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Abstract

Improving access to tuberculosis (TB) care and ensuring early diagnosis are two major aims of
the WHO End TB strategy and the Collaborative TB Strategy for England. This study
describes risk factors associated with diagnostic delay among TB cases in England. We con-
ducted a retrospective cohort study of TB cases notified to the Enhanced TB Surveillance
System in England between 2012 and 2015. Diagnostic delay was defined as more than 4
months between symptom onset and treatment start date. Multivariable logistic regression
was used to identify demographic and clinical factors associated with diagnostic delay.
Between 2012 and 2015, 22422 TB cases were notified in England and included in the
study. A third (7612) of TB cases had a diagnostic delay of more than 4 months. Being female,
aged 45 years and older, residing outside of London and having extra-pulmonary TB disease
were significantly associated with a diagnostic delay in the multivariable model (aOR = 1.2,
1.2,1.2, 1.3, 1.8, respectively). This study identifies demographic and clinical factors associated
with diagnostic delay, which will inform targeted interventions to improve access to care and
early diagnosis among these groups, with the ultimate aim of helping reduce transmission and
improve treatment outcomes for TB cases in England.

Introduction

Improving access to tuberculosis (TB) care and ensuring early diagnosis of cases has the poten-
tial to reduce transmission and improve treatment outcomes for patients with TB. One of the
main pillars of the WHO ‘End TB’ strategy is to promote early TB detection through access to
early and accurate diagnostics, information and engagement of patients seeking care and
healthcare providers, and the abolition of barriers that people encounter when seeking care [1].

Between 2010 and 2015, there was a small increase in the recorded time between symptom
onset and treatment start for pulmonary TB cases in England [2]. In 2015, Public Health
England and National Health Service England launched the Collaborative TB Strategy for
England (2015-2020) [3]. One of the ten key evidence-based areas for action in the strategy
is improving access to care and ensuring early diagnosis. The main actions recommended
are raising awareness of signs and symptoms of TB and where to seek care among high-risk
communities, and raising awareness and knowledge of TB among the healthcare community.

This study aims to describe the TB patients who experienced a diagnostic delay, and iden-
tify demographic and clinical factors associated with diagnostic delay among TB patients in
England to inform the development of more targeted interventions to reduce diagnostic
delay.

Methods
Study population and data collection

We conducted a retrospective cohort study of TB cases notified to the Enhanced TB
Surveillance System (ETS) in England between 2012 and 2015. All TB cases with a symptom
onset date and start treatment date were included in the study. Those diagnosed post-mortem
were excluded from the analysis.

The following demographic and clinical information were extracted from ETS: age, sex,
country of birth, time since entry to the UK for non-UK-born cases, site of disease, social
risk factors, area in England where case resided during treatment and previous TB diagnosis.
The site of disease was classified into extra-pulmonary TB only, and pulmonary TB with or
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without extra-pulmonary TB. Data were available on the following
social risk factors: current alcohol misuse that would impact on
the patient’s ability to take treatment without DOT, current or
history of drug misuse, homelessness and/or imprisonment. The
following clinical dates were extracted from ETS: symptom
onset date as reported by the patient, date the patient first pre-
sented to health services, date of TB diagnosis, date the first spe-
cimen was taken and date the patient started TB treatment.

Descriptive and statistical analysis

Time between symptom onset and treatment start date

The median time (and interquartile range (IQR)) between
symptom onset date and treatment start date was described in
days. Diagnostic delay was defined as having more than 4
months between symptom onset date and treatment start
date. This categorisation was defined based on the distribution
of the data, and was consistent with the TB Strategy Monitoring
Indicators for England [3]. The trend in diagnostic delay over
time was assessed using Poisson regression and statistical sig-
nificance was tested.

