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Objective: We aimed to identify areas of high tuberculosis (TB) diagnosis delay in mainland Portugal in
2017 and ecological factors associated with these areas.
Study design: This was an ecological study.
Methods: We considered all notiﬁed pulmonary TB cases from the Portuguese National Tuberculosis
Surveillance System in mainland Portugal. Diagnostic delays were calculated at the municipality level.
Demographic variables, proxies for TB awareness, health services capacity indicators, and socioeconomic variables were included and extracted from ofﬁcial databases, such as Statistics Portugal,
Ministeries, Foreigners and Border Services. We used spatial analysis to identify areas of high delay in
2017 and logistic generalised additive models to identify ecological factors associated with the identiﬁed
cluster.
Results: We identiﬁed an area of high delay in 2017 in the South region of the country. Overall, municipalities with a smaller population density, smaller proportion of unemployed, fewer health centres
and higher old-age dependency ratio, proportion of men, TB incidence, proportion of immigrants and
high school dropout had a higher probability of belonging in a high delay area.
Conclusion: The role of primary health care in TB diagnosis should be further explored. Interventions
should address factors interplaying at the local and individual levels. Policies inﬂuencing social and
health conditions, leading to changes in individual behaviour, can lead to sustained improvements over
time.
© 2022 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Tuberculosis (TB) remains one of the most severe infectious
diseases and a serious public health threat worldwide.1 The World
Health Organisation estimated that in 2018 10.0 million people fell
ill with TB.2 Portugal has made signiﬁcant improvements over the
past 15 years, reducing its incidence, per 100,000 inhabitants, from
28 in 2008 to 18 in 2019.3 However, Portugal is still among the
European countries with the highest TB incidence.4

* Corresponding author. NOVA National School of Public Health, Av. Padre Cruz,
1600-560, Lisboa, Portugal.
E-mail address: patseraos@gmail.com (P. Soares).

Delays in diagnosing threaten TB control because they increase
the likelihood of community transmission, untreated, undiagnosed
or misdiagnosed individuals continue spreading to others. Delays in
diagnosis might also lead to higher morbidity and mortality because
the longer individuals remain untreated higher is the risk of chronicity and death.2,5 Hence, reducing diagnostic delays, that is, the
time from symptoms onset to diagnosis, is mandatory to control TB.
Diagnostic delay can be further divided into patient and health
services delay, time since symptoms onset and ﬁrst contact with
health services, and time since the ﬁrst contact with health services
and diagnosis, respectively. Both delays should be addressed to
decrease diagnostic delay. Several studies identiﬁed factors associated with delays in TB diagnosis at the individual level, such as low
disease awareness,6,7 living in rural places,6,7 gender,6,7 number and

https://doi.org/10.1016/j.puhe.2022.04.010
0033-3506/© 2022 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

P. Soares, A. Aguiar, A. Leite et al.

Public Health 208 (2022) 32e39

type of health facilities visited,8 comorbidity with HIV,9 socioeconomic status10 and cultural barriers.11 Although individuallevel studies are critical to drawing healthcare and patient-level
interventions, understanding the spatial disease distribution and
factors associated with higher delays is crucial to propose local
prevention and control strategies. Yet, we are not aware of studies
regarding factors associated with delays at the local level. Thus, we
aimed to identify areas of high delays in mainland Portugal in 2017
and ecological factors associated with these areas.

(1) demographic, including population density, old-age dependency ratio and proportion of men per municipality; (2) TB and
HIV incidence; (3) health services capacity, using the number of
doctors and the number of public health care centres per municipality; and (4) socio-economic, which considered the proportion of
immigrants, unemployed, the number of high school dropouts, the
existence of prison establishment in the municipality and the
incidence of social income beneﬁciaries. Table 1 displays information on the variables selected.

Methods

Statistical analysis

Study design, population and study period

Our analysis followed a two-step approach: (1) identiﬁcation of
high delay areas and (2) analysis of ecological factors associated
with these areas.

