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Abstract 

Background:  The UK has implemented routine use of whole genome sequencing (WGS) in TB diagnostics. The WHO 
recommends addition of a fluoroquinolone for isoniazid mono-resistance, so early detection may be of use. The aim 
of this study was to describe the clinical utility and impact of WGS on treatment decisions for TB in a low incidence 
high resource clinical setting. The clinical turnaround time (TAT) for WGS was analysed in comparison to TB PCR using 
Xpert MTB/RIF (Cepheid, Sunnyvale, CA) results where available and subsequent phenotypic drug susceptibility test-
ing (DST) when required.

Methods:  This was a retrospective analysis of TB cases from January 2018 to March 2019 in London. Susceptibility 
and TAT by WGS, phenotypic DST, TB PCR using Xpert MTB/RIF were correlated to drug changes in order to describe 
the utility of WGS on treatment decisions on isoniazid mono-resistance in a low incidence high resource setting.

Results:  189 TB cases were identified; median age 44 years (IQR 28–60), m:f ratio 112:77, 7 with HIV and 6 with previ-
ous TB. 80/189 cases had a positive culture and WGS result. 50/80 were fully sensitive to 1st line treatment on WGS, 
and the rest required additional DST. 20/80 cases required drug changes; 12 were defined by WGS: 8 cases had iso-
niazid mono-resistance, 2 had MDR-TB, 1 had isoniazid and pyrazinamide resistance and 1 had ethambutol resistance. 
The median TAT for positive culture was 16 days (IQR 12.5–20.5); for WGS was 35 days (IQR 29.5–38.75) and for subse-
quent DST was 86 days (IQR 69.5–96.75), resulting in non-WHO regimens for a median of 50.5 days (IQR 28.0–65.0). 
9/12 has TB PCRs (Xpert MTB/RIF), with a median TAT of 1 day.

Conclusion:  WGS clearly has a substantial role in our routine UK clinical settings with faster turnaround times in 
comparison to phenotypic DST. However, the majority of treatment changes defined by WGS were related to isoniazid 
resistance and given the 1 month TAT for WGS, it would be preferable to identify isoniazid resistance more quickly. 
Therefore if resources allow, diagnostic pathways should be optimised by parallel use of WGS and new molecular 
tests to rapidly identify isoniazid resistance in addition to rifampicin resistance and to minimise delays in starting WHO 
isoniazid resistance treatment.
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resistance
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Background
Tuberculosis (TB) is a communicable disease caused 
by the bacillus Mycobacterium tuberculosis (MTB). It 
remains a major global health burden with an estimated 
10 million cases in 2019 [1]. TB also remains in the top 
ten causes of death worldwide, responsible for over 1.4 
million deaths per year [1]. There remains a gap of 2.9 
million between the notified and estimate cases, partly 
due to a combination of underreporting and underdiag-
nosing. Despite a fall in the incidence over the last few 
years, there is a growing issue of drug resistant TB. Drug 
resistant TB not only requires confirmation and culture 
of the bacteria but also drug susceptibility testing (DST).