Using knowledge of TB epidemiology in England, as well as
the literature, we identified and categorised all variables for
which we collected data in our surveillance system into potential
confounders or variables potentially on the causal pathway for the
diagnostic delay. We compared demographic and clinical factors
between TB cases who had a diagnostic delay and those who
did not using univariable logistic regression to calculate odd ratios
(ORs). We grouped variables according to findings from the uni-
variable logistic regression in order to make logical comparisons.
Non-UK-born cases were categorised by the time since entry to
the UK and compared to UK-born cases. Having any social risk
factor included alcohol misuse, drug misuse, homelessness or
imprisonment. The Public Health England Centre a TB case
was resident in was categorised into within London or outside
of London. A forward stepwise multivariable logistic regression
was created including factors with a P-value of <0.5 from the uni-
variable analysis and we assessed the corresponding likelihood
ratio tests. All factors identified as significant from the univariable
analyses were included as covariates and adjusted for in the final
multivariable model, and adjusted odd ratios (aORs) were calcu-
lated. Due to an interaction between site of disease (pulmonary/
extra-pulmonary) and country of birth (UK-born vs. non-UK
born and time since entry to the UK) on the association with
diagnostic delay, the multivariable analysis was stratified by site
of disease.

Patient and healthcare delay

To take into account missing dates a derived variable, ‘earliest
date’, was created to represent the first date a case was reported
to have accessed TB health services using the earliest of either:
date first presented to health services, date of TB diagnosis, (col-
lection) date of the first specimen or notification date.

Patient delay was defined as the time between symptom onset
and the earliest date, and the healthcare delay was defined as the
time between earliest date and treatment start date.

All analyses were conducted using Stata V.13.1 (Statacorp,
Texas). Public Health England has authority under the Health
and Social Care Act 2012 to hold and analyse national surveil-
lance data for public health and research purposes.
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Results

There were 27 332 TB cases notified in England between 2012 and
2015. Of these, 4910 (18.0%) cases were excluded because symp-
tom onset date and/or treatment start date were missing, so 22
422 cases were included in the study (Fig. 1). The proportion of
cases with any missing date data decreased over the time period
from 27.0% in 2012 to 8.2% in 2015. There were no major differ-
ences in the demographic characteristics between cases that were
missing dates and those that were not (Table 1).

Time between symptom onset and starting treatment
(diagnostic delay)

The median time between symptom onset and starting treatment
was 2.8 months (IQR 1.4-5.2 months). 66.1% (14 810) of TB cases
started treatment < 4 months after symptom onset, with 16.9%
(3801) starting within 1 month, 19.8% (4449) between 1 and 2
months, 16.8% (3772) between 2 and 3 months and 12.4%
(2788) between 3 and 4 months.

A total of 7612 (34.0%) TB cases were defined as having a
diagnostic delay of more than 4 months and, of these, 1635 had
more than 1 year between symptom onset and starting treatment.
There was a small but significant increase in the proportion of TB
cases with a diagnostic delay of more than 4 months between
2012 and 2015 (32.1% (1879) to 34.1% (1786)) (P-value 0.003).

A higher proportion of female TB cases had a diagnostic delay of
more than 4 months compared with male TB cases (36.8%, (3440/
9357) vs. 31.9%, (4172/13 065)) (Table 2). Diagnostic delay increased
with age from 15.1% (118/780) among TB cases aged < 14 years to
38.4% (1135/2954) among TB cases aged over 65 years. A similar
proportion of UK-born and non-UK-born TB cases experienced a
diagnostic delay (34.6% (2014/5824) vs. 33.8% (5514/16 308)). A
high proportion of TB cases from the Philippines (40.1%, 159/
397), Pakistan (37.8%, 1108/2930), Bangladesh (37.0%, 280/757)
and Kenya (37.0%, 95/257) experienced diagnostic delay compared
with a smaller proportion among TB cases from Nepal (29.8%,
172/577) and India (31.5%, 1453/4612). A higher proportion of TB
cases with only extra-pulmonary disease experienced diagnostic
delay compared with TB cases with pulmonary disease (40.4%,
(4277/10 594) vs. 28.2% (3318/11 779)).

For cases of pulmonary TB, a higher proportion who were
born in the UK (32.1% (1282/3991)) experienced a diagnostic
delay compared with those who were non-UK born (26.1%
(1985/7611)). Among pulmonary TB cases where sputum smear
results were known, 39.9% (954/2389) were sputum smear
positive.

