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SUMMARY
BACKGROUND—Vitamin D increases cathelicidin production, and might alter mortality due to
tuberculosis (TB) in human immunodeficiency virus (HIV) co-infection. However, due to
abundant sun exposure, vitamin D levels might be excellent among Ugandans with HIV and TB.

METHODS—We measured 25(OH)D and calcium levels in 50 HIV-negative, 50 HIV-infected
and 50 TB-HIV co-infected Ugandan adults.

RESULTS—Mean ± standard deviation 25(OH)D levels were 26 ± 7 ng/ml in HIV-negative, 28
± 11 ng/ml in HIV-infected and 24 ± 11 ng/ml in TB-HIV co-infected adults (P > 0.05 all
comparisons). Vitamin D deficiency (<12 ng/ml) was present in 10% of the HIV-infected subjects,
12% of the TB-HIV co-infected and none of the healthy controls (P = 0.03 for healthy vs. TB, P >
0.05 for other comparisons); 20% of the healthy controls, 22% of the HIV-positive and 38% of the
TB-HIV co-infected subjects (P = 0.047 for healthy vs. TB, P > 0.05 for other comparisons) had
suboptimal vitamin D levels (<20 ng/ml). No participant had hypercalcemia. Serum 25(OH)D
levels correlated positively with body mass index (r = 0.22, P = 0.03) and serum calcium levels (r
= 0.18, P = 0.03).

CONCLUSIONS—Ugandan HIV-infected adults with and without TB commonly had
suboptimal vitamin D levels. Clinical trials are needed to evaluate the effect of vitamin D on
health outcomes in HIV-infected patients with low vitamin D levels.
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Human Immunodeficiency Virus (HIV) infected individuals have increased susceptibility to
and greater morbidity and mortality due to tuberculosis (TB).1–5 These observations may in
part be related to hypovitaminosis D, as low vitamin D levels are associated with decreased
macrophage production of the peptide cathelicidin6 that exerts antimicrobial properties.
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Cathelicidin, part of the innate immune system, plays a critical role in the fight against TB.
Mycobacterium tuberculosis binds to toll-like receptors (TLR 2/1) on macrophages, leading
to upregulation of 1α-hydroxylase gene expression to promote greater conversion of
25(OH)D to 1,25(OH)2D.6 Intracellular 1,25(OH)2D binds to the vitamin D receptor and
induces production of the antimicrobial peptide cathelicidin.6 Cathelicidin localizes to
monocytes infected with M. tuberculosis, where it has a direct antimicrobial effect.7 Low
vitamin D levels could potentially blunt cathelicidin production, limiting the host's ability to
fight TB.2

It was observed that serum containing lower 25(OH)D3 levels demonstrated lower
production of c athelicidin mRNA than serum with higher 25(OH)D levels.6 When serum
with low 25(OH)D3 was supplemented with 25(OH)D3, cathelicidin mRNA production
increased. These findings suggest that vitamin D therapy among individuals with suboptimal
levels might induce production of cathelicidin mRNA and improve the immune response to
TB infection. Vitamin D could therefore be used as inexpensive adjunctive therapy among
HIV patients, especially in settings where TB is highly prevalent, to reduce TB-related
morbidity and mortality. In the present study, we describe the serum vitamin D, calcium and
albumin levels in HIV-infected Ugandans with and without TB.

METHODS
Study design and setting

Study participants were consecutively enrolled into a prospective cross-sectional study at
Mbarara Regional Referral Hospital, located in south-western Uganda, at a latitude of
0.6132 and longitude of 30.6582. Being at the equator, the area has year-round sunshine.
Adults wear light clothing and typically spend between 8 and 10 h outside during daylight.
The diet of the population is mainly plantain, green vegetables, milk and animal products.

Population
The study population included healthy HIV-negative adults (controls), individuals with HIV
infection and individuals with TB-HIV co-infection. Individuals were enrolled as healthy
controls if they had no medical ailment, were attending the hospital for HIV screening and
were found to be HIV-negative. HIV-positive individuals were newly diagnosed with HIV
and enrolling at the HIV clinic for the first time. These individuals were screened for TB
using the Ministry of Health algorithm, and were confirmed not to have active TB disease.
TB-HIV co-infected individuals had confirmed HIV infection, active TB infection and had
not started TB treatment. We included only patients with sputum-positive TB, confirmed on
the basis of a positive Ziehl-Neelsen (ZN) stain of a sputum sample. Study participants were
excluded if they refused phlebotomy.

