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Abstract

Background: Large-scale rural-to-urban migration has changed the epidemiology of tuberculosis (TB) in large
Chinese cities. We estimated the contribution of TB importation, reactivation of latent infection, and local
transmission to new TB cases in Shanghai, and compared the potential impact of intervention options.

Methods: We developed a transmission dynamic model of TB for Songjiang District, Shanghai, which has
experienced high migration over the past 25 years. We calibrated the model to local demographic data, TB
notifications, and molecular epidemiologic studies. We estimated epidemiological drivers as well as future
outcomes of current TB policies and compared this base-case scenario with scenarios describing additional targeted
interventions focusing on migrants or vulnerable residents.

Results: The model captured key demographic and epidemiological features of TB among migrant and resident
populations in Songjiang District, Shanghai. Between 2020 and 2035, we estimate that over 60% of TB cases will
occur among migrants and that approximately 43% of these cases will result from recent infection. While TB
incidence will decline under current policies, we estimate that additional interventions—including active screening
and preventive treatment for migrants—could reduce TB incidence by an additional 20% by 2035.

Conclusions: Migrant-focused TB interventions could produce meaningful health benefits for migrants, as well as
for young residents who receive indirect protection as a result of reduced TB transmission in Shanghai. Further
studies to measure cost-effectiveness are needed to evaluate the feasibility of these interventions in Shanghai and
similar urban centers experiencing high migration volumes.
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Background

China has an estimated 4.5 million prevalent tubercu-
losis (TB) cases, of which 80% arise among the rural
population [1]. TB incidence in China has declined in re-
cent decades, with national scale-up of directly observed
treatment strategies and ongoing improvements in living
standards. Currently, rural-to-urban migration is a major
impediment for TB control in China. Most internal mi-
grants are men who leave rural areas to join the urban
wage economy, and there will be an estimated 240-260
million urban migrants by 2030. Due to China’s house-
hold registration system, most migrants typically face
difficulties in becoming formal urban residents [2]. Con-
sequently, they may not be entitled to subsidized hous-
ing or education, have poor access to social security and
medical benefits, and often live and work in circum-
stances that promote Mycobacterium tuberculosis (Mtb)
transmission and impede prompt diagnosis [3—5]. Stud-
ies have shown that urban migrants who develop TB
have reduced access to TB care, and worse treatment
outcomes than urban residents [6—8].

In China, identification of TB cases is primarily
through passive case-finding, with symptomatic individ-
uals voluntarily seeking diagnosis and treatment. High
volume internal migration has been linked to elevated
infectious disease incidence in Chinese cities, and chal-
lenges for disease control [6-8]. In recent years, rising
TB case numbers associated with urban migration have
been reported in many major cities—including Beijing,
Shanghai, Shenzhen, Guangzhou, Wuhan and Hangzhou
[4, 9-13]—yet there was no specific guideline for TB
screening among urban migrants, and the underlying
epidemiological mechanisms have not been completely
described. The optimal response from urban TB control
agencies will likely depend on the sources of new TB
cases—whether elevated TB case notifications among
urban migrants are due to reactivation of latent TB in-
fection (LTBI) acquired before migration, transmission
following migration, or prevalent TB among new
arrivals.

In this study, we used a transmission-dynamic
model to investigate the epidemiology of migration-
linked TB in Shanghai. We conducted our study in
Songjiang, a district of Shanghai in which the major-
ity of the 2016 population were internal migrants. For
Songjiang, previous genotypic analyses of clinical iso-
lates have described transmission linkages between
TB cases among residents and migrants [14]. Using
these data, alongside detailed demographic and clin-
ical data for 2000-2018, we estimated the contribu-
tion of different epidemiological mechanisms to TB
incidence among migrants and residents and assessed
the potential impact of new interventions focused on
these population groups.

