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Abstract

Background: The national tuberculosis strain typing service (TB-STS) was introduced in England in 2010. The TB-STS
involves MIRU-VNTR typing of isolates from all TB patients for the prospective identification, reporting and investigation
of TB strain typing clusters. As part of a mixed-method evaluation, we report on a repeated cross-sectional survey to
illustrate the challenges surrounding the evaluation of a complex national public health intervention.

Methods: An online initial and follow-up questionnaire survey assessed the knowledge, attitudes and practices of
public health staff, physicians and nurses working in TB control in November 2010 and March 2012. It included
questions on the implementation, experience and uptake of the TB-STS. Participants that responded to both surveys
were included in the analysis.

Results: 248 participants responded to the initial survey and 137 of these responded to the follow-up survey

(56% retention).

Knowledge: A significant increase in knowledge was observed, including a rise in the proportion of respondents
who had received training (28.6% to 67.9%, p = 0.003), and the self-rated knowledge of how to use strain typing
had improved ('no knowledge' decreased from 43.2% to 27.4%).

Attitudes: The majority of respondents found strain typing useful; the proportion that reported strain typing to be
useful was similar across the two surveys (95.7% to 94.7%, p = 0.67).

Practices: There were significant increases between the initial and follow-up surveys in the number of respondents
who reported using strain typing (57.0% to 80.5%, p < 0.001) and the proportion of time health protection staff
spent on investigating TB (2.74% to 7.08%, p = 0.04).

Conclusions: Evaluation of a complex public health intervention is challenging. In this example, the immediate
national roll-out of the TB-STS meant that a controlled survey design was not possible. This study informs the future
development of the TB-STS by identifying the need for training to reach wider professional groups, and argues for its
continuation based on service users’ perception that it is useful. By highlighting the importance of a well-defined
sampling frame, collecting baseline information, and including all stakeholders, it provides lessons for the
implementation of similar services in other countries and future evaluations of public health interventions.
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Background

Complex public health interventions — interventions in-
volving multiple interacting components — when applied
at a national level, are often implemented in a way that
makes evaluating them with rigorously designed trials dif-
ficult [1]. Instead, they require a more pragmatic approach
using the available data [2].

Molecular typing of Mycobacterium tuberculosis is a tool
for TB surveillance and control. It has been used in combin-
ation with epidemiological information to identify outbreaks
[3], identify new routes of transmission [4], refute suspected
transmission [5,6], evaluate TB control programmes [7,8]
and detect laboratory cross contamination [9,10].

The National Tuberculosis Strain Typing Service (TB-
STS) is a complex public health intervention involving
laboratory, public health and clinical services across
England and was introduced in January 2010 [11]. A
mixed-method prospective evaluation of the acceptabil-
ity, implementation, effectiveness and cost-effectiveness
of the service was undertaken [12]. Here we report in
detail on one component of the evaluation: a cross-
sectional initial and follow-up survey of those delivering
and using the TB-STS to assess their knowledge, and to
understand the impact of the service on changes in atti-
tudes and practices associated with strain typing.

Methods
Intervention
A full description of the TB-STS, with laboratory guide-
lines for MIRU-VNTR strain typing and reporting [13]
and a handbook for public health actions relating to clus-
ter investigations (TB strain typing and cluster investiga-
tion handbook [14]) can be found on the Health
Protection Agency website [11]. Briefly, the TB-STS in-
volves prospectively typing the first M. tuberculosis isolate
from every culture-confirmed tuberculosis (TB) patient
using 24 locus Mycobacterial Interspersed Repetitive
Units-Variable Number Tandem Repeats (MIRU-VNTR),
a standardised molecular typing method [15]. Based on
the strain type result, patients are grouped into ‘clusters’
[13,14] which are reported to the Health Protection Units
(HPUs). If a cluster meets a certain threshold, as outlined
in the TB strain typing and cluster investigation hand-
book, [14] then a cluster investigation is launched to try to
establish epidemiological links between the clustered pa-
tients, thereby identifying the transmission setting and/or
an outbreak. As part of a cluster investigation the HPU
may decide to carry out enhanced contact tracing or
screening around the patients in the cluster or the identi-
fied transmission setting. By combining patients’ strain
type with epidemiological information the TB-STS aims to
inform public health decision-making at the local level.
The various components of the TB-STS were imple-
mented at different times (but always on a national
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scale): prospective strain typing was introduced across
England in January 2010; one cluster investigator was
appointed in January 2010 and the remaining two were
appointed in January 2011; the training programme for
health protection staff working in HPUs was carried out be-
tween January 2011 and February 2012, consisting of a
seminar at the national Health Protection Conference, an
online seminar, a workshop conducted at each HPU, the
publication of the handbook [14] and a Q&A sheet [11] (in
December 2010); and the software linking patients’ elec-
tronic TB record and strain typing result with information
from clusters investigations was not developed during this
study period.