Data collection
All study participants were recruited during January and February 2009. In addition to
drawing blood for measurement of serum 25(OH)D, albumin and calcium at enrollment,
HIV-positive individuals with and without TB underwent baseline measurement of height,
weight, complete blood counts and CD4 counts as part of routine HIV care. We also
recorded whether participants were taking highly active antiretroviral therapy (HAART) at
study entry. Results from routine tests were also recorded for study purposes.

The charts of the HIV-positive individuals were reviewed in November 2009, an average of
9 months after study entry, to record clinical outcomes. The 9-month interval was chosen
because TB co-infected subjects would have completed therapy for TB by that time. Subject
responses to TB therapy were assessed using the standard Ministry of Health tool, guided by
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the national TB treatment guidelines and the national HIV care guidelines.8,9 Among those
with HIV only at study enrollment, clinical outcomes included the use of HAART,
development of TB immune reconstitution inflammatory syndrome (IRIS) and death.
Among those with HIV and TB at study entry, clinical outcomes included use of HAART,
recovery from TB, the development of IRIS and death.

The study protocol was approved by the Institutional Review Boards of Mbarara University
of Science and Technology and the University of Wisconsin–Madison. All participants
provided written informed consent prior to phlebotomy. The consent form was written in
English and in Runyankore, the most common local language in south-western Uganda.

Laboratory analysis
TB was confirmed on the basis of a positive ZN stain of a sputum sample. Individuals
requesting an HIV test were initially screened using the Determine Rapid HIV-1/2 assay
(Abbott Laboratories, Abbott Park, IL, USA). If the screening test was positive, the test was
subsequently confirmed using the HIV-1/2 STAT-PAK Dipstick assay (Chembio Diagnostic
Systems Inc, New York, NY, USA). If the Determine assay and the STAT-PACK assay
provided discordant results, the sample was tested using the Uni-Gold rapid assay (Trinity
Biotech, Wicklow, Ireland). A positive Uni-Gold assay confirmed a diagnosis of HIV
infection.

We obtained blood from consenting subjects on one occasion for measurement of serum
25(OH)D, calcium and albumin. The blood was immediately centrifuged and serum and
plasma were stored at –70°C. Frozen samples were shipped in April 2009 on dry ice to the
University of Wisconsin (Centers for Disease Control and Prevention Permit #2010-03-040)
for measurement of serum calcium, 25(OH)D and albumin. The shipment was sent
overnight and the laboratory tests were performed immediately. Meriter Laboratory
(Madison, WI, USA) measured serum calcium using o-cresolphthalein complexone and
measured albumin using bromocresol green. We measured serum 25(OH)D in the
University of Wisconsin Osteoporosis Research Laboratory using a semi-automated solid
phase extraction reverse phase high performance liquid chromatography assay.10 Between-
run precision coefficients of variance for the assay ranged from 2.6% to 4.9% for 25(OH)D3
and from 3.2% to 12.6% for 25(OH)D2. We corrected serum calcium levels for albumin
using the following formula:

Corrected calcium = 0.8(normal albumin − patient's albumin) + serum calcium.

Statistical analysis
Power calculations were based on data from a prior study in which the mean 25(OH)D
levels of 50 HIV-positive and 50 HIV-negative individuals were respectively 37 ± 9 ng/ml
and 62 ± 8 ng/ml (P < 0.01). Assuming a standard deviation of 8 ng/ml for the difference in
25(OH)D levels between healthy controls and HIV-positive individuals,11 a sample size of
50 subjects with and without HIV would provide 90% power to detect a 5 ng/ml difference
in 25(OH)D levels between groups. We therefore planned to recruit 50 healthy subjects, 50
subjects with HIV and 50 subjects with both HIV and TB.