Page 2 of 14

Methods

Study setting

Shanghai has experienced major rural-to-urban migra-
tion since the 1990s (Additional file 1: Figure S1) [15].
By 2016 the Shanghai population totaled 24 million, 41%
of whom were internal migrants [16]. Songjiang has a
population of 1.77 million, of which 62% are internal mi-
grants, defined as people without a Shanghai household
registration status through Chinese hukou system. Most
originate from western and central China. In a previous
study during 2006 to 2008, migrants had higher tubercu-
losis rates (38.9/100,000 population) compared to local
residents (27.8/100,000 population) in Songjiang (Add-
itional file 1: Figure S2) [6]. Since the 1990s, Songjiang
has participated in a comprehensive TB surveillance and
reporting system involving Songjiang District Centers
for Diseases Control and Prevention, a TB-designated
hospital, and community-based clinics. This network
provides TB services including passive case finding, diag-
nosis, treatment, and follow-up. Data on TB cases, in-
cluding demographic, epidemiological, and clinical
information, is recorded in an electronic TB Information
Management System.

Currently, Songjiang applies a referral system based on
TB-like symptoms to prompt TB diagnosis and notifica-
tion. Although there was no specific national guideline
for TB control among internal migrants, since late 2004,
an enhanced program was implemented in Shanghai to
extend free TB services (reimbursement for diagnosis
and anti-TB drugs) to the migrant population. Despite
this expansion of standard TB care policy, there was no
specific routine TB screening among migrants in Song-
jiang. Many local manufactory industries request a gen-
eral pre-employment physical examination for both
migrant and resident applicants, including chest X-ray.
Residents aged 65 years and above can receive a volun-
tary annual physical examination, including a chest X-
ray examination (not specific for TB screening).

Study design and model structure

We developed an age-structured transmission-dynamic
model of TB epidemiology in Songjiang District, adapted
from published models (Fig. 1) [17, 18]. The model
stratifies the Songjiang population into four dimensions,
with a core dimension representing TB transmission,
natural history, diagnosis, and treatment (Fig. la and
Fig. S4). Additional dimensions represented differences
in population demography, TB burden and susceptibility,
mixing patterns, and TB care access by age, sex, and mi-
grant status (Fig. 1b—d). Migrant populations were strati-
fied according to the duration of stay in Shanghai (Fig.
1d), with immigration and emigration modeled expli-
citly. Resident individuals entering Songjiang from other
districts of Shanghai were not considered “migrants” for
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Fig. 1 Schematic of TB simulation model. The schematic shows compartments within each dimension of the model: a Main model: core TB
dimensions; b Age group dimension; ¢ Gender dimension; d Risk group dimension by migration status. Arrows identify entries to the model and
possible transitions between compartments. Solid arrows indicate state transitions, dotted arrows indicate model entry for resident individuals,
and dashed arrows indicate model entry for internal migrant individuals. Migrants were divided into different status based on their duration of
staying in Shanghai. Migrants exits due to death are not shown

the analysis, as their epidemiological profile is expected
to be similar to those of current residents and they held
the same household registration status as the Songjiang
local residents. We did not simulate transmission dy-
namics in rural areas and calibrated TB burden in in-
coming migrants to match observed disease patterns in
Songjiang. The full model structure results from the
crossing of the four dimensions and is represented with
many distinct compartments and processes and the
model code was detailed in Additional file 2.

Data inputs

Demographic data

We extracted population data from the most recent Na-
tional Census (2010), Shanghai 1% Population Sampling
Survey (2015), and annual statistical yearbooks of Song-
jiang (2000-2018) [15, 16, 19]. These data included an-
nual population by age and migrant status, distribution
of the migrant population by reported years since entry
and occupational category, birth rates, and mortality
rates (Additional file 1:Table S1) [15]. Future migration
estimates were based on Shanghai government popula-
tion policy, which targets limited future population
growth [20].

Observed TB cases and outcomes
From the TB surveillance system, we extracted TB case
counts (available from 2000) stratified by age, gender,

and migrant status. These data were used to build his-
torical time-series of TB notification rates. We compiled
additional evidence on TB care (including TB treatment
discontinuation and treatment outcomes) from adminis-
trate data sources [6].

Transmission patterns

We used genotyping data that utilized an optimized
MIRU-VNTR loci set (including the hypervariable loci)
to estimate the extent of shared respiratory contacts
among residents and migrants in Songjiang [14]. These
data represent culture-confirmed TB patients reported
in Songjiang from 2009 to 2015 and were used to esti-
mate the probability that a clustered TB case in one of
the two migrant strata (residents vs. migrants) would be
due to transmission from an individual of the other
group. Age-based mixing patterns were based on pub-
lished contact matrices [21], and we allowed for in-
creased respiratory contacts among 20-30-year-olds to
account for elevated occupational exposure.