Study design

An initial survey was conducted in November 2010 and
a follow-up survey in March 2012 using a web-based
survey questionnaire (www.objectplanet.com/opinio).
The target population were all public health staff, chest/
respiratory physicians and TB nurses working in TB
control in England. Questions were asked about the
knowledge (awareness of the service, training, resources
and self-reported knowledge), attitudes (perceived use-
fulness of the service) and practice (if and how strain
typing is accessed and used, and its associated work-
load). All questions and possible responses are available
in the appendix (Additional file 1). The survey was
piloted with a nurse, a physician and a public health
specialist. The initial survey was emailed to all users of
the TB notification system [16] and to staff responsible
for TB control in HPUs who were asked to pass it on to
their local TB teams; the sampling frame could not be
enumerated. The follow-up survey was emailed to re-
spondents to the initial survey.

Analysis

Participants that responded to both surveys were included
in the statistical analysis. Responses from people working at
national, regional or PCT-level, including cluster investiga-
tors, and people working in Wales were excluded from this
analysis. We compared the knowledge, attitudes and prac-
tices of public health and clinical staff working on TB con-
trol in the initial and follow-up surveys by calculating and
comparing medians and inter-quartile ranges (IQR), and
means and standard deviations (SD), and using two-sample
t-tests, chi” tests and logistic regression, where appropriate.
Calculations exclude item non-responses. Analyses were
conducted overall, by professional category and the TB in-
cidence of the HPU area in which respondents worked
(low, medium and high incidence defined as an annual no-
tification rate of <10/100,000 population, 10 to 19/100,000
and >20/100,000 respectively).
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Ethical considerations

The study was classified as a service evaluation by Univer-
sity College London Hospital Foundation Trust therefore
specific ethical approval was not required.

Results

Survey responses

There were 248 responses to the initial survey, 137 re-
sponses to the follow-up survey (55% retention), and for
124 we have responses to both the initial and follow-up
surveys (Figure 1). Respondents to the initial survey who
did not respond to the follow-up survey were not signifi-
cantly different to those that responded to both: no par-
ticular profession, full-time/part-time position or those
working in areas with different TB incidences was more
(or less) likely to respond to the follow-up survey, and
there was no significant difference between the proportion
of people who had heard of the TB-STS or had access to
strain typing at the time of the initial survey (Table 1). Re-
spondents were from all nine regions of England and cov-
ered 24 (of 26) HPUs.
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Knowledge

Between the initial and follow-up surveys there were in-
creases in the proportion of respondents who had heard
of the TB-STS, had access to strain typing results, had
received training, and had access to training resources
(Table 2). The self-rated knowledge of how to use strain
typing also increased over time (Figure 2). Nurses re-
ported lower average knowledge in both surveys com-
pared to physicians and health protection staff.

Attitudes

69 people (69/124 =56%) from the initial survey and 95
people (95/124 = 77%) from the follow-up survey reported
that they used strain typing. Opinions of the usefulness of
TB strain typing was high amongst all respondents and did
not change between the surveys (95.7% to 94.7%, p = 0.667;
Table 3). A greater proportion of respondents from low TB
incidence areas found strain typing useful, compared to
those working in high TB incidence areas (97.4% compared
to 89.3% in the follow-up survey, respectively), though this
result was not statistically significant (OR =0.13, 95% CI
0.014-1.128, p = 0.075).

Initial survey emails sent
(n=736?) and cascaded®

| Responses to initial survey |
(n=284)
Response rate
(284/736=38%°)

Excluded (n=369)

Total responses (n=248)
Health protection (n=54)
Physician (n=59)
Nurse (n=135)

o9 k |
Excluded (n=2¢)
I—l\ M N3

| Responses to follow-up |
survey (n=137)

Non-responders to follow-
up survey (n=121)

Retention rate
(137/248=55%)

\ ‘ \i

Total responses not linked to
initial survey (n=10)

Total responses linked to
initial survey (n=127)

Excluded (n=3f)

Responses included in
analysis (n=124)

Health protection (n=28)
Physician (n=30)
Nurse (n=66)

Figure 1 Responses to the initial and follow-up surveys.’The email was sent to all users of the Enhanced TB Surveillance database. This
included all administrative staff as well as well as staff working at national, regional and Primary Care Trust level, for whom the survey may not be
relevant. It is not known how many people received the email via through the HPU cascade. “This response rate is an underestimation because
of the denominator used. dRespondents working at national, regional or PCT-level (n = 27) and those from Wales (n =9) were excluded from this
analysis. “Email addresses not available from the initial survey (n =2). fin some cases it was not possible to link the follow-up response to the initial
response (n = 10). Respondents working at national, regional or PCT-level and those from Wales (n =4) were excluded from this analysis.
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Table 1 Characteristics of responders and non-responders to the follow-up survey

Initial and follow-up responses®

Non-responders to the follow-up survey

N % n %
Total 124 121
Profession HPU 28 226 23 19.0
Physician 30 242 29 240
Nurse 66 532 69 570
T8 incidence® Low 56 452 50 420
Medium 33 266 32 269
High 35 282 37 311
Work time Full-time 95 79.2 87 770
Part-time 25 20.2 26 215
Heard of the TB-STS 105 854 100 84.7
Access to strain typing 90 726 99 81.8

2Using the information reported in the initial survey.

bArea where respondents worked is defined as low, medium and high TB incidence: <10/100,000, 10-19/100,000, >20/100,000 population, respectively.
There were no significant differences between characteristics of non-responders and responders, including access to strain typing (81.8 % vs. 72.6 %, chi?

test p =0.085).