The US Institute of Medicine recently published new definitions of vitamin D deficiency
(<12 ng/ml), insufficiency (12–19 ng/ml), sufficiency (25(OH)D >20 ng/ml) and potentially
toxicity (>50 ng/ml).12 In line with these definitions, we defined suboptimal vitamin D
status as a serum 25(OH)D level < 20 ng/ml, and vitamin D deficiency as a serum 25(OH)D
level < 12 ng/ml.12 We described serum 25(OH)D levels and other continuous data using
mean ± standard deviation (SD). χ2 or Fisher's exact tests were used to compare proportions
of subjects with vitamin D deficiency and insufficiency. We used analysis of variance and
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independent sample t-tests to compare continuous variables between the three groups of
subjects. All analyses were completed using Analyze-It (Analyze-It Software Ltd, Leeds,
UK).

RESULTS
We enrolled 150 individuals: 50 with HIV infection, 50 with TB-HIV co-infection and 50
healthy HIV-negative individuals (controls). Their demographic characteristics are
summarized in Table 1. HIV-positive individuals with or without TB were older than
healthy controls (P < 0.001). TB-HIV co-infected individuals were more likely to have a
lower body mass index (BMI), hemoglobin, white cell count and CD4 cell counts than
individuals with HIV only (Table 1).

Among all 150 participants, the mean 25(OH)D level was 26 ± 10 ng/ml. Mean ± SD
25(OH)D levels were 26 ± 7 ng/ml in healthy controls, 28 ± 11 ng/ml in HIV-positives and
24 ± 11 ng/ml in TB-HIV co-infected adults (t-test P > 0.05, all comparisons). Vitamin D
deficiency (<12 ng/ml) was present in none of the healthy controls, five (10%) of the HIV-
positive subjects and six (12%) of the subjects with TB-HIV co-infection (P = 0.03 for
healthy vs. TB, P > 0.05 for other comparisons). Suboptimal vitamin D levels (<20 ng/ml)
were noted among 10 (20%) of the healthy controls, 11 (22%) of the HIV-positives and 19
(38%) of the TB-HIV co-infected subjects (P = 0.047 for healthy vs. TB, P > 0.05 for other
comparisons; Figure). Two participants had potential vitamin D toxicity (>50 ng/ml), one
with HIV infection (25(OH)D level, 51 ng/ml) and one with TB-HIV co-infection (25(OH)D
level, 59 ng/ml). In linear regression models, weight was the only f actor significantly
associated with 25(OH)D levels (P = 0.02).

Despite potential vitamin D toxicity in two individuals, no participant had hypercalcemia,
defined as calcium level ≥10.4 mg/dl. Compared to healthy controls, calcium levels were
significantly lower among subjects with HIV and among subjects with both HIV and TB
(Table 1). However, when corrected for albumin levels, serum calcium levels were similar
across the three groups.

Serum 25(OH)D levels correlated positively with body weight (r = 0.23, 95% confidence
interval [CI] 0.04–0.41, P = 0.02), BMI (r = 0.22, 95%CI 0.02–0.40, P = 0.03) and serum
calcium (r = 0.18, 95%CI 0.02–0.33, P = 0.03). We found no correlation between serum
25(OH)D levels and serum albumin, corrected serum calcium, white cell count, hemoglobin
or CD4 count (Table 2).

Among 100 subjects with HIV infection, those with TB were more likely to be taking
HAART at enrollment (28% vs. 6%, P = 0.007). The mean duration of HAART for these
patients was 1.7 months (interquartile range [IQR] 1.2–3.6). Prior history of TB disease was
reported by three HIV-positive subjects, eight subjects with both HIV and TB infection and
none of the HIV-negative individuals. Four (8%) patients in the HIV-only group were lost to
follow-up. Among the 46 (92%) with follow-up data 9 months after enrollment, 22 (48%)
were taking HAART and none had developed TB. Four (8%) of the subjects with TB-HIV
co-infection were lost to follow-up. Among the 46 (92%) with outcome data at 9 months, 41
(89.1%) were cured of TB, three (6.6%) experienced treatment failure and two (4.3%) died.
The two deaths occurred at home within a month of starting TB treatment and enrollment in
the study. No post-mortem examinations were performed, and their cause of death was not
determined. One had a 25(OH)D level of 16 ng/ml and the other a level of 26 ng/ml.

Fifteen subjects (30%) with TB-HIV developed IRIS.13 These individuals had higher serum
albumin (3.7 ± 0.3 g/dl vs. 3.2 ± 0.8 g/dl, P = 0.03), higher CD4 counts (289 ± 124 cells/μl
vs. 180 ± 151 cells/μl, P = 0.02) and higher hemoglobin levels (12.9 ± 1.6 g/dl vs. 11.1 ± 2.4
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g/dl, P = 0.01) at study entry compared to the 35 subjects with TB who did not develop TB-
IRIS. Vitamin D levels were not significantly different in subjects who developed TB-IRIS
compared to those who did not (24 ± 12 vs. 26 ± 7 ng/ml, P = 0.46).

DISCUSSION
Our study found that despite year-round sun exposure, vitamin D insufficiency and
deficiency were common among individuals with HIV, with or without co-existing TB. This
was similar to observations in other studies evaluating 25(OH)D levels in HIV
individuals.14–17 Our study findings are also similar to those observed in African settings
such as Guinea-Bissau,18 Ethiopia,19 Morocco,20 and Nigeria,21 where TB patients were
found to have low serum 25 (OH)D (Table 3). These studies, together with our own
findings, indicate that suboptimal body vitamin D storage is common in African adults,
whether healthy or TB-infected. Our study adds to the literature by comparing 25(OH)D
levels among three groups of Ugandan adults: healthy controls, HIV-positive individuals
and individuals with both HIV and TB infection.

Our study also found that healthy Ugandans had vitamin D levels higher than those with TB.
These results are congruent with the results of other studies and a recent meta-analysis.22

Collectively, these findings suggest that patients with TB might benefit from vitamin D
supplementation to improve their innate immune response and mount an appropriate
response against TB. Interestingly, we also found that the vitamin D status in healthy
Ugandan adults closely resembled that of American adults of African origin.23,24

In the pre-antibiotic era, vitamin D was used to treat patients with TB, initially via sun
exposure and later using supplements. More recently, three clinical studies reported the
results of vitamin D therapy on outcomes related to TB infection. Previous clinical trials of
vitamin D for individuals with TB were limited by a small sample size,25 the use of
surrogate markers of illness,25 lack of serum 25(OH)D measurement during the trial,25,26

lack of randomization or blinding25 or excellent vitamin D status at study entry.27

In the largest randomized, double-blind clinical trial to date,27 365 West African adults
starting treatment for TB were randomized to 1 year of placebo or 100 000 international
units (IU) of cholecalciferol, administered orally at 0, 5 and 8 months. The primary outcome
was the clinical severity score (TB score) at 12 months, and the secondary outcome was
mortality at 12 months; 281 subjects (77%) returned for the 12-month study visit.

Researchers found no difference across treatment groups for either outcome measure (TB
score or mortality). In a post-hoc analysis, researchers investigated whether vitamin D status
at baseline influenced the effect of vitamin D therapy on study outcomes. Of note, only 10%
of subjects in either treatment arm had 25(OH)D levels < 20 ng/ml, now considered to
reflect suboptimal vitamin D stores.12 In the subgroup of 30 individuals with 25(OH)D
levels < 20 ng/ml at baseline, subjects randomized to vitamin D therapy had a lower hazard
ratio (HR) for death, but the P value was not significant (HR 0.7, 95%CI 0.1–6.4). In the
subgroup of individuals with 25(OH)D levels < 30 ng/ml (previously considered to be
vitamin D-insufficient), there was a non-significant trend toward greater mortality in
subjects randomized to vitamin D (HR 1.4, 95%CI 0.5–3.7).

Given the limitations of previous clinical trials and the results of the current study, we, like
others,28 call for carefully designed clinical trials in individuals with TB and low 25(OH)D
levels, to clarify the role of vitamin D therapy for such individuals, including its safety.
Clinical trials are also needed to clarify whether vitamin D reduces the rate of opportunistic
infections among HIV-positive individuals or alters the risk of IRIS.
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Our study has several strengths. We recruited subjects over a span of 2 months, and thus
differences in 25(OH)D status between groups were not due to seasonal variation in sun
exposure. We recruited subjects during the dry season in Uganda, when sun exposure is at a
maximum. We measured 25(OH)D levels using a highly precise and reproducible assay10

considered one of two gold standard tests by the US National Institutes of Health. We
measured both albumin and calcium levels, allowing us to adjust calcium levels for
nutritional status.

