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Abstract

Background: Private healthcare providers are important to tuberculosis (TB) management globally, although
internationally there are reports of suboptimal management and disparities in treatment commencement in the
private sector. We compared the management of TB patients receiving private versus public healthcare in Victoria,
an industrialised setting with low tuberculosis (TB) incidence.

Methods: Retrospective cohort study: 2002–2015. Private healthcare provision was included as an independent
variable in several multivariate logistic and Cox proportional hazard regression models that assessed a range of
outcome variables, encompassing treatment commencement delays, management and treatment outcomes.

Results: Of 5106 patients, 275 (5.4%) exclusively saw private providers, and 4714 (92.32%) public. Private care was
associated with a shorter delay to presentation (HR 1.36, p = 0.065, 95% CI 1.02–2.00). Private patients were less
likely to have genotypic testing (OR 0.66, p = 0.009, 95% CI 0.48–0.90), those with pulmonary involvement were less
likely to have a sputum smear (OR 0.52, p = 0.011, 95% CI 0.31–0.86) and provided samples were less likely to be
positive (OR 0.54, p = 0.070, 95% CI 0.27–1.05). Private patients with extrapulmonary TB were less likely to have a
smear sample (OR 0.7, 95% CI 0.48–0.90, p = 0.009) and radiological abnormalities (OR 0.71, p = 0.070, 95% CI 0.
27–1.05). Treatment commencement delays from presentation were comparable for cases with pulmonary involvement
and extrapulmonary TB, although public extrapulmonary TB patients received radiological examinations slightly earlier
than private patients (HR 0.79, p = 0.043, 95% CI 0.63–0.99) and public patients with pulmonary involvement from high
burden settings commenced treatment following an abnormal CXR more promptly than their private counterparts
(HR 0.41, p = 0.011, 95% CI 0.21–0.81). Private patients were more likely to receive <4 first-line medications (OR 2.17,
p = 0.001, 95% CI 1.36–3.46), but treatment outcomes were comparable between sectors.

Conclusions: The differences we identified are likely to reflect differing case-mix as well as clinician practice.
Sputum smear status was an important covariable in our analysis; with its addition we found no significant
disparity in the health-system delay to treatment commencement between sectors. Our study highlights the
importance of TB programs engaging with private providers, enabling comprehensive data collection that is
necessary for thorough and true comparison of TB management and optimisation of care.
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Background
Private healthcare providers are important to tubercu-
losis (TB) management globally, contributing an esti-
mated 6–48% of all total case notifications in 2015
[1]. However, reports from a variety of contexts have
suggested differences in the timely diagnosis and initi-
ation of therapy between public and private sectors
[2]. Longer delays have been identified in the private
sector, including treatment delays (variably defined as
the time from symptom onset to either smear test
result, diagnosis or treatment commencement) [3–6]
and health system delays (time from healthcare pres-
entation to treatment initiation) [7–9]. Surveys of
private providers have revealed TB patient manage-
ment practices that fall short of recommended guide-
lines in various settings [10–16].
Despite these reports of suboptimal management

and disparities in treatment initiation, there are very
few studies that compare the care provided and
treatment outcomes between private and public set-
tings. A study in Vietnam found poorer management
and treatment outcomes of patients treated in one
semi-private clinic compared to patients treated by
the national TB control program [17], but another in
Nigeria reported comparable outcomes [18]. While it
is acknowledged that the size, structure and function
of private healthcare providers in health systems vary
greatly between settings, to our knowledge there
have been no studies that have investigated diagnos-
tic delays, TB management and outcomes for pa-
tients receiving private versus public healthcare in
any setting.
Victoria is Australia’s second most populous state

with an estimated resident population of 5.97 million
(December quarter 2015) people [19], universal health
care and both a low incidence of TB (6.7/100,000 in
2013) [20] and low TB-related mortality [21]. TB pa-
tients are predominantly managed in the public sector,
although some do attend private healthcare providers.
The Victorian TB program (VTP) engages with both
public and private providers and collects detailed data
on all TB patients diagnosed in Victoria, including
consistently recording whether care is provided through
private or public services. All microbiological diagnoses
of TB, regardless of healthcare sector, are managed
centrally, with routine molecular testing conducted at a
single statewide reference laboratory [22]. In the inter-
est of ensuring that TB care is optimal in Victoria, we
sought to compare the quality of healthcare received
between public and private settings. Specifically, we
aimed to investigate whether disparities in treatment
initiation and TB management reported elsewhere in
the world are present in Victoria, and to examine any
effect on treatment outcomes.

Methods
Study population
The study population comprised patients diagnosed
with active TB in Victoria and notified to the Depart-
ment of Health & Human Services between 1/1/2002
and 31/12/2015. In Victoria, all medical practitioners
and diagnostic laboratories are required to report
patients with TB to health authorities under public
health legislation [20]. All patients, regardless of their
choice of health provider, are followed up by the VTP.
Confirmation of TB diagnosis by culture and drug
susceptibility testing is routinely performed where
possible [23].
Australia has a publicly funded universal health

insurance scheme (Medicare). TB management within
public hospitals and clinics are provided free of charge to
all TB patients in Victoria [24]. Patients that choose to
attend private hospitals or physicians are frequently
charged additional fees over and above the cost that is
covered by Medicare or their private health insurers.
Medications for the treatment of TB are provided free of
charge for all patients by the VTP.
Patient records were extracted from an existing pro-

grammatic database (Public Health Event Surveillance
System, PHESS), which contains detailed demographic
information, laboratory results and patient notes includ-
ing notifying medical practitioners and hospital identifi-
cation numbers.