Diagnostics in TB have accelerated in the last few years 
with the accessibility to molecular techniques and the 
introduction of whole genome sequencing (WGS). WGS 
enables the complete DNA sequencing of MTB allowing 
for not only detection, but also for complete genotypic 
drug susceptibilities as well as transmission data [2–4]. 
The UK was the first country to implement routine use of 
WGS and adopt a national network to optimise TB con-
trol and for the primary diagnostic tool of MTB detection 
[5]. There have been several studies to show the scalabil-
ity, rapid turnaround time (TAT) and financial feasibility 
for WGS [6–8]. This is in addition to the correlation of 
genotypic prediction of the susceptibility of MTB to first 
line TB treatment with phenotypic drug susceptibilities 
[6, 9]. A clinical study in a UK demonstrated the median 
TAT from sample  receipt in the reference laboratory 
to identification of MTB species to be 6  week  days and 
results of DST to be between 8 to 12 days [10]. The UK 
WGS model has been shown to be exportable to other 
low incidence countries. When implemented in Italy, 
WGS results were available within 72 h of delivery of the 
culture sample whilst phenotypic drug susceptibility test-
ing (pDST) for first line treatment took 28 days after cul-
ture confirmation [11]. The use of WGS on diagnosis of 
drug resistant TB and choices of appropriate treatment in 
high burden settings have been demonstrated [12], and in 
the UK, the clinical application of WGS has been shown 
by using WGS to analyse sixteen isolates to identify gen-
otypic mutations which may predict potential antibiotic 
resistance [8]. There are also retrospective studies to 
compare the impact of phenotypic and molecular drug 
resistance testing on therapy for drug resistant TB with 
Xpert MTB/RIF (Cepheid, Sunnyvale, CA) having a 49% 
agreement in the number of drugs prescribed compared 
to pDST. This was higher for line probe assays (LPA) 
(Hain GenoType MTBDRplus 2.0 and MTBDRsl2.0) at 
79% and the agreement was 93% for WGS [13]. Next-gen-
eration sequencing (NGS) has also been shown to reli-
ably guide the design of effective multidrug resistant TB 
(MDR-TB) drug regiments [14]. However there has not 

yet been a real time clinical study to describe the impact 
of WGS on front line decision making for alterations in 
TB drug treatment in a low burden setting.

With growing concerns for drug resistant TB, including 
the rise in isoniazid mono-resistance and MDR-TB, rapid 
identification of TB as well as the drug susceptibilities are 
essential [15]. The World Health Organisation (WHO) 
recommendation of isoniazid mono-resistance treatment 
now involves the addition of a fluoroquinolone [16], so 
early detection of isoniazid resistance may be of use.

Objectives
The objective of this study was to describe the clini-
cal utility and impact of WGS on treatment decisions 
for TB in a low incidence high resource clinical setting. 
Any changes to TB treatment related to WGS results 
were identified and analysed. The TAT for WGS was ana-
lysed in comparison to TB PCR (Xpert MTB/RIF) results 
where available and subsequent pDST when required.

Methods
This was a retrospective data analysis of 189 consecu-
tively registered pulmonary and extra-pulmonary TB 
cases from January 2018 to March 2019 in a tertiary TB 
Centre in London, UK. Processed specimens were inoc-
ulated into a MGIT tube, placed in the Bactec MGIT 
960 system for continuous monitoring until positive or 
until the end of the testing protocol. Since 2018, WGS 
has been performed on all MTB culture positive sam-
ples as part of the routine clinical diagnostic service 
in a centralised national laboratory. All methods were 
carried out in accordance with relevant guidelines and 
regulations.

Patient demographics, clinical phenotypes including 
TB risk factors, and follow up data were collected from 
patient medical records and the London TB Registry. TB 
cases were confirmed clinically. The TAT was calculated 
from sample collection until availability of results which 
were reviewed from the laboratory pathology systems 
(where available) and correlated to the alterations made 
in TB drug regimens. For WGS and pDST, the TAT from 
sample collection included the initial days to culture pos-
itivity. Phenotypic DST was performed after WGS testing 
if there were any invalid (failed or unknown) results or 
any drug resistance identified on WGS. Xpert MTB/RIF 
was the only TB PCR method used.

Statistical analysis was performed on PRISM using 
Wilcoxon test for categorical variables with the level of 
significance set to α = 0.05.

Imperial College Research Ethics Committee, the local 
research governance ethics committee approved the 
criteria that ethical clearance was not required as there 
was no experimental protocols involved, there was no 
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modification to the routine laboratory workflow or the 
clinical patient management and hence no informed con-
sent was required.

Results
One hundred and eighty-nine TB cases were identified 
from the London TB registry, all clinically diagnosed 
with TB during January 2018 to March 2019. The median 
age was 44 years (IQR 28–60). The male to female ratio 
was 112:77, 7 patients had known HIV, and 6 with previ-
ous TB. Demographic data are shown in Fig. 1.