Natural history of latent infection and active disease

We specified parameters describing the probability of in-
fection given Mtb exposure, rates of progression to TB
for infected individuals, partial immunity of previously-
exposed individuals, progression from early to late-stage
disease, smear positivity (an indicator of infectiousness
and mortality risk), infectiousness, TB-specific mortality
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and self-cure rates for individuals with active disease
based on the published literature, and stratified by age
and sex. Passive case detection was assumed to identify
individuals with advanced TB for treatment, who could
subsequently die, be cured, or return to untreated TB
following treatment discontinuation or failure. We as-
sumed that all diagnosed TB cases are reported, and that
there was no treatment of LTBI under the base-case sce-
nario. Apart from differential infection risks and TB
treatment access, we assumed that natural history pa-
rameters would be the same between migrants and resi-
dents, conditional on age and sex. Tables S2-S3
(Additional file 1) provide parameter definitions, values,
and data sources [6, 15, 22—32].

Scenarios for future TB control options

The base-case scenario assumed continuation of current
TB control activities, represented by current rates of
treatment-seeking and current TB care outcomes. We
compared this to hypothetical scenarios describing po-
tential expansions in TB control. Table 1 describes
model scenarios and operationalization [33—40]. In brief,
scenarios one and two focus on improving TB preven-
tion and care for elderly residents; scenarios three, four,
and five target improvements in TB prevention and care
for migrants. Scenario six represents the combination of
migrant-focus interventions, and scenario seven repre-
sents the combination of all interventions included in
other scenarios. We assumed any changes to current
services would be introduced over 3 years, 2020-2022,
then remain in place for the rest of the analysis period.

Modeled outcomes

Outcomes included the number of effective Mtb trans-
missions by individuals with TB, the number of new in-
fections resulting from transmission (these two
outcomes respectively describing who transmits TB, and
who is infected), incident TB cases, TB deaths, and life-
years lost due to TB. We also decomposed new TB cases
into those due to reactivation of established LTBI (in-
fected >2years ago), recent transmission (infected <2
years), and entry of individuals into Songjiang with
prevalent disease. We reported outcomes per 100,000 of
population, stratified by age and migrant status. We esti-
mated outcomes until 2035 and reported results for
2020, 2025, and 2035.

Statistics and operationalization

The model was programmed in R and C++ [41]. We
used Bayesian evidence synthesis [42] to combine data
and calibrate parameters to reproduce observed time-
series of population and TB cases by age, sex, and mi-
grant status. Calibration was implemented using Incre-
mental Mixture Importance Sampling [43, 44], which
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produces a large number of epidemiological trajectories
consistent with prior parameter distributions and cali-
bration data (Additional file 1: Tables S4-5) [14]. We
used the fitted model to simulate future outcomes under
each analytic scenario. We calculated point estimates as
the mean value across all simulated epidemiological tra-
jectories and calculated 95% uncertainty intervals of the
distribution of simulation results.

Sensitivity analyses

In sensitivity analyses, we tested the impact of alternative
assumptions of a 5% annual increase and 5% annual de-
crease in future migrant population size, which was held
flat in the main analysis. Secondly, we tested alternative
assumptions of 0% and 6% annual decline in LTBI and
TB prevalence among future entering migrants, as com-
pared to the 3% decline assumed in the main analysis.
Thirdly, we assessed the impact of an extended 30-year
time horizon (to 2050), as compared to 15 years used for
the main analysis. Table S6 in the additional file 1 de-
scribes the additional parameters used for model sensi-
tivity analysis [33-40].