Definitions
Sites of disease were categorised as cases with pulmonary
involvement (excluding disseminated cases), disseminated
and extrapulmonary manifestations (including lymph node
TB). Any disease with two non-pulmonary, non-contiguous
sites of disease was categorised as disseminated.
Figure 1 illustrates definitions of the various pos-

sible delays during TB management. Symptom onset,
healthcare presentation dates, treatment commence-
ment dates and dates of chest x-ray/CT-scan (CXR)
were as specified on notification forms, or obtained
by VTP nurses from clinicians, patients or medical
records. Specimen collection dates and dates that test
results were received were as recorded by laboratories.

Statistical analyses
Wilcoxon-Mann-Whitney tests and Chi squared tests
were used to compare demographic and clinical dif-
ferences between public and private cohorts.
Private healthcare provision was included as an

independent variable in univariate and multivariate
logistic regression to analyse the investigations, symp-
toms, laboratory tests, treatment regimens and treatment
outcomes. All independent variables with P < 0.25 in
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univariate analysis were considered in multivariate ana-
lysis [25].
Kaplan-Meier curves were used to illustrate various

delays in diagnosis and treatment between public and
private cohorts, and private healthcare provision was
included as an independent variable in Cox proportional
hazard analyses to assess these delays (Table 3). All
independent variables with P < 0.25 in univariate
(log-rank) analysis were considered in multivariate analysis
[25]. Proportionality assumptions were assessed using
Kaplan-Meier survival curves; by including time-dependent
covariates in the model; and with Schoenfeld and scaled
Schoenfeld residuals. Interactions were explored and
likelihood-ratio tests, Akaike information criterions (AIC) and
multiway cross tabulations were performed to guide which to
include. No interactions causing variable combination
frequencies of less than ten were included, except
where noted.
In multivariate analyses, p-values below 0.05 were

considered significant, although findings with p-values
less than 0.10 are also discussed.
Analyses involving symptom onset data were only

possible from 2012 onwards for pulmonary cases, due to
limited prior data.
All data preparation and analysis was conducted using

Microsoft Excel 2010 and Stata version 13.1 (Stata Corp.,
College Station, TX, USA).

Results
Of 5106 TB patients, 275 (5.4%) were seen exclusively by
private healthcare providers, and 4714 (92.3%) by public.
Excluded from analysis were patients who moved from
private to public healthcare during their care (n = 18,
0.4%), those who moved from public to private care
(n = 2, 0.04%), those for whom the healthcare service
provider was unable to be classified due to missing data,
patient transfer overseas or death before healthcare pres-
entation (n = 97, 1.9%). The characteristics of TB patients
attending private and public healthcare providers, and
their treatment outcomes, are listed in Table 1.
There were several significant demographic and clin-

ical differences between private and public patients.
Those attending private health care were significantly older
(p < 0.001), less likely to be born overseas (p = 0.001), less
likely to have pulmonary involvement (p < 0.001) and more
likely to have extrapulmonary TB (p < 0.001) (Table 1).

Multivariate logistic regression
Table 2 presents results of private healthcare provision
as an independent variable in univariate and multivariate
logistic regression analyses of laboratory tests, results,
treatment and outcomes. Full tables of results are pro-
vided in the Additional file 1: Tables S1–S21.
In multivariate analysis, when compared to TB patients

that attended public providers, patients who attended

Fig. 1 Conceptual illustration of definitions of delays (adapted from Van Wyk et al. 2011)
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private providers were significantly less likely to have a
genotypic investigation and were significantly less likely to
have a sputum smear sample taken (for those with pul-
monary involvement) and smear samples were less likely
to be a positive. Private patients with extrapulmonary TB
were significantly less likely to have a smear sample. Those
with pulmonary involvement were significantly less likely
to begin on treatment following an abnormal CXR and
prior to other test results.
Patients who attended private healthcare providers

were significantly more likely to receive fewer than four

first-line medications, but there were no observed
differences in treatment outcomes between public and
privately treated patients.

Delays and survival analysis
Considering the median delays (Table 3), log-rank and
Kaplan-Meier survival curves (Figs. 2, 3 and 4), private
patients did not commence treatment as promptly as
patients that attended public healthcare providers. The
only disparities that remained in Cox proportional
hazard analysis were that private patients attended

Table 1 Characteristics of tuberculosis cases notified in Victoria from 2002 to 2015

Variable All notifications Public Private

n = 5106 n = 4714 n = 275

n (%)a n (%)a n (%)a

Sex

Female 2324 (45.5) 2120 (45.0) 141 (51.3)

Male 2782 (54.5) 2594 (55.0) 134 (48.7)

Age group, years

< 18 365 (7.2) 362 (7.7) 1 (0.4)

18–65 3876 (83.1) 3587 (76.1) 206 (74.9)

≥ 65 865 (16.9) 765 (16.2) 68 (24.7)

Median age (years) 33 (IQR 25–53) 33 (IQR 25–52) 41 (IQR 30–64)