From the 189 cases initially started on TB treatment, 25 
had their treatment stopped due to a change in clinical 
diagnosis. Of the remaining 164 cases, 57 were culture 
negative, 86 cases were culture positive and the rest had 
missing data points. There were 6 culture positive cases 
with missing WGS data or issues with WGS as such con-
tamination of samples.

Forty-nine out of the 80 cases (with positive culture and 
WGS results), also had pDST and full treatment details. 
During the study period, Public Health England (PHE) 
approved a new laboratory workflow where no pDST was 
performed on samples fully susceptible to first line drugs 
on WGS. Twenty-nine cases did not have pDST testing of 
which 21 were fully susceptible on WGS, 8 had process-
ing issues of which 1 case had an invalid result to Eth-
ambutol on WGS. Please see Fig. 2 for a summary of the 
study flow chart.

WGS results
From the 80 cases with positive culture and WGS 
results, 55 cases had valid susceptibility results for all 
first line drug treatment (rifampicin (R), isoniazid (H), 
pyrazinamide (Z) and ethambutol (E)) on WGS. Fifty 
cases were fully sensitive to first line drug treatment 
on WGS and the remaining 5 cases were resistant to 
one or more of the first line drug treatment. Twenty-
five cases had an invalid (failed or unknown) result to 
one or more of the first line drugs on WGS. Of these, 9 
cases also had concurrent resistance patterns to one or 
more of the first line drugs; 5 cases with invalid results 
to rifampicin resistance, of which 4 were in isoniazid 
resistant cases. One case was resistant to isoniazid 
but had an invalid result for ethambutol and pyrazina-
mide. All 9 cases had pDST completing the sensitivity 
profile.

Only 1 case had invalid results for first line drug sus-
ceptibility on WGS (unknown ethambutol resistance 
pattern) and a failed pDST result due to fungal con-
tamination of the culture. Fortunately, in this case the 
patient was initially started on RHZ with moxifloxacin 
(M) due to ocular TB disease, hence the drug treatment 
was not altered.

The TAT for all WGS results (n = 80) from sam-
ple collection was 34  days (IQR 28–38). The TATs for 
the 25 cases with invalid results to one or more of the 
first line drugs on WGS was 35 days (IQR 24–40) and 
75 days (IQR 63–91.5) for the subsequent pDST (from 
sample collection and including the initial TAT for 
WGS). The TAT was similar for the cases with valid 
results for 1st line drug susceptibilities on WGS taking 
32  days (IQR 28–43.5) and subsequent pDST taking 
74 days (IQR 67.5–85.5) and hence not significantly dif-
ferent (TAT for invalid vs valid WGS p = 0.723; TAT for 
invalid vs valid subsequent DST p = 0.354).

Treatment alterations related to WGS results
Twenty out of the 80 cases (which had both positive cul-
ture and WGS results) had alterations to TB treatment 
regimens. However, 12 out of 20 cases (15% of the origi-
nal 80 cases) had treatment changes defined by WGS, 
summarized in Fig.  3. The commonest resistance pat-
tern identified on WGS was isoniazid mono-resistance 
in 8 cases, leading to isoniazid being stopped and moxi-
floxacin being added in to the treatment regimen. Two 
cases had complete drug alterations due to MDR-TB 

Characteris�cs No IQR or %
Age 44 28-60
Sex Male 112 59.3

Female 77 40.7
Ethnicity Bangladeshi 3 1.59

Black-African 36 19.1
Black-Caribbean 10 5.29
Black-Other 3 1.59
Chinese 4 2.12
Indian 40 21.2
Pakistani 16 8.47
White 31 16.4
Other 43 22.8
Unknown 3 1.59

Born in UK Yes 35 18.5
No 149 78.8
Unknown 5 2.65

Previous TB Yes 6 3.17
No 180 95.2
Unknown 3 1.59

HIV status Yes 7 3.70
No 134 70.9
Unknown 48 25.4

Risk Factors Drug use 16 8.47
History of homelessness 24 12.7
Incarcera�on 9 4.76
Previous BCG 88 46.6
Alcohol excess 15 7.94
Mental health concerns 16 8.47

Fig. 1  Summary of demographics for the study population with 
details of sex, ethnicity, HIV status and risk factors for TB
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(details under MDR-TB). One case was resistant to iso-
niazid and pyrazinamide and one case had ethambu-
tol mono-resistance leading to appropriate treatment 
adjustments.