The areas of England with the highest proportion of TB cases
that experienced diagnostic delay were the South East (40.2%,
994/2475) and East of England (38.7%, 541/1397), whereas a
lower proportion of TB cases residing in London or North East
had a diagnostic delay (30.0%, 2585/8623 and 30.2%, 158/523,
respectively).

Factors associated with diagnostic delay

Cases with missing data on site of disease, country of birth, date
of entry to the UK, previous TB diagnosis and any social risk fac-
tor were excluded from the multivariable analysis (Fig. 1). In the
multivariable analysis adjusted for age, sex and all significant vari-
ables from the univariable analysis, the following factors were sig-
nificantly associated with diagnostic delay: female (aOR=1.2,
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TB cases notified
(n=27.332)

TB cases excluded due to
missing dates:
treatment start date (n=432),

k.

both sympmm onset and
treatment start date (n=4.464)

(n=22,422)

TB cases included in the study

TB cases excluded from multivariate
analysis due to missing data:
gite of disease (n=49),
country of birth (n=290).

*  date of entry to the UK (n=7,006),
previous TB diagnosis (n=576),
any soclal risk factor (n=2.114)

TB cases with a diagnostic

clelay less than 4 months
(n=8,135)

TB cases with a diagnostic

delay more than 4 months
(n=4,775)

Fig. 1. Flow diagram of TB cases included in analysis of diagnostic delay, England, 2012-2015.

Table 1. Comparison of demographic factors between TB cases missing
symptom onset date and/or treatment start date vs. TB cases with dates that
were included in the study

TB cases with dates
and included in the

TB cases missing dates
and not included in the

Variable study study
Age (years) Median 36 (IQR 26-54) Median 37 (27-52)
Sex (%) 56.7 male 58.3 male
UK-born (%) 26.2 26.3

Pulmonary 49.1 52.7

disease (%)

Previous 8.1 6.4

diagnosis (%)

95% CI 1.1-1.3), age 45 years and older (aOR=1.2, 95% CI 1.1-
1.3 and aOR=1.2, 95% CI 1.1-1.4), residence outside London
(aOR = 1.3, 95% CI 1.3-1.4) and having extra-pulmonary disease
only (aOR=1.8, 95% CI 1.6-1.9) (Table 3). Foreign-born TB
cases who had entered the UK <10 years ago were significantly
less likely to experience diagnostic delay compared with TB
cases born in the UK (aOR=0.6, 95% CI 0.5-0.7; aOR=0.8,
95% CI 0.7-0.9 and aOR = 0.9, 95% CI 0.8-1.0), whereas foreign-
born TB cases who had entered the UK more than 10 years ago
had no difference in diagnostic delay compared with the
UK-born TB cases. There was no significant difference in diag-
nostic delay between TB cases with a social risk factor and
those without.

When analysing the subgroup of cases with extra pulmonary
disease only (Table 4), those that were foreign born and had

https://doi.org/10.1017/5095026881800167X Published online by Cambridge University Press

been in the UK for <1 year were significantly less likely to have
a diagnostic delay (aOR=0.7, 95% CI 0.6-0.8), foreign born
cases who had been in the UK for 2-10 years had no difference
in diagnostic delay and foreign-born cases who had been in the
UK for more than 10 years were significantly more likely to
have a diagnostic delay (aOR=1.3, 95% CI 1.1-1.4) than TB
cases born in the UK. This trend was different among TB cases
with pulmonary disease (Table 5) where all foreign-born cases
regardless of the time living in the UK were significantly less likely
to have a diagnostic delay compared with TB cases born in the
UK (aOR=0.6, 95% CI 0.5-0.7; aOR=0.7, 95% CI 0.6-0.8;
aOR =0.8, 95% CI 0.7-0.9; aOR = 0.8, 95% CI 0.7-0.9).