Results

Comparison of model estimates to data on recent
population and TB case trends

Recent population data show rapid population growth
(from 0.1 to 1.1 million between 2000 and 2014, Fig. 2a),
and a much younger age distribution (Fig. 2b) for mi-
grants in Songjiang, relative to the resident population.
Similar trends were observed in the distribution of TB
notifications over time (Fig. 2c) and age (Fig. 2e, f), with
migrant cases clustered in the 20-35 age group while
resident cases demonstrated peaks at 20—35 and 60-80
years-old. By 2016 migrants represented approximately
60% of the overall population and 74% of all reported
TB cases in Songjiang, had a higher notification rate
(43.5 per 100,000) compared to that among resident
(24.3 per 100,000), which were consistent with previous
reports [6, 14]. Additional detail on these demographic
and epidemiological trends is shown in Figs. S1-3 [6, 15,
16]. The model was able to reproduce these and other
recent epidemiological data, including the TB case fatal-
ity estimates by age (Fig. 2d).

Model estimates of TB epidemiology

Figure 3 presents estimates for five key outcomes in
2020—effective Mtb transmissions by individuals with
TB, new infections, incident TB cases, TB deaths, and
years of life lost (YLL) from TB—stratified by age group
and migrant status. Migrants in the 20-35-year-old age
group represent a major fraction of each of these out-
comes, reflecting their share of the population as well as
elevated TB burden. Migrants were estimated to
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Fig. 2 Comparison of model estimates and data describing population and TB outcomes by age and years: migrant and resident population (a,
b), the annual number of diagnosed TB cases (c, e, and f), and case fatality rate (d). Model results are plotted for 1000 calibrated parameter sets
to represent uncertainty in modeled results. The population size and age distribution data were abstracted from the national census and
yearbook statistic records. TB case and facility data were drawn from the routine TB case reporting system

contribute 87.0% [95% uncertainty interval: 83.7, 89.9] of = death among migrants, compared to 16.5 [15.6, 17.4]
all instanced of TB transmission, and represent a smaller ~ YLL among residents. Migrants represented 70.2% [66.0,
fraction (78.6% [74.4, 82.3]) of those newly infected, 74.4] of all life-years lost due to TB death.

reflecting greater migrant-to-resident than resident-to- Figure 4 reports the fraction of new TB cases in 2020
migrant transmission. Transmission from migrants was due to LTBI reactivation, recent Mtb infection, and
estimated to produce 91.7% [89.6, 93.9] of new infec- prevalent TB among individuals migrating into Song-
tions among migrants and 69.9% [65.0, 73.6] of new in-  jiang, stratified by age and migrant status. For both mi-
fections among residents. The estimated fraction of all  grants and residents, LTBI reactivation was estimated to
new infections caused by an individual of the other represent the large majority of TB cases for individuals
group (migrant to resident or resident to migrant) fitted > 50 years old and was an important source of new TB
well with the observed value (model 20.5% [18.8, 22.1], cases, representing 72.2% [67.9, 76.8] of resident TB
data 21.2%, supplementary materials). Residents repre- cases and 48.0% [42.9, 54.3] of migrant TB cases. Recent
sented an increased share of incident TB cases and infection contributed 26.9% [23.2, 32.1] of resident TB
47.4% [42.3, 52.1] of TB deaths, reflecting elevated rates  cases and 42.9% [38.6, 45.8] of migrant TB cases, and
of reactivation TB and higher TB case fatality in the eld- was the primary cause of TB among individuals <30
erly resident population. Due to the younger average vyears old. Prevalent TB at entry to Songjiang contributed
age, there was an estimated 35.2 [33.8, 36.7] YLL per TB  only 0.8% [0.5, 1.4] and 9.1% [7.0, 11.3] of TB cases
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among residents and migrants respectively. Overall, re-
cent infection was estimated to cause 38.0% [33.3, 42.3]
of incident TB cases overall.

Epidemiological projections
Figure 5 shows base-case projections of population
and TB incidence. While the total population is pro-
jected to stabilize following rapid growth during
2000-2015 (Fig. 5a), TB cases are projected to de-
cline. TB cases among the migrant population are
projected to decline to 18.4 [17.1, 23.2] per 100,000
by 2035, a 49% [36-53] reduction from 2016. By
2035 resident TB cases are projected to decline to
11.6 [10.6, 14.4] per 100,000 (Fig. 5c), a 51% [39-55]
reduction from 2016. These declines are consistent
with recent TB case trends (Fig. 5, points). Migrants
are projected to represent a relatively stable share of
total TB cases, equivalent to 63% of total TB cases
while representing 53% of the 2035 population.