For these 12 cases, the median time for culture 
positivity was 16  days (IQR 12.5–20.5). Median TAT 
from samples collection to complete WGS results in 
the centralised laboratory at PHE was 35  days (IQR 
29.5–38.75). The median TAT from sample collection 
to WGS results to be uploaded on electronic medi-
cal records was 97.5  days (72.0–114.8). The median 
TAT from sample collection to additional pDST 
results (after initial WGS result) was 86  days (IQR 
69.5–96.75), resulting in a median delay of 53.5  days 
(p = 0.0005) between the WGS and pDST results. 
When the initial TAT for WGS is accounted for, DST 
still had a significantly longer TAT compared to WGS 
with a median TAT delay of 23  days (IQR 12.75–28) 
(p < 0.019). The median time from initial treatment 
start to establishing the correct treatment regimen was 
50.5 days (IQR 28.0–65.0); meaning patients were on a 
non-WHO treatment regimen for over a month. These 
data are summarised in Fig. 4.

Isoniazid resistance
Twelve cases out of the 80 culture positive cases with 
WGS results had resistant mutations to isoniazid, 
which included the 2 cases of MDR-TB, 9 cases of isoni-
azid mono-resistance (with one case lost to follow-up) 
and 1 further case of isoniazid resistance and pyrazina-
mide resistance later identified on pDST. Three cases 
had invalid results for isoniazid resistance on WGS for 
but subsequently found to be sensitive pDST. Eight of 
12 cases that had treatment changes defined by WGS 
were related to isoniazid mono-resistance.

Treatment alterations not related to WGS results
There were 8 cases (10% of the original 80 cases with 
positive culture and WGS) where treatment alterations 
were not directly related to WGS results. The common-
est pattern was due to toxicities and side effects from 
TB treatment with 3 cases of drug induced liver injury 
(2 cases from pyrazinamide, 1 case from isoniazid). 
There were 2 cases of ethambutol toxicity with reported 
visual changes leading to the cessation of ethambutol 
use. The other 2 cases needing treatment alterations 
were from compliance issues hence changing from oral 

Fig. 2  Study flow chart with 189 cases initially being identified from the London TB registry of which 80 cases had positive culture and WGS results. 
Twenty cases required treatment change of which 12 were related to the WGS results and 8 were unrelated to WGS results. The left side of the figure 
shows the breakdown of cases with valid or invalid (failed or unknown) 1st line WGS results
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to intravenous preparations and one case where the ini-
tial regimen included moxifloxacin to cover superim-
posed infections. Details of these are summarised on 
Fig. 5.

Fig. 3  Summary of the 12 cases that required drug treatment changes defined by WGS results. Eight cases were as a result of isoniazid 
mono-resistance, 2 cases of MDR-TB, 1 case of isoniazid and pyrazinamide resistance and 1 case of ethambutol resistance. The median TATs are 
shown on the bottom row

Fig. 4  Median TATs from sample collection for different TB diagnostic tests for the 12 cases that required treatment change as a result of WGS. WGS 
results at a central lab took a median of 35 days and additional pDST took 86 days from sample collection