Patient and healthcare delays

The median patient delay (time between symptom onset and earli-
est date) was 1.3 months (IQR 13 days-3.2 months). The patient
delay was longer among TB cases with the extra-pulmonary disease
compared with those with pulmonary disease (1.5 months (IQR 14
days-3.7 months) vs. 1.2 months (IQR 13 days-3.0 months),
P-value <0.001). The median healthcare delay (time between earli-
est date and the start date of treatment) was 14 days (IQR 2 days-
1.7 months). The healthcare delay was also longer among TB cases
with the extra-pulmonary disease compared with those with pul-
monary disease (21 days (IQR 1 day-2.2 months) vs. 10 days
(IQR 2 days-1.4 months), P-value <0.001).

Discussion

Overall a third of TB cases notified in England between 2012 and
2015 had more than a 4-month delay between the onset of
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Table 2. Baseline characteristics of study population

>4 months DD

Total

Characteristic n % n
Sex

Female 3440 36.8 9357

Male 4172 31.9 13065
Age (year)

0-14 118 15.1 780

15-44 4432 32.6 13614

45-64 1927 38.0 5074

65+ 1135 38.4 2954
Country of birth

UK 2014 34.6 5824

India 1453 315 4612

Pakistan 1108 37.8 2930

Somalia 283 32.0 885

Bangladesh 280 37.0 757

Nepal 172 29.8 577

Nigeria 164 34.9 470

Zimbabwe 126 324 389

Philippines 159 40.1 397

Kenya 95 37.0 257

Other 1597 33.2 4807
Time since entry for foreign-born cases (year)

0-1 607 253 2403

2-4 1051 31.9 3294

5-9 1167 34.4 3390

10+ 2441 38.6 6329
Site of disease

Extra-pulmonary only 4277 40.4 10 594

Pulmonary (with or without 3318 28.2 11779

extra-pulmonary)
Previous diagnosis

No 7004 343 24 809

Yes 458 32.7 1660
Social risk factors

No risk factors 6347 345 18388

At least 1 risk factor 589 30.7 1920
Drug misuse

No 7058 34.2 20653

Yes 230 32.0 718
Alcohol misuse

No 7056 34.4 20542

Yes 192 27.7 694

(Continued)
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Table 2. (Continued.)

>4 months DD Total

Characteristic n % n
Homeless
No 7079 34.2 20711
Yes 196 28.2 695
Prison
No 6916 34.1 20293
yes 242 35.2 688
PHEC
East Midlands 510 37.0 1380
East of England 541 38.7 1397
London 2585 30.0 8623
North East 158 30.2 523
North West 763 35.0 2182
South East 994 40.2 2475
South West 359 34.7 1034
West Midlands 1089 35.9 3038
Yorkshire and Humber 613 34.6 1770

symptoms and starting treatment, and there was a small but sig-
nificant increase in the proportion of TB cases with a diagnostic
delay over the time period.

Our study showed that TB cases who were female, aged 45
years and older, UK-born, resided outside London or had extra-
pulmonary TB were significantly more likely to have a delay in
diagnosis of more than 4 months between onset of symptoms
and starting treatment. Studies in similar countries with low TB
incidence have described similar factors associated with diagnos-
tic delay; however, none have used national-level data [4-15].
There has been one previous study in the UK using national level-
data to assess diagnostic delay among index cases and their con-
tacts within households, which found that there was a median
delay of 65 days for index cases and 61 days for subsequent symp-
tomatic cases [16].

Some previous studies have shown that women with TB have
more barriers to accessing care than men, specifically women
experience longer healthcare-related delays than men, but similar
patient delays to men [15, 17, 18]. This would support our finding
that women are more likely to have a diagnostic delay of more
than 4 months. Conversely, a recent systematic review and
meta-analysis have begun to challenge the idea that men with
TB do not experience barriers to accessing care. This study com-
pared TB notification data to data from TB prevalence studies and
found there is a higher prevalence among men than women,
which suggests men are disadvantaged in seeking and/or acces-
sing TB services [19].

