent with LTBI, as de-
fi ned previously. The abnormal results in-
cluded six cases of calcifi ed granulomas, 
calcifi ed lymph nodes, or both; one case 
of apical pleural thickening; two cases of 
fi brous scarring; and one case of noncal-
cifi ed nodules. For the cases of fi brous 
scarring, both were smaller than 2 cm 2  
in area. One subject had a history of pri-
or treated TB. The other had a scar that 
was partially calcifi ed, and the physician 
decided to treat for LTBI without per-
forming a sputum culture. In the patient 
with noncalcifi ed nodules, nodules were 
numerous and tiny. Sputum and broncho-
alveolar lavage cultures were performed, 
and all specimens were culture negative 
for acid-fast bacilli. Of the 517 individuals 
with negative in vitro diagnostic labora-
tory test results, 40 (7.7%) had positive 

with positive chest radiographic fi ndings 
between the positive and negative in vitro 
diagnostic laboratory test result groups. 
A  P  value of less than .05 indicated a 
signifi cant difference. 

 Results 

 Of the 2586 individuals with positive 
TST results, 1422 were women (mean 
age, 36 years  6  12 [standard deviation]; 
age range, 18–65 years), and 1164 were 
men (mean age, 37 years  6  11; age 
range, 18–65 years). We used the fi ndings 
of a study in a smaller but otherwise 
representative group of newly hired 
HCWs at our institution ( 7 ) and esti-
mated that approximately 95% of these 
individuals were not born in the United 
States and approximately 93% had a 
history of bacille Calmette-Guérin vac-
cination. Approximately 70% of the 
HCWs with positive TST results at 
our institution have multiple risk factors 
for latent TB infection ( 7 ), the most 
common of which are induration of at 
least 15 mm at TST, history of direct 
daily patient care for at least 1 year, 
and long-term residence ( � 5 years) 
in an area in which TB is highly en-
demic (incidence rate  � 40 cases per 
100 000 persons according to World 
Health Organization data from 2004 
to 2006, as summarized by the Pub-
lic Health Agency of Canada  [http:
//www.phac-aspc.gc.ca/tbpc-latb
/itir_e.html] ). These HCWs also have 
varying degrees of patient contact: Some 
(doctors, nurses, physical therapists, 
nurses’ aides, interpreters, and patient 
transporters) have daily contact with pa-
tients, while others (food service workers 
and custodians) have less contact. Still 
others (researchers) have essentially no 
contact with patients. 

 Review of the offi cial interpretations 
of the initial screening chest radio-
graphs revealed 164 positive fi ndings 
in 159 (6.1%) of 2586 individuals. In 
these 159 individuals, we identifi ed 92 
(57.9%) cases of calcifi ed granulomas, 
calcifi ed lymph nodes, or both; 25 (15.7%) 
cases of apical pleural thickening; 16 
(10.0%) cases of fi brous scarring; and 
31 (19.5%) cases of noncalcifi ed nod-
ules. In all cases of fi brous scarring, the 

 In late 2006, the routine (nonre-
search) Employee and Occupational 
Health Service TB screening algorithm 
was adjusted to include testing of all 
individuals who had positive TST results 
with an in vitro diagnostic laboratory 
test (QuantiFERON-TB Gold test; Cel-
listis, Victoria, Australia) to aid in the 
diagnosis of TB infection. All new em-
ployees with positive TST results ( � 10 mm 
induration) underwent this test, typically 
on the day of TST reading. Those with a 
documented history of positive TST re-
sults (approximately 5% of the individuals 
with positive TST results; the majority of 
this small group had a measured read-
ing in millimeters from an outside in-
stitution) underwent in vitro diagnostic 
laboratory testing without undergoing 
TST. Employees who had previously re-
ceived at least 1 month of therapy for 
active TB or LTBI were excluded from in 
vitro diagnostic laboratory testing. 