Table 2 provides base-case projections for other TB
outcomes. These outcomes are projected to follow simi-
lar trends to new TB cases, with TB transmission, new

infections, TB deaths, and YLL due to TB all declining
log-linearly over the projection period.

Alternative scenarios for interventions among residents
and migrants
Figure 6 shows incremental outcomes for the targeted
interventions described by scenarios 1-5 compared with
the base-case, summed over 2020-2035, and stratified
by age and migrant status. Among these scenarios, inter-
ventions directed at the migrant population (particularly
scenarios 4 and 5) are projected to have the greatest im-
pact on most outcomes, with benefits concentrated in
younger age groups consistent with the migrant age dis-
tribution. An exception to this pattern is for TB deaths,
where scenario 2 is projected to have a major impact on
TB deaths in the elderly resident population. In all cases,
interventions targeted at migrants are projected to pro-
duce beneficial secondary effect for residents. In con-
trast, interventions targeted at residents are projected to
have minimal impact on migrant TB outcomes.

Table 3 summarizes incremental reductions in TB out-
comes for each scenario by 2035. In general, outcomes
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related to TB transmission (Mtb transmission, new Mtb
infections) are more sensitive to intervention than other
outcomes, with the combination of all interventions
(scenario 7) projected to reduce these outcomes by 20—
23% by 2035 compared to the base-case, while estimated
reductions in other outcomes ranged from 10 to 12%.

Sensitivity analysis

Sensitivity analyses representing higher future migrant
populations resulted in a greater effect of migrant-
focused interventions relative to resident-focused inter-
ventions, and similar results were seen for sensitivity
analyses representing slower declines in TB burden
among future entering migrants. Even for sensitivity ana-
lyses representing faster future declines in migration vol-
ume and migrant TB burden, interventions focused on
migrants still produced the greatest reductions in TB in-
cidence and beneficial spillovers for resident popula-
tions. Results observed over a longer time horizon were
consistent with the main analysis, with ongoing log-

linear declines in TB burden when outcomes were pro-
jected to 2050. Over the long-term, intervention scenar-
ios were shown to produce a step change in TB
transmission, incidence and death rates, with this per-
centage difference with the base case increasing slowly
over the extended simulation period. Detailed results for
sensitivity analyses are shown in Fig. S5 and Table S7.

Discussion

Over the past decades, there has been substantial growth
of cities in China, driven by massive rural-to-urban in-
ternal migration [2]. This large-scale migration of young
adults seeking economic opportunities has created op-
portunities for infectious disease transmission and has
been associated with increases in TB case notifications.
This poses new challenges for TB control in many urban
areas, particularly in populous mega-cities like Shanghai,
Beijing, Guangzhou, Wuhan, and Hangzhou [9-13]. In
this study, we developed a mathematical model of TB
that accounts for the demographic changes produced by
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high volume migration, and the differential risks of TB
transmission, progression, and mortality across popula-
tion groups. Using detailed local data on demography,
case notifications, and molecular epidemiology, we cali-
brated the model to observed TB epidemiology in
Shanghai, which is similar to other Chinese cities in
terms of migration-linked population growth and con-
comitant increases in TB notifications [9-13]. We used
this model to investigate the mechanisms underlying TB
epidemiology in cities like Shanghai, and estimate the
health impacts of alternative intervention strategies.

We found that large influxes of young migrants (adults
predominantly 20-40 years old) has resulted in a high
number of TB cases, new infections, and transmissions
attributable to young adults in Shanghai. While the
number of TB-related deaths is approximately equal be-
tween residents and migrants, because migrant cases are
typically much younger than resident cases, the YLL due
to TB is substantially larger for migrants. Our analysis
suggests distinct mechanisms driving TB incidence in
residents and migrants: for residents, approximately 70%
of disease is due to reactivation of established latent in-
fection, whereas for migrants, almost half of all TB cases
are attributable to recent infection occurring after arrival
in Shanghai. This was consistent with the findings from
epidemiological observation studies in Shanghai [6, 14,
45]. We estimate that importation of prevalent disease

among migrants represents a relatively small contribu-
tion to the TB burden in Shanghai. Importantly, our
model also suggests very similar age-specific contribu-
tions of reactivation and recent infection. The difference
in the relative importance of these mechanisms for the
two population groups arises as a result of the fact that
migrants are a much younger subgroup than residents,
but within individual age strata, the relative contribution
of each mechanism is similar.

