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Background: Recurrence of infection after completed antibiotic treatment is reported to occur in around
2% of tuberculosis (TB) patients, in TB-low-endemic settings. Whether these recurrent cases represent
relapse of infection or reinfection from another TB strain can be evaluated with molecular typing. The aim
of this study was to analyze the frequency of TB-recurrence in Stockholm Country and to use whole genome
sequencing (WGS) to separate recurrent cases caused by relapse from those caused by reinfection as an
evaluation of current treatment strategies and treatment control.

Methods: In this population-based cohort study all 2,552 patients diagnosed with culture verified TB
between 1996 and 2016, at the Karolinska University Hospital in Stockholm County were eligible and
followed until TB recurrence, or end of study period (end of 2017). The median follow-up time was 10.2 years
(IQR, 5.6-16.2 years). WGS of the Mycobacterium tuberculosis (M.tb) strains from the two TB episodes
separated relapse and reinfection.

Results: Culture confirmed TB recurrence, more than 180 days after successful treatment completion was
seen in 24 (0.7%) patients. With WGS analysis of paired M.tb samples from 17 patients, 12 (71%) cases were
classified as relapse and five (29%) were regarded as reinfection, resulting in a relapse frequency of 0.5%,
corresponding to an annual risk of relapse of 0.06%. Drug resistance was present at the first TB episode in 6
(50%) of the cases with TB relapse. No additional mutations for drug resistance were detected at the second
TB episode in patients with relapse.

Conclusions: The relapse frequency in Stockholm County is low, indicating a well-functioning TB-care.
WAGS is a useful tool to distinguish relapse from reinfection. A high proportion of resistant TB strains in

patients with relapsing infection indicates a need of improved treatment control in this group.
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Introduction

Over the last two decades considerable improvement has
been made in tuberculosis (TB) diagnosis, treatment and
control worldwide. Still in 2017, 10 million people fell ill
with TB, according to The World Health Organization
(WHO) (1). WHO estimates that the treatment success rate
for the 5.9 million new TB cases in the 2016 global cohort
was 82% (1). The WHO has set a goal to reduce the TB
incidence rate with 90% from 2015 to 2035. "To achieve this
target all countries should aim to reach a 90% treatment
coverage and a 90% treatment success rate (1).

Sweden is a low burden country for TB with a median
incidence of 6.0 per 100,000 population 1996-2016 (2). The
majority of cases are seen in immigrants from TB endemic
areas (2).

Recurrent TB is defined as an episode of TB occurring
in a person after treatment completion and can be caused
either by endogenous infection with the same strain,
relapse, or by reinfection with a different strain (3-5).

Male sex, low socioeconomic status, origin from a high
endemic region, diabetes mellitus, smoking, alcohol abuse,
intravenous drug use, Beijing lineage strain, a multidrug
resistant (MDR) strain, pulmonary cavitation and HIV
coinfection have all been shown to be associated with
increased risk of TB reoccurrence in TB low endemic
regions (6,7).

In patients with recurrent TB, genotyping of the
Mycobacterium tuberculosis (M.th) strains has been suggested
as a tool to separate relapse cases from reinfection cases.
Based on findings with earlier genotyping methods
[restriction fragment length polymorphism (RFLP) typing
or mycobacterial interspersed repetitive unit-variable
number of tandem repeat (MIRU-VNTR)] reinfection has
been considered as the main cause for recurrent infection in
high endemic countries (8,9). In contrast relapse has been
considered as the main cause of recurrence in low endemic
countries using the same methods (6). Whole genome
sequencing (WGS) can distinguish relapse from reinfection
with higher resolution than the earlier used methods (10).
WGS is also a rapid and precise method for genotypic
drug resistance analysis with high concordance (95-96%)
with culture-based phenotypic drug susceptibility testing
methods (11-13).

The aim of this study was to analyze the frequency of
TB-recurrence in Stockholm Country and to use WGS
to separate recurrent cases caused by relapse from those
caused by reinfection as an evaluation of current treatment
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strategies and disease control measures.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jphe-20-10).