TB PCR (Xpert MTB/RIF)
Sixty-three of the 80 culture positive cases with WGS 
results had an initial TB PCR test performed prior to the 
culture result becoming available, of which 50 cases were 
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PCR  positive  and detected MTB. These included the 2 
MDR-TB with rifampicin resistance being identified. 
There were 12 out of 80 cases with an invalid result for 
rifampicin resistance on WGS but in 9 of these cases, TB 
PCR determined sensitivity to rifampicin. In the 12 cases 
with invalid rifampicin resistance on WGS, there were 2 
‘Trace’ readings (hence no resistance pattern available for 
rifampicin) and 1 case where TB PCR was not performed 
but was sensitive to rifampicin on pDST, 63  days after 
collection of samples. All together there were 5 cases 
showing ‘Trace’ results in the culture positive cases, all of 
which were in non-sputum samples (3 bronchial alveolar 
lavage, 1 mediastinal and 1 vertebral aspirate).

Of the 12 cases that had treatment alterations defined 
by WGS, 9 TB PCR results were available rapidly deter-
mining TB diagnosis and rifampicin resistance with a 
median TAT within 24 h of sample collection. Treatment 
was either started or adjusted on the basis of the TB PCR 
results, with further modification to the treatment regi-
men with the results of WGS, stopping of isoniazid in 6 
of these cases, and stopping of ethambutol in 1 case. TB 
PCR identified both the MDR-TB cases which are dis-
cussed below.

MDR‑TB
Both the MDR-TB cases were rapidly detected using TB 
PCR with identification of rifampicin resistance acting 

as a surrogate marker for MDR-TB, hence changing the 
standard treatment regimen completely. There were fur-
ther changes to the treatment regimen as a result of WGS 
results. Both cases were resistant to ethambutol and one 
case was resistant to pyrazinamide, resulting in stopping 
of these drugs and adjusting the regimen. The TAT from 
sample collection to WGS results in a centralised lab was 
61 days for case 1 and 35 days for case 2. There was a fur-
ther delay of 178 and 63 days respectively for case 1 and 2 
for the availability of pDST results from the WGS results.

Discussion
This study reports the useful implementation of WGS in 
routine clinical practice in a low incidence high resourced 
setting. WGS results were available in a centralised labo-
ratory 35 days from sample collection (including the time 
to culture MTB first) which was 53.5  days before avail-
ability of the subsequent pDST results. This meant that 
genotypic sensitivities were available at the time of treat-
ment stepdown from the intensive to continuation treat-
ment phase at 2 months.

The median TAT for pDST (for the 12 cases that had 
treatment changes as a result of WGS) was 86 days (IQR 
69.5–96.75) from collection, and 72  days (IQR 53.75–
95.25) from treatment initiation, resulting in the pDST 
only being available after the 2  months mark, affecting 
the potential stepdown of medications. There were 2 

Fig. 5  Summary of 8 cases that required drug treatment changes that were not related to WGS results. These included 3 cases of drug induced 
liver injury, 2 cases of ethambutol toxicity, 1 case of pyrazinamide rash, 1 case of non-compliance and a case where drug alterations were made for 
clinical reasons
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cases where the pDST results were significantly delayed 
due to lab processing and recording errors, but even 
with these cases excluded the median TAT from sample 
collection to pDST results were similar at 81 days (IQR 
68.0–91.5).

Further evaluation the TATs in a clinical setting, there 
was in fact a significant delay for the WGS results to be 
relayed into the medical notes with a median TAT of 
97.5  days, when in fact the results were available in the 
central laboratory much earlier. This is a potential risk 
of the consolidation of pathology laboratories [17] but in 
our study, this appears to be more related to administra-
tive and logistical issues rather than the implementation 
of this new technology. Such delay was not reflected in 
clinical practice as this did not correlate with delayed 
treatment alterations and alternative communication 
methods between the centralised lab and the treating 
physician (bypassing the local laboratory) were present. 
Compared to other historic studies where the TAT for 
WGS drug susceptibility results took within 72 h of sam-
ple receipt in Italy [11] and between 8 to 12 days in the 
UK [10], the TAT for WGS was longer but the results of 
this study importantly reflected a routine clinical setting 
by studying the real impact to clinicians by taking into 
account sample collection, sample transportation locally, 
time taken to culture MTB, transportation to a central-
ised lab and processing of the samples at a time when the 
WGS system was relatively newly established. There was 
also a significant delay to the pDST results being avail-
able by using the same time point criteria.

