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Supplement: Models to estimate the viable and dead components

of M. tuberculosis DNA in sputum.

Let T (t) be the total amount of Mtb DNA in a sputum sample taken at
time t. Let L(t) and D(t) be the number of DNA counts from viable (live)
and non-viable (dead) bacteria, respectively. Clearly, T (t) = L(t) +D(t).

Let p0 be the proportion of DNA from viable bacteria at baseline, such
that L0 = p0T0, where L0 is the amount of DNA from viable bacteria at
baseline and T0 is the total amount DNA at baseline. Then D0 = (1�p0)T0,
where D0 is the amount of DNA from non-viable bacteria at baseline. In
order to fit our models, we assumed p0 = 0.99 and performed sensitivity
analyses assuming p0 = 0.8 and 0.9.

DNA from Viable Bacteria

We assume that the number of bacteria decay exponentially, in a biphasic
manner, such that Mtb are initially eliminated rapidly, during the bacteri-
cidal phase of antibiotic treatment, and later more slowly, during the the
sterilizing phase of treatment. We assume that the shift between these two
phases occurs at a change point, c. Then the amount of DNA from viable
Mtb at time t is:

L(t) = T0L(t)

where

L(t) =

⇢
p0e↵t for t  c
p0e↵t+ (t�c) for t > c
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↵ is the rate of decay during the bactericidal phase and ↵+ is the rate of
decay during the sterilizing phase.

DNA from Non-Viable Bacteria

The amount of DNA from non-viable Mtb at a given time depends on the de-
cay or elimination of DNA from both non-viable bacteria present at baseline,
as well as the continuous supply of DNA from newly killed Mtb due to the
antibiotic treatment. We assume the rate of decay of DNA from non-viable
Mtb is constant, following an exponential decay, with a rate parameter �.
We fit models assuming � = -1.39, -0.92, -0.69, and -0.55, which correspond
to half-lives of 0.5, 0.75, 1, and 1.25 days, respectively. Let

D(t) = T0D(t)

where

D(t) = (1� p0)e
�t +

Z t

0


� d

d⌧
L(⌧)

�
e�(t�⌧)d⌧

The first term in the equation represents the decay of DNA from Mtb that
were not viable at baseline and the convolution integral represents the DNA
from non-viable Mtb that are present at time t due to killing of viable bac-
teria by the antibiotic treatment. Solving the integral:

D(t) =

8
><

>:

(1� p0)e�t � p0↵
↵��

�
e↵t � e�t

�
for t  c

(1� p0)e�t � p0↵
↵��

�
e(↵��)c � 1

�
e�t

�p0(↵+ )
↵+ ��

�
e(↵+ )(t�c) � e�(t�c)

�
e↵c for t > c

.

Model to Account for Presence of DNA from Non-

Viable Bacteria

Xpert measures the amount of Mtb DNA in a sputum sample from subject
i at time j in terms of the number of PCR cycles, Y (tij), needed to reach
the detection threshold, K. Therefore, we model Y (tij) as follows:
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Y (tij) = � log0.5(K) + log0.5(T (tij)) + ✏ij

= � log0.5(K) + log0.5(T0) + ui + log0.5 (L(tij) +D(tij)) + ✏ij

= �0 + ui + log0.5 (L(tij) +D(tij)) + ✏ij

where ✏ij is an independent, normally distributed error term. As we have
longitudinal data on the subjects in our study, we account for correlation of
repeated measurements by including a normally distributed, subject specific
random intercept, ui, in the model. This allows each subject to have their
own specific baseline level of Mtb DNA.

We use a likelihood based approach based on the normal distribution to
account for right censoring of Y (t) at the limit of detection. All models were
fit in SAS 9.3 Proc NLMixed.

Model Not Accounting for Presence of DNA from

Non-Viable Bacteria

To assume that all DNA present is from live bacteria, let p0 = 1 and take
lim�!�1 Y (tij). Then:

Y (tij) = �0 + ui + log0.5 (L(tij)) + ✏ij
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