We conducted an ecological study, considering all notiﬁed TB
cases from the Portuguese National Tuberculosis Surveillance System in mainland Portugal between 1 January 2008 and 31
December 2017. We included pulmonary cases of TB who were
identiﬁed through passive case ﬁnding (presenting symptoms).
Diagnostic delay was deﬁned as the time between symptoms onset
and TB diagnosis. Patients reported the month and year in which
they experienced symptoms. We imputed the ﬁrst day of the month
for each case, then calculated the diagnostic delay. Inconsistent
dates, such as the negative number of days, patients with missing
symptoms onset date, and diagnostic delay higher than 365 days or
negative time, were excluded. The municipality of residence of each
patient was also extracted. After selecting individuals, diagnostic
delays were calculated at the municipality level and by year.

High delay areas
We calculated the mean number of days between symptoms
onset and TB diagnosis for each municipality and year of diagnosis.
Areas of high delay were then identiﬁed using SaTScan 9.6, which
detects spatial, or space-time, clusters.12 Using data from 2017, we
conducted a spatial analysis to identify the most recent high delay
areas. As a sensitivity analysis, we conducted a spatiotemporal
analysis to understand whether the high delay areas identiﬁed in
2017 were similar to those identiﬁed over a decade between 2008
and 2017. The spatial unit used was the municipalities, considering
only mainland Portugal (n ¼ 278). We applied an elliptic spatial
window with medium compactness and a maximum of 25% of the
studied population. Each municipality will have a different number
of cases and consequently different variances. Thus, we considered
a normal distribution weighted by the number of cases in each
municipality.13 For the spatiotemporal analysis, the temporal unit
was the year (n ¼ 10); we considered a temporal window with 30%
of the studied population. The signiﬁcance level was set at 0.05.

Variables
We extracted information at the municipality level from ofﬁcial
databases, such as Statistics Portugal and Ministeries, Foreigners
and Border Services. Variables were selected based on the literature
and data availability. We included variables on several dimensions:
Table 1
Description of the ecological variables included in the analysis.
Variable
Demographics
Population density
Old-age ratio to maintain consistency with the rest of the terms
Proportion of men
Incidence
TB incidence
HIV incidence
Health services capacity indicators
Doctors
Health centres
Socio-economic factors
Immigrants
Prison establishment
High school dropout

Unemployment

Social income

Deﬁnition

Source

Logarithm of the number of inhabitants per square kilometre in the
Portuguese municipalities
Number of residents with more than 64 years old divided by the number
of residents between 15 and 64 years old, per 100 inhabitants
Number of male residents divided by the number of residents, per 100
inhabitants

INE, 2017

Number of pulmonary TB cases divided by the number of residents, per
100,000 inhabitants
Number of HIV cases divided by the number of residents, per 100,000
inhabitants

SVIG-TB, 2017

Number of registered doctors per municipality per 1000 inhabitants
Number of public health care centres per 100,000 inhabitants

INE, 2017
INE, 2012

Number of immigrants divided by the number of residents, per 100
inhabitants
Categorical variable corresponding to the existence of at least one prison
in the municipality
Number of individuals between 10-15 years old who dropped out
without ﬁnishing high-school divided by the number of residents (1015 years old), per 100 inhabitants
Number of individuals registered as unemployed at the Portuguese
public employment service divided by the number of residents (15e64
years old), per 100 inhabitants
Number of beneﬁciaries of social integration income (Rendimento
~o da Segurança Social)
Mínimo Garantido e Rendimento Social de Inserça
divided by the number of residents, per 100,000 inhabitants

SEF, 2017

INE, 2017
INE, 2017

INSA, 2017

DGRSP, 2017
Census 2011 (INE)