Methods

This was a population-based cohort study conducted by
the Karolinska University Hospital in Stockholm, the
Public Health Agency of Sweden and the Department
of Communicable Disease Control and Prevention at
Stockholm County Council in collaboration.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Ethical
approval for the study was obtained from the Regional
Ethical Review Board in Stockholm (Dnr 2018/1171-31/1).
Informed consent was not obtained as no individuals
could be identified through the presented data and as a
requirement of informed consent would have introduced
uneven response bias in the setting of this population based
study.

Setting

In Sweden it is mandatory to report TB-cases in the
web-based, National reporting system and registry for
communicable diseases (SmiNet), according to the
Communicable Disease Act. Patients diagnosed with TB
in Stockholm are treated exclusively at the Karolinska
University Hospital and according to national and
international guidelines. Direct observed treatment (DOT)
was not routinely used but drugs were distributed to the
patients in a dosing box for 2 weeks’ use and refilled at
the TB clinic. Samples for TB-diagnosis were analyzed at
the laboratory for microbiology at Karolinska University
Hospital. All M.#b strains from TB-patients are sent, for
molecular epidemiological typing and storage to the Public
Health Agency of Sweden.

TB patients are obliged by law to attend the clinic during
treatment and at follow-up scheduled at 6 and 12 months
after treatment completion.

Data collection

All TB-cases in Stockholm County, from January 1996
(start of SmiNet-registry) through December 2016, were
identified in the SmiNet-registry. Only cases with culture
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confirmed M.th infection were eligible for inclusion
and followed for TB recurrence until the end of 2017.
The unique Swedish personal identity number was used
for identification. Demographic and clinical data and
microbiological results were extracted from the SmiNet-
registry. Eventual TB recurrence within the cohort, in other
parts of Sweden was controlled for in the same registry. On
patients with recurrent TB, information on risk factors for
recurrence was retrieved from individual patients files while
information regarding HIV-coinfection was retained from
the Swedish national quality registry (InfCare HIV) which
includes more than 99% of residents living with HIV in
Sweden since 1983 (14).

WGS was used to distinguish relapse from reinfection,
Single nucleotide polymorphism (SNP) profiles were
compered between the TB episodes. Information on
WGS was collected from or (if WGS was not earlier done)
performed at the Public Health Agency.

Study definitions

A case of TB recurrence was defined as a patient with
a new TB episode, more than 180 days after previously
successfully treatment completion. Treatment success was
defined as cure if smear- or culture-negative in follow up
samples or treatment completion if without evidence of failure,
in abundance of follow up samples, according to the WHO
definitions (15,16). The anatomical site of TB disease
was defined as pulmonary; if only involving the lungs,
extrapulmonary; if involving any anatomical site but the
lungs (including the pleura) or disseminated; if involving the
lungs and any other site (16). The patients country of origin
was regarded as endemic at a TB incidence of >100/100,000
population and as low endemic if <100/100,000 (1).

A relapse case was defined as having a maximum
difference of five SNPs. This threshold was derived from
the proposed cut-off for recent transmission based on
earlier studies showing a genetic turnover of 0.3-0.5 SNPs
per genome per year (13,17,18).

Resistance to one first line TB-drug, isoniazid (INH),
rifampicin, ethambutol or pyrazinamide was regarded
as mono drug resistance. Resistance to at least INH and
rifampicin was regarded as MDR according to the WHO
definitions (15,19).

DNA extraction and WGS

DNA was extracted from M.rb colonies growing on
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Loéwenstein-Jensen medium using a chloroform/CTAB-
based protocol or the column-based QIAamp Mini
DNA Kit (Qiagen, Hilden, Germany) and the DNA was
subsequently quantified with the Qubit dsDNA BR Assay
(Thermo Fisher Scientific, Waltham Massachusetts, USA).
Sequencing was performed with an Ion Torrent S5 XL
instrument (Thermo Fisher Scientific Inc., Waltham, MA,
USA) according to the manufacturer’s instructions (read
length approximately 300 base pairs) (20,21). The sequences
have been deposited in the European Nucleotide Archive
under study accession number PRJEB38721.