Place of birth

Australia 543 (10.6) 466 (9.9) 45 (16.4)

Overseas born 4563 (89.4) 4248 (90.1) 230 (83.6)

Risk factors

Substance abuse 82 (1.6) 74 (1.6) 1 (0.4)

Born in a high-burden country 3005 (58.9) 2797 (59.3) 156 (56.7)

Ever resided in an aged care facility 41 (0.8) 36 (0.8) 4 (1.5)

Indigenous 9 (0.2) 7 (0.1) 1 (0.4)

Household member or close contact with TB 904 (17.7) 852 (18.1) 34 (12.4)

Rural healthcare provider 101 (2.0) 94 (2.0) 6 (2.2)

Manifestation

Pulmonary involvement 2605 (51.0) 2248 (47.7) 83 (30.2)

Disseminated 269 (5.3) 255 (5.4) 10 (3.6)

Extrapulmonary 2232 (43.7) 1993 (42.3) 182 (66.2)

Drug resistanceb

Fully sensitive 2978 (75.2) 2783 (75.9) 148 (71.2)

Multidrug-resistant TB (MDR-TB)c 71 (1.8) 67 (1.8) 3 (1.4)

Mono or poly-resistant, not MDR-TB 285 (7.2) 268 (7.3) 11 (5.3)

Not recorded 619 (15.6) 535 (14.6) 46 (22.1)

Median treatment duration in those completing
treatment (days)

215 (IQR 184–289) 215 (IQR 184–288) 216 (IQR 185–281)

HIV-positive (2009–2015) 39/2739 (1.3) 39/2588 (10.0) 0/119 (28.6)

Definition of abbreviations: TB tuberculosis, CXR chest x-ray/CT scan, IQR interquartile range
aExcept where stated
bConfined to culture-positive cases: All notifications = 3963 cases; Public = 3665 cases; Private = 208 cases
cDefined as resistance to both isoniazid and rifampicin at initial drug susceptibility testing.

Dale et al. BMC Infectious Diseases  (2017) 17:324 Page 4 of 12



Ta
b
le

2
Re
su
lts

fo
r
th
e
in
de

pe
nd

en
t
va
ria
bl
e
‘p
riv
at
e
he

al
th
ca
re

pr
ov
is
io
n’
in

m
ul
tiv
ar
ia
te

lo
gi
st
ic
re
gr
es
si
on

an
al
ys
es

of
la
bo

ra
to
ry

te
st
s,
tr
ea
tm

en
t
re
gi
m
en

s
an
d
ou

tc
om

es
am

on
g
ad
ul
t
Vi
ct
or
ia
n
TB

pa
tie
nt
s,
20
02
–2
01
5

O
ut
co
m
e

Pu
bl
ic
pa
tie
nt
s:

ou
tc
om

e
pr
es
en

t/
to
ta
l

Pr
iv
at
e
pa
tie
nt
s:

ou
tc
om

e
pr
es
en

t/
to
ta
l

U
ni
va
ria
te

an
al
ys
is

M
ul
tiv
ar
ia
te

an
al
ys
is
a

O
R

(9
5%

CI
)

p
aO

R
(9
5%

CI
)

P
va
lu
e

O
th
er

in
de

pe
nd

en
t
va
ria
bl
es

In
ve
st
ig
at
io
ns

pe
rfo

rm
ed

C
XR

b
23
24
/2
46
6

74
/8
3

0.
50

(0
.2
5–
1.
02
)

0.
05
8

0.
56

(0
.2
6–
1.
18
)

0.
12
5

a
sx

p
s
c
h
o
Iy

‡

C
XR

-
ex
tr
ap
ul
m
on

ar
y
pa
tie
nt
s

17
47
/1
99
3

16
4/
18
2

1.
28

(0
.7
8–
2.
13
)

0.
33
3

N
A

a
sx

y‡

Sm
ea
r
sp
ut
um

sa
m
pl
eb

19
37
/2
46
6

58
/8
3

0.
63

(0
.3
9–
1.
02
)

0.
06
2

0.
52

(0
.3
1–
0.
86
)

0.
01
1

a‡
sx

p‡
pe

‡
c
h
o
y‡

Br
on

ch
ia
lw

as
h
sa
m
pl
eb

sp
.

78
9/
24
66

35
/8
3

1.
55

(0
.9
9–
2.
42
)

0.
05
3

1.
49

(0
.7
5–
2.
96
)

0.
25
2

p
s
f
c‡

h
o
y‡

cx
‡
sp
.‡
c#
h‡

Sm
ea
r
sa
m
pl
e
–
ex
tr
ap
ul
m
on

ar
y
pa
tie
nt
s

13
06
/1
99
3

96
/1
82

0.
59

(0
.4
3–
1.
83
)

0.
00
1

0.
54

(0
.3
7–
0.
77
)

0.
00
1

a‡
sx

p
h
o
c
y‡

cx
‡

G
en

ot
yp
ic
TB

te
st
in
gc

21
51
/4
51
8

93
/2
68

0.
58

(0
.4
5–
0.
76
)

<
0.
00
1

0.
65

(0
.4
7–
0.
89
)

0.
00
8

a
pe

‡
ly
e
d
r
p‡

h
y‡

s
o
cx

cx
#m

In
ve
st
ig
at
io
n
re
su
lts

A
bn

or
m
al
fir
st
ch
es
t
x-
ra
y/
C
T
sc
an

b
21
71
/2
27
1

69
/7
0

3.
18

(0
.4
4–
23
.1
2)