IEFP/MTSSS-METD, 2017

II/MTSSS, 2017

INE, Statistics Portugal; INSA, Doctor Ricardo Jorge National Health Institute; SEF, Foreigners and Borders Service; DGRSP, Directorate-General of Prison Services; IEFP/MTSSSMETD, Institute for Employment and Professional Training/Ministry of Labour, Solidarity and Social Security-Ministry of Economy and Digital Transition.
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Ecological factors
We used the clusters deﬁned in the spatial analysis to identify
ecological factors associated with high delay areas (binary outcome
e a municipality in a high delay cluster or not). Ecological variables
were described using measures of central tendency and dispersion.
As all but one of the variables assessed were continuous, we used
generalised additive models (GAMs), which are more ﬂexible than
generalised linear models (e.g. logistic regression) because the
relationship between dependent and independent variables can be
linear or non-linear.14 GAMs assume that the relationship between
the outcome and the variables follow smooth patterns, deﬁning a
linear or non-linear shape. Thus, we ﬁtted logistic GAMs with lowrank isotropic smoothers, estimated via restricted maximum likelihood.15 We did not assume apriori distribution for any variables
and let the model choose the most appropriate shape. We started
by creating a baseline model, including population density, old-age
dependency ratio (old-age ratio), the proportion of men, and pulmonary TB incidence. Then, we conducted a regression for each
variable of interest, adjusting for the baseline model. Because of the
possible non-linearity of the variables, there will not be a single
coefﬁcient to interpret but multiple coefﬁcients. To facilitate the
interpretation of smoother terms, we plotted the partial effects of
smooths, in the probability scale, with a 95% Bayesian credible interval. Each partial effect plot can be interpreted as the probability
of the outcome if all other variables were at their average value. The
plots also give us an insight into the shape of the variable and its
complexity. The only variable included in the model without a
smooth term was prison, as it is a categorical variable, and we
estimated the odds ratio (OR) with a 95% conﬁdence interval (CI).
Several diagnostics were performed for each model, such as evaluating the number of basis functions, residuals' distribution, and
concurvity. The analyses were performed using R 4.0.2.16
Results
High delay areas
The time between symptoms onset and TB diagnosis increased
in the past years in mainland Portugal. In 2008, the average diagnosis delay was 75.7 days (standard deviation [SD]: 59.1), and in
2017, 88.9 days (SD: 65.1). On the other hand, the number of TB
cases notiﬁed over a decade decreased from 1838 in 2008 to 1221 in
2017. Supplementary Table 1 provides more descriptive information regarding the time between symptoms onset and TB diagnosis.
In 2017, one high delay cluster was identiﬁed in the South region
of the country, including 21 municipalities (Fig. 1 and
Supplementary Table 2). The weighted mean number of days between symptoms onset and TB diagnosis inside the high delay
cluster was 137.7 days and outside the cluster 84.5 days.
A similar high delay cluster was identiﬁed in the spatiotemporal
analysis. Between 2008 and 2017, the high delay cluster included 55
municipalities in the South region between 1 January 2016 and 31
December 2017. All the municipalities identiﬁed in 2017 were in
this spatiotemporal cluster. The weighted mean number of days
between symptoms onset and TB diagnosis inside the high delay
cluster was 108.6 days, and outside, 80.1 days (Supplementary Fig. 1
and Supplementary Table 2).

Fig. 1. Spatial distribution of the areas of high TB diagnosis delay in mainland Portugal.
The dark area corresponds to the cluster identiﬁed in the spatial analysis.

In 2017, each municipality had a median population density
(logarithm) of 4.2 inhabitants per kilometre,2 a median old-age
ratio of 58 and a median percentage of 47.5% men. Concerning
health indicators, the median number of doctors per municipality
was 1.85 per 1000 inhabitants and 6.8 health centres per 100,000
inhabitants. The median TB and HIV incidence rates were 6.9 and
4.2 per 100,000 inhabitants, respectively. Overall, mainland
Portugal had 34 prison establishments and a median percentage of
1.87% immigrants, 6% unemployed and 1.5% high school dropout
per municipality. In 2017, there was a median of 2208 social security beneﬁciaries per 100,000 inhabitants.
Then, we used GAMs to identify ecological factors with high
delay areas. The baseline model included population density, EDI,
the proportion of men and TB incidence, and each variable of interest was adjusted for the baseline model.
Fig. 2 presents the partial effects plot for the baseline model and
HIV incidence. All the variables included in the baseline model
were statistically signiﬁcantly associated with belonging in a high