 In vitro diagnostic laboratory tests 
were performed in accordance with the 
recommendations of the manufacturer, 
with whole blood samples incubated with 
stimulation antigens within 12 hours after 
collection. As per the package insert, an 
interferon gamma concentration of 0.35 
IU/mL in response to either early secre-
tory antigenic target 6 or culture fi ltrate 
protein 10, relative to the negative con-
trol, was considered positive. Chest ra-
diographic results for all individuals who 
had undergone both in vitro diagnostic 
laboratory testing and chest radiography 
between October 2006 and November 
2008 ( n  = 660) were reviewed to deter-
mine whether positive fi ndings at chest 
radiography, as defi ned previously, would 
be found more frequently in individuals 
with positive TST and positive in vitro 
diagnostic laboratory test results than in 
those with positive TST and negative in 
vitro diagnostic laboratory test results. 
All radiographic results that were inter-
preted as positive were reviewed by an 
experienced board-certifi ed radiologist 
(R.L.E.). In cases of discrepancy, a sec-
ond experienced radiologist reviewed the 
results, as described previously. 

 Data were collected and analyzed 
with an Excel spreadsheet (Microsoft, 
Redmond, Wash). We used the  x  2  test 
to compare the proportion of subjects 
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radiographs in asymptomatic individuals 
with positive TST results. The fi rst is to 
exclude active disease. The second is to 
assess for evidence of prior TB (and 
associated relative reactivation risk) to 
help guide treatment decisions. The third 
is to provide a baseline for future com-
parisons. It is critical to exclude active 
TB prior to treatment for LTBI, given 
the difference in treatment regimens for 
the two conditions (multidrug therapy vs 
single-agent therapy) and the potential 
for the development of antibiotic resis-
tance with inadequate therapy of active 

one case was shown to be calcifi ed at CT. 
Of the nine remaining cases of noncalci-
fi ed nodules, nodules were smaller than 
4 mm in diameter in four cases and be-
tween 6 and 10 mm in diameter in the 
remaining fi ve cases. In all cases, serial 
radiologic follow-up was recommended 
but had not been performed during the 
time frame of this study. 

 Discussion 

 It can be argued that there are three 
basic reasons to obtain screening chest 

radiographic fi ndings, a proportion that 
was not signifi cantly different from that 
in the group of patients with positive in 
vitro diagnostic laboratory test results 
( P  = .58). The abnormal examinations 
in the group with negative in vitro diag-
nostic laboratory test results included 
15 cases of calcifi ed granulomas, calci-
fi ed lymph nodes, or both; seven cases 
of apical pleural thickening; eight cases 
of fi brous scarring (all  � 2 cm 2 ); and 
11 cases of noncalcifi ed nodules. Of the 
11 cases of noncalcifi ed nodules, one case 
was not confi rmed at follow-up CT, and 

 Figure 1 

  

  Figure 1:  Carcinoma of the lung found in a 47-year-old woman at pre-
employment screening.  (a)  Posteroanterior chest radiograph shows a suspected 
nodule in the right lower lobe (arrow).  (b)  Oblique chest radiograph shows the 
nodule (arrow) is parenchymal.  (c)  CT image shows the malignant 1-cm nodule 
(arrow).   
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Control ( 3 ) suggest that individuals with 
“abnormal chest radiographs consistent 
with prior TB” have a higher risk of re-
activation disease. In accordance with 
this statement, they recommend that 
induration of 5 mm or more (rather 
than 10 mm) at TST should be consid-
ered a positive result in these individu-
als. However, it appears that there is a 
good deal of confusion among radiolo-
gists and clinicians regarding the defi ni-
tion of an “abnormal chest radiograph 
consistent with prior TB” and particu-
larly regarding the relative signifi cance 
of noncalcifi ed fi brotic lesions of vary-
ing sizes. Jasmer et al ( 8 ) suggested 
that individuals whose radiographs show 
“opacities occupying more than 2 cm 2  of 
the upper lobe” should actually be eval-
uated for active TB before LTBI treat-
ment is started; however, they did not 
comment on the relative reactivation 
risk in those with parenchymal opaci-
ties smaller than 2 cm 2 . In fact, they 
implied that such smaller lesions would 
not be particularly consistent with past 
TB. Jasmer et al did explicitly state that 
“radiographs showing pleural thickening 
or isolated calcifi ed granulomas are not 
considered to be suggestive of previous 
tuberculosis.” In contrast, the American 
Thoracic Society and the Centers for 
Disease Control ( 2,3 ) stated that both 
“nodules and fi brotic lesions” (with no 
comment on their size) suggest increased 
TB reactivation risk; however, calcifi ed 
nodular lesions and apical or basal pleu-
ral thickening—while consistent with 
prior TB—suggest a “lower risk for fu-
ture progression to active TB.” In these 
guidelines, the authors cited three refer-
ences that showed that “persons with fi -
brotic lesions on chest radiographs con-
sistent with prior, healed TB have a risk 
for progression to active TB of 2.0–13.6 
per 1000 person-years of observation.” 
One of these studies ( 9 ) showed that 
subjects with fi brotic pulmonary lesions 
larger than 2 cm 2  had an incidence of 
active disease that was almost twice as 
high as the incidence of active disease 
in subjects with smaller fi brotic lesions; 
however, the latter group still had indi-
viduals who developed progressive TB 
disease. Moreover, in both groups, LTBI 
therapy decreased the proportion of 