WGS is clearly significantly faster than pDST but the 
availability of the results still took over a month from 
sample collection. This stresses the importance of try-
ing to improve not only the speed of WGS analytical 
processing but also the pathway of communication of 
the results to frontline clinicians. It is also important to 
note that WGS still requires a positive culture result and 
this will be a potential area to develop in the future with 
WGS being performed directly from samples to enhance 
the TAT. Some studies have already analysed WGS from 
sputum samples directly [18–20]. Another issue to note 
is the lack of positive culture results for around 35% of 
patients treated as suspected TB (57 out of 164). Previ-
ous data on culture negative  TB varies from 15 to 37%, 
highlighting the limitations of current culture methods 
that can inevitably affect the availability of WGS results 
[21]. Another issue was the high rates (31%) of invalid 
results to one or more of the first line drugs on WGS. 
This was significantly higher compared to other studies 
reporting a 9% rate of WGS failure [11]. This could be 
explained by numerous factors such as insufficient DNA 
quantity for WGS analysis as well as initial glitches in a 
newly established pathway. Laboratories should carefully 

consider the percentage of WGS failures and resistance 
rates before completely switching to a WGS based system 
to avoid additional delays in setting up DST.

Even with the optimisation of the WGS pathway, one 
key issue this study highlighted was the delayed identifi-
cation of isoniazid resistance. Excluding the 2 MDR-TB 
cases, 9 out of the 12 cases that had treatment changes as 
a result of WGS were due to isoniazid resistance (8 cases 
of isoniazid mono-resistance). Despite the WGS results, 
the median TAT was 35  days at the earliest point in a 
centralised laboratory, hence isoniazid resistance was not 
identified until then; ultimately leading to patients on a 
non-WHO treatment regimen for a median of 50.5 days 
(IQR 28.0–65.0). TB PCR testing was performed for most 
of these cases, rapidly confirming TB or MDR-TB with 
identification of rifampicin resistance. Even if rifampicin 
resistance was not detected at the point of care, fully sen-
sitive TB could not be assumed. A known limitation of 
the commonly used Xpert MTB/RIF platform is its ina-
bility to detect isoniazid single resistance, only relying on 
the rpoB gene as surrogate marker of multidrug resist-
ance [22].

Given the growing issue of isoniazid resistance, there 
is a clear need for development of extended panel of 
sensitivities to also identify isoniazid resistance in addi-
tion to rifampicin resistance. Currently there are several 
commercial LPAs which are able to detect rifampicin 
and isoniazid resistance mutations such as Nipro 
NTM + MDRTB (Tokyo, Japan) and GenoType MDRTB-
plus (Hain, Lifescience, Nehren, Germany) which are 
now WHO approved and are suitable for being per-
formed in a central laboratory. However LPAs require 
post PCR manipulation and are not routinely used in 
local laboratories, even in high resource settings. These 
are currently only recommended in smear positive speci-
mens and culture isolates of MTB [23]. Other commer-
cial platforms and inhouse multiplex PCR are available 
[24–26] but again not commonly used in the UK.

Next-generation sequencing also has a potential role 
in the rapid diagnosis of drug resistant TB and can over-
come limitations of less comprehensive molecular tests 
by providing detailed sequence information for multiple 
gene regions of interest [27]. There have been numer-
ous studies to support the use of NGS and the use of a 
portable sequencing platform directly from clinical sam-
ples [14, 28, 29]. Despite concerns with cost, technical 
skillsets required and integration into current labora-
tory workflow, NGS shows great potential in advancing 
TB diagnostics. The WHO has recently updated their 
guidelines on molecular diagnostics and have strongly 
advocated for early diagnosis and universal access to DST 
especially to rifampicin, isoniazid and fluoroquinolones 
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testing, classifying rapid tests according to the complex-
ity of the test for implementation [27, 30].