Ecological factors
Descriptive statistics of the ecological factors by cluster are
described in Table 2, and its geographical distribution is in
Supplementary Figs. 2 and 3.
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Table 2
Descriptive statistics of the ecological variables per municipality by cluster.

Demographics
Population density (log)
Old-age dependency ratio (old-age ratio)
Proportion of men
Incidence
TB incidence per 100,000 inhabitants
HIV incidence per 100,000 inhabitants
Health services capacity
Number of doctors per 1000 inhabitants
Number of health centres per 100,000 inhabitants
Socio-economic factors
Proportion of immigrants
Prison establishment
Proportion of high school dropout
Number of beneﬁciaries of social insurance
per 100,000 inhabitants
Proportion of unemployed

Non-cluster
N ¼ 257

Cluster
N ¼ 21

Mainland Portugal
N ¼ 278

Median (Q3; Q1)

Median (Q3; Q1)

Median (Q3; Q1)

4.2 (3.2, 5.1)
58.2 (52.6, 65.6)
47.5 (47.0, 48.0)

3.3 (2.5, 4.5)
60.6 (56.0, 65.1)
48.5 (47.6, 48.7)

4.2 (3.1, 5.1)
58.2 (52.8, 65.6)
47.5 (47.1, 48.1)

6.3 (0.0, 13.8)
4.1 (0.0, 11.0)

14.5 (6.9, 26.7)
6.8 (0.0, 14.6)

6.9 (0.0, 14.6)
4.2 (0.0, 11.8)

1.8 (1.3, 2.8)
6.7 (2.97, 14.5)

2.1 (1.3, 2.6)
7.3 (2.9, 14.2)

1.8 (1.3, 2.8)
6.8 (2.9, 14.4)

1.6 (0.9, 3.1)
30 (11.7%)
1.5 (1.2, 2.0)
2201 (1460, 3283)
6.0 (4.8, 7.8)

4.3 (3.1, 8.1)
4 (19.0%)
2.1 (1.6, 2.5)
2281 (2015, 2812)
5.8 (4.9, 6.5)

1.8 (1.0, 3.3)
34 (12.2%)
1.5 (1.2, 2.0)
2208 (1484, 3229)
6.0 (4.8, 7.7)

Q3, third quartile; Q1, ﬁrst quartile.

100,000 inhabitants is unclear because of the small number of
municipalities in these conditions.

delay cluster. HIV incidence was non-signiﬁcant and was the only
variable with a linear behaviour.
The logarithm of population density was statistically signiﬁcant
and presented the most considerable effect on the probability of
belonging in a high delay cluster, with municipalities with a logarithm population density of two presenting around 80% probability
of being in a high delay cluster. However, the effect is uncertain for
municipalities with high population density. Municipalities with a
higher proportion of men also seem to have a higher probability of
being in a high delay cluster. Nevertheless, the uncertainty is
extensive, ranging from 0 to almost 100%, mainly because of the
low number of observations with a higher proportion of men,
representing a rare event. Municipalities with a higher old-age
dependency ratio and higher TB incidence were also more likely
to belong in a high delay cluster.
Health centres, immigrants, high school dropouts and unemployment were statistically signiﬁcant (Fig. 3). Health centres
presented a linear effect, with municipalities with less than ﬁve
health centres per 100,000 inhabitants having a higher probability of being in a high delay cluster. The effect was smaller than
for immigrants and high school dropouts. Immigrants had a nonlinear effect, with more uncertainty for municipalities with a
higher proportion of immigrants. Although the shape of the variable is unclear for a higher proportion of immigrants per municipality, a linear term would be unable to model the complexity
of this variable. The probability of belonging in a high delay
cluster was approximately 30% in municipalities with around 10
immigrants per 100 inhabitants. Municipalities with 4e5% high
school dropout had approximately 20% probability of belonging in
a high delay cluster. The proportion of unemployed presented a
linear effect, with municipalities with less than 5% of unemployment having a higher probability of being in a high delay
cluster.
In contrast, prison establishment, doctors and social income
were non-signiﬁcant (Fig. 3). As prison was a categorical variable,
we estimated the OR and 95% CI. Municipalities with prison establishments had an odds of 1.17 belonging to a high delay cluster
(95% CI: 1.67 to 1.97) than municipalities without prison establishments. The number of doctors and social income beneﬁciaries
was non-linear, with high uncertainty regarding its effect's shape or
direction. The effect on the probability of being in a high delay
cluster for municipalities with more than 10 doctors per 1000 inhabitants and more than 6000 beneﬁciaries of social income per