Single nucleotide polymorphism analysis

The similarity between isolates from the same patient was
studied by SNP analysis. Briefly, the generated sequencing
reads were mapped against the reference genome H37Rv
NC_000962.3 (CLC Assembly Cell version 4.4.2, Qiagen,
Hilden, Germany). Variants were extracted (CLC Assembly
Cell version 4.4.2), filtered (sequencing depth: >10x;
frequency: >0.9) and converted into a multiple sequence
alignment from which a distance matrix was calculated.

Detection of resistance mutations

In order to detect resistance mutations, the sequencing
reads were mapped against a set of resistance genes (rpoB,
katG, inhA including the promoter region, embB, pncA,
gyrA, gyrB, rrs, eis including the promoter region, t/yA
and ethA) derived from the reference genome H37Rv
NC_000962.3 (CLC Assembly Cell version 4.4.2, Qiagen,
Hilden, Germany). The extracted variants (CLC Assembly
Cell version 4.4.2, Qiagen, Hilden, Germany) were filtered
(minimum frequency of reads calling SNPs: 10%; minimum
frequency of reads calling InDels: 80%) and the remaining
variants were compared with an in-house database of
resistance mutations (based on high confidence and
established resistance mutations) (22-24).

Similarly, M.tb lineages were assigned as previously
reported (25). A similar analysis was also performed
manually in CLC Genomics Workbench 12 version 12.0.3
(Qiagen, Germany).

Statistical analysis

Data was analyzed and plots were created using SPSS
(version 25; IBM Corp., Armonk, NY, USA). Continuous
data are presented as median and interquartile ranges
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Table 1 Clinical characteristics of patients diagnosed with culture verified tuberculosis in Stockholm county 1996-2016

Patients characteristics Non TB recurrence  TB recurrence P value Relapse Reinfection
(n=2,528) (n=24) (n=12) (n=5)

Median age at TB-diagnosis, years, [IQR] 35 [26-51] 24 [19-38] 0.04 27[19-47] 24 [20-33]
Age, years, n [%]

<35 1,323 [52] 17 [71] 0.11 8 [67] 4 [80]

>35 1,205 [48] 7[29] 4[33] 1[20]
Sex, n [%]

Female 1,162 [46] 12 [50] 0.85 5[42] 3[60]

Male 1,366 [54] 12 [50] 7 [58] 2 [40]
TB-incidence in country of origin, n [%]

<100/100,000 1,196 [47] 9 [38] 0.45 5 [42] 1[20]

>100/100,000 1332 [53] 15 [62] 7 [58] 4 [80]
Clinical manifestation of TB, n [%]

Pulmonary 1335 [53] 12 [50] 0.42 6 [50] 2 [40]

Extrapulmonary 885 [35] 7 [29] 3 [25] 2 [40]

Disseminated 308 [12] 5 [21] 3 [25] 1[20]

TB incidence is expressed in numbers per 100,000 population. Statistically significant values (P value <0.05) are in italic. IQR, interquartile

range.

(IQRs). Comparisons were made by non-parametric
tests (Mann-Whitney). Categorical data are presented as
frequencies and proportions and comparisons were made by
Chi-square tests. Logistic regression analysis was performed
to analyze the association of patient characteristics
with recurrent TB. The association with the following
variables: sex (male, female), age (<35, >35), TB-incidence
in country of origin (<100/100,000, >100/100,000) and
clinical manifestation of TB (disseminated, pulmonary,
extrapulmonary) was tested in bivariate and multivariate
analyses. The associations were presented as odds ratios
(OR) with 95% confidence intervals (CI).

To calculate the relapse incidence, the number of relapse
cases was divided with the time at risk (follow-up time
minus 180 days).

Results

A total of 3,344 TB patients were registered in Stockholm
County 1996-2016. Culture verification was obtained
in 2,552 cases. Among the 2,552 culture positive cases:
54% were male, 82% were of foreign origin, and 53%
were originally from an area with a TB incidence of

© Journal of Public Health and Emergency. All rights reserved.

>100/100,000 population. The median age at TB-diagnosis
was 35 years (IQR, 26-51 years) (1able 1).