Our study has some potential limitations. We did not score subjects' recent sun exposure nor
measure their degree of skin pigmentation. However, the cultural habits of this population
included regular daily sun exposure. We did not exclude subjects who may have been taking
nutritional supplements. Although we routinely ask our HIV-positive individuals to take two
multivitamins daily, providing 200 IU of vitamin D,29 most HIV-positive individuals were
new to our clinic and therefore had not received this recommendation prior to participation
in the study. We did not evaluate dietary habits that might influence vitamin D levels, and
we did not assess the vitamin D content of commonly consumed foods. We did not
systematically exclude subjects with significant proteinuria, which can cause vitamin D
deficiency via urinary loss of vitamin D bound to vitamin D-binding protein.30 However,
clinically, no patient presented with nephrotic syndrome.

CONCLUSIONS
Despite a geographic location permitting abundant year-round sun exposure along the
equator, Ugandan HIV-positive individuals with and without TB commonly have vitamin D
deficiency or insufficiency. Baseline hypercalcemia is unlikely to limit recruitment into a
vitamin D clinical trial.27 We suggest the need for additional research studies in HIV-
positive Ugandans, to evaluate the effect of vitamin D therapy on health outcomes, including
the potential to prevent and treat TB.
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Figure.
Vitamin D status in Ugandan adults with HIV and TB. Fisher's exact testing was used to
analyze pair-wise comparisons. Analysis revealed P > 0.05 for all pair-wise comparisons,
with the exception of two comparisons: compared to healthy controls, individuals with TB-
HIV co-infection were more likely to have suboptimal vitamin D levels (<20 ng/ml, P =
0.047) and more likely to have vitamin D deficiency (P = 0.03).
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Table 1

Demographic and laboratory characteristics of participants

Healthy controls (n = 50)
mean ± SD or n (%)

HIV only (n = 50) mean ±
SD or n (%)

HIV and TB (n = 50) mean
± SD or n (%) P value*

Demographic characteristics

 Age, years 27 ± 7
†‡ 35 ± 10 37 ± 10

§
<0.001

†‡

0.17
§

 Male sex 25 (50)
†‡ 19 (38) 29 (58)

§
0.23

†

0.42
‡

0.05
§

 Weight, kg — 58 ± 11 52 ± 8 <0.001

 Height, cm — 160 ± 9 162 ± 8 0.24

 Body mass index, kg/m2 — 22.8 ± 3.8 19.8 ± 3.8 <0.001

Laboratory characteristics

 Calcium, mg/dl 9.5 ± 0.4
†‡ 8.8 ± 0.5 8.4 ± 1.3

§
<0.001

†‡

0.03
§

 Albumin, g/dl 4.4 ± 0.3
†‡ 3.7 ± 0.6 3.3 ± 0.7

§
<0.001

†‡

0.008
§

 Corrected calcium, mg/dl 9.2 ± 0.3 9.1 ± 0.3 8.9 ± 1.0 0.18

 25(OH)D, ng/ml 26 ± 7 28 ± 11 24 ± 11 0.14

 Hemoglobin, g/dl — 12.6 ± 2.4 11.6 ± 2.3 0.04

 White cell count, cells/mm3 — 5.0 ± 1.8 4.2 ± 1.5 0.01

 CD4 count, cells/μl — 372 ± 256 213 ± 151 <0.001

Medical history

 Prior tuberculosis — 3 (6) 8 (16) 0.006

 HAART — 14 (28) 0.006

One-way analysis of variance with Tukey correction was used to compare continuous data between the three groups, with subsequent pair-wise
comparisons for significant P values, where

SD = standard deviation; HIV = human immunodeficiency virus; TB = tuberculosis, HAART = highly active antiretroviral therapy.

*
χ2 tests were used to compare dichotomous variables between groups.

†
denotes the P value between healthy controls and subjects with HIV,

‡
denotes the P value between healthy controls and subjects with TB and

§
denotes the P value between the HIV only and the HIV and TB groups
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Table 2

Correlations between serum 25(OH)D levels and health parameters

Parameter Correlation coefficient (95%CI) P value

Height (n = 100) 0.01 (−0.19–0.20) 0.96

Weight (n = 100) 0.23 (0.04–0.41) 0.02

Body mass index (n = 100) 0.22 (0.02–0.40) 0.03

Serum calcium (n = 150) 0.18(0.02–0.33) 0.03

Serum albumin (n = 150) 0.13 (−0.03–0.29) 0.11

Corrected calcium (n = 150) 0.08 (−0.08–0.24) 0.31

Hemoglobin (n = 97) 0.12 (−0.08–0.31) 0.23

White cell count (n = 96) −0.04(−0.23–0.17) 0.73

CD4 count (n = 97) 0.07(−0.13–0.27) 0.47

CI = confidence interval.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2012 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nansera et al. Page 12

Ta
bl

e 
3

Su
m

m
ar

y 
of

 s
tu

di
es

 e
va

lu
at

in
g 

vi
ta

m
in

 D
 le

ve
ls

 in
 A

fr
ic

an
 a

du
lts

A
ut

ho
r,

 y
ea

r,
 r

ef
er

en
ce

P
at

ie
nt

 p
op

ul
at

io
n

L
oc

at
io

n,
 la

ti
tu

de
T

im
e 

of
 r

ec
ru

it
m

en
t

V
it

am
in

 D
 a

ss
ay

25
(O

H
)D

 le
ve

l, 
ng

/m
l m

ea
n

± 
SD

Fe
le

ke
m

, 1
99

919
30

 a
du

lts
 a

ge
d 

20
–2

2 
ye

ar
s;

 3
1 

pr
eg

na
nt

w
om

en
 a

ge
d 

22
–2

8 
ye

ar
s

A
dd

is
 A

ba
ba

, E
th

io
pi

a 
9°

03
′

N
or

th
Se

pt
em

be
r

H
PL

C
H

ea
lth

y 
9 

Pr
eg

na
nt

 1
0

(m
ed

ia
n 

va
lu

es
)

W
ej

se
, 2

00
718

36
2 

T
B

 p
at

ie
nt

s;
 4

94
 h

ea
lth

y 
ad

ul
ts

, a
ge

d
37

 ±
 1

3 
ye

ar
s

G
ui

ne
a-

B
is

sa
u 

12
°0

0′
 N

or
th

A
pr

il 
20

05
–F

eb
ru

ar
y 

20
06

H
PL

C
-M

S
T

B
 3

1 
±

 9
 C

on
tr

ol
s 

43
 ±

 1
4 

P
<

 0
 0

01
 f

or
 c

om
pa

ri
so

n
be

tw
ee

n 
gr

ou
ps

A
lla

li,
 2

00
920

41
5 

he
al

th
y 

w
om

en
 a

ge
d 

50
 ±

 9
 y

ea
rs

R
ab

at
, M

or
oc

co
 3

4°
02
′ 

N
or

th
Ju

ne
–A

ug
us

t
C

he
m

ilu
m

in
es

ce
nc

e 
as

sa
y

18
 ±

 8

G
le

w
, 2

01
021

22
 h

ea
lth

y 
Fu

la
ni

 m
en

, a
ge

d 
48

 ±
 8

 y
ea

rs
,

29
 h

ea
lth

y 
Fu

la
ni

 w
om

en
, a

ge
d 

56
 ±

 1
4

ye
ar

s
G

om
be

, N
ig

er
ia

 1
0°

20
′1

0″
 N

or
th

N
ot

 s
ta

te
d

H
PL

C
M

en
 3

2 
±

 2
W

om
en

 2
4 

±
 1

C
ur

re
nt

 s
tu

dy
50

 h
ea

lth
y 

ad
ul

ts
; 5

0 
H

IV
-i

nf
ec

te
d 

ad
ul

ts
;

50
 T

B
-H

IV
 c

o-
in

fe
ct

ed
 a

du
lts

M
ba

ra
, U

ga
nd

a 
0°

37
′ 

So
ut

h
Ja

nu
ar

y–
Fe

br
ua

ry
H

PL
C

H
ea

lth
y 

26
 ±

 7
H

IV
 2

8 
±

 1
1

T
B

-H
IV

 2
4 

±
 1

1

SD
 =

 s
ta

nd
ar

d 
de

vi
at

io
n;

 H
PL

C
 =

 h
ig

h 
pe

rf
or

m
an

ce
 li

qu
id

 c
hr

om
at

og
ra

ph
y;

 H
PL

C
-M

S 
=

 H
PL

C
-t

an
de

m
 m

as
s 

sp
ec

tr
om

et
ry

 a
ss

ay
.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2012 November 01.