0.
25
3

N
A

a
sx

pe
‡
r‡
o
y

A
bn

or
m
al
fir
st
ch
es
t
x-
ra
y/
C
T
sc
an

-
ex
tr
ap
ul
m
on

ar
y
pa
tie
nt
s

65
5/
16
50

44
/1
46

0.
66

(0
.4
5–
0.
95
)

0.
02
4

0.
71

(0
.4
8–
1.
04
)

0.
08
0

a‡
sx

e‡
p
c
h
o
y‡

C
av
ita
tio

n
43
1/
21
56

10
/6
9

0.
68

(0
.3
4–
1.
34
)

0.
26
2

N
A

sx
pe

‡
r
s
h‡

y‡

Sm
ea
r-
po

si
tiv
e
sp
ut
um

sa
m
pl
eb

78
9/
19
37

19
/5
8

0.
71

(0
.4
1–
1.
24
)

0.
22
5

0.
54

(0
.2
7–
1.
05
)

0.
07
0

pe
‡
r‡
p
s‡

h
f
cx

‡
y‡

Sm
ea
r
po

si
tiv
e
–
ex
tr
ap
ul
m
on

ar
y
pa
tie
nt
s

29
6/
10
93

34
/8
7

1.
73

(1
.1
0–
2.
71
)

0.
01
7

1.
51

(0
.8
9–
2.
56
)

0.
13
2

e
p
h‡

y‡
cx

‡

Po
si
tiv
e
ge

no
ty
pi
c
te
st

18
11
/2
15
1

79
/9
3

1.
00

(0
.5
8–
1.
73
)

0.
99
8

N
A

a‡
r
cx

pe
ly
‡
e‡

d‡
s
o
y‡

C
ul
tu
re
-p
os
iti
ve

36
65
/3
96
8

20
8/
22
9

0.
82

(0
.5
1–
1.
30
)

0.
39
8

N
A

sx
pe

ly
‡
e‡

d
r
h
y
cx

Pr
es
um

pt
iv
e
di
ag
no

se
s
–
no

t
co
nf
irm

ed
by

cu
ltu

re
or

PC
R.

83
9/
47
06

54
/2
73

1.
14

(0
.8
4–
1.
54
)

0.
41
4

N
A

a‡
sx

pe
ly
‡
e‡

d
r‡
s‡

f
c
h
o
y
cx

Tr
ea
tm

en
t
co
m
m
en

ce
m
en

t

Pr
io
r
to

an
y
po

si
tiv
e
te
st
re
su
lt
or

ab
no

rm
al

ch
es
t
x-
ra
y/
C
T
sc
an

10
53
/4
14
9

77
/2
21

1.
57

(1
.1
8–
2.
09
)

0.
00
2

1.
10

(0
.8
0–
1.
51
)

0.
57
5

a
sx

pe
ly
‡
e‡

d‡
r
p
f
c
h
o
y‡

h#
m

‡

Fo
llo
w
in
g
ab
no

rm
al
ch
es
t
x-
ra
y/
C
T
sc
an
,b

ef
or
e

an
y
ot
he

r
re
su
lts

b
99
8/
21
35

17
/4
8

0.
42

(0
.3
4–
0.
74
)

0.
00
3

0.
43

(0
.2
3–
0.
78
)

0.
00
6

a‡
r‡
p‡

s‡
c‡

y‡

Fo
llo
w
in
g
po

si
tiv
e
cu
ltu

re
b
sp

32
7/
24
05

22
/7
6

2.
59

(1
.5
6–
4.
31
)

<
0.
00
1

1.
22

(0
.5
8–
2.
54
)

0.
60
4

a‡
sx

pe
p
f
c
sp
.‡

Fo
llo
w
in
g
po

si
tiv
e
cu
ltu

re
,e
xt
ra
pu

lm
on

ar
y

pa
tie
nt
s

30
5/
19
18

38
/1
73

1.
49

(1
.0
2–
2.
18
)

0.
04
0

1.
15

(0
.7
2–
1.
84
)

0.
54
8

a
sx

ea
.
r
p
s
y
cx

Dale et al. BMC Infectious Diseases  (2017) 17:324 Page 5 of 12



Ta
b
le

2
Re
su
lts

fo
r
th
e
in
de

pe
nd

en
t
va
ria
bl
e
‘p
riv
at
e
he

al
th
ca
re

pr
ov
is
io
n’
in

m
ul
tiv
ar
ia
te

lo
gi
st
ic
re
gr
es
si
on

an
al
ys
es

of
la
bo

ra
to
ry

te
st
s,
tr
ea
tm

en
t
re
gi
m
en

s
an
d
ou

tc
om

es
am

on
g
ad
ul
t
Vi
ct
or
ia
n
TB

pa
tie
nt
s,
20
02
–2
01
5
(C
on

tin
ue
d)

Tr
ea
tm

en
t
re
gi
m
en

an
d
ou

tc
om

e

Fe
w
er

th
an

fo
ur

fir
st
-li
ne

m
ed

ic
at
io
ns

d
33
2/
39
96

29
/2
08

1.
79

(1
.1
9–
2.
69
)