must then evaluate the second reason 
for radiographic screening: to assess 
for any evidence of past TB and, more 
specifi cally, to assess LTBI reactivation 
risk to allow the clinician and patient to 
make informed decisions about LTBI 
treatment. The American Thoracic 
Society and the Centers for Disease 

disease. In our study of 2586 asymp-
tomatic individuals in a pre-employment 
setting in a large American hospital 
over 5 years, no case of active TB was 
found. 

 Given the low yield of screening for 
active disease in these asymptomatic 
individuals with positive TST results, we 

 Figure 2 

  
  Figure 2:  Necrotizing granuloma found in a 51-year-old man at pre-employment 
screening.  (a)  Posteroanterior chest radiograph shows an ill-defi ned right apical 
mass (arrow) obscured by overlying body structures.  (b)  CT image shows the 
irregular mass in the right upper lobe. The diagnosis was made on the basis of 
tissue obtained with CT-guided aspiration biopsy. Pathologic analysis revealed 
the mass was consistent with necrotizing granulomas (negative for acid-fast 
bacilli), and  Mycobacterium kansasii  grew on culture.   
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active TB or evidence of signifi cant LTBI 
reactivation risk as defi ned by fi brotic 
noncalcifi ed lesions of 2 cm 2  or larger, 
our fi ndings suggest that chest radiogra-
phy is of extremely low yield in this set-
ting, as we found neither. Given the fact 
that even completely asymptomatic 
individuals can occasionally have active 
TB and that missing active TB in a HCW 
could be disastrous, we are not argu-
ing that chest radiography should not be 
performed routinely in the pre-employ-
ment setting. Rather, we suggest that 
we take a hard look at what we actually 
learn from chest radiography. Review of 
the published guidelines regarding the 
relative reactivation risk conferred by 
specifi c radiographic fi ndings showed 
that, in our population, these guidelines 
would provide no assistance in deciding 
which individuals to prioritize for LTBI 
treatment. In our hospital, treatment 
is offered to all HCWs with positive test 
results (formerly TST; more recently, in 
vitro diagnostic laboratory test); how-
ever, many individuals refuse treatment 
because they are wary of its side effects, 
and others have characteristics that 
may make treatment somewhat more 
challenging (increased age or baseline 
mild liver function abnormalities). 

 If future large-scale studies were to be 
performed to clarify the relative reacti-
vation risk conferred by specifi c imaging 
fi ndings within the spectrum we observed, 
the contribution of chest radiography 
to patient care in the pre-employment 
setting would be greatly increased. 

 In conclusion, universal chest radi-
ography in a large pre-employment TB 
screening program was of extremely 
low yield in the detection of either ac-
tive TB or increased LTBI reactivation 
risk, and it provided no assistance in 
deciding which individuals to prioritize 
for LTBI treatment. 
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were observed in either group. Thus, 
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This fi nding is supported by the results 
of a smaller study of asymptomatic 
individuals with positive TST results. 
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