Discussion
From 2008 until 2017, the time between symptoms onset and TB
diagnosis has increased in mainland Portugal. We identiﬁed an area
of high delay in 2017 in the South region of the country, with a
higher average delay diagnosis than the rest of the country. Overall,
municipalities with a smaller population density, smaller proportion of unemployed, fewer health centres and higher old-age dependency ratio, proportion of men, TB incidence, and proportion of
immigrants and high school dropout had a higher probability of
belonging in a high delay area.
Few studies have focused their analysis on the local level to the
best of our knowledge. Our results are consistent with ﬁndings at
the individual level. A study from the United Kingdom found a
higher delay in areas of low TB incidence.17 Although our study
found that municipalities with higher TB incidence were more
likely to belong in a high delay cluster, these regions had fewer
inhabitants and cases, translating into a high incidence. For
instance, Alcoutim and Aljustrel were two municipalities identiﬁed
in the high delay cluster with a TB incidence of 42 and 47 per
100,000 inhabitants, respectively. However, these municipalities
had respectively one and four cases of TB in 2017. We also found
that municipalities with 8e20 immigrants per 100 inhabitants
were more likely to belong in a high delay cluster. These results are
in agreement with previous studies at the individual level that
found that individuals who were not born in the country or lived <6
years had longer delays than native individuals.18e20 Another Portuguese study found that individuals who lived further from a
healthcare institution had longer healthcare delays.21 These ﬁndings also agree with our results. Municipalities with fewer health
centres had a higher probability of belonging in a high delay cluster.
These ﬁndings combined with studies using individual data indicate the importance of primary healthcare in TB control. A study in
Brasil found that patients diagnosed with TB in emergency facilities
were younger and more socially vulnerable. The authors also found
an association between TB diagnosis in emergency facilities and
low primary care coverage at the municipality level.22 Combined
with existing knowledge, these ﬁndings emphasise the importance
of primary healthcare in TB control. Existing recommendations
highlight the role of primary health care in TB primary
35
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Fig. 2. Partial effects plot of the baseline model e population density, old-age dependency ratio, the proportion of men and TB incidence and HIV incidence. The label of the Y-axis
displays the effective degree of freedom (EDF) of each variable. An EDF of 1 is equivalent to a straight line (linear), whereas an EDF of 2 is equivalent to a quadratic curve. As EDF
increases, more complex is the term. The ‘rug’ underneath each ﬁgure corresponds to the location of each observation. The black line corresponds to the smooth term of the ﬁtted
GAM, and the grey shade corresponds to its 95% conﬁdence interval. Signiﬁcant variables are identiﬁed with an asterisk after the name of the variable on the X-axis.

prevention.23 Our study further suggests the importance of primary
health care for early diagnosis. In particular, attention should be
paid to the liaison between general and public health practitioners,
as well as community-based pulmonology clinics.
Our study found that municipalities with more than 48% men
had a higher probability of belonging in a high delay cluster. In
contrast, other studies found higher delays for women.17,24,25 A
previous imprisonment has also been associated with higher
delay.25 However, we did not ﬁnd an association with municipalities that had prison establishments. Increased age was also associated with higher delays at the individual level.20,24,25 We also did
not ﬁnd an association with the old-age dependency ratio, but the
variable demonstrated a non-linear behaviour, suggesting a more
complex relationship than previous studies have considered.