Many studies have, like ours, shown that diagnostic delay
increases with increasing age [5, 9, 14, 15]. This is likely to reflect
increasing co-morbidities with age, which may make it more dif-
ficult to recognise TB symptoms. In addition, studies in Japan,
which has a large proportion of TB in the elderly population,
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Table 3. Univariable and multivariable logistic regression models comparing TB cases with less than and greater than 4 months between symptom onset and

starting treatment

Univariable Multivariable
<4 months >4 months . analysis analysis®
col chi

Characteristics n % N % P value OR 95% ClI aOR 95% ClI
Sex

Female 5917 40.0 3440 45.2 <0.001 1.2 1.2-13 1.2 1.1-13

Male 8893 60.1 4172 54.8 1.0 - 1.0 -
Age group

0-14 662 4.5 118 1.6 <0.001 0.4 0.3-0.5 0.3 0.3-0.4

15-44 9182 62.0 4432 58.2 1.0 - 1.0 -

45-64 3147 213 1927 25.3 1.3 1.2-14 1.2 1.1-13

65+ 1819 12.3 1135 149 13 1.2-14 1.2 1.1-14
London

No 8772 59.2 5027 66.0 <0.001 13 1.3-14 1.3 1.3-14

Yes 6038 40.8 2585 34.0 1.0 = 1.0 =
UK-born/time since entry

UK-born 3810 27.3 2014 27.7 <0.001 1.0 = 1.0 =

Non UK-born 0-1 years 1796 12.9 607 8.3 0.6 0.6-0.7 0.6 0.5-0.7

Non UK-born 2-4 years 2243 16.1 1051 14.4 0.9 0.8-0.9 0.8 0.7-0.9

Non UK-born 5-9 years 2223 15.9 1167 16.0 1 0.9-1.1 0.9 0.8-1.0

Non UK-born 10+ years 3888 27.9 2441 335 1.2 1.1-13 1.0 0.9-1.1
Extra-pulmonary

Extra-pulmonary only 6317 42.8 4277 56.3 <0.001 1.7 1.6-1.8 1.8 1.6-1.9

Pulmonary + extra-pulmonary 8461 57.3 3318 43.7 1.0 - 1.0 -
Previous diagnosis

No 13443 93.5 7004 93.9 0.247 11 0.9-1.2 11 1.0-1.3

Yes 941 6.5 458 6.1 1.0 = 1.0 =
Any risk factor

No 12 041 90.1 6347 91.5 0.001 1.0 - 1.0 -

Yes 1331 10.0 589 8.5 0.8 0.8-0.9 1.0 0.9-1.1

@Multivariable analysis was adjusted for age, sex, area of residence, country of birth and time since entry to the UK, site of disease and social risk factor.

show that elderly patients often do not present with typical TB
symptoms, which has led to large TB clusters among these popu-
lations [20, 21]. The authors conclude that increased knowledge
of TB in people who work in care homes could reduce transmis-
sion. One study in New York showed the consequences of a long
delay in TB diagnosis among elderly populations who often have
co-morbidities, which increased the likelihood of transmission
and also increased the severity of both the TB disease and the
co-morbidity [7].

We found that UK-born TB cases were more likely to have a delay
of more than 4 months between symptom onset and starting treat-
ment compared with non-UK-born TB cases who had been in the
UK for <10 years. The fact that UK-born cases, or cases born in a
low incidence country, have longer diagnostic delay has been shown
in several other studies in low TB-incidence countries [5, 6, 12, 15].
The shorter delay for foreign-born TB cases may be influenced by
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the active screening strategies targeted at these groups. In addition,
both patients and healthcare workers may have a higher index of sus-
picion of TB among these populations, where reactivation of latent TB
infection or primary active disease acquired in their home country is
more common [5, 12]. Novel to our study, we found interesting pat-
terns in diagnostic delay between short-term and long-term migrants.
For instance, non-UK-born cases who had been in the UK for more
than 10 years had no difference in diagnostic delay compared with
UK-born cases. A possible explanation is that both patients and
healthcare workers may believe that those that have lived in the UK
for many years no longer have an increased risk of TB. Although it
has previously been documented that knowledge of TB impacts diag-
nostic delay [9, 11], there are no published studies looking at the
knowledge of the risk of TB in relation to time spent outside
high-TB burden countries, so this would be an interesting hypothesis
to explore in a qualitative study.
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Table 4. Univariable and multivariable logistic regression models comparing extra-pulmonary TB cases with less than and greater than 4 months between symptom
onset and starting treatment