0.
00
5

2.
17

(1
.3
6–
3.
46
)

0.
00
1

a‡
sx

‡
pe

ly
e‡

d
p‡

f‡
c
h‡

o
y‡

C
om

pl
et
ed

tr
ea
tm

en
t

40
43
/4
14
7

22
5/
23
5

0.
58

(0
.3
0–
1.
12
)

0.
10
6

0.
61

(0
.3
1–
1.
21
)

0.
15
8

a
sx

pe
‡
ly
e‡

d
p
s‡

h
y‡

D
ie
d
be

fo
re

or
du

rin
g
tr
ea
tm

en
t

19
5/
42
88

17
/2
44

1.
57

(0
.9
4–
2.
63
)

0.
08
4

1.
16

(0
.6
0–
2.
23
)

0.
65
2

a‡
sx

‡
pe

ly
‡
e
d‡

r
p
s‡

f‡
c
h‡

o
y

D
ef
in
iti
on

of
ab

br
ev
ia
tio

ns
:T
B
tu
be

rc
ul
os
is
;N

A
no

t
ap

pl
ic
ab

le
,n

ot
in
cl
ud

ed
in

m
ul
tiv

ar
ia
te

an
al
ys
is
,p

riv
at
e
p
>
0.
25

in
un

iv
ar
ia
te

an
al
ys
is
,o

bs
ob

se
rv
at
io
ns
,l
ab

la
bo

ra
to
ry
,O

R
od

ds
ra
tio

,a
O
R
ad

ju
st
ed

od
ds

ra
tio

,I
Q
R

in
te
rq
ua

rt
ile

ra
ng

e,
#
in
te
ra
ct
io
n
te
rm

a V
ar
ia
bl
es

co
ns
id
er
ed

in
al
lu

ni
va
ria

te
an

al
ys
es

–
ag

e
(a
)
(f
iv
e
gr
ou

ps
:0

–9
ye
ar
s;
10

–1
7
ye
ar
s;
18

–3
4
ye
ar
s;
35

–6
4
ye
ar
s,
≥
65

ye
ar
s)
;s
ex

(s
x)
;M

an
ife

st
at
io
n
(m

)
(p
ul
m
on

ar
y
on

ly
,p

ul
m
on

ar
y
pl
us

ot
he

r
si
te
s
[p
e]
,l
ym

ph
no

de
[ly
],
di
ss
em

in
at
ed

[d
]
or

ot
he

r
ex
tr
ap

ul
m
on

ar
y
[e
]);

sa
w

ru
ra
lh

ea
lth

pr
ov

id
er

(r
);
sa
w

pr
iv
at
e
he

al
th

pr
ov

id
er

(p
);
hi
st
or
y
of

su
bs
ta
nc
e
ab

us
e
(s
);
ev
er

re
si
de

d
in

an
ag

ed
ca
re

fa
ci
lit
y
(f
);
ho

us
eh

ol
d
m
em

be
r
or

cl
os
e

co
nt
ac
t
w
ith

TB
(c
);
bo

rn
in

hi
gh

bu
rd
en

co
un

tr
y
(h
);
ov

er
se
as

bo
rn

(o
);
ye
ar

of
no

tif
ic
at
io
n
(y
)
(g
ro
up

s:
20

02
–2

00
5;

20
06

–2
01

1;
20

12
–2

01
5)
;F
irs
t
C
XR

re
su
lts

(c
x)

w
er
e
al
so

co
ns
id
er
ed

fo
r
al
l“
In
ve
st
ig
at
io
ns

pe
rf
or
m
ed

”
an

d
“I
nv

es
tig

at
io
n
re
su
lts
”
an

d
“T
re
at
m
en

t
co
m
m
en

ce
m
en

t”
an

al
ys
es

ex
ce
pt

th
os
e
re
ga

rd
in
g
C
XR

s.
Sp

ut
um

sm
ea
r
re
su
lts

(s
p)

w
er
e
in
cl
ud

ed
in

se
ve
ra
la

na
ly
se
s
w
he

re
no

te
d

b
O
nl
y
pa

tie
nt
s
w
ith

pu
lm

on
ar
y
in
vo

lv
em

en
t
in
cl
ud

ed
in

th
e
an

al
ys
is

c O
nl
y
pa

tie
nt
s
w
ith

a
sp
ec
im

en
sa
m
pl
e
in
cl
ud

ed
in

an
al
ys
is

d
C
on

fin
ed

to
pa

tie
nt
s
th
at

co
m
m
en

ce
d
tr
ea
tm

en
t;
be

ga
n
on

tr
ea
tm

en
t
pr
io
r
to

cu
ltu

re
re
su
lts

be
in
g
av
ai
la
bl
e;