The annual numbers of culture verified cases ranged
between a minimum of 85 in 2004 to a maximum of 184 in
2009 (Figure 1). The median follow-up time in the study
was 10.2 years (IQR, 5.6-16.2 years). TB reoccurred more
than 180 days after successful treatment completion in
60 patients. The second episode was culture confirmed in
24/3,344 cases (0.7%). Out of the 24 cases with a culture
confirmed second episode the isolate could be obtained for
WGS in 17 patients but in seven patients the second isolate
could not be identified at the laboratory. The WGS analysis
resulted in 12 cases of relapse and five with reinfection
(Figure 2).

In the group of 24 culture verified recurrent cases the
median age was 24 (IQR, 19-38) years, 12 (50%) were
women, 20 (83%) were born abroad and 15 (62%) were
originally from a region classified as a high incidence area.
The median age was significantly lower (P=0.04) in the
group of patients with TB-recurrence (7able I).

In a bivariate logistic regression analysis we found no
statistically significant associations between T'B recurrence
and clinical characteristics at TB-diagnosis (1able 2).
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Figure 1 Results of mycobacterial culture in patients diagnosed with tuberculosis in Stockholm County 1996-2016 per year of tuberculosis-

diagnosis (n=3,344).

In the recurrent cases (n=24) the median time between
the first and the second TB episode, was 3.5 years IQR,
1.8-5.8 years). In 13/24 (54%) patients, recurrence occurred
within four years from the first episode. No case of TB-
recurrence was noted in patients diagnosed with their first
TB episode 2011-2016 (Figure 3).

In patients analyzed with WGS (n=17) the median time
between treatment completion and the second TB episode
was 2.4 years (IQR, 1.1-4.7 years), in relapse cases (n=12)
and in reinfected cases (n=5) 5.4 years (IQR, 3.4-11.3 years)
(Figure 4).

Results of WGS

The M.tb isolates from the 17 patients with recurrent TB
underwent WGS. The Euro-American lineage was the
most common lineage, seen in 12/17 (71%) of all recurrent
cases and 9/12 (75%) in all relapse cases. The number of

© Journal of Public Health and Emergency. All rights reserved.

SNPs differed from none to 1439 between the first and
the second isolate. Although a relapse case was defined as
having a maximum difference of five SNPs. For relapse
case 1 (Table 3) a difference of seven SNPs was observed but
none of these seven SNPs were located in highly variable
regions and six of them were not detectable even at very low
frequencies in the first isolate (analysis performed to rule
out a mixed infection in the first episode). The remaining
SNP was more ambiguous and when the SNP analysis was
repeated with another reference genome (CP003248.2),
the difference between the first and the second isolate
was reduced to six. For relapse case 3 the initial SNP
analysis revealed a 125 SNP difference. Further analysis
did however show a low frequency contamination with a
non-mycobacterial species in the 77s gene. When the SNP
ratio cut-off was increased to 96%, the contamination was
removed and only one SNP remained. Thus, 12 (71%) were
classified as relapse and five were regarded as reinfection
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Figure 2 Flow chart of culture verified tuberculosis cases in

Stockholm 1996-2016.

with a new strain, resulting in a relapse frequency of 0.5%
for the whole study period corresponding to an annual risk
of 0.06% per year (Table 3).

Risk factors for TB recurrence

Drug resistance was present in 9 (53%) of the cases with
recurrent TB. In the 12 patients with TB relapse, 4 (33%)
had an INH resistant strain and 2 (17%) had an MDR
strain. No acquired drug resistance was detected in isolates
of the second episode among relapse cases (1able 4).

Among patients with relapse, 4 (36%) had adherence
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problems, 5 (46%) were smokers and 2 (18%) had alcohol
or drug abuse. One patient with several risk factors for TB
relapse, relapsed (3 SNP’s difference) after 10 years. In
the group of reinfected patients, all were foreign born and
2 (33%) had traveled to their country of origin the year
before the second episode. None of the patients with TB
recurrence was HIV-co-infected.

Discussion

In this study we showed that only 0.7% of the TB patients
diagnosed in Stockholm County between 1996 and 2016
did have a recurrent culture confirmed infection during a
median follow-up time more than ten years. Moreover, we
found that the majority of the recurrent TB cases, analyzed
with WGS (n=17), could be classified as relapse infection
with the same strain (n=12) while the remaining patients
were considered to be reinfection with a different strain
(n=5). When comparing the isolates from the episodes
in the 12 relapse cases no acquired drug resistance was
detected.