Practices

Figure 3 shows a significant increase in the number of
respondents that reported using strain typing between
the initial and follow-up surveys. There was an increase
in the number of respondents who reported using strain
typing to identify links between cases (65.3% to 78.2%,
p =0.02; the most common use), disprove links between

cases (46.8% to 58.9%, p=0.06) and to justify stopping
contact tracing (20.2% to 30.7%, p = 0.06) (Table 4).

Table 5 shows workload reported by nurses and health
protection staff. For the nurses, no significant changes in
contact tracing workload were reported.

Health protection staff reported a significant increase in
the mean number of investigations initiated because of

Table 2 Knowledge: Awareness to the TB-STS and access to strain typing data and resources

Initial survey Follow-up survey
n—% n % p-value?
Heard of the TB-STS? Total 105 854 123 99.2 <0.001
Profession Health protection 28 100 28 100
Physician 20 66.7 30 100 0.001
Nurse 57 864 65 98.5 0.015
TB incidence Low 49 87.5 56 100 0.006
Medium 24 72.7 32 97.0 0.010
High 32 914 35 100 0.077
Access to strain typing data® Total 90 726 108 87.1 0.004
Profession Health protection 26 929 27 96.4 0.553
Physician 21 70.0 23 76.7 0.559
Nurse 43 65.2 58 879 0.002
TB incidence* Low 38 67.9 47 839 0.047
Medium 24 72.7 28 84.9 0.228
High 28 80.0 33 943 0.074
Access to training (health protection staff) 8 286 19 679 0.003
Access to resources (health protection staff) 16 57.1 23 82.1 0.042

?Have you heard of the TB-STS (apart from in this survey)? (Yes / No).
Do you have access to strain typing data? (Yes / No).

“Area where respondents worked is defined as low, medium and high TB incidence: <10/100,000, 10-19/100,000, >20/100,000 population, respectively.
dchi? test of significance comparing responses from the initial and follow-up surveys.
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Figure 2 Self-reported knowledge of strain typing. Self-reported knowledge about how to use strain typing was scored on a scale of 1 to 5,
where 1 represented ‘no knowledge’ and 5 represented ‘excellent knowledge'. Dark bars represent responses to the initial survey and light bars

J

Table 3 Attitudes: Number and proportion of respondents that reported strain typing to be useful®

Initial survey Follow-up survey®
Useful Not useful Useful Not useful
n % n % n % n % pe

Total respondents that reported using strain typing 66 95.7 3 43 89 947 5 53 0.667
Profession Health protection 22 95.7 1 43 24 96.0 1 40 0.952
Physician 16 100 0 0.0 20 95.2 1 4.8 0464
Nurse 28 933 2 6.7 45 93.8 3 6.3 0.942
TB incidence® Low 31 100 0 0.0 38 974 1 26 0450
Medium 16 94.1 1 59 26 96.3 1 3.7 0.736
High 19 90.5 2 9.5 25 89.3 3 10.7 0.892

*The following question was asked to respondents who reported that they used strain typing data for TB control (Figure 3): Do you find the strain typing

information useful? (Very useful / Quite useful / Not very useful / Useless) ‘Very useful’ and ‘Quite useful’ are grouped into ‘useful; and ‘Not very useful’ is presented

as ‘Not useful’. No one reported finding the strain typing ‘useless’ in either survey.

POne response was missing from the follow-up survey.

“Area where respondents worked is defined as low, medium and high TB incidence: <10/100,000, 10-19/100,000, >20/100,000 population, respectively.
dchi? test for significance comparing responses from the initial and follow-up surveys, missing items were excluded.
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% of respondents that reported using strain typing
0 20 40 60 80 100 | pvalue
Total 27 <0.0001
Health protection 0.245
Profession Physician 0.097
Nurse <0.0001
Low 0.036
TB incidence Medium 0.013
High 0.017
initial mfollow-up
Figure 3 Practices: Respondents that use strain typing for TB control®. The proportion respondents that reported using strain typing for TB
control. Dark bars represent responses to the initial survey and light bars represent responses to the follow-up survey. P-values from chi® tests for
significance comparing initial and follow-up proportions are shown. “How often do you use strain typing data in your case management of outbreak
investigation? Never / For few cases / For about half of cases / For many cases / For every case. 'For few cases’, ‘for about half of cases', for many cases’
and ‘for every case’ were grouped to show the proportion of respondents that use strain typing.

epidemiological links between patients over a three month
period (mean 0.5 to 2.8, p = 0.04) and the mean number of
these investigations for which strain typing was used to
provide more information (0.6 to 1.8, p =0.03), but there
was no change in the number that were influenced by the
strain typing (1.2 to 0.4, p =0.17). There was no reported
difference in the number of clusters investigated because of
their strain type (in high incidence areas a large, but non-
significant, decrease was reported) and the number of strain
typing investigations that identified epidemiological links
between cases remained low (Table 5). Overall, the propor-
tion of time health protection staff spent on cluster investi-
gations increased significantly (from 2.7% to 7.2%, p = 0.04).