Delays in diagnosis result in increased infectivity in the community, facilitating transmission to other locals.26,27 Several studies
found an association between TB incidence and population density,
rurality, considered a proxy for healthcare access, and low incidence migration.28e30 We also found an association between these
factors and high delay areas, which was also found in individual
studies.6,7,10,11 Thus, interventions aiming to address factors with
interrelationships are most likely to be effective. Policies inﬂuencing social and health conditions, leading to changes in individual behaviour, can yield sustained improvements over time.
Given the increase in TB diagnosis delay in the past years, it is
crucial to implement policies and programmes to improve areas of
concern in high delay areas, targeting factors that inﬂuence local
and individual. One of the Sustainable Development Goals targets is
36
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Fig. 3. Partial effects plot of the smooth terms for health services capacity indicators e number of doctors per 1000 inhabitants and number of health centres per 100,000 inhabitants, and socio-economic factors e proportion of immigrants, high school dropouts and unemployed, and number of social income beneﬁciaries per 100,000 inhabitants. The
label of the Y-axis displays the effective degree of freedom (EDF) of each variable. An EDF of 1 is equivalent to a straight line (linear). As EDF increases, more complex is the term. The
‘rug’ underneath each ﬁgure corresponds to the location of each observation. The black line corresponds to the smooth term of the ﬁtted GAM, and the grey shade to its 95%
conﬁdence interval. Signiﬁcant variables are identiﬁed with an asterisk after the name of the variable, in the X-axis.

study should not be interpreted as causal, and an association present at the municipality level might not be observed at an individual level e ecological fallacy. The percentage of missing data
increased over the years. Almost one-quarter of the notiﬁed cases
were unable to recall when the ﬁrst symptoms appeared or registries had inconsistent dates, which led to the exclusion of these
cases. This might have inﬂuenced the results, although it is challenging to clarify in which direction. The day on which the patient
ﬁrst experienced symptoms were also unavailable. We imputed the
missing day to the ﬁrst day of each month, which might have
overestimated the delay in some cases. The use of ecological information was also dependent on availability. The proportion of
high school dropouts is from Census 2011 since data on education
at the municipality level for 2021 were not yet available. We expect
the proportion of high school dropouts to have decreased over the

to end TB epidemics by 2030. However, TB diagnosis delay is a
major threat to achieving this goal. Furthermore, the COVID-19
pandemic might have caused several setbacks in controlling TB. A
recent study in Portugal interviewed coordinators of Outpatient
Tuberculosis Centers; more than half of the interviewees
mentioned delays in diagnosing TB during the ﬁrst lockdown and a
decrease in the use of health services.31 Thus, TB control programmes should focus on critical areas of incidence and delay and
target inﬂuencing factors. Improving access to health is vital, as
municipalities with fewer health centres and less population density were more likely to belong in a high delay cluster. Primary
health care has a major role in TB control. Thus, access and availability to those are of paramount importance.
Our study has some limitations. Our study was ecological and
did not use individual data. Thus, the association observed in our
37
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the analysis. P.S., A.A. and A.L. drafted the manuscript. R.D. and C.N.
contributed to data acquisition.