Our analyses suggest that with the current TB control
strategy, TB incidence in Shanghai will continue to de-
cline slowly, and this slow downward trend is robust to
realistic changes in migration volume. Our intervention
scenarios were chosen to reflect current policy alterna-
tives being discussed in China [46]. These included in-
terventions focused on elderly residents, who are at high
risk of developing TB (scenarios 1 and 2), and interven-
tions focused on migrants (scenarios 3—6). Interventions
focused on the elderly were estimated to have little in-
cremental impact on the overall epidemic, but could
produce sizable reductions in TB cases, deaths and YLL
among the elderly. In contrast, pre-employment screen-
ing for disease (scenario 3) and treatment of latent Mtb
infection (scenario 4) for recent migrants were projected
to reduce TB cases and deaths in young migrants and
produce secondary benefits for young residents with
whom these migrants are likely to mix. Similar findings
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Table 2 Model estimated TB epidemiologic outcomes for the total population, migrants, and residents under base-case scenarios in

2015, 2020, 2025, and 2035

Population  Model outcomes, per 100 K
and year TB transmission events New infection New TB cases Deaths due to TB Life-years lost due to TB
Point 95% ClI Point 95% CI Point 95% ClI Point 95% ClI Point 95% ClI
estimate estimate estimate estimate estimate
Residents
2015 74 65, 85 96 83,108 224 20.2, 25.1 1.64 136,193 291 24.6,35.0
2020 53 46, 61 71 61, 83 184 164,210 133 109,159 219 187,264
2025 43 36, 50 62 52,73 155 137,178 115 094,138 180 153,216
2035 32 26,38 51 40, 61 13 98,132 0.85 069,104 129 112,154
Migrants
2015 364 308, 430 255 216,294 370 339,406 137 114,164 508 42.3,59.0
2020 258 215,314 191 164,228 293 265,328 1.06 089,130 374 31.0, 449
2025 217 179, 269 169 140,211 252 223,284 091 077,111 313 26.1,376
2035 170 138, 218 140 112,175 196 171,229 07 058,085 242 20.1, 295
Total
2015 253 216, 294 194 165,221 314 28.9, 34. 147 127,175 425 355,493
2020 172 142, 214 141 120,170 248 22.3,28.1 117 101,142 309 262,363
2025 140 106, 185 121 94,156 209 181,238 101 086,123 254 21.7,308
2035 104 73,141 98 71,130 15.6 131,186 077 066,094 188 155,236

were noted in a population cohort study in the UK, that
pre-screening of migrants could reduce later transmis-
sion risks [47]. If routine screening of factory workers
can be brought to scale (scenario 5), we estimate that
similar improvements in TB outcomes could be obtained
as compared with pre-employment screening. Routine
screening in factories may have advantages, as these fac-
tories are geographically concentrated in industrial zones
and this might facilitate implementation of these inter-
ventions [13].

Several limitations in our study should be noted. Our
projections are accompanied by uncertainty arising from
incomplete knowledge of the natural history of TB, the
current epidemiology of TB in Shanghai, and possible
future changes in migration policy and disease burden.
While we used detailed population, TB notification, and
molecular epidemiological data from Shanghai to con-
strain model behavior to reproduce observed age- and
migrant-status related TB epidemiology, uncertainty re-
mains around serval model inputs, and as long-term
model projections are difficult to validate, model design
choices can bias future projections while still allowing
good fit to current data. An influential model input was
the MIRU-VNTR genotyping data, used to calibrate
mixing assumptions. While the MIRU-VNTR loci set
was optimized for local Mtb transmission in Songjiang,
we cannot fully exclude risks of bias caused by low dis-
crimination power of this method, or missed migrant
cases due to emigration before disease detection. In

addition, our analysis focused on the potential health
benefits of interventions, yet other factors must be con-
sidered before adoption. Meanwhile, the current pan-
demic of COVID-19 could impact on the continuity of
TB care and the future projection of TB transmission
[48]. Further work is needed to investigate implementa-
tion strategies and costs for these interventions, to
generate estimates of cost-effectiveness and examine
feasibility.