an
d
w
er
e
no

t
id
en

tif
ie
d
as

a
pa

rt
of

a
sc
re
en

in
g
or

co
nt
ac
t
in
ve
st
ig
at
io
n

‡
In
de

pe
nd

en
t
va
ria

bl
es

in
cl
ud

ed
in

m
ul
tiv

ar
ia
te

an
al
ys
es

w
ith

p<
0.
05

Dale et al. BMC Infectious Diseases  (2017) 17:324 Page 6 of 12



Ta
b
le

3
Re
su
lts

fo
r
th
e
in
de

pe
nd

en
t
va
ria
bl
e
‘p
riv
at
e
he

al
th
ca
re

pr
ov
is
io
n’
in

C
ox

pr
op

or
tio

na
lh

az
ar
d
m
od

el
an
al
ys
es

of
va
rio

us
tim

e
pe

rio
ds

be
tw

ee
n
sy
m
pt
om

on
se
t,

he
al
th
ca
re

pr
es
en

ta
tio

n,
in
ve
st
ig
at
io
ns

an
d
tr
ea
tm

en
t
co
m
m
en

ce
m
en

t
am

on
g
ad
ul
t
Vi
ct
or
ia
n
TB

ad
ul
t
pa
tie
nt
s,
20
02
–2
01
5

Ti
m
e
pe

rio
d
ou

tc
om

e
Pr
iv
at
e

sa
m
pl
e

Pr
iv
at
e
he

al
th
ca
re

pr
ov
is
io
n

Pu
bl
ic
he

al
th
ca
re

pr
ov
is
io
n

Re
su
lts

of
C
ox

re
gr
es
si
on

an
al
ys
is
w
ith

in
cl
us
io
n
of

pr
iv
at
e
he

al
th
ca
re

as
bi
na
ry

ex
po

su
re

va
ria
bl
e

M
ul
tiv
ar
ia
te

su
rv
iv
al
an
al
ys
is
a

M
ed

ia
n
(IQ

R)
(d
ay
s)

M
ed

ia
n
(IQ

R)
(d
ay
s)

N
um

be
r
of

ob
s

H
R

(9
5%

CI
)

P
va
lu
e

O
th
er

in
de

pe
nd

en
t
va
ria
bl
es

Pa
tie
nt
s
w
ith

pu
lm

on
ar
y
in
vo
lv
em

en
t

H
ea
lth

sy
st
em

de
la
y
cx

sp
59

40
(1
7–
90
)

22
(6
–5
2)

13
99

0.
81

(0
.5
8–
1.
12
)

0.
19
5

a‡
sx

‡
pe

p
h‡

o‡
r

sp
.‡

D
ia
gn

os
tic

de
la
y
-
pr
es
en

ta
tio

n
to

fir
st

ch
es
t
x-
ra
y/
C
T
sc
an

35
29

(5
–5
9)

9
(0
–3
2)

12
16

0.
84

(0
.6
0–
1.
18
)

0.
30
7

sx
‡
pe

r
p
h‡

o
y‡

Tr
ea
tm

en
t
in
iti
at
io
n
de

la
y
1

sp
83

19
(7
–6
4)

10
(3
–3
4)

14
09

1.
35

(0
.8
2–
2.
21
)

0.
23
5

a‡
p
s‡

c
h
o
y
sp
.‡
h#
p‡

a#
o‡

a#
sp
.‡

(t
hi
s
in
te
ra
ct
io
n
te
rm

co
nt
ai
ne

d
no

sm
ea
r
po

si
tiv
e
in

th
e
yo
un

ge
st

ag
e-
gr
ou

p)

Ex
tr
ap
ul
m
on

ar
y
pa
tie
nt
s

H
ea
lth

sy
st
em

de
la
y
cx

14
3

61
(2
5–
99
)

46
(2
0–
91
)

15
04

N
A

sx
e
f‡

c‡
y‡

cx
cx
#m

‡

D
ia
gn

os
tic

de
la
y
-
pr
es
en

ta
tio

n
to

fir
st

ch
es
t
x-
ra
y/
C
T
sc
an

81
54

(1
9–
93
)

27
(6
–6
5)

10
80

0.
79

(0
.6
3–
0.
99
)

0.
04
3

s‡
sx

p‡
y‡

A
ll
pa
tie
nt
s

Pa
tie
nt

de
la
yb

39
1
(0
–2
8)

18
(0
–6
8)

87
1

1.
36

(1
.0
2–
2.
00
)

0.
06
5

sx
pe

ly
e
d
p
c
o

La
bo

ra
to
ry

de
la
y
-
sp
ec
im

en
co
lle
ct
io
n

to
cu
ltu

re
re
su
ltc

53
43

(4
0–
53
)

43
(3
5–
52
)

13
80

0.
90

(0
.6
8–
1.
20
)

0.
47
4

sx
pe

ly
‡
e‡

d‡
r
s‡

p
c
o
c#
sx
‡
sx
#o
‡

Tr
ea
tm

en
t
in
iti
at
io
n
de

la
y
2

60
10

(5
–2
5)

11
(3
–2
1)

57
7

N
A

a
sx

y‡
sm

‡

D
ef
in
iti
on

of
ab

br
ev
ia
tio

ns
:T
B
tu
be

rc
ul
os
is
,N

A
no

t
ap

pl
ic
ab

le
,p

riv
at
e
p
>
0.
25

in
un

iv
ar
ia
te

an
al
ys
is
,o

bs
ob

se
rv
at
io
ns
,I
Q
R
in
te
rq
ua

rt
ile

ra
ng

e,
H
R
ha

za
rd

ra
tio

,#
in
te
ra
ct
io
n
op

er
at
or

a V
ar
ia
bl
es

co
ns
id
er
ed

in
un

iv
ar
ia
te

an
al
ys
is
–
ag

e
(a
)
(f
iv
e
gr
ou

ps
:0

–9
ye
ar
s;
10

–1
7
ye
ar
s;
18

–3
4
ye
ar
s;
35

–6
4
ye
ar
s,
≥
65

ye
ar
s)
;s
ex

(s
x)
;m

an
ife

st
at
io
n
(m

)
(c
at
eg

or
ie
s:
pu

lm
on

ar
y
on

ly
,p

ul
m
on

ar
y
pl
us

ot
he

r
si
te
s
[p
e]
,

ly
m
ph

no
de

[ly
],
di
ss
em

in
at
ed

[d
]
or

ot
he

r
ex
tr
ap

ul
m
on

ar
y
[e
]);