There was no reported change over time in the fre-
quency at which physicians were called to incident meet-
ings (a meeting, often multi-disciplinary, held to discuss
a TB patient, group or cluster of cases that are of par-
ticular concern) (p=0.503; most reported once every
three months or less (65.5% at in the initial survey and
67.9% at follow-up)) and there was no change in the
number of physicians who reported strain typing as
being relevant to an incident meeting (57.8% to 55.6%,
p =0.875).

Discussion

Main findings

We present results from an initial and follow-up survey
assessing the knowledge, attitudes and practices of those

implementing and using the TB-STS. There were 124 re-
sponses to both the surveys, representing health protec-
tion staff and clinic-based physicians and nurses from 24
(of 26) HPUs across England. Strain typing was used by
more people, and an increase in knowledge of the TB-
STS was reported at the follow-up survey. A change in
attitude was not measured as the majority of respon-
dents found strain typing useful to them at both time
points. With respect to workload associated with the
TB-STS, there was no change over time in the contact
tracing activities of nurses or the frequency of incident
meetings attended by physicians; however the propor-
tion of time health protection staff spent on investigating
TB transmission increased significantly. Despite strain
typing being used to provide more information to public
health staff at follow-up, there was no increase in epi-
demiological links identified.

How this relates to previous studies

National TB strain typing services have been introduced
in other countries [17-20], but the knowledge, attitudes
and practices of users have not been evaluated. However,
the impact of strain typing on contact tracing activities
in the Netherlands has been assessed [5]. Consistent
with this study, we found no change in the workload as-
sociated with strain typing for nurses and physicians,
even though strain typing was used by more people at
the follow-up survey (indicating the successful roll-out
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Table 4 Practices: How respondents use strain typing data®
Initial survey Follow-up survey
n % n % Pc
Identify clusters and links between cases 81 65.3 97 782 0.024
Profession Health protection 22 786 25 89.3 0.275
Physician 18 60.0 21 70.0 0417
Nurse 41 62.1 51 773 0.058
TB incidence® Low 34 60.7 41 732 0.160
Medium 20 60.6 28 84.8 0.027
High 27 818 28 84.8 0771
Disprove clusters and links between cases 58 46.8 73 589 0.056
Profession Health protection 21 75.0 24 85.7 0313
Physician 13 433 15 50.0 0.605
Nurse 24 364 34 515 0.079
TB incidence® Low 27 482 33 589 0.256
Medium 15 455 22 66.7 0.083
High 16 485 18 54.5 0.632
Justify extended contact tracing 51 41.1 60 484 0.250
Profession Health protection 16 57.1 19 67.9 0408
Physician " 36.7 10 333 0.787
Nurse 24 364 31 47.0 0217
TB incidence® Low 20 357 25 446 0335
Medium 13 394 19 57.6 0.139
High 18 54.5 16 485 0.632
Justify stopping contact tracing 25 20.2 38 306 0.058
Profession Health protection 13 464 13 464 1
Physician 3 100 5 16.7 0448
Nurse 9 136 20 303 0.021
TB incidence® Low 9 16.1 18 321 0.047
Medium 8 24.2 13 394 0.186
High 8 24.2 7 212 0771
To provide more information 34 274 44 355 0.171
Profession Health protection 13 464 10 357 0415
Physician 5 16.7 6 200 0.739
Nurse 16 24.2 28 424 0.027
TB incidence® Low 15 268 19 339 0411
Medium 8 242 12 364 0.284
High " 333 13 394 0.615

“What do you use strain typing for? (multiple selections possible) (Don’t know / Identify clusters and links between cases / Disprove clusters and links between cases /
Justify extended contact tracing / Justify stopping contact tracing / To provide more information / Other (please specify)).

PArea where respondents worked is defined as low, medium and high TB incidence: <10/100,000, 10-19/100,000, >20/100,000 population, respectively.

“chi? test for significance comparing responses from the initial and follow-up surveys.

of the service). This may be because it is difficult to
measure marginal changes in workload associated with a
particular service where the workforce is already work-
ing at full capacity. Health protection staff, however,
spent a greater proportion of time on cluster investiga-
tions. Given that the Handbook had not been published

and all the cluster investigation coordinators were not in
position at the time of the initial survey, this is not sur-
prising and suggests that the TB-STS had been inte-
grated into the TB control activities of the HPUs.