A recent state of the art paper from Rosser concluded
that the median percentage of TB patients experiencing a
recurrent infection, in studies covering recent decades from
low disease burden regions, was 3.4% during a median
follow up time of 7.8 years. The somewhat lower recurrence
rate in our study is by no means unique and conformingly
a recently published national cohort study from Finland
covering 1995-2013 demonstrated a similar recurrence
rate of 0.6%. Comparison of recurrence rates with earlier
studies should though be interpreted with caution as there
is no general consensus on the definition of TB recurrence.
In our study we regarded recurrent infection as an event
occurring more than six months after treatment completion,
in consistency with most former studies. In the Finnish
study recurrent infection was defined as an infection
occurring more than a year after finishing TB treatment.
Earlier studies have used different time frames (0-365 days)
after treatment completion (17,26-28).

Although most patients in our cohort were diagnosed
with a recurrent infection within the first years after
TB treatment. In consistency with earlier studies in low
endemic settings, we show that relapse can occur several
years after treatment completion (3,7). We observed a high
frequency of resistant TB strains both among patients with
relapse (49%) and reinfection (60%). This is to be compared
with the mean frequency of TB resistance of only 13.7%
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Table 2 Results from logistic regression analysis with tuberculosis recurrence as dependent variable by characteristics in persons diagnosed with
tuberculosis in Stockholm County 1996-2016 (n=2,552)

Non TB recurrence TB recurrence Bivariate analysis, Multivariate analysis,

Patient characteristics (n=2,528) (n=24) OR (95% Cl) P value OR (95% Cl) P value
Age (years)

<35 1,323 17 Reference

>35 1,205 7 2.21(0.91-5.4) 0.08* 2.20 (0.91-5.34) 0.08
Sex

Female 1,162 12 Reference

Male 1,366 12 1.18 (0.53-2.63) 0.52 1.16 (0.52-2.59) 0.72
TB-incidence country of origin

<100/100,000 1,196 9 Reference Not included

>100/100,000 1,332 15 1.57 (0.46-5.38) 0.47
Clinical manifestation of TB

Disseminated 308 5 Reference Not included

Pulmonary 1,335 12 2.46 (0.72-8.47) 0.15

Extrapulmonary 885 7 2.30 (0.61-8.61) 0.22

*, variables with a P value >0.10 in bivariate analysis were not included in the multivariate analysis except for sex that was considered to
be a potential confounding factor. Pulmonary: only lungs involved; Extrapulmonary: lungs not involved; Disseminated: both pulmonary and
extrapulmonary involvement. OR, odds ratio; Cl, confidence interval.
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Figure 3 Year of diagnosis, first tuberculosis episode, in patients with later recurrent tuberculosis (n=24).
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Figure 4 Time from treatment completion of the first tuberculosis episode to confirmation of the second tuberculosis episode in patients

analyzed with whole genome sequencing, separated in relapse and reinfection (n=17).

(MDR resistance 2.4%, mono-resistance 11.3%) reported
by the Department of Communicable Disease Control
and Prevention in Stockholm County during the latter
part of our study period 2003-2016 (29). The much higher
prevalence of drug resistance among patients with recurrent
TB in our cohort indicates that patients infected with drug
resistance strains are at larger risk of disease recurrence.
Our observation is in consistency with former studies from
low endemic settings showing resistant M.tb seems to be a
strong risk factor for TB recurrence (7,30-35). Although
only a small proportion of all TB patients will develop
recurrent infection it is important to acknowledge that it
appears at a higher frequency in selected groups and that
this might occur several years after treatment completion.
Our and earlier studies indicate that patients with resistant
TB should be regarded as high risk patients and thus needs
improved treatment control and a longer follow-up time for
early detection of potential recurrent disease.

M.th bas been reported to have a high genomic stability
with a steady mutation rate of around 0.3-0.5 SNPs per
genome per year (17,36). The number of differences in

© Journal of Public Health and Emergency. All rights reserved.