One of the new molecular tests discussed in this guide-
line is the recently released Xpert MTB/XDR (Cepheid, 
Sunnyvale, USA). This is currently the only test under the 
low complexity category and allows testing for isoniazid, 
fluoroquinolones and second line injectable drugs (ami-
kacin, kanamycin, capreomycin) and ethionamide. Other 
automated nucleic acid amplification tests (NAAT) 
evaluated in the WHO guidelines under a moderate 
complexity category include Abbott RealTime MTB and 
MTB RIF/INH (Abbott Laboratories, Abbott Park, USA), 
BD MAX MDR-TB (Becton, Dickinson and Company, 
Franklin Lakes, USA), Hain FluroType MTBDR (Bruker/
Hain Lifescience, Nehren, Germany) and Roche cobas 
MTB and MTB-RIF/INH (Hoffmann-La Roche, Basel, 
Switzerland).

With the amplification of TB DNA, NAAT technolo-
gies may additionally pick up smear negative cases or 
paucibacillary disease and may help identify drug resist-
ance in the culture negative cases [5], a limitation identi-
fied in this study as all WGS are currently only performed 
on culture positive samples.

Interestingly there was only 1 case resistant to fluoro-
quinolones on WGS but this case was sensitive to the first 
line treatment. Of the isoniazid mono-resistant cases, 
there were 4 cases with unknown resistance to fluoroqui-
nolones. Given the current WHO treatment guidance for 
isoniazid mono-resistance with the addition on a fluoro-
quinolone, there are certain situations where both WGS 
and pDST results are beneficial, especially if this will 
allow for a shorter treatment duration and reduce unnec-
essary drug toxicity side effects. Given our data, in a high 
resource low burden setting, TB PCR, WGS and pDST 

Fig. 6  Current TB diagnostic pathway (left) and potential diagnostic pathways to optimise rapid diagnosis (right) including WGS and additional 
molecular testing if resources allow
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seem to be clinically indicated to ensure an optimal treat-
ment regimen and potentially patient outcome.

This study had several limitations beyond its retrospec-
tive nature. As the study was set in a low incidence set-
ting, despite reviewing the data for over a year the sample 
size was small with even fewer culture positivity rates. 
TB patients were identified from the London TB regis-
try; a database based on clinical diagnosis of TB rather 
than just culture positive cases and including cases of 
extra-pulmonary disease, which is more paucibacillary in 
nature hence having lower culture positivity rates.

During this study period, PHE set a new workflow 
pathway where pDST was only performed when resist-
ance to first line drugs were detected genotypically. 
This led to a small sample size for comparing WGS and 
pDST in this study.

As this study was set in a high resource low bur-
den setting, there needs to be a similar study in a low 
resource high burden setting, in low and middle income 
countries where drug resistance is a growing concern. 
The implication and clinical usefulness of WGS needs 
to be analysed to highlight the potential differences.

Conclusion
In summary, WGS clearly has a substantial role in our 
routine UK clinical settings with faster turnaround 
times in comparison to pDST. This is in addition to 
its known role in data transmission and outbreak 
detection.

However, the majority of treatment changes defined 
by WGS were related to isoniazid resistance and given 
the 1 month TAT for WGS at its earliest point, it would 
be preferable to identify isoniazid resistance more 
quickly. Where resources allow, a solution to this clini-
cal problem identified in this study is to use commer-
cially available LPAs or PCR techniques such as Xpert 
MTB/XDR in parallel with WGS in order to rapidly 
identify isoniazid resistance (in addition to rifampicin) 
within one to two days. The current and potential diag-
nostic pathways are shown in Fig. 6.

As a complementary diagnostic tool to WGS, point 
of care testing for the early identification of isoniazid 
resistance may have a significant impact on immediate 
treatment choices and minimise the number of days on 
non-WHO treatment regimens.
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