Conclusions

In summary, this analysis reveals that a substantial frac-
tion of new TB cases in Shanghai are the result of local
transmission in the city, driven by transmission involving
young adults migrating for work. While this analysis was
set in a relatively confined urban area—based on the rich
data available in Songjiang for implementing the ana-
lysis—this epidemiological context is relevant for many
large cities in China, with young adults migrating from
rural areas with higher disease burden, and facing urban
living conditions that allow the spread of respiratory
pathogens. In this epidemiological context, we found
that the introduction of interventions designed to inter-
rupt local transmission related to migrants are likely to
have greater population benefits than interventions di-
rected toward elderly residents, the other main risk
group for TB disease in this setting. This is related to
both the greater transmission estimated for migrant
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groups and their large share of the population in this
setting. While these new interventions could reduce TB
incidence and death, we found that the magnitude of
these benefits would be modest, with the most ambitious
migrant-focused combination interventions achieving in-
cremental reductions in TB incidence of approximately
10-15% by 2035. This suggests that current TB control
strategies may be largely effective at achieving prompt

treatment and limiting transmission, and greater
innovation will be needed to meet high-level targets for
TB control and elimination.

Abbreviations

TB: Tuberculosis; Mtb: Mycobacterium tuberculosis; LTBI: Latent tuberculosis
infection; MIRU-VNTR: Mycobacterial interspersed repetitive unit-variable
number tandem repeat; YLL: Years of life lost
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Table 3 Model estimated cumulated incremental scenarios of TB epidemiologic outcomes by migration status as a percentage (95%
Cl) of reduction compared to their base-case value

Life-year lost to
Scenarios Transmission events New infection New TB cases Deaths due to TB
TB

Residents

Scenarios-1
Scenarios-2 3.3(1.9,4.8) 4.8(2.8,6.9) 2.0 (1.1, 2.8)

Scenarios-3

Scenarios-4 4.6(2.9,6.3) 9.8 (6.7, 13.2) 2.9(1.7,4.1) 2.9(1.8,4.2)
Scenarios-5 59(3.5,8.4) 12.5 (7.6, 17.0) 3.7(2.2,5.5) 2.0 (1.1,3.0) 3.9(23,5.7)
Scenarios-6 9.7(6.1,13.3) 6.1 (3.8, 8.6) 3.2(2.0,4.7) 6.4 (4.0,8.9)

Scenarios-7 113 (7.7, 14.8) 8.1(5.5,10.7) 8.3(5.7,10.9)

Scenarios-1

Scenarios-2

Scenarios-3 53(3.1,7.7) 5.5(3.2,8.0) 2.1(1.1,3.2) 2.3(14,3.3) 2.7(1.7,3.9)
Scenarios-4 10.6 (7.3, 14.3) 10.7 (7.2, 14.4) 7.4 (4.7,10.5) 6.8 (4.4,9.5) 7.4 (4.9,10.4)
Scenarios-5 13.6 (8.4, 18.5) 13.7 (8.4, 18.7) 53(3.1,7.7) 6.3(4.2,8.4) 7.2 (4.8,9.6)

Scenarios-6

Scenarios-7

Total

Scenarios-1

Scenarios-2

2.5(14,3.6)

Scenarios-3 49(2.8,7.2) 54(3.1,7.8) 1.9(1.0,2.9) 2.3(1.4,3.4)

Scenarios-4 9.8 (6.4, 13.3) 10.5 (7.1, 14.1) 5.9 (3.7, 8.4) 4.1(2.5,6.1) 6.0 (3.8, 8.5)
Scenarios-5 12.5 (7.6, 17.3) 13.4 (8.2, 18.4) 4.8(2.7,6.9) 4.1(2.6,6.0) 6.1 (4.0, 8.5)
Scenarios-6 7.7 (5.0, 10.9)

Scenarios-7

Note: the color scale is specific to each outcome (i.e. each column) and consistent through the population groups. Scenarios 1-2, resident-focused interventions;
scenarios 3-5, migrant-focused interventions; scenarios 6, combined migrant-focused interventions; scenario 7, all combined interventions
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