SNPs is there for a useful tool to discriminate relapse
from reinfection. Although, we consider a five SNP cut-
off to define a relapse case, one specific case had isolates
differing by 7 SNPs (six when the analysis was repeated
with a different reference genome) and was also classified as
relapse. This patient was diagnosed with an INH-resistant
isolate, treated for 12 months and was then culture positive
again 9 months after finalizing treatment. A second relapse
episode occurred 12 months after the first relapse. The
isolates from the second and the third TB episode did not
differ in the WGS analysis (0 SNP). Therefore we conclude
that it is important to consider epidemiological and
bacteriological information in addition to genotypic data
when discriminating between relapse and reinfection. This
approach may also apply when outlining clusters and recent
transmission.

With earlier used technics for genotyping, reinfection has
been considered as the main cause for recurrent infection in
high endemic countries (8,9). In contrast relapse has been
considered more frequent in low endemic regions (6). As
WAGS has a higher resolution than earlier used methods,
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Table 3 Lineage and number of Single Nucleotide Polymorphisms between isolates from first and second tuberculosis episode

Number of single

First episode, drug

Whole genome

Second episode,

Whole genome

Country of . } o . o
Case number oridin nucleotide poly- resistance, gene sequencing lineage,  drug resistance, sequencing lineage,
9 morphisms mutation first episode gene mutation second episode
Relapse 1 Sweden 7 katG: nt 1-1071 lineage4.1.2.1 Euro-  katG: nt 1-1071 lineage4.1.2.1
deleted American deleted Euro-American
Relapse 2 Sweden 0 - lineage4.1.2 Euro- - lineage4.1.2
American Euro-American
Relapse 3 Sweden 1M 25]a - lineage4.3.3 Euro- - lineage4.3.3
American Euro-American
Relapse 4 Afghanistan 0 - lineage3.1 East- - lineage3.1
African-Indian East-African-Indian
Relapse 5 Sweden 3 - lineage4.3.3 Euro- - lineage4.3.3
American Euro-
Reinfection 1 Peru 311 katG: Ser315Thr; lineage4.3.3 Euro- - lineage4.3.3
rpoB: Ser450Leu American Euro-American
Reinfection 2 Uzbekistan 1565 - lineage2.2.1 East- - lineage2.2.1
Asian East-Asian
Reinfection3 Kenya 1317 - lineage3.1 East- inhA: C-15T lineage4.6.1.2
African-Indian Euro-American
Reinfection 4 Peru 303 katG: Ser315Thr; lineage4.3.3 Euro- - lineage4.3.3
rpoB: Ser450Leu American Euro-American
Relapse 6 Somalia 1 inhA: C-15T lineage4.6.1.2 Euro-  inhA: C-15T lineage4.6.1.2
American Euro-American
Relapse 7 Azerbaijan 0 katG: Ser315Thr; lineage2.2.1 East- katG: Ser315Thr; lineage2.2.1
rpoB: Ser450Leu; Asian rpoB: Ser450Leu; East-Asian
embB:Gly406Asp; embB:
pncA: 286-InsT Gly406Asp; pncA:
286-InsT
Relapse 8 Somalia 4 inhA: C-15T lineage4.6.1.2 Euro-  inhA: C-15T lineage4.6.1.2
American Euro-American
Relapse 9 Somalia 1 inhA: C-15T lineage4.6.1.2 Euro-  inhA: C-15T lineage4.6.1.2
American Euro-American
Relapse 10 Somalia 3 katG: Ser315Thr; lineage4 Euro- katG: Ser315Thr; lineage4
rpoB: Ser450Leu; American rpoB: Ser450Leu; Euro-American
embB: Met306Val embB: Met306Val
Relapse 11 Somalia 1 - lineage2.2.1 East- - lineage2.2.1
Asian East-Asian
Reinfection 5 Mongolia 1,439 inhA: C-15T lineage4.3.3 Euro- - lineage2.2.1
American East-Asian
Relapse 12 Bolivia 3 - lineage4 Euro- - lineage4

American

Euro-American

° this sample was contaminated with another bacterial species. If the SNP ratio cut-off was increased to 96%, only one SNP remained.
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Table 4 Risk factors for TB recurrence among patients with whole
genome sequencing-verified relapse cases (n=12) and reinfection
cases (n=5)

Characteristic R((;ijzs)e Rei(r:(:eg;cion
Resistance, n [%]
Mono drug resistance 4 [33] 1[20]
Multi drug resistance 2 [16] 2 [40]
Smoking, n [%] 6 [50] 1[20]
Alcohol or drug abuse, n [%] 3 [25] 0
HIV infection, n [%] 0 0
Adherence problems, n [%] 4 [33] 0

Mono drug resistance including resistance to one first line
TB-drug. Multidrug resistance including at least resistance to
rifampicin and isoniazid.

some cases regarded as relapse with former genotyping
methods, would be regarded as reinfection with WGS (10).
Also, WGS has the capacity to detect intra-host variability
and to better identify minority populations that may explain
the difficulties in distinguishing relapse from reinfection in
patients with a mixed primary infection (this does however
call for strict and validated quality criteria) (17,28,37).

There are to our knowledge only two former studies that
have used WGS in a low endemic setting to discriminate
relapse from reinfection. The formerly mentioned Finnish
study and a recent study from New South Wales, Australia
both demonstrated that the large majority (80-87%) of
disease recurrence was caused by TB relapse (26,27).
Although, we also found that relapse was the more common
cause for recurrent infection in Stockholm, the proportion
of patients that were reinfected in our cohort was somewhat
larger than in the Finnish study. This might be an expected
finding in a cohort where the majority of TB patients (82%)
had their origin from high endemic regions compared to
the Finnish cohort where only 14% of the patients were
of foreign origin (7). A higher prevalence of TB in some
immigrant communities in combination with socioeconomic
risk factors as crowded living and more frequent traveling to
TB-endemic regions could be expected to increase the risk
of reinfection. As many as 33% of the reinfected patients in
our cohort had traveled to their country of origin less than
one year before their second TB episode.

When interpreting the results from WGS it is important
to understand that the analysis does not have the capacity

© Journal of Public Health and Emergency. All rights reserved.
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to clearly separate relapse cases reinfection with the same
strain. This is illustrated by two patients in our cohort
who, according to WGS, were considered relapse cases but
who both had partners that were diagnosed with active TB
with the same M.1b strain prior to the patients’ relapse. It
thus seems plausible that the proportion of reinfection is
underestimated when relying only on genotyping methods.
These findings underline that prevention of recurrent
infection also involves careful and extensive contact tracing.

Our study has several limitations. We could not find
culture result for a large proportion of the patients that
were registered as TB patients by the handling clinicians.
Although, it is possible that the laboratory has failed
to register some positive culture results it seems more
plausible that these patients rather represent suspected
cases under investigation. In our study we have therefore
regarded these patients as culture negative which might
have underestimated the true recurrence rate. We also
could not with accuracy calculate the patient time at risk, as
we did not have information, for all included TB-patients,
on eventual death or if people moved to another country.
Most TB patients are relatively young why only few
patients could be expected to die during the study period.
Moreover we could not accurately estimate the strength of
the association of primary infection with a drug resistant
strain with the risk of recurrent infection, as we did only
have culture data for the patients with recurrent infection.
Furthermore we lacked data on several patient and disease
characteristics for the culture positive TB-cohort as a whole
why their association with risk of TB relapse could not be
calculated. In 24 of the registered 60 cases with a second TB
episode, the second case was not culture verified. This could
be explained by early diagnosis made on a positive PCR
result or clinical suspicion, without culture confirmation.
Relapse could not be distinguished from reinfection in this
group. PCR can also remain positive several months after
treatment completion without viable M.zb.

Conclusions

The frequency of TB recurrence in Stockholm County is
low, indicating an overall well-functioning TB-care. WGS
seem to be a useful tool to discriminate relapse cases from
reinfection cases and could be used to improve care of TB
patients and disease control measures. The high proportion
of resistant TB strains in patients with relapsing infection
indicates a need of better treatment control and longer

7 Public Health Emerg 2020;4:31 | http://dx.doi.org/10.21037/jphe-20-10
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follow-up time in this group. The substantial proportion of
reinfection among patients with relapsing I'B in our study
underscores that also careful contact tracing is of uttermost
importance to limit the risk of reinfection.
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