
Rule out pulmonary tuberculosis: 
Clinical and radiographic clues 
for the internist

T uberculosis rates in the United States 
are at an all-time low, which is good news 

for public health. However, as clinicians see 
fewer cases of tuberculosis, their skill at mak-
ing this diagnosis rapidly diminishes. 
	 In 2012, for the first time, fewer than 10,000 
tuberculosis cases were reported in the United 
States to the Centers for Disease Control and 
Prevention (CDC),1 for a case rate of 3.2 per 
100,000. This is in sharp contrast to the world-
wide burden of tuberculosis: the World Health 
Organization2 estimated that there were 8.6 
million new cases of tuberculosis in 2012. As a 
result of travel and immigration, clinicians in 
the United States will continue to see sporadic 
cases of active tuberculosis in their hospitals 
and clinics. 
	 This review describes the clinical and ra-
diographic clues to the diagnosis of pulmonary 
tuberculosis, discusses the use and discontinu-
ation of respiratory isolation, and reviews the 
use of new diagnostic technologies.

■■ CASE 1:  
A COLLEGE STUDENT WITH FATIGUE

A 23-year-old graduate student presents to the 
student health clinic with vague symptoms of 
fatigue and several pounds of weight loss over 
the past 3 months. When asked about cough-
ing, he says he thinks he has had a mild, non-
productive cough for about a month. On ex-
amination he is thin, appears comfortable, and 
has faint rales in the right middle lung zone. 
	 The clinician thinks that the symptoms 
are likely related to stress, lack of sleep, and 
difficulty adapting to graduate school life. doi:10.3949/ccjm.82a.14014

ABSTRACT
As tuberculosis rates decline in the United States, clini-
cians are less likely to consider it early in a patient’s 
illness. Certain clinical and radiographic features increase 
the likelihood of tuberculosis. This review covers the clini-
cal and radiographic features of tuberculosis, the initial 
evaluation of the patient, the use of airborne infection 
isolation, and the utility of new molecular techniques in 
diagnosing tuberculosis.

KEY POINTS
Tuberculosis continues to be in the differential diagnosis 
for patients hospitalized in the United States. 

Clinical, demographic, and radiologic data obtained dur-
ing the patient’s initial evaluation are helpful in determin-
ing the likelihood of tuberculosis. 

Sputum smears for acid-fast bacilli and either skin testing 
with purified protein derivative or blood testing with an 
interferon-gamma-release assay continue to be the main-
stays of the initial evaluation for pulmonary tuberculosis. 

Nucleic acid amplification testing of sputum or bronchos-
copy specimens can provide additional information and 
should be considered when pulmonary tuberculosis is 
part of the differential diagnosis.
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Many patients  
do not realize  
they are sick  
until after  
they start  
treatment  
and begin  
to improve

However, in view of the pulmonary finding 
on examination, the physician obtains a com-
plete blood cell count (CBC) and a chest ra-
diograph. The CBC is normal. The radiograph 
(FIGURE 1) reveals a patchy, somewhat nodular 
infiltrate in the right upper lobe. The radiolo-
gist reviews the results, noting that tuberculo-
sis is high on the list of possible diagnoses. The 
clinician calls the student and obtains the fol-
lowing additional history.
	 The patient was born in Thailand and ar-
rived in the United States 3 months ago. Soon 
after his arrival, he had a tuberculin skin test 
with purified protein derivative in the stu-
dent health department, which produced an 
induration 18 mm in diameter. The patient 
dismissed this finding as a false-positive result, 
attributing it to having received BCG vaccine 
in his native country, and he therefore did not 
follow up as recommended for a chest radio-
graph. He denies having fever, night sweats, 
or hemoptysis.
	 Since the patient lives in a college dormi-
tory and has four roommates, the clinician 
admits him to the hospital for further evalua-
tion and for airborne infection isolation. Spu-
tum smears are positive for acid-fast bacilli, 
and samples ultimately grow Mycobacterium 
tuberculosis. He is started on standard antitu-
berculosis treatment with isoniazid, rifampin, 
ethambutol, and pyrazinamide and discharged 
about 1 week later. He does well. Approxi-
mately 50 of his classmates are tested for pos-
sible exposure to tuberculosis.

■■ CASE 2:  
A MAN WITH ACUTE-ONSET SYMPTOMS

A 35-year-old man presents to the emergen-
cy department for evaluation of cough with 
sputum production, fever, nausea, vomiting, 
and diarrhea. The symptoms began suddenly 
1 week previously. He has no medical history, 
was born in the United States, and works in 
computer sales. On examination he looks un-
comfortable, is slightly tachypneic, and has a 
temperature of 101°F (38.3°C). 
	 Given his complaint of cough, chest radi-
ography and a CBC are ordered. The white 
blood cell count is 18.0 × 109/L (reference 
range 4.5–11.0), with 50% bands (refer-
ence range 3%–5%). The chest radiograph 

(FIGURE 2) shows a dense infiltrate in the right 
upper lobe, with air bronchograms and pos-
sible right hilar fullness.
	 The patient is diagnosed with communi-
ty-acquired pneumonia, and because his oral 
intake is poor, he is admitted to the hospital 
and started on azithromycin and ceftriaxone. 
Blood cultures the next day grow Streptococ-
cus pneumoniae. He fully recovers. A follow-up 
radiograph is performed 6 weeks later because 
of the right hilar fullness, and it is normal.

■■ COMMENT

These two cases demonstrate the importance 
of clinical, demographic, laboratory, and ra-
diographic clues to raise or lower our suspicion 
for pulmonary tuberculosis. Both patients had 
right-upper-lobe infiltrates on radiography, yet 
the diagnosis of tuberculosis was considered 
only in the first patient.

■■ CLINICAL CLUES  
TO PULMONARY TUBERCULOSIS

Symptoms of tuberculosis are generally indo-
lent in onset, often so much so that the pa-

FIGURE 1. In case 1, the chest radiograph revealed a 
patchy, somewhat nodular infiltrate in the right upper 
lobe (arrow).
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tient does not realize that he or she is sick 
until after starting treatment and beginning 
to improve. In addition, the symptoms can be 
vague, including only mild fatigue and cough. 
The classic symptoms of prolonged nonpro-
ductive cough, hemoptysis, weight loss, and 
fever often do not appear until the disease is 
quite advanced in the lung and the patient has 
been sick for months.
	 Since the symptoms of tuberculosis can 
be nonspecific, the patient’s social and demo-
graphic characteristics are important in assess-
ing the likelihood that his or her current ill-
ness is tuberculosis. 

Foreign birth
Almost two-thirds of all reported tuberculosis 
cases in the United States are in people who 
were born outside of the United States.1 The 
highest risk of reactivation appears to be with-
in the first 5 years after immigration to the 
United States.3 

Other risk factors
•	 Extensive travel to tuberculosis-endemic 

regions of the world
•	 Previous incarceration
•	 Intravenous drug use

•	 Work in health care
•	 Homelessness
•	 Known exposure to tuberculosis in the past. 
	 Certain medical conditions predispose 
to reactivation of tuberculosis and should be 
considered when evaluating someone for ac-
tive tuberculosis. These include human immu-
nodeficiency virus infection and immunosup-
pression from tumor necrosis factor inhibitors, 
steroids, and medications used in organ trans-
plantation. Other risk factors include diabetes 
requiring insulin, end-stage renal disease, and 
hematologic malignancies.4 Absence of these 
risk factors does not exclude tuberculosis, but 
it decreases the likelihood.
	 Findings on physical examination and 
laboratory testing are generally nonspecific 
in active tuberculosis. In particular, fever is 
present in 40% to 80% of patients. The white 
blood cell count is generally normal or only 
slightly elevated.

Radiographic signs
While the presenting symptoms and physical 
findings can be nonspecific, there are definite 
clues to the diagnosis of tuberculosis on chest 
radiography. In adults, most cases of tubercu-
losis are reactivation-type, which means the 
patient was exposed to tuberculosis many 
months to years in the past. 
	 Reactivation-type tuberculosis usually oc-
curs in the upper lobes, classically in the apical 
and posterior segments. The infiltrates tend to 
be patchy rather than densely consolidated. 
Cavitation, when present, increases the likeli-
hood of tuberculosis. Intrathoracic lymphade-
nopathy, which occurs in primary tuberculo-
sis, is generally not seen in adults with typical 
reactivation pulmonary tuberculosis. 
	 However, adults who are highly immuno-
suppressed, such as those with advanced hu-
man immunodeficiency virus infection, organ 
transplant recipients, or those taking tumor 
necrosis factor inhibitors, may have radio-
graphic features that are atypical for tubercu-
losis. For example, they may present with hilar 
adenopathy or lower-lobe infiltrates.5

Are there clinical prediction rules  
for tuberculosis?
Because tuberculosis rates have been declin-
ing and most hospitals have a limited number 
of rooms for airborne infection isolation, sev-

Almost 2/3 of  
US tuberculosis  
cases are in  
people born  
outside the  
United States

FIGURE 2.  In case 2, chest radiography showed a dense 
infiltrate in the right upper lobe (arrow), with air broncho-
grams and possible right-hilar fullness.
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eral studies have evaluated clinical prediction 
rules for diagnosing pulmonary tuberculosis. 
	 In general, the signs and symptoms that 
predict tuberculosis are similar to those dis-
cussed above, including chronic symptoms, im-
munosuppression, birth in a region with a high 
incidence of the disease, a chest radiograph 
showing upper-zone findings, a positive tuber-
culin skin test, and fever.6–8 The studies that 
identified these factors are limited in general-
izability as they were performed and validated 
in single institutions, and the prediction rules 
have not been widely adopted. Yet they pro-
vide a straightforward way to determine which 
patients should be prioritized for isolation.

■■ RETURN TO THE CASES

The student in case 1 had several features sug-
gesting tuberculosis: indolent and nonspecific 
symptoms, normal CBC, patchy upper-lobe 
infiltrates, birth in a country that has a high in-
cidence of tuberculosis, and a positive skin test.
	 In contrast, the man in case 2 had features 
that made tuberculosis much less likely: acute 
symptoms, markedly elevated white blood cell 
count, and densely consolidated infiltrate. He 
was also born in the United States and had no 
additional risk factors for tuberculosis exposure.

■■ EVALUATION  
OF SUSPECTED TUBERCULOSIS

Who should be admitted to the hospital  
for evaluation?
In general, a patient with suspected tubercu-
losis can be evaluated as an outpatient. How-
ever, there are a number of reasons to consider 
hospital admission for the initial workup and 
for starting treatment: 
•	 Clinical instability requiring inpatient 

care: eg, hypoxia, unstable vital signs, in-
ability to tolerate oral intake

•	 Residence in a congregate setting such as a 
homeless shelter, nursing home, or college 
dormitory, where there is an ongoing risk 
of transmitting the infection to others

•	 Concern that the patient might be lost to 
follow-up if discharged from the emergen-
cy department or clinic

•	 Vulnerable contacts living in the home 
with the patient (eg, newborn infants, se-
verely immunosuppressed people)

•	 Lack of resources in the community to 
provide prompt evaluation and initiation 
of treatment; most urban areas have tuber-
culosis clinics with outreach staff available 
to provide support for patients, but these 
resources are scarcer in rural regions.

When should a patient be placed  
in airborne infection isolation?
Patients with suspected active pulmonary tu-
berculosis should be placed in airborne infec-
tion isolation (also called respiratory or neg-
ative-pressure isolation). The purpose of this 
isolation method is to prevent transmission to 
other patients and to health care workers. Iso-
lation and other environmental and personal 
controls such as ultraviolet light and N-95 
masks are highly effective in preventing trans-
mission.9 
	 However, there are disadvantages to plac-
ing patients in isolation. Only 1 out of every 
10 to 25 patients isolated actually has tuber-
culosis,10 and patients typically remain in iso-
lation for 4 to 7 days. Therefore, unnecessary 
isolation can delay diagnostic testing for other 
illnesses and may waste already-limited health 
care resources. In addition, isolation carries 
the potential for decreased contact with pro-
viders. 

When can a patient be released  
from isolation?
One of the problems with airborne infection 
isolation is determining when it is safe to dis-
continue it, especially when the diagnosis of 
tuberculosis appears less likely. 
	 Traditionally, we have used the require-
ment of three negative sputum smears for 
acid-fast bacilli on 3 separate days, as well as 
low clinical suspicion for tuberculosis. The 
use of three sputum smears for acid-fast ba-
cilli is based on studies11,12 in populations that 
have a high prevalence of tuberculosis. These 
studies found that after three sputum smears 
were obtained, additional sputum smears were 
unlikely to improve the sensitivity of the test. 
The studies focused on maximizing the sen-
sitivity of the test and detecting all potential 
cases.11,12 However, in US hospitals today, the 
focus is on rapidly excluding the diagnosis of 
tuberculosis to minimize hospital length of 
stay and to allow evaluation for alternative 
diagnoses.

Reactivation- 
type 
tuberculosis  
usually occurs  
in the upper 
lobes
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	 Several studies have called into question 
the need for three negative sputum smears 
to discontinue isolation.13–16 Mathew et al13 
found a negative predictive value of 97.8% 
with a single negative sputum smear for the di-
agnosis of culture-positive tuberculosis. Each 
additional sputum increased the negative pre-
dictive value by only 0.2%. The authors sug-
gested that one or two negative sputum smears 
are sufficient to discontinue isolation in a re-
gion that has a low incidence of tuberculosis. 
These studies were all performed at single in-
stitutions in the United States and Canada, 
and their findings are relevant to regions that 
have a low incidence of tuberculosis.
	 The CDC continues to recommend that 
airborne infection isolation be discontinued 
only when either another diagnosis is made 
that explains the clinical syndrome or the pa-
tient has three negative acid-fast bacilli spu-
tum smear results or two negative acid-fast 
bacilli smears and one negative nucleic ampli-
fication test (discussed below). These should 
be done at least 8 hours apart and should in-
clude at least one early-morning specimen.9

	 In a minority of cases, empiric treatment 
for tuberculosis is indicated despite negative 
sputum smears, based on clinical and radio-
graphic manifestations. Patients receiving 
empiric treatment for pulmonary tuberculosis 

should remain in airborne infection isolation 
during the initiation of treatment (if a hospi-
tal stay is required) until cleared by a specialist 
in infectious disease or tuberculosis.

Can molecular techniques help in rapidly 
diagnosing tuberculosis?
Additional tests for tuberculosis that are per-
formed on clinical specimens have been avail-
able for the past 10 years. 
	 Nucleic acid amplification can detect tu-
berculosis directly in sputum, bronchoscopy 
specimens, or other clinical specimens. It is 
available at reference laboratories, large hos-
pitals, and many state laboratories, often with 
24-hour turnaround. Both commercial and in-
house tests are performed. The CDC considers 
nucleic acid amplification to be very helpful 
and underutilized. An important limitation of 
the test is that it performs best in smear-pos-
itive specimens, with a sensitivity of 96.8%, 
whereas its sensitivity in smear-negative sam-
ples is only 73%.17 For this reason, nucleic 
acid amplification is still not widely used in 
US hospitals.
	 The CDC recommends nucleic acid am-
plification testing in all patients in whom the 
diagnosis of tuberculosis is being considered 
but is not yet confirmed.18 TABLE 1 outlines the 
use of nucleic acid amplification in several 
clinical situations. Use and interpretation of 

A problem 
with isolation 
is when to 
discontinue it

TABLE 1

Interpretation of nucleic acid amplification test in different clinical situations

Clinical 
suspicion for 
tuberculosis

Chest  
radiographic 
findings

Sputum smear 
results

Nucleic acid 
amplification 
result

Likelihood of 
tuberculosis Action to take

High Cavitary upper-
lobe infiltrate

Positive Positive for 
Mycobacterium 
tuberculosis

High Start tuberculosis treatment

Intermediate Minimal upper- 
lobe nodular 
infiltrate

Negative Negative Low to intermedi-
ate (due to poor 
negative predictive 
value, cannot ex-
clude tuberculosis)

Decide on empiric treat-
ment, await cultures

Low Mid-lung zone 
nodular infiltrate

Positive,  
few acid-fast 
bacilli

Negative Low to intermedi-
ate

Repeat nucleic acid 
amplification; if negative, 
probably nontuberculous 
mycobacteria
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A negative 
skin test or 
blood test 
does not rule 
out active 
tuberculosis

this test in suspected tuberculosis often re-
quires consultation with clinicians who are 
experienced in the diagnosis of this disease.

How should an interferon-gamma-release 
assay or a tuberculin skin test be used  
in evaluating suspected tuberculosis?
Patients who have never tested positive for 
tuberculosis on a skin test should be tested by 
tuberculin skin testing or with an interferon-
gamma-release assay during an evaluation 
for suspected pulmonary tuberculosis. The 
interferon-gamma-release assays available in 
the United States are the QuantiFERON-TB 
Gold In-Tube test and the T-Spot TB test. 
Most larger hospitals have one of the two 
available. 
	 Of note: up to 25% of patients with active 
tuberculosis can have a negative skin test or 
interferon-gamma-release assay at the time of 
initial diagnosis, the number being higher in 
those who are immunosuppressed. 
	 An interferon-gamma-release assay, which 
is performed on the patient’s serum, is pre-
ferred in those who have previously received 
the BCG vaccine, as there is no cross-reactiv-
ity between the vaccine and the antigens in 
the assay. In patients with active tuberculosis, 
the interferon-gamma-release assay does not 
perform any better than the skin test, so the 
choice of test should be determined by avail-
ability. TABLE 2 compares the characteristics of 
tuberculin skin testing and the interferon- 
gamma-release assay.19 
	 In evaluating for active tuberculosis, a pos-
itive skin test or interferon-gamma-release as-

say can be helpful in increasing the likelihood 
of tuberculosis, but a negative result does not 
exclude active tuberculosis.

Is computed tomography necessary  
in patients suspected of having  
active pulmonary tuberculosis?
Additional imaging is often performed in pa-
tients with suspected pulmonary tuberculosis, 
or before the diagnosis of tuberculosis is con-
sidered. Computed tomography provides more 
detailed images of pulmonary infiltrates and 
may reveal more extensive disease than plain 
radiography, but the images are not diagnos-
tic. Ultimately, sputum and sometimes tissue 
are required. Far too often, a sputum smear 
for acid-fast bacilli is the last test to be per-
formed, after both computed tomography and 
bronchoscopy have been done. In addition, in 
order to undergo computed tomography, the 
patient must be removed from airborne infec-
tion isolation. 
	 The decision to perform computed tomog-
raphy must be individualized to the patient 
and to the clinical situation. It is certainly not 
a necessary test for the diagnosis of pulmonary 
tuberculosis.

When should the diagnosis be reported?
Tuberculosis is a reportable illness in the 
United States. Although each state varies 
in its specific requirements, if tuberculosis 
treatment is being initiated or tuberculosis is 
strongly suspected, a report should be made to 
the local public health authority for tubercu-
losis within 24 hours. 

TABLE 2

Characteristics of tests for tuberculosis infection

Characteristic Skin testing Interferon-gamma-release assay

Time for results 48–72 hours after placement Potentially available within 24 hours after 
blood is drawn, but is batched by many 
laboratories and may be done only weekly

Sensitivity in active tuberculosis 89% 81%–91%

Use in patients who have 
received the BCG vaccine

False-positive reactions possible Preferred

Use in children Can be placed at any age, though very 
young infants may not respond

Very limited data in patients under age 5
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	 This report allows for outreach services to be 
offered to the patient, often including directly 
observed therapy in which doses of antitubercu-
losis treatment are provided and observed to en-

sure completion of treatment. In addition, public 
health authorities bear the responsibility for con-
tact investigation to determine if transmission of 
tuberculosis has occurred in the community.	 ■
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