Based on evidence from the USA one would expect
more possible transmission links to be identified when



Table 5 Practices: the workload associated with the TB-STS for nurses and health protection staff

TB incidence®  Survey n® median (IQR) mean (SD) p-value®
Nurses No. contacts screened in the last month Total Initial 57 21 (11-36) 37.1 (53.5)
Follow-up 55 20 (8-40) 339 (45.1) 037
Low Initial 26 16 (6-35) 238 (248)
Follow-up 23 15 (6-25) 17.2 (13.8) 0.13
Medium Initial 17 25 (14-30) 30.2 (26.2)
Follow-up 18 23 (15-42) 437 (43.7) 0.18
High Initial 14 325 (14-100) 70.2 (93.3)
Follow-up 14 16.5 (10-80) 486 (589 024
No. hours spent on contact tracing in the last month Total Initial 55 8 (4-16) 12.0 (10.8)
Follow-up 52 7.5 (3.5-15.5) 16.1 (41.7) 0.24
Low Initial 25 8 (3-14) 10.1 (10.5)
Follow-up 21 6 (3-15) 115 (14.7) 035
Medium Initial 16 12 (4-23) 144 (11.4)
Follow-up 18 7.5 (4-12) 10.2 (7.8) 0.10
High Initial 14 9 (6-15) 12.5 (10.8)
Follow-up 13 8 (3-16) 319 (81.1) 0.19
% time spent on contact tracing Total Initial 57 20 (10-30) 24.2 (16.5)
Follow-up 54 20 (10-25) 21.7 (17.6) 0.22
Low Initial 26 20 (10-25) 21.2 (16.1)
Follow-up 23 20 (6-25) 218 (195) 045
Medium Initial 17 20 (20-30) 241 (13.8)
Follow-up 17 20 (10-25) 194 (104) 0.14
High Initial 14 30 (15-40) 300 (19.7)
Follow-up 14 20 (10-40) 244 21.7) 0.24
Health protection staff Investigations initiated because of epidemiological links Total Initial 23 0 0-1) 0.5 (0.8)
Follow-up 21 1 (0-2) 28 .1 0.04
Low Initial 15 0 0-1 03 (062)
Follow-up 14 05 (0-1) 1.5 (2.3) 0.04
Medium Initial 3 1 (0-1) 0.7 (0.7)
Follow-up 3 1 (1-4) 20 (1.7) 0.14
High Initial 5 0 (0-1) 0.8 (1.3)
Follow-up 4 1.5 (0.5-15) 7.8 (13.5) 0.14
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Table 5 Practices: the workload associated with the TB-STS for nurses and health protection staff (Continued)

Strain typing used to provide more information in epidemiological investigation  Total Initial 22 0 (0-1) 06 (1)

Follow-up 22 1 0-2) 1.8 (2.5) 0.03

Low Initial 14 0 (0-1) 04 (0.8)
Follow-up 14 05 (0-2) 14 ) 0.05

Medium Initial 4 0.5 0-2) 1.0 (14)
Follow-up 3 1 (0-2) 1.0 M 0.50

High Initial 4 05 (0-2) 1.0 (1.4)
Follow-up 5 2 (1-3) 32 (4) 0.17

Strain typing influences an epidemiological investigation Total Initial 23 0 0-1) 08 (1.1)
Follow-up 14 05 (0-2) 12 (1.6) 0.17

Low Initial 14 0 (0-1) 04 (0.8)
Follow-up 8 0 (0-0.5) 06 (14) 034

Medium Initial 4 05 (0-2) 1.0 (1.4)
Follow-up 2 1 (0-2) 1.0 (1.4) 0.50

High Initial 5 1 (1-3) 1.6 (1.3)
Follow-up 4 2 (15-3.5) 25 (1.7) 0.20

Investigation initiated because of strain typing Total Initial 23 0 (0-2) 22 6.3)
Follow-up 22 0 (0-1) 1.1 (23) 0.79

Low Initial 14 0 (0-1) 04 0.8)
Follow-up 14 0 (0-0) 0.5 (13) 043

Medium Initial 4 05 (0-1) 0.5 (0.6)
Follow-up 4 0.5 (0-1.5) 08 M 0.34

High Initial 5 4 (3-6) 86 (122)

Follow-up 4 1 (1-5.5) 33 4.5) 0.78

Epidemiological links identified in strain typing cluster Total Initial 22 0 (0-0) 04 (0.8)
Follow-up 20 0 (0-0) 04 0.8) 052

Low Initial 13 0 (0-0) 02 (0.6)
Follow-up 13 0 (0-0) 03 0.9) 0.30

Medium Initial 3 0 0-1) 03 06)
Follow-up 3 0 (0-0) 0.0 0) 0.81

High Initial 6 05 0-1) 08 (1.2)
Follow-up 4 0.5 (0-1.5) 08 M 0.55
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Table 5 Practices: the workload associated with the TB-STS for nurses and health protection staff (Continued)

% time spent on investigations Total Initial 23 1 (0-5) 27 (3.2)
Follow-up 25 5 (0-5) 72 (11.1) 0.04
Low Initial 15 0 (0-5) 2.1 (3.1
Follow-up 15 5 (0-12) 83 (13.1) 0.04
Medium Initial 3 5 (0-5) 33 (2.9
Follow-up 4 5 (2.5-5) 38 (2.5) 042
High Initial 5 5 (1-5) 44 (37)
Follow-up 6 35 (0-5) 6.2 (9.5) 035

@Area where respondents worked is defined as low, medium and high TB incidence: <10/100,000, 10-19/100,000, >20/100,000 population, respectively.
®n is number of people who answered the question.
“Paired t-test comparing initial and follow-up responses.

€20L:¥L ‘Y10T YIDaH 2gnd DING ID 12 SIesN

€201/¥L/8SYT- 1LY |/ WO’ |e1luadPIWOIg MMM//:d11y

€1 Jo 01 abed



Mears et al. BMC Public Health 2014, 14:1023
http://www.biomedcentral.com/1471-2458/14/1023

strain typing informs contact tracing activities [6,8]. How-
ever, in this study we found the proportion of time health
protection staff spent on cluster investigations increased
and the number of investigations that used strain typing
increased, but there was no increase in the reported num-
ber of possible transmission links found between clustered
cases. This discordance between the findings on subjective
report of utility and the public health outcomes reported
could be because the current methods used by public
health staff to identify epidemiological links may be in-
appropriate or ineffective, or there may have been an in-
crease in suspected (but not established) transmission
because of the strain typing information. For the TB-STS
to have a public health impact and reduce TB transmis-
sion, cluster investigations would have to lead to the de-
tection of previously unidentified latently infected and
active TB cases.

Limitations

The way the TB-STS was implemented and the survey
design have resulted in a number of limitations that pro-
vide important lessons for the TB-STS, the evaluation of
future services and other complex interventions.

Firstly, the survey was developed after the initiation of
the TB-STS so baseline information could not be col-
lected and we are likely to have underestimated the dif-
ference between the surveys. However, the initial survey
was conducted before the roll-out of any training for the
TB-STS and prior to the employment of all national staff
to coordinate cluster investigations. An alternative study
design, which would have had a control group, would
have been possible if the TB-STS was rolled out in a
step-wise process across the country, rather than
nationally.

Secondly, the target population for the survey was all
public health staff, physicians and nurses working in TB
control in England. It was not possible to enumerate the
sampling frame because no formal or informal register
of clinical and health protection staff working in TB
could be identified. As a result, we could not calculate a
response rate.

Finally, the 50% retention rate between the surveys
is quite low and we may have lost the opinions and ex-
periences of a particular group of people. However,
non-responders to the follow-up survey did not differ
significantly to those that responded to both surveys
based profession or burden of TB in their geographical
area. Because the study was conducted as part of a
programmatic service implementation, results must be
interpreted accordingly.

Recommendations
The findings of this survey inform the development of
the TB-STS and the design of future evaluations. Despite
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a significant increase in the number of health protection
staff who had received training, there remained some
that had not received any, suggesting the need for an on-
going training programme that also takes into account
turnover of staff. Self-reported knowledge of how to use
the strain typing information was lower for nurses com-
pared with physicians and health protection staff, pos-
sibly representing a gap in the training strategy, which
did not include nurses. The finding that physicians had
the highest self-reported knowledge across the two sur-
veys, even though they were not included in the training
strategy, might be because they have had access to infor-
mation on strain typing from other sources and, relative
to nurses and public health staff, might self-rate their
knowledge higher.

The perception of usefulness did not change over time
as most people found strain typing to be useful in both
surveys. This suggests that any changes in practice are
due to increasing knowledge and access to strain typing,
rather than attitudes towards strain typing. Therefore, to
improve use and impact of the TB-STS, there should be
a focus on improving training and making strain typing
data easily accessible so that it can become better inte-
grated into the TB service.

The findings of this survey argue for the continuation
of the TB-STS. A majority of people reported the TB-
STS to be useful and health protection staff reported an
increase in the number of investigations for which strain
typing was used to provide more information, although
there was no increase in the number of investigations
that were influenced by strain typing. This discordance
between the findings on subjective report of utility and
the investigation outcomes reported may signify the high
value placed on information.

When implementing a public health intervention and
planning an evaluation it is essential to have a well-
defined sampling frame and a baseline that can be mea-
sured before the start of the service implementation.
Where possible, the evaluation of a service should start
prior to its implementation in order to capture the base-
line and to design the evaluation based on the planned
service implementation. This survey is an example of
where this was not possible and highlights the import-
ance of acknowledging the context in which the service
was implemented, both for assessing its success and un-
derstanding the limitations of the evaluation design.

The variation in knowledge, attitudes and practices
across the professions illustrates the importance of in-
cluding all the service stakeholders in the evaluation. For
example, in the TB-STS, nurse respondents reported
lower knowledge, suggesting that they could benefit
from being included in the training strategy.

This survey is the first component of the evaluation of
the TB-STS. To better understand the public health utility
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and evaluate the impact of such a service, a comprehensive
mixed-methods evaluation is underway [12]. This includes
modelling of the effectiveness and cost-effectiveness and
qualitative studies.

Conclusions

Evaluating a complex public health intervention requires a
pragmatic approach, taking into account how the service
has been implemented. In these initial and follow-up sur-
veys, public health staff, physicians and TB nurses found
the TB-STS useful and increased the amount they used it
in the first two years of the service, arguing for the con-
tinuation of the service. Despite this, the impact of the
TB-STS on cluster investigations remained unclear. We
recommend continuing the service but with ongoing and
more thorough training of service users and focussing on
improving knowledge and making data more accessible.
Future evaluations of complex interventions should be ini-
tiated prior to the implementation of the service, and
would benefit from an enumerable sampling frame and a
measurable baseline.

Additional file

[ Additional file 1: Survey Questions. J

Abbreviations

HPU: Health Protection Unit; MIRU-VNTR: Mycobacterial interspersed
repetitive units-variable number tandem repeats; NHS: National Health
Service; PHE: Public Health England; TB: Tuberculosis; TB-STS: Tuberculosis
strain typing service.

Competing interests

JM, 1A, HM, ML and EV have been employed by Public Health England in the
last 5 years. Public Health England played no role in the study design, data
interpretation, data analysis, writing of the report or the decision to submit
for publication. There are no other potential conflicts of interest.

Authors’ contributions

All authors contributed to the original conception, design and editing of the
survey, and were involved in the interpretation of the survey results. JM
drafted and conducted the survey, and analysed the data. IA and PS
contributed to the survey analysis. The paper was drafted by JM, with further
comments from all other authors. All authors have given final approval of
the manuscript. The authors were all part of the TB-STS Evaluation Group.

Acknowledgements

The authors would like to acknowledge Public Health England’s TB Strain
Typing Project Board for their support for this evaluation and all those within
PHE and the NHS who cascaded and responded to the survey. JM is funded
by University College London and Public Health England Impact
Studentship. IA is funded by an NIHR Senior Research Fellowship.

Author details

'Department of Infection and Population Health, University College London,
London, UK. “Centre for Infectious Disease Surveillance and Control, Public
Health England, London, UK. 3G(—:*orge Elliot NHS Trust, Warwickshire, UK.
“Field Epidemiology Services Public Health England, London, UK. *European
Programme for Intervention Epidemiology, European Centre for Disease
Control, Stockholm, Sweden. ®Department of Infection and Tropical
Medicine, Birmingham Heartlands Hospital, Heart of England NHS
Foundation Trust, Birmingham, UK. ’South Midlands and Hertfordshire Public
Health England Centre, Hertfordshire, UK. ®Health Economics Research

Page 12 of 13

Group, Brunel University, London, UK. “Division of Global Health Equity,
Brigham and Women's Hospital, Boston, USA. '°Department of Epidemiology,
Harvard School of Public Health, Boston, Massachusetts, USA. ''Department
of Infectious Diseases, Public Health Service (GGD) Amsterdam, Amsterdam,
The Netherlands. "?Department of Clinical Epidemiology, Academic Medical
Centre, University of Amsterdam, Amsterdam, The Netherlands. '*Faculty of
Epidemiology and Population Health, London School of Hygiene & Tropical
Medicine, London, UK. "Centre for Clinical Microbiology, Research
Department of Infection, University College London, London, UK.

Received: 3 September 2014 Accepted: 22 September 2014
Published: 2 October 2014

References

1. Campbell M, Fitzpatrick R, Haines A, Kinmonth AL, Sandercock P,
Spiegelhalter D, Tyrer P: Framework for design and evaluation of complex
interventions to improve health. BMJ 2000, 321:694-696.

2. Petticrew M: When are complex interventions “complex”? When are
simple interventions “simple”? Eur J Public Health 2011, 21:397-398.

3. Ruddy MC, Davies AP, Yates MD, Yates S, Balasegaram S, Drabu Y, Patel B,
Lozewicz S, Sen S, Bahl M, James E, Lipman M, Duckworth G, Watson JM,
Piper M, Drobniewski FA, Maguire H: Outbreak of isoniazid resistant
tuberculosis in north London. Thorax 2004, 59:279-285.

4. Malakmadze N, Gonzalez IM, Oemig T, Isiadinso |, Rembert D, McCauley MM,
Wand P, Diem L, Cowan L, Palumbo GJ, Fraser M, ljaz K: Unsuspected
Recent Transmission of Tuberculosis among High-Risk Groups:
Implications of Universal Tuberculosis Genotyping in Its Detection.

Clin Infect Dis 2005, 40:366-373.

5. Lambregts-van Weezenbeek CSB, Sebek MMGG, van Gerven PJHJ, de Vries
G, Verver S, Kalisvaart NA, van Soolingen D: Tuberculosis contact
investigation and DNA fingerprint surveillance in The Netherlands:

6 years’ experience with nation-wide cluster feedback and cluster
monitoring. Int J Tuberc Lung Dis 2003, 7(12 Suppl 3):5463-5470.

6. McNabb SIN, Kammerer JS, Hickey AC, Braden CR, Shang N, Rosenblum LS,
Navin TR: Added epidemiologic value to tuberculosis prevention and
control of the investigation of clustered genotypes of Mycobacterium
tuberculosis isolates. Am J Epidemiol 2004, 160:589-597.

7. De Vries G, van Hest RAH, Richardus JH: Impact of mobile radiographic
screening on tuberculosis among drug users and homeless persons. Am
J Respir Crit Care Med 2007, 176:201-207.

8. Clark CM, Driver CR, Munsiff SS, Driscoll JR, Kreiswirth BN, Zhao B,
Ebrahimzadeh A, Salfinger M, Piatek AS, Abdelwahab J: Universal
genotyping in tuberculosis control program, New York City, 2001-2003.
Emerg Infect Dis 2006, 12:719-724.

9. Ruddy M, McHugh TD, Dale JW, Banerjee D, Maguire H, Wilson P,
Drobniewski F, Butcher P, Gillespie SH: Estimation of the Rate of
Unrecognized Cross-Contamination with Mycobacterium tuberculosis in
London Microbiology Laboratories. J Clin Microbiol 2002, 40:4100-4104.

10.  Jasmer RM, Roemer M, Hamilton J, Bunter J, Braden CR, Shinnick TM,
Desmond EP: A Prospective, Multicenter Study of Laboratory Cross-
Contamination of Mycobacterium tuberculosis Cultures. Emerg Infect Dis
2002, 8:1260-1263.

11.  Public Health England: National Tuberculosis Strain Typing Service
website. http://webarchive.nationalarchives.gov.uk/20140629102627/http://
www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Tuberculosis/
NationalTuberculosisStrainTypingService/.

12. Mears J, Vynnycky E, Lord J, Borgdorff M, Cohen T, Abubakar I, Sonnenberg
P: Evaluation of the Tuberculosis Strain Typing Service (TB-STS) in
England. Lancet 2013, 382(Supplement 3):573 [Public Health Science].

13. Brown T, Evans JT, Sails AD TBDB, Anderson LF, Stone M, Jebbari H,
Nikolayevsky V: HPA Mycobacterium Tuberculosis Strain Typing: a Guide to
Data Production and Distribution. 2012.

14.  Public Health England: TB Strain Typing and Cluster Investigation Handbook.
3rd edition. 2014.

15. Supply P, Allix C, Lesjean S, Cardoso-Oelemann M, Risch-Gerdes S, Willery E,
Savine E, de Haas P, van Deutekom H, Roring S, Bifani P, Kurepina N,
Kreiswirth B, Sola C, Rastogi N, Vatin V, Gutierrez MC, Fauville M, Niemann S,
Skuce R, Kremer K, Locht C, van Soolingen D: Proposal for standardization
of optimized mycobacterial interspersed repetitive unit-variable-number
tandem repeat typing of Mycobacterium tuberculosis. J Clin Microbiol
2006, 44:4498-4510.


http://www.biomedcentral.com/content/supplementary/1471-2458-14-1023-S1.pdf
http://webarchive.nationalarchives.gov.uk/20140629102627/http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Tuberculosis/NationalTuberculosisStrainTypingService/
http://webarchive.nationalarchives.gov.uk/20140629102627/http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Tuberculosis/NationalTuberculosisStrainTypingService/
http://webarchive.nationalarchives.gov.uk/20140629102627/http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Tuberculosis/NationalTuberculosisStrainTypingService/

Mears et al. BMC Public Health 2014, 14:1023
http://www.biomedcentral.com/1471-2458/14/1023

20.

Van Buynder P: Enhanced surveillance of tuberculosis in England and
Wales: circling the wagons? Commun Dis Public Health 1998, 1:219-220.
Bauer J, Kok-Jensen A, Faurschou P, Thuesen J, Taudorf E, Andersen AB: A
prospective evaluation of the clinical value of nation-wide DNA
fingerprinting of tuberculosis isolates in Denmark. Int J Tuberc Lung Dis
2000, 4:295-299.

Bidovec-Stojkovic U, Zolnir-Dovc M, Supply P: One year nationwide
evaluation of 24-locus MIRU-VNTR genotyping on Slovenian
Mycobacterium tuberculosis isolates. Respir Med 2011,

105(Suppl 1):567-573.

Van Soolingen D, Borgdorff MW, de Haas PE, Sebek MM, Veen J, Dessens M,
Kremer K, van Embden JD: Molecular epidemiology of tuberculosis in the
Netherlands: a nationwide study from 1993 through 1997. J Infect Dis
1999, 180:726-736.

Centers for Disease Control and Prevention: New CDC Program for Rapid
Genotyping of Mycobacterium Tuberculosis Isolates. JAMA 2005,
293:2086.

doi:10.1186/1471-2458-14-1023

Cite this article as: Mears et al.: Prospective evaluation of a complex
public health intervention: lessons from an initial and follow-up
cross-sectional survey of the tuberculosis strain typing service in
England. BMC Public Health 2014 14:1023.

Page 13 of 13

Submit your next manuscript to BioMed Central
and take full advantage of:

* Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( ) BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Intervention
	Study design
	Analysis
	Ethical considerations

	Results
	Survey responses
	Knowledge
	Attitudes
	Practices

	Discussion
	Main findings
	How this relates to previous studies
	Limitations
	Recommendations

	Conclusions
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