past decade. However, without geographical variation in this
decrease, the results will still be unbiased. Similarly, some indicators are subject to recording patterns. For example, geographical variations in undocumented or illegal immigrants might lead to
different behaviours concerning the probability of being in a high
delay cluster. In addition, the number of doctors might not be the
best representation of the availability of health services and could
be inﬂuenced by the individual's mobility, as care could be sought
in other municipalities. Future studies should consider other
healthcare indicators, for instance, having a family doctor. It would
also be interesting to consider the proportion of rural areas in each
municipality and the role of overcrowding prisons.
Nevertheless, to the best of our knowledge, this is one of the ﬁrst
studies to study delays at the local level. Although an ecologic study
in nature, which has limitations already discussed, our aim was to
understand factors at the municipality level and not at the individual level. GAMs are commonly used in ecological studies32e34
and have been used lately in studies investigating air pollution
and TB.35,36 This methodology should be considered in clinical
studies interested to assess relationships with continuous variables.
Analysing non-linear variables as linear or categorising them may
lead to a loss of information and an inability to ascertain their true
effect. We found that several of the factors analysed had non-linear,
complex behaviours, which are usually not considered in the
literature. For example, even using the logarithm of population
density, the shape of the variable was complex. The probability of
being in a high delay cluster had a clear non-linear behaviour:
higher for municipalities with low population density, very low for
municipalities nearing the average value, and slightly higher for
municipalities with higher population density, although the uncertainty was larger.
Studies at the individual level identiﬁed several factors associated with TB diagnosis delay, such as low disease awareness,6,7
living in rural places,6,7 gender,6,7 type of health facilities visited,8
and socio-economic status.10 Although these studies are crucial to
designing interventions at the patient level, addressing the spatial
distribution of the disease and the factors associated with high
delay areas might help identify areas to act at the local level,
improving individual and population health.

Acknowledgements
The authors thank the Foundation for Science and Technology d
FCT (Portuguese Ministry of Science, Technology and Higher Education) for funding the study.
Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2022.04.010.
References
1. Sulis G, Roggi A, Matteelli A, Raviglione MC. Tuberculosis: epidemiology and
control. Mediterr J Hematol Infect Dis 2014;6(1):e2014070. 2014/11/20.
2. World Health Organization (WHO). Global tuberculosis report [Internet]. Geneva.
2019. 1e297 pp. Available at: https://apps.who.int/iris/bitstream/handle/
10665/329368/9789241565714-eng.pdf?ua¼1.
^ncia e monitorizaça
~o da tuberculose em
rio de vigila
3. Tuberculose PN para a. Relato
Portugal: dados deﬁnitivos 2018/19 [Internet]. Lisboa: Direç~
ao-Geral da Saúde;
2020.
Available
at:
https://www.dgs.pt/portal-da-estatistica-da-saude/
diretorio-de-informacao/diretorio-de-informacao/por-serie-1216082-pdf.
aspx?v¼%3D%3DDwAAAB%2BLCAAAAAAABAArySzItzVUy81MsTU1MDAFAHz
FEfkPAAAA.
4. Control EC for DP and. Infographic: Tuberculosis in the EU/EEA 2019 [Internet].
2021 [cited 2021 Sep 18]. Available at: https://www.ecdc.europa.eu/en/
publications-data/infographic-tuberculosis-eueea-2019.
5. Virenfeldt J, Rudolf F, Camara C, Furtado A, Gomes V, Aaby P, et al. Treatment
delay affects clinical severity of tuberculosis: a longitudinal cohort study. BMJ
Open 2014;4(6):1e8.
6. Mﬁnanga SG, Mutayoba BK, Kahwa A, Kimaro G, Mtandu R, Ngadaya E, et al.
The magnitude and factors associated with delays in management of smear
positive tuberculosis in Dar es Salaam, Tanzania. BMC Health Serv Res 2008;8:
158. 2008/07/29.
7. Yang WT, Gounder CR, Akande T, De Neve JW, McIntire KN, Chandrasekhar A,
et al. Barriers and delays in tuberculosis diagnosis and treatment services: does
gender matter? Tuberc Res Treat 2014:461935. 2014/05/31. 2014.
8. Sreeramareddy CT, Panduru KV, Menten J, et al. Time delays in diagnosis of
pulmonary tuberculosis: a systