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Background
Tuberculosis screening is recommended for people with human immunodeficiency 
virus (HIV) infection to facilitate early diagnosis and safe initiation of antiretroviral 
therapy and isoniazid preventive therapy. No internationally accepted, evidence-based 
guideline addresses the optimal means of conducting such screening, although 
screening for chronic cough is common.

Methods
We consecutively enrolled people with HIV infection from eight outpatient clinics 
in Cambodia, Thailand, and Vietnam. For each patient, three samples of sputum and 
one each of urine, stool, blood, and lymph-node aspirate (for patients with lymph-
adenopathy) were obtained for mycobacterial culture. We compared the character-
istics of patients who received a diagnosis of tuberculosis (on the basis of having 
one or more specimens that were culture-positive) with those of patients who did 
not have tuberculosis to derive an algorithm for screening and diagnosis.

Results
Tuberculosis was diagnosed in 267 (15%) of 1748 patients (median CD4+ T-lympho-
cyte count, 242 per cubic millimeter; interquartile range, 82 to 396). The presence 
of a cough for 2 or 3 weeks or more during the preceding 4 weeks had a sensitivity 
of 22 to 33% for detecting tuberculosis. The presence of cough of any duration, 
fever of any duration, or night sweats lasting 3 or more weeks in the preceding 4 
weeks was 93% sensitive and 36% specific for tuberculosis. In the 1199 patients 
with any of these symptoms, a combination of two negative sputum smears, a nor-
mal chest radiograph, and a CD4+ cell count of 350 or more per cubic millimeter 
helped to rule out a diagnosis of tuberculosis, whereas a positive diagnosis could be 
made only for the 113 patients (9%) with one or more positive sputum smears; my-
cobacterial culture was required for most other patients.

Conclusions
In persons with HIV infection, screening for tuberculosis should include asking 
questions about a combination of symptoms rather than only about chronic cough. 
It is likely that antiretroviral therapy and isoniazid preventive therapy can be started 
safely in people whose screening for all three symptoms is negative, whereas diag-
nosis in most others will require mycobacterial culture.
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Tuberculosis is a leading cause of 
death among adults who are infected with 
the human immunodeficiency virus (HIV).1 

In some countries, death occurs in up to 50% of 
these patients during treatment for tuberculosis, 
usually within 2 months after tuberculosis has 
been diagnosed.2-6 Delayed diagnosis of tubercu-
losis is probably an important contributor to 
high mortality.7 Antiretroviral therapy can sub-
stantially reduce the risk of death,2,4 but initiat-
ing this therapy in a patient with untreated tu-
berculosis can lead to the immune-reconstitution 
inflammatory syndrome.8-13 To reduce the risk 
of tuberculosis, the World Health Organization 
(WHO) recommends the use of isoniazid preven-
tive therapy for people with HIV infection who 
do not have active tuberculosis.14 In 2007, less 
than 1% of eligible patients worldwide received 
isoniazid preventive therapy, largely because many 
programs lack the ability to accurately rule out 
tuberculosis.1

To reduce mortality, increase the safety of anti-
retroviral therapy, and facilitate the use of isoni-
azid preventive therapy, the WHO recommends 
tuberculosis screening at the time that HIV infec-
tion is diagnosed, before the initiation of anti-
retroviral therapy and isoniazid preventive ther-
apy, and regularly thereafter.14 There are no 
internationally accepted, evidence-based guide-
lines for performing such screening. Chest radi-
ography and microscopical examination of spu-
tum smears for acid-fast bacilli are relatively 
insensitive screens for tuberculosis in people with 
HIV infection,15,16 and those who have no symp-
toms, normal radiographs, and negative smears 
may still have culture-positive tuberculosis.17,18 
Multiple studies have been conducted to develop 
a simple method for ruling out tuberculosis in 
people with HIV infection,19-23 but methodologic 
issues, including failure to use highly sensitive 
diagnostic tests, enrollment at single centers, 
and enrollment of highly selected populations, 
preclude the use of any of these studies alone as 
the basis for global health policy.

We conducted a prospective study to develop 
an evidence-based clinical algorithm for people 
with HIV infection in resource-limited locations 
— first, to rule out tuberculosis, and second, to 
diagnose tuberculosis among people for whom 
the diagnosis was not ruled out. We enrolled a 
broad cross-section of people with HIV infection 
from clinics in Cambodia, Thailand, and Vietnam; 

performed standardized mycobacterial testing 
on multiple specimens from multiple anatomical 
sites; and analyzed the utility of readily available 
symptoms, signs, and diagnostic tests in ruling 
out or confirming the presence of tuberculosis.

Me thods

Enrollment and Specimen Collection
People with HIV infection were enrolled consecu-
tively from outpatient facilities that provide care 
for HIV-infected patients, including four clinics 
in Cambodia (two in Banteay Meanchey province, 
one in Battambang, and one in Phnom Penh), 
one in Bangkok, Thailand, and three in Ho Chi 
Minh City, Vietnam, from September 2006 
through July 2008. All persons with HIV infec-
tion presenting to the clinics during the enroll-
ment period were screened for eligibility, and if 
eligible, they were invited to participate in the 
study. Patients were recruited regardless of the 
presence or absence of symptoms or clinical sus-
picion that they may have had tuberculosis. Pa-
tients with documented HIV infection were eli-
gible for the study if they were older than 6 years 
of age, had not been screened for tuberculosis 
with the use of chest radiography or sputum 
smears in the previous 3 months, had not re-
ceived treatment for tuberculosis or isoniazid 
preventive therapy in the previous year, and had 
taken no medications with antituberculosis ac-
tivity in the previous month. Since our primary 
objective was to derive algorithms for tuberculo-
sis screening and diagnosis before the initiation 
of antiretroviral therapy, patients who were re-
ceiving antiretroviral therapy were excluded from 
the analysis.