Univariable Multivariable
<4 months >4 months . analysis analysis®
col chi

Characteristics n % n % P value OR 95% ClI aOR 95% Cl
Sex

Female 2682 42.5 2047 47.9 <0.001 1.2 1.2-13 1.2 1.1-13

Male 3635 57.5 2230 52.1 1.0 - 1.0 -
Age group

0-14 203 3.2 67 1.6 <0.001 0.5 0.4-0.7 0.5 0.4-0.7

15-44 4136 65.5 2668 62.4 1.0 - 1.0 -

45-64 1325 21.0 1054 24.6 1.2 1.1-14 1.1 1.0-1.2

65+ 653 10.3 488 11.4 1.2 1.0-1.3 1.0 0.9-1.2
London

No 3515 55.6 2723 63.7 <0.001 14 1.3-15 1.4 1.3-1.6

Yes 2802 44.4 1554 36.3 1.0 = 1.0 =
UK-born/time since entry

UK-born 1089 18.3 723 17.6 <0.001 1.0 = 1.0 =

Non UK-born 0-1 years 760 12.8 339 8.3 0.7 0.6-0.8 0.7 0.6-0.8

Non UK-born 2-4 years 1138 19.2 698 17.0 0.9 0.8-1.1 1.0 0.8-1.1

Non UK-born 5-9 years 1116 18.8 770 18.8 1 0.9-1.2 11 0.9-1.2

Non UK-born 10+ years 1838 30.9 1573 38.3 13 1.1-14 13 1.1-14
Previous diagnosis

No 5813 94.4 3976 94.5 0.9 1.0 0.9-1.2 1.1 0.9-1.3

Yes 345 5.6 233 5.5 1.0 - 1.0 -
Any social risk factor

No 5459 95.1 3730 95.9 0.1 1.0 = 1.0 =

Yes 280 4.9 160 4.1 0.8 0.7-1.0 0.9 0.8-1.1

Multivariable analysis was adjusted for age, sex, area of residence, country of birth and time since entry to the UK, site of disease and social risk factor.

In our study, extra-pulmonary TB disease was significantly
associated with longer diagnostic delays. Approximately half of
all TB cases notified in England have extra-pulmonary disease
only, so diagnostic delay among these cases has a particularly
large impact [2]. A currently unpublished audit of TB cases (pul-
monary and extra-pulmonary) in the South East of England
found that a poor understanding of referral pathways between pri-
mary and secondary care, along with referral to multiple special-
ties not familiar with TB (particularly oncology and ENT) may
contribute to delays. Although extra-pulmonary TB cases do
not contribute to transmission, a long delay between symptom
onset and starting treatment contributes to increased morbidity
at an individual level [22].

TB cases that resided outside London during their treatment
were more likely to experience diagnostic delays. Diagnostic delay
was highest in the South East, East of England and East
Midlands regions of England, which are the areas in the country
with the lowest TB incidence [2]. This may reflect less awareness
of TB among the populations and healthcare workers where TB
is less common. In addition, more specialist services, such as the
London mobile chest X-ray unit, which has been shown to reduce

https://doi.org/10.1017/5095026881800167X Published online by Cambridge University Press

diagnostic delay among under-served populations [23-25], are
located in London where TB incidence is highest. A previous
study in London showed that within the city, differences in TB ser-
vice capacity and organisational factors appeared to have an impact
on diagnostic delay [5]. Although a different context, a study in
Colombia found a decreased risk of diagnostic delay in neighbour-
hoods with stronger healthcare facilities, showing, unsurprisingly,
that allocation of resources has an impact on diagnostic delay [10].

We found, somewhat surprisingly, that there was no difference
in diagnostic delay among TB cases with a social risk factor and
those without a social risk factor, despite the fact that those
with social risk factors typically have more difficulty accessing ser-
vices. This may reflect the existence of services such as the
London mobile chest X-ray unit, which specifically target these
groups. A study in the USA found diagnostic delay was higher
among TB cases without social risk factors (alcohol abuse and
homelessness), and suggested that this may be because of the
high suspicion of TB among groups with social risk factors
[12], which could also be a factor in our context.