sa
w

ru
ra
lh

ea
lth

pr
ov

id
er

(r
);
sa
w

pr
iv
at
e
he

al
th

pr
ov

id
er

(p
);
ha

s
a
hi
st
or
y
of

su
bs
ta
nc
e
ab

us
e
(s
);
ha

s
ev
er

re
si
de

d
in

an
ag

ed
ca
re

fa
ci
lit
y
(f
);
ho

us
eh

ol
d

m
em

be
r
or

cl
os
e
co
nt
ac
t
w
ith

TB
(c
);
bo

rn
in

hi
gh

bu
rd
en

co
un

tr
y
(h
);
ov

er
se
as

bo
rn

(o
);
ye
ar

of
no

tif
ic
at
io
n
(y
)
(g
ro
up

s:
20

02
–2

00
5;

20
06

–2
01

1;
20

12
–2

01
5)
;.
Fi
rs
t
C
XR

re
su
lts

(c
x)

an
d
sp
ut
um

sm
ea
r
re
su
lts

(s
p)

an
d

sm
ea
r
re
su
lts

(s
m
)
w
er
e
al
so

co
ns
id
er
ed

w
he

re
no

te
d

b
Pa

tie
nt

de
la
y
co
ul
d
on

ly
be

co
ns
id
er
ed

fr
om

20
12

to
20

15
du

e
to

sm
al
ls
am

pl
e
nu

m
be

rs
in

pr
io
r
ye
ar
s.

c L
ab

or
at
or
y
de

la
y
co
ul
d
on

ly
be

co
ns
id
er
ed

fr
om

20
11

to
20

15
du

e
to

ye
ar

of
no

tif
ic
at
io
n
va
ria

bl
e
no

t
be

in
g
pr
op

or
tio

na
l

‡
In
de

pe
nd

en
t
va
ria

bl
es

in
cl
ud

ed
in

m
ul
tiv

ar
ia
te

an
al
ys
es

w
ith

p<
0.
05

Dale et al. BMC Infectious Diseases  (2017) 17:324 Page 7 of 12



healthcare sooner after symptom onset than public pa-
tients, private extrapulmonary TB patients received
radiological examinations less promptly than public pa-
tients and a significant interaction in the model of treat-
ment initiation delay 1 indicated that private patients
born in a high burden country with pulmonary involve-
ment (n = 20) were not initiated on treatment as quickly as
their public counterparts following an abnormal CXR
(Table 3). Full tables of results are provided in the
Additional file 1: Tables S22–S29.

Discussion
In our setting, there were differences in the care re-
ceived by TB patients in private compared to public
healthcare settings that are likely to reflect both differ-
ences in clinician practice and the case-mix managed.
Private physicians were less likely to perform genotypic
testing, take a sputum sample, and less likely to pre-
scribe all four first-line medications. Patients attending
private healthcare did so sooner after symptom onset,
were less likely to have positive sputum specimens and

Fig. 2 Kaplan-Meier curves for TB patients with pulmonary involvement in Victoria from 2002 to 2015. a Health system delay. b Diagnostic delay
to first CXR. c Treatment initiation delay 1

Fig. 3 Kaplan-Meier curves for extrapulmonary TB patients in Victoria from 2002 to 2015. a Health system delay. b Diagnostic delay to first CXR
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certain groups did not receive assessments or commence
treatment as promptly as public patients. Despite these
disparities, treatment outcomes were comparable and no
significant differences in health system delays to treatment
commencement were found in Cox proportional hazard
analyses.
The ability to distinguish patient delay from health

system delays allowed us to demonstrate that in our
setting public and private patients exhibited different
health-seeking behaviour, with private patients attend-
ing sooner after symptom onset. Although it has been
proposed that seeking medical care more promptly may
indicate more severe disease and symptoms [26], our
results were consistent with studies showing a negative
association between symptom duration and smear-
positivity [27, 28]. In our cohort, private patients with
pulmonary involvement were less likely to have a
smear-positive sputum sample than public patients, and
extrapulmonary private patients were less likely to have
an abnormal CXR, suggesting that private patients may
present to healthcare with less severe disease. The
degree to which the disparity in health-seeking behav-
iour reflects barriers that public patients experienced in
accessing their care is unknown, and collection of more
detailed qualitative information on health-seeking be-
haviour would be valuable.

Following healthcare attendance, several of our findings
suggested that certain groups of private patients do not
receive assessments or commence treatment as promptly
as public patients. While it is possible these findings are
due to differences in clinician practice, it may also reflect
differing disease severity of the cohorts presenting to each
provider type. For example, the lower likelihood of
sputum examination in private patients may reflect a
decreased ability to expectorate rather than clinician prac-
tice. Similarly, the fact that private extrapulmonary pa-
tients didn’t receive radiological examinations as promptly
and certain groups took longer to commence treatment
following an abnormal radiological result may be consist-
ent with either 1) avoidable diagnostic delays, 2) logistical
issues related to access to radiological and/or treatment,
or 3) generally less severe presentations posing little risk
of significant morbidity and disease transmission or
greater diagnostic difficulty. While contributions from the
first two possibilities cannot be discounted, the latter ex-
planation is supported by investigation results among pri-
vate patients indicating less severe disease and the fact
that no significant health system delay was present overall,
and treatment outcomes were comparable. From a public
health perspective, the patterns of earlier presentation, less
frequent smear-positivity and less severe disease also sug-
gest a lower risk of transmission of infection.

Fig. 4 Kaplan-Meier curves for TB patients in Victoria. a Patient delay 2012–2015. b Laboratory delay 2011–2015. c Treatment initiation
delay 2 2002-2015
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Despite this, two of our findings, necessitate action
due to the increasing incidence of multi-drug resistant
TB (MDR-TB) in our setting, namely the less frequent
use of genomic diagnostics and of a full complement of
first-line drugs in private settings [20]. The VTP en-
gages closely with both public and private physicians,
so educational engagement will be possible across the
sector to ensure improved uptake of genotypic testing
and appropriate treatment regimens.
After adjustment for covariables (listed in the com-

ments section of Table 3), we found no significant dif-
ference in health system or laboratory delays between
public and private patients using Cox proportional
hazard analysis. Similar analyses in other settings have
revealed treatment delays by private providers and have
proposed that these may be due to “deficiencies” [3],
poorer knowledge regarding TB management [7, 8] or a
lack of “effective diagnostic tools and follow-up rou-
tines” [2]. Although these factors may well be contrib-
uting, most previous studies did not consider important
covariables, such as sputum smear status, which have
previously been associated with health system delays
[28] and that we found to be an important confounder
in analyses of treatment commencement. A physician’s
index of suspicion and their decision to commence treat-
ment is inevitably influenced by their own knowledge, ex-
perience and biases, but also by factors beyond their
control, including patient characteristics, manifestation,
severity of disease and investigation results. These fac-
tors differed between public and private patients in our
setting, and had an important influence on our results.
Understanding the effect of such covariables is there-
fore important in any analysis of TB management.
The majority of studies comparing public and private

settings have been performed in middle to high inci-
dence settings that differ from ours. Factors associated
with diagnostic and treatment delays may differ due to
differing health systems, types of practitioners and
health-seeking behaviour [4], so results are likely to be
context-specific. In our setting, all TB patients, both
public and private, are supervised and monitored by the
VTP and TB medication is free– factors that have long
been identified as leading to successful implementation
of TB management [29]. The VTP has improved engage-
ment with both public and private sectors over time,
which allows comprehensive data collection, detailed
analysis of care and effective feedback of results to
practitioners. Our analyses showed that programmatic
indicators such as treatment completion improved in
our setting over the period of observation. In other
settings, including many that have high TB burdens and
growing private health sectors [30], we recognise that
such engagement may be absent, data may be unavail-
able, and comprehensive and meaningful assessment of

healthcare may be impossible. Fostering engagement
between public and private healthcare sectors should
therefore be the first priority in such settings. As has
been noted, “private sector involvement might not be a
bad thing in itself, but… public resources must be more
effectively deployed for capturing and curating data of
public interest from the private sector” [30].
As a well-resourced setting, we are privileged to have

a large, well-curated dataset, and can provide a compre-
hensive analysis of TB management in both sectors, in-
cluding treatment outcomes. However, we acknowledge
the uncertainty inherent in any statistical analyses and
the limitations of making multiple statistical comparisons,
and urge caution in the interpretation of presented
differences. Our study is also limited by the use of
retrospective surveillance data and therefore subject to the
influence of factors such as changes in data collection
practices over time. Furthermore, analyses of some aspects
of care were impossible due to small samples of private
patients. We were also unable to include several covari-
ables in analyses that have been shown to affect health
system delays in some settings, including comorbidities
[31] and education level [32]. However, the addition of
comorbidities may further moderate disparities in diag-
nostic delay in our study, given the older age of private pa-
tients [33]. Further exploration regarding health-seeking
behaviour and access to care, and the inclusion of out-
comes such as relapse and the extent of onward transmis-
sion are planned.

Conclusions
We found small differences between public and private
sectors in approach to care that are likely to reflect a
differing case-mix as well as differing clinician practice.
With the addition of covariables such as sputum smear
status in Cox regression no significant differences in
health system delays to treatment commencement were
found, and treatment outcomes were comparable be-
tween public and private patients. The private sector is a
significant provider of TB care globally [1]. In many
countries, significant progress has been made in capturing
notifications from the private sector, although consider-
able work is still required to foster communication and
cooperation between sectors. Our study highlights the im-
portance of having a TB program that engages well with
both public and private providers, enabling comprehen-
sive data collection that is necessary for thorough and true
comparison of TB management and optimisation of care.

Additional file

Additional file 1: Tables S1–S29. Univariate and multivariate results
from all logistic regression and Cox proportional hazard regression
analyses referred to in Tables 2 and 3. (DOCX 161 kb)
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