The study was approved by human subjects 
committees at the U.S. Centers for Disease Con-
trol and Prevention and collaborating institu-
tions in each country. After providing written 
informed consent, patients underwent a stan-
dardized interview and physical examination, 
chest radiography, and testing for a complete 
blood count and a count of CD4+ T lympho-
cytes. Patients provided three sputum specimens 
over the course of 2 days and one specimen each 
of urine, blood, and stool. If physical examina-
tion revealed peripheral lymph nodes larger than 
1 cm in diameter (>2 cm for inguinal nodes), the 
largest palpable node was aspirated with a wide-
gauge needle.
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Laboratory Assessments

One reference laboratory was used in each coun-
try. Standardized methods, including quality as-
surance and efforts to avoid cross-contamina-
tion, were implemented in all three laboratories. 
All specimens were examined by means of con-
centrated Ziehl–Neelsen microscopy and were 
cultured on Löwenstein–Jensen medium. Speci-
mens obtained in Thailand and Vietnam were 
also cultured in the Mycobacterial Growth Indi-
cator Tube.24 Blood specimens were inoculated 
directly into Myco/F-Lytic bottles and placed in 
automated blood-culture instruments (BACTEC 
9050 and 9120 systems).24 Positive cultures were 
identified as Mycobacterium tuberculosis by means 
of biochemical tests or the Accuprobe M. tubercu-
losis complex assay.24

Statistical Analysis
Patients for whom at least one of the cultured 
specimens tested positive for M. tuberculosis were 
considered to have tuberculosis. (Throughout 
this article, “tuberculosis” refers to the disease, 
also called active tuberculosis.) Patients for whom 
no cultured specimen was positive and for whom 
at least one cultured sputum specimen and one 
cultured nonsputum specimen were negative for 
M. tuberculosis were considered not to have tuber-
culosis.

The analysis for tuberculosis screening includ-
ed only those variables that could be readily ascer-
tained at any level of the health care system (e.g., 
signs, symptoms, and exposure history). The goal 
of tuberculosis screening is to divide the popula-
tion into two groups: those who do not have 
tuberculosis and those who need further evalua-
tion to confirm the presence or absence of tu-
berculosis. Because a missed diagnosis of tuber-
culosis in a person with HIV infection can have 
serious adverse consequences, we required the 
screening step to be highly sensitive. We con-
ducted an exhaustive search using all combina-
tions of between one and five signs, symptoms, 
and medical-history indicators to identify com-
binations with a sensitivity of 85% or more and 
a high specificity for a given sensitivity level.

For all patients who were considered to re-
quire further evaluation on the basis of the above 
screening step, our goal was to divide them into 
three groups: patients for whom tuberculosis 
was diagnosed without further need for evalua-
tion, patients for whom tuberculosis was ruled 

out, and patients for whom additional clinical 
evaluation was needed, followed by confirmato-
ry mycobacterial culture. In this diagnostic step, 
we used recursive partitioning analysis to con-
struct a decision tree,25 using smear microscopy 
for acid-fast bacilli, chest radiography, and blood 
tests as predictors.

We used data from our study to compare the 
performance of the algorithm we developed with 
that of the current algorithm recommended by 
the WHO for diagnosing smear-negative tuber-
culosis26 and with that of an approach that uses 
chest radiography and two sputum smears for all 
patients. We determined the number and char-
acteristics of patients who were misclassified. 
For additional details about the clinical sites, 
laboratory methods, and statistical analysis, see 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org.

R esult s

Patients
A total of 1836 patients with HIV infection who 
were not yet receiving antiretroviral therapy were 
screened for eligibility at participating sites (for 
details on enrollment, see the Supplementary 
Appendix). Of these patients, 1771 were eligible 
for enrollment and 1768 were enrolled; 20 pa-
tients could not be classified as having or not 
having tuberculosis on the basis of our defini-
tions and were excluded from the study. Tubercu-
losis was diagnosed in 267 (15%) of the remain-
ing 1748 patients.

The median age of enrolled patients was 31 
years (range, 7 to 72), and 921 patients (53%) 
were male. The median CD4+ cell count was 242 
per cubic millimeter (interquartile range, 82 to 
396). Other characteristics are presented in Ta-
ble 1.

Performance Characteristics for Individual 
Predictors

Symptoms were commonly reported by the pa-
tients enrolled in the study (Table 2). Among the 
symptoms patients reported having in the 4 
weeks before enrollment, those with the highest 
sensitivity for the detection of tuberculosis were 
fatigue (75%), fever (74%), weight loss (73%), and 
cough (71%). A cough lasting 2 or 3 weeks or 
more, a symptom that clinicians commonly rely 
on for tuberculosis screening, was not sensitive 
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for the disease (sensitivity of 33% for a cough 
lasting more than 2 weeks and 22% for a cough 
lasting more than 3 weeks). Microscopical ex-
amination of two sputum specimens for acid-fast 
bacilli was the best predictor of tuberculosis on 
the basis of a positive likelihood ratio, but its 
sensitivity was only 38%.27 Chest radiography 
was the best single predictor for ruling out a diag-
nosis of tuberculosis; with a negative likelihood 

ratio of 0.41, however, it was a relatively weak 
predictor when used alone.27

Screening Algorithm
We evaluated the performance characteristics of 
more than 80 million unique combinations of 
one to five predictors of tuberculosis. Many com-
binations performed similarly well. The best-per-
forming combinations of four or five predictors 

Table 1. Characteristics of Patients with HIV Infection According to Whether Tuberculosis Was Diagnosed.

Characteristic
All Patients
(N = 1748)

Tuberculosis 
Diagnosed 
(N = 267)

Tuberculosis  
Not Diagnosed 

(N=1481)

Median age (range) — yr 31 (7–72) 31 (19–72) 31 (7–65)

Male sex — no. (%) 921 (53) 173 (65) 748 (51)

Country — no. (%)

Cambodia 847 (48) 126 (47) 721 (49)

Thailand 501 (29) 31 (12) 470 (32)

Vietnam 399 (23) 109 (41) 290 (20)

Median CD4+ cell count (interquartile range) — per mm3 242 (82–396) 104 (33–261) 266 (101–419)

Documented HIV risk factors — no. (%)*

Sex with opposite-sex partner 1519 (87) 231 (87) 1288 (87)

Sex with same-sex partner 235 (13) 15 (6) 220 (15)

Sex with sex worker 459 (26) 82 (31) 377 (25)

Receipt of money, gifts, or favors for sex 98 (6) 9 (3) 89 (6)

Current HIV-infected sexual partner 583 (33) 61 (23) 522 (35)

Injection-drug use 236 (14) 77 (29) 159 (11)

Blood transfusion 74 (4) 16 (6) 58 (4)

Currently taking trimethoprim–sulfamethoxazole — no. (%) 54 (3) 9 (3) 45 (3)

Currently receiving antifungal treatment — no. (%) 20 (1) 6 (2) 14 (1)

Any lymphadenopathy — no. (%)† 222 (13) 81 (30) 141 (10)

Chest radiograph — no. (%)

Normal findings 1314 (75) 85 (32) 1229 (83)

Abnormal findings consistent with tuberculosis 317 (18) 160 (60) 157 (11)

Abnormal findings not consistent with tuberculosis 73 (4) 13 (5) 60 (4)

Missing data 44 (3) 9 (3) 35 (2)

Abnormalities

Cavity 35 (2) 27 (10) 8 (1)

Infiltrate or consolidation 243 (14) 123 (46) 120 (8)

Pleural effusion 35 (2) 25 (9) 10 (1)

Hilar or paratracheal adenopathy 66 (4) 37 (14) 29 (2)

Median Karnofsky score (interquartile range)‡ 90 (80–90) 90 (80–90) 90 (90–100)

* All risk factors were self-reported and, with the exception of current sex partner with HIV infection, could have been rele-
vant at any time during the patient’s life.

† Lymphadenopathy was defined as any peripheral lymph node measuring 1 cm or more in diameter in a noninguinal re-
gion or any inguinal node measuring 2 cm or more in diameter.

‡ Scores range from 10 to 100, with lower scores indicating more severe clinical illness or impairment.
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Table 2. Performance Characteristics of Indicators in Predicting Tuberculosis in All 1748 Patients.

Indicator Prevalence Sensitivity Specificity
Negative 

Predictive Value
Positive 

 Predictive Value Likelihood Ratio*

Negative Positive
no. (%) % % % %

Cough

In previous 24 hr 622 (36) 58 68 90 25 0.61 1.83

In previous 4 wk

Any 890 (51) 71 53 91 21 0.55 1.50

Lasting ≥2 wk 355 (20) 33 82 87 25 0.82 1.83

Lasting ≥3 wk 241 (14) 22 88 86 25 0.88 1.84

Lasting ≥4 wk 194 (11) 17 90 86 24 0.92 1.72

With sputum production 688 (39) 52 63 88 20 0.76 1.40

Fever

In previous 24 hr 374 (21) 42 82 89 30 0.70 2.40

In previous 4 wk

Any 867 (50) 74 55 92 23 0.48 1.63

Lasting ≥2 wk 297 (17) 39 87 89 35 0.71 2.95

Lasting ≥3 wk 199 (11) 25 91 87 34 0.82 2.88

Lasting ≥4 wk 165 (9) 21 93 87 33 0.86 2.78

Hemoptysis in previous 4 wk 56 (3) 4 97 85 20 0.99 1.35

Diarrhea in previous 4 wk 510 (29) 35 72 86 18 0.90 1.25

Drenching night sweats

In previous 24 hr 285 (16) 33 87 88 31 0.77 2.52

In previous 4 wk

Any 490 (28) 48 75 89 26 0.69 1.94

Lasting ≥2 wk 188 (11) 20 91 86 28 0.88 2.18

Lasting ≥3 wk 141 (8) 16 93 86 30 0.90 2.35

Lasting ≥4 wk 118 (7) 11 94 85 25 0.94 1.89

Weight loss in previous 4 wk 879 (50) 73 54 92 22 0.50 1.58

Loss of appetite

In previous 24 hr 445 (25) 51 79 90 31 0.61 2.47

In previous 4 wk 591 (34) 58 71 90 26 0.59 1.99

Fatigue in previous 4 wk 993 (57) 75 46 91 20 0.54 1.40

Difficulty sleeping in previous 4 wk 761 (44) 58 59 89 20 0.72 1.41

Previous treatment for tuberculosis 26 (1) 2 99 85 23 0.99 1.67

Household contact with tuberculosis in 
previous 2 yr

205 (12) 14 89 85 19 0.97 1.26

Body-mass index <18.5†‡ 492 (28) 50 76 89 27 0.66 2.05

Temperature >38°C† 119 (7) 20 96 87 45 0.83 4.61

Lymphadenopathy†

Any 222 (13) 30 90 88 36 0.77 3.19

Head and neck 175 (10) 27 93 88 42 0.78 3.97

CD4+ cell count <200/mm3 743 (43) 68 61 91 24 0.52 1.76

Either of first 2 sputum smears positive  
for acid-fast bacilli

120 (7) 38 99 90 84 0.63 29.55

Abnormal chest radiograph 390 (22) 65 85 93 44 0.41 4.42

* The negative likelihood ratio is calculated as (1  sensitivity) ÷ specificity; the positive likelihood ratio is calculated as sensitivity ÷ (1  specific-
ity).27 Small differences in percentages may be due to rounding.

† This evaluation was made on physical examination at enrollment.
‡ The body-mass index is the weight in kilograms divided by the square of the height in meters.
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performed similarly to the best-performing com-
binations of three predictors. In all cases, requir-
ing two or more predictors for a positive result 
yielded insufficient sensitivity as compared with 
requiring one or more predictors. Selected com-
binations are presented in Table 3. The best com-
binations of two predictors included fever of any 
duration in the previous 4 weeks plus either cough 
of any duration in the previous 4 weeks (91% sen-
sitivity and 37% specificity) or cough in the pre-
vious 24 hours (88% sensitivity and 44% specific-
ity). The best algorithms with three predictors 
included either cough of any duration in the pre-
vious 4 weeks or cough in the previous 24 hours, 
either drenching night sweats for 3 weeks or more 
or drenching night sweats of any duration in the 
previous 4 weeks, and either fever of any duration 
in the previous 4 weeks or loss of appetite of any 
duration in the previous 4 weeks. As compared 
with the two-predictor combination of cough or 
fever of any duration in the previous 4 weeks, a 
three-predictor combination that added night 
sweats for 3 weeks or more reduced by 5 the 

number of patients with false negative screens 
but increased by 18 the number of patients re-
quiring diagnostic evaluation — that is, for each 
additional patient correctly classified as having 
tuberculosis, an additional 3.6 patients had to 
undergo diagnostic testing. The performance of 
this algorithm with the addition of chest radiog-
raphy, along with performance of the algorithm 
in particular subgroups (e.g., according to CD4+ 
cell count, sex, and country), is described in the 
Supplementary Appendix.

Diagnostic Algorithm
The diagnostic algorithm is used to evaluate pa-
tients requiring further evaluation for tuberculo-
sis after the screening step — that is, patients 
who reported having at least one of the three 
screening symptoms (Fig. 1). We found that mi-
croscopical examination of two sputum smears 
for acid-fast bacilli was the best first step. Among 
patients with at least one positive sputum smear, 
87% had tuberculosis. Among patients with two 
negative sputum smears, chest radiography was 

Table 3. Performance Characteristics of Combinations of Predictors.

Predictors Sensitivity Specificity
Negative 

Predictive Value
Positive 

Predictive Value Likelihood Ratio*

Negative Positive

percent

Combination of 2 predictors

Cough or fever of any duration in previous 4 wk 91 37 96 21 0.23 1.44

Cough in previous 24 hr or fever of any duration in  
previous 4 wk

88 44 95 22 0.27 1.58

Combination of 3 predictors

Cough or fever of any duration or drenching night sweats 
for ≥3 wk in previous 4 wk

93 36 97 21 0.19 1.45

Cough, drenching night sweats, or loss of appetite of any 
duration in previous 4 wk

93 35 97 21 0.19 1.44

Cough in previous 24 hr or fever of any duration or drench-
ing night sweats for ≥3 wk in previous 4 wk

90 43 96 22 0.23 1.58

Cough in previous 24 hr or drenching night sweats or loss 
of appetite of any duration in previous 4 wk

89 44 96 22 0.24 1.60

Combination of 4 predictors

Cough of any duration or fever for ≥2 wk or drenching night 
sweats in previous 24 hr or loss of appetite of any dura-
tion in previous 4 wk

93 37 97 21 0.18 1.48

Cough or drenching night sweats or loss of appetite in pre-
vious 24 hr or lymphadenopathy of the head or neck in 
previous 4 wk

88 50 96 24 0.25 1.76

* The negative likelihood ratio is calculated as (1  sensitivity) ÷ specificity, and the positive likelihood ratio as sensitivity ÷ (1  specificity).27
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the next best step. At this point in the evaluation, 
the prevalence of tuberculosis in the group of 
patients with a normal chest radiograph was 8%, 
as compared with 33% in the group with an ab-
normal chest radiograph. Among patients with a 
normal chest radiograph, the prevalence of tu-
berculosis among patients with a CD4+ cell count 
of 350 or more per cubic millimeter was 5%, as 
compared with a prevalence of 10% among those 
with a CD4+ cell count of less than 350 per cubic 
millimeter.

Comparison of the Study Algorithm  
with Alternative Approaches

Of the 1748 patients tested, 549 (31%) reported 
having none of the three predictive symptoms in 
our screen; 18 (3%) actually had tuberculosis and 
thus received false negative results. The diagnos-
tic step led to an additional 13 false negative re-
sults — that is, tuberculosis was ultimately found 
to be present despite two negative sputum smears, 
a normal chest radiograph, and a CD4+ cell count 
of 350 or more per cubic millimeter. The total 
number of false negative results in the screening 
and diagnostic steps combined was 31, which is 
fewer than the number seen with other common 
approaches to screening and diagnosis. Asking 
patients only if they have had a cough for more 
than 2 or 3 weeks, as recommended by the WHO 
for tuberculosis screening in people with HIV 
infection, produced 179 false negative results, 
whereas an approach that relies on the findings 
of chest radiography and culture of two sputum 
smears produced 75 false negative results — that 
is, 75 patients who had tuberculosis also had 
normal chest radiographs and negative smears 
for M. tuberculosis from two sputum specimens. In 
addition, the patients who had false negative re-
sults with the algorithm used in this study tend-
ed to have higher CD4+ cell counts than did the 
patients who had false negative results with the 
use of alternative approaches and rarely had pos-
itive smears. Many ultimately received a diagno-
sis of tuberculosis on the basis of liquid culture 
alone (Table 4).

Discussion

In this study of persons with HIV infection living 
in Southeast Asia, we found that asking patients 
about the presence or absence of three symptoms 
was an effective approach to ruling out a diagno-

sis of tuberculosis. As compared with other, 
commonly used approaches to screening for tu-
berculosis, our approach improves the sensitivity 
of screening and identifies patients who require 
further evaluation with the use of specific diag-
nostic tests.

Like other investigators in similar studies,20,23 
we found that for patients with HIV infection, 
asking them only about chronic cough was an 
insensitive approach to screening for tuberculo-
sis. In contrast, asking about combinations of 
symptoms was effective in ruling out a diagnosis 
of tuberculosis. We found that the optimal num-
ber of predictors, or questions asked, was three. 
Additional predictors added complexity without 
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Figure 1. Diagnostic Algorithm for Tuberculosis in Patients with HIV Infection.

Eligibility for diagnostic screening required a history of cough of any dura-
tion, fever of any duration, or night sweats lasting 3 weeks or more in the 
preceding 4 weeks and includes the 1199 patients who reported one or more 
of these symptoms. For patients in group 1, treatment for tuberculosis (TB) 
is in most cases indicated immediately. For those in groups 2 and 3, clinical 
judgment should be used to determine whether immediate treatment is need-
ed, followed by confirmatory mycobacterial culture. For patients in group 4, 
the best course of action is unclear. Ideally, mycobacterial culture would be 
obtained, but this group has a lower priority than group 2 or group 3. Reeval-
uation of group 4 at a later date might be a safe alternative to immediate cul-
ture, but this strategy has not been tested.
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improving performance. The combination of pre-
dictors — cough of any duration, fever of any 
duration, or night sweats lasting 3 weeks or more 
during the previous 4 weeks — accurately rules 
out tuberculosis in the vast majority of patients. 
This finding may in turn allow for safe initiation 

of isoniazid preventive therapy and antiretroviral 
therapy, if indicated, in people who reported hav-
ing none of the three predictive symptoms. In 
our study population, in which the prevalence of 
tuberculosis was 15%, the algorithm had a nega-
tive predictive value of 97%. As compared with 

Table 4. Comparison of Study Algorithm with Other Approaches to Tuberculosis Screening and Diagnosis.*

Variable

Study  
Algorithm 

(N = 1748)†

WHO  
Approach 

(N = 1748)‡

Chest Radiography 
and Smears of Two 
Sputum Specimens 

(N = 1748)§

Tuberculosis ruled out by symptom screening — no. 549 1393 NA

False negative results in screening step — no. 18 179 NA

Sputum smear microscopy needed — no. 1199 355 1748

Chest radiography needed — no. 1086 300 1748

Culture needed — no. 808¶ 300 NA

False negative results in diagnostic step — no. 13∥ Unknown 75

Characteristics of patients with false negative results — total no. 31 179 75

Disease site — no.

Pulmonary 19 89 38

Extrapulmonary 6 19 16

Pulmonary and extrapulmonary 6 71 21

Sputum or nonsputum smear positive on microscopy 3 62 7**

Sputum smear positive on microscopy 3†† 51 2

Smear negative on microscopy; LJ culture positive 18 95 49

Smear negative on microscopy, LJ culture negative, MGIT 
positive

10 23 19

Median CD4+ count (interquartile range) — per mm3 398 (283–577) 112 (39–283) 146 (43–319)

*  The table shows what would have been the outcome for the patients enrolled in our study if one of three strategies 
had been followed. We defined a false negative result as a finding in a patient who had tuberculosis but neither re-
ceived a diagnosis of tuberculosis by means of a given algorithm nor had specimens evaluated by means of myco-
bacterial culture. LJ denotes Löwenstein–Jensen medium, MGIT Mycobacterial Growth Indicator Tube, NA not appli-
cable, and WHO World Health Organization.

†  In the screening step of the study algorithm, all patients were asked whether, in the previous 4 weeks, they had had 
cough of any duration, fever of any duration, or night sweats lasting 3 weeks or more. Patients who reported having 
had at least one of these symptoms were considered to have a positive screening result for tuberculosis and under-
went diagnostic evaluation, which included smear microscopy of two sputum specimens, chest radiography, and a 
CD4+ count.

‡  In the WHO approach, all patients are asked whether they have had a cough for 2 weeks or more. Patients who re-
spond in the affirmative are considered to have a positive screening result for tuberculosis. In the diagnostic step, 
two sputum smears are examined for acid-fast bacilli. If the smears are negative, chest radiography is performed  
and sputum specimens are cultured.26

§  In this approach to tuberculosis screening, all patients undergo chest radiography and have two sputum smears ex-
amined for acid-fast bacilli; there is no screening of symptoms. Patients with a normal chest radiograph and two neg-
ative smears are considered not to have tuberculosis.

¶  We considered culture to be necessary for patients who had negative sputum smears and either an abnormal chest 
radiograph or a CD4+ count of less than 350 per cubic millimeter.

∥  In the diagnostic step, patients with negative sputum smears, a normal chest radiograph, and CD4+ counts of 350 or 
more were classified as not having tuberculosis.

** Five patients had a positive extrapulmonary smear and two had a third sputum smear that was positive after two 
 negative sputum smears.

†† In the study algorithm, it is possible to get false negative results in patients with a positive sputum smear for two 
 reasons: the patient did not report cough of any duration, fever of any duration, or night sweats lasting 3 weeks or 
more in the previous 4 weeks, and therefore smears were never evaluated, or two smears were evaluated but were de-
termined to be negative for tuberculosis.
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screening based solely on the presence or ab-
sence of chronic cough, our algorithm reduced 
the number of false negative results by 83% 
(from 179 to 31). As compared with the effec-
tiveness of an approach in which microscopical 
examination of sputum smears and chest radi-
ography were performed for every person with 
HIV infection, our algorithm reduced the num-
ber of false negative results by more than half 
while also decreasing the number of patients 
requiring chest radiography and sputum-smear 
microscopy.

As shown in the Supplementary Appendix, 
adding chest radiography to symptom screening 
further improves its sensitivity. Whether it is 
feasible to implement high-quality, routine chest 
radiography in the screening process in places 
that have the highest burden of HIV-associated 
tuberculosis is not known.

The clinical algorithm that we propose 
achieves a balance between limited resource 
availability and the risk of false negative results. 
We hypothesize that patients with a false nega-
tive result on screening would have a favorable 
prognosis. In our study, the median CD4+ cell 
count among patients with false negative results 
was nearly 400 per cubic millimeter, placing 
these patients at a reduced risk of death, as com-
pared with patients who have lower CD4+ cell 
counts.2 The facts that a high proportion of 
these patients had negative sputum smears and 
positive results for M. tuberculosis only with the 
use of liquid cultures suggest a low bacillary 
burden, favoring survival and reducing the risk 
of the development of isoniazid resistance dur-
ing isoniazid preventive therapy. Initiating this 
therapy in patients with undiagnosed tuberculo-
sis can lead to isoniazid resistance, although the 
overall risk of resistance in patients receiving iso-
niazid preventive therapy is reportedly low.28 In 
patients with undiagnosed tuberculosis, initiation 
of antiretroviral therapy may be followed by the 
development of the immune reconstitution in-
flammatory syndrome, but the frequency and 
severity of the syndrome are lower in patients 
with higher CD4+ cell counts.11

Among patients with positive results of symp-
tom screening, tuberculosis could be reliably di-
agnosed only in the small subgroup of patients 
with positive sputum smears. No approach, other 
than mycobacterial culture, was optimally effec-
tive in diagnosing tuberculosis in patients with 
negative sputum smears. Tuberculosis is rela-

tively uncommon in patients with positive re-
sults of symptom screening if they have two 
negative smears, a normal chest radiograph, and 
a CD4+ cell count of 350 or more per cubic mil-
limeter. Prospective research is needed to deter-
mine whether this group can be safely reassessed 
for tuberculosis at a follow-up visit or whether 
mycobacterial culture should be performed im-
mediately. For patients with an abnormal chest 
radiograph or a CD4+ cell count of less than 350 
per cubic millimeter, clinicians must decide 
whether or not to initiate empirical treatment for 
tuberculosis, and specimens should be obtained 
for immediate culture. In a separate analysis, we 
found that the best-performing diagnostic ap-
proach is to obtain at least two, and ideally three, 
sputum specimens for culture on liquid mediums, 
with the possible addition of lymph-node aspira-
tion with smear and culture for patients with an 
enlarged peripheral node.29 To meet this need, 
the availability of facilities capable of perform-
ing mycobacterial culture must be scaled up, and 
access to those facilities for people with HIV in-
fection must be improved. In the interim, screen-
ing can be implemented, and this diagnostic algo-
rithm can be used to help clinicians assess the 
risk of tuberculosis in people with HIV infection.

These results can be interpreted in light of 
the strengths and limitations of this study. The 
multiple specimens we cultured have documented 
diagnostic value in patients with HIV infection 
and required minimally invasive procedures. Al-
though culturing specimens from other sources, 
such as bone marrow or enlarged intraabdomi-
nal lymph nodes, might have helped establish the 
diagnosis, these procedures would not have been 
feasible in the settings where the study was con-
ducted. Although we found chest radiography to 
be useful, this finding was based on our use of 
experienced, independent readers. Maximizing 
the usefulness of chest radiography requires en-
suring the quality of the reading. Since the 
clinical characteristics of tuberculosis in young 
children differ from those in adults, we did not 
enroll children younger than 7 years of age. Fu-
ture studies should address tuberculosis screen-
ing and diagnosis in young children with HIV 
infection. We cannot be certain of the generaliz-
ability of this algorithm outside Southeast Asia. 
Factors that favor its generalizability include en-
rollment of a broad cross-section of people with 
HIV infection from varied clinical settings in 
three countries and the consistent performance 
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of the algorithm across subgroups. Prospective 
evaluation of this algorithm is needed in Asia, 
Africa, and other parts of the world to validate 
the findings of this study and to measure the 
effect of this algorithm on mortality. In view of 
the absence of high-quality data from other lo-
cations, the limitations of current international 
guidelines, and the persistently high rate of tu-
berculosis-associated morbidity and mortality 
among patients infected with HIV, we believe that 
policy changes should be considered.

Supported by a grant from the U.S. Agency for International 
Development.

No potential conflict of interest relevant to this article was 
reported. Disclosure forms provided by the authors are available 
with the full text of this article at NEJM.org

The findings and conclusions in this report are those of the 
authors and do not necessarily represent the views of the Cen-
ters for Disease Control and Prevention.

We thank the following members of the study team for their 
contributions to patient care, data collection, and laboratory 
testing: Thailand: N. Udomsantisuk, T. Pankam, C. Burapat, and 
A. Kanphukiew. Vietnam: T. Thanh Thuy, N. Thi Ngoc Lan, N.T.B. 
Yen, N. Ngoc Lan, N. Huu Minh, N. Hong Duc, N. Tuan Tai, L. 
Thi Ngoc Bich and the staff at the Pham Ngoc Thac HIV outpa-
tient clinic, D. Viet Hoa and the staff at the Pham Ngoc Thac 
microbiology laboratory, L. Truoung Giang and the staff at the 
People’s AIDS Committee of Ho Chi Minh City, and the staff at 
the District 1 and District 2 outpatient clinics in Ho Chi Minh 
City. Cambodia: M. Tan Eang, M. Chi Vun, E. Buntheoun, D. Scu-
lier, P. Reaksmey, L. Lynen, C. Keo, S. Song, P. Sar, C. Vannarith 
and the staff at the Banteay Meanchey Provincial Health Depart-
ment, N. Bunchhup and the staff at the Battambang Provincial 
Health Department, and the staff at the Sereysophon Referral 
Hospital, the Mongkul Borey Referral Hospital, the Battambang 
Referral Hospital, and the Sihanouk Hospital Center of Hope.

References

Global tuberculosis control: surveil-1. 
lance, planning, financing: WHO report 
2008. Geneva: World Health Organization, 
2008. (Report no. WHO/HTM/TB/2008 
.393.)

Akksilp S, Karnkawinpong O, Wattana-2. 
amornkiat W, et al. Antiretroviral therapy 
during tuberculosis treatment and marked 
reduction in death rate of HIV-infected 
patients, Thailand. Emerg Infect Dis 2007; 
13:1001-7.

Cain KP, Kanara N, Laserson KF, et al. 3. 
The epidemiology of HIV-associated tuber-
culosis in rural Cambodia. Int J Tuberc 
Lung Dis 2007;11:1008-13.

Manosuthi W, Chottanapand S, Thong-4. 
yen S, Chaovavanich A, Sungkanuparph S. 
Survival rate and risk factors of mortality 
among HIV/tuberculosis-coinfected pa-
tients with and without antiretroviral ther-
apy. J Acquir Immune Defic Syndr 2006; 
43:42-6.

Mukadi YD, Maher D, Harries A. Tu-5. 
berculosis case fatality rates in high HIV 
prevalence populations in sub-Saharan 
Africa. AIDS 2001;15:143-52.

Quy HT, Cobelens FG, Lan NT, Buu 6. 
TN, Lambregts CS, Borgdorff MW. Treat-
ment outcomes by drug resistance and 
HIV status among tuberculosis patients in 
Ho Chi Minh City, Vietnam. Int J Tuberc 
Lung Dis 2006;10:45-51.

Cain KP, Anekthananon T, Burapat C, 7. 
et al. Causes of death in HIV-infected per-
sons who have tuberculosis, Thailand. 
Emerg Infect Dis 2009;15:258-64.