Our study has several limitations. While notification of TB
cases is mandatory, the reporting of the dates used in this study
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Table 5. Univariable and multivariable logistic regression models comparing pulmonary TB cases with less than and greater than 4 months between symptom

onset and starting treatment

Univariable Multivariable
<4 months >4 months . analysis analysis®
- col chi

Characteristics N % n % P value OR 95% ClI aOR 95% ClI
Sex

Female 3216 38.0 1386 41.8 <0.001 1.2 1.1-13 1.2 1.1-13

Male 5245 62.0 1932 58.2 1.0 - 1.0 -
Age group

0-14 454 5.4 51 1.5 <0.001 0.3 0.2-0.4 0.2 0.2-0.3

15-44 5035 59.5 1753 52.8 1.0 = 1.0 =

45-64 1817 21.5 869 26.2 1.4 1.2-15 1.3 1.1-14

65+ 1155 13.7 645 19.4 1.6 1.4-1.8 1.4 1.3-1.6
London

No 5226 61.8 2287 68.9 <0.001 1.4 1.3-15 1.2 1.1-13

Yes 3235 38.2 1031 311 1.0 = 1.0 =
UK-born/time since entry

UK-born 2709 33.9 1282 40.6 <0.001 1.0 = 1.0 =

Non-UK-born 0-1 years 1036 13.0 266 8.4 0.5 0.5-0.6 0.6 0.5-0.7

Non-UK-born 2-4 years 1104 13.8 353 11.2 0.7 0.6-0.8 0.7 0.6-0.8

Non-UK-born 5-9 years 1100 13.8 395 12.5 0.8 0.7-0.9 0.8 0.7-0.9

Non-UK-born 10+ years 2043 25.6 865 27.4 0.9 0.8-1.0 0.8 0.7-0.9
Previous diagnosis

No 7606 92.8 3013.0 93.1 0.6 1.0 0.9-1.2 1.2 1.0-14

Yes 592 7.2 224.0 6.9 1.0 - 1.0 -
Any social risk factor

No 6557 86.2 2601 85.8 0.6 1.0 = 1.0 -

Yes 1051 13.8 429.0 14.2 1 0.9-1.2 1.0 0.9-1.1

“Multivariable analysis was adjusted for age, sex, area of residence, country of birth and time since entry to the UK, site of disease and social risk factor.

is not mandatory, and data completion was poor until recently.
Therefore, the study was limited to the most recent 4 years of
data, when the symptom onset date and treatment initiation
date were completed for more than two-thirds of cases.
Additionally, as symptom onset is often insidious, the recall of
this date may be inaccurate at the individual level. However,
this is only likely to have introduced bias into our study if there
was differential recall between groups.

We were unable to do detailed analyses on the differences in
patient delays and healthcare delays because the date which the
patient first presented to a healthcare facility is often missing
from the notification, and when it is reported it is unclear whether
this is the date the patient first presented to any healthcare facility
or to the TB service. Better understanding and completion of this
field in the future should enable further exploration of the extent
to which delays are due to patient or healthcare issues.

In conclusion, our study supports the need for targeted inter-
ventions to increase awareness of TB in both the public and the
healthcare community, in order to decrease time to diagnosis as
set out in the national TB strategy [3]. To further understand
the barriers to diagnosis there is a need for studies to look at the
pathway patients take to get diagnosed, and qualitative studies to
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understand knowledge and perceptions of TB among different
populations. Our finding that diagnostic delay is longer outside typ-
ical risk groups for TB, and in those with the extra-pulmonary dis-
ease, demonstrates the need to increase awareness of TB beyond a
focus on high-risk groups and the typical presentation of pulmonary
TB disease. We recommend that strategies to reduce diagnostic delay
widen their focus to include the specific needs of women, UK-born
individuals, long-term migrants and TB cases with the extra-
pulmonary disease. Given the epidemiology of TB in England,
with the majority of cases occurring outside classic risk groups,
among long-term residents in the UK or the UK-born, and with
around half of cases having extra-pulmonary TB only, reducing
diagnostic delay in these groups has the potential to substantially
reduce morbidity from TB in this country.
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