French MA. HIV/AIDS: immune recon-8. 
stitution inflammatory syndrome: a reap-
praisal. Clin Infect Dis 2009;48:101-7.

Lawn SD, Wilkinson RJ, Lipman MC, 9. 
Wood R. Immune reconstitution and “un-
masking” of tuberculosis during antiret-
roviral therapy. Am J Respir Crit Care Med 
2008;177:680-5.

Manabe YC, Breen R, Perti T, Girardi 10. 
E, Sterling TR. Unmasked tuberculosis and 
tuberculosis immune reconstitution in-
f lammatory disease: a disease spectrum 

after initiation of antiretroviral therapy. 
J Infect Dis 2009;199:437-44.

Manabe YC, Campbell JD, Sydnor E, 11. 
Moore RD. Immune reconstitution inflam-
matory syndrome: risk factors and treat-
ment implications. J Acquir Immune Defic 
Syndr 2007;46:456-62.

Meintjes G, Lawn SD, Scano F, et al. 12. 
Tuberculosis-associated immune reconsti-
tution inflammatory syndrome: case def-
initions for use in resource-limited set-
tings. Lancet Infect Dis 2008;8:516-23.

Shelburne SA, Visnegarwala F, Dar-13. 
court J, et al. Incidence and risk factors 
for immune reconstitution inflammatory 
syndrome during highly active antiretro-
viral therapy. AIDS 2005;19:399-406.

Interim policy on collaborative TB/HIV 14. 
activities. Geneva: World Health Organiza-
tion, 2004. (Report no: WHO/HTM/TB/ 
2004.330.)

Harries AD, Banda HT, Boeree MJ, et 15. 
al. Management of pulmonary tuberculo-
sis suspects with negative sputum smears 
and normal or minimally abnormal chest 
radiographs in resource-poor settings. Int 
J Tuberc Lung Dis 1998;2:999-1004.

Smith RL, Yew K, Berkowitz KA, Aran-16. 
da CP. Factors affecting the yield of acid-
fast sputum smears in patients with HIV 
and tuberculosis. Chest 1994;106:684-6.

Mtei L, Matee M, Herfort O, et al. 17. 
High rates of clinical and subclinical tu-
berculosis among HIV-infected ambula-
tory subjects in Tanzania. Clin Infect Dis 
2005;40:1500-7.

Swaminathan S, Paramasivan CN, 18. 
Kumar SR, Mohan V, Venkatesan P. Unrec-
ognised tuberculosis in HIV-infected pa-
tients: sputum culture is a useful tool. Int 
J Tuberc Lung Dis 2004;8:896-8.

Chheng P, Tamhane A, Natpratan C, 19. 
et al. Pulmonary tuberculosis among cli-
ents visiting a voluntary confidential coun-
seling and testing center, Cambodia. Int J 
Tuberc Lung Dis 2008;12:Suppl 1:54-62.

Day JH, Charalambous S, Fielding KL, 20. 
Hayes RJ, Churchyard GJ, Grant AD. 

Screening for tuberculosis prior to isoni-
azid preventive therapy among HIV-infect-
ed gold miners in South Africa. Int J Tu-
berc Lung Dis 2006;10:523-9.

Kimerling ME, Schuchter J, Chanthol E, 21. 
et al. Prevalence of pulmonary tuberculosis 
among HIV-infected persons in a home 
care program in Phnom Penh, Cambodia. 
Int J Tuberc Lung Dis 2002;6:988-94.

Mohammed A, Ehrlich R, Wood R, 22. 
Cilliers F, Maartens G. Screening for tuber-
culosis in adults with advanced HIV infec-
tion prior to preventive therapy. Int J Tu-
berc Lung Dis 2004;8:792-5.

Shah S, Demissie M, Lambert L, et al. 23. 
Intensified tuberculosis case finding 
among HIV-infected persons from a vol-
untary counseling and testing center in 
Addis Ababa, Ethiopia. J Acquir Immune 
Defic Syndr 2009;50:537-45.

Murray PR, Baron EJ, Jorgensen JH, et 24. 
al., eds. Manual of clinical microbiology. 
9th ed. Washington, DC: ASM Press, 2007.

Zhang H, Singer B. Recursive parti-25. 
tioning in the health sciences. New York: 
Springer-Verlag, 1999.

Improving the diagnosis and treat-26. 
ment of smear-negative pulmonary and 
extrapulmonary tuberculosis among adults 
and adolescents: recommendations for 
HIV-prevalent and resource-constrained 
settings. Geneva: World Health Organiza-
tion, 2007. (Report no. WHO/HTM/TB/ 
2007.379.)

Grimes DA, Schulz KF. Refining clin-27. 
ical diagnosis with likelihood ratios. Lan-
cet 2005;365:1500-5.

Balcells ME, Thomas SL, Godfrey-28. 
Faussett P, Grant AD. Isoniazid preventive 
therapy and risk for resistant tuberculo-
sis. Emerg Infect Dis 2006;12:744-51.

Monkongdee P, McCarthy KD, Cain 29. 
KP, et al. Yield of acid-fast smear and my-
cobacterial culture for tuberculosis diag-
nosis in people with human immunodefi-
ciency virus. Am J Respir Crit Care Med 
2009;180:903-8.
Copyright © 2010 Massachusetts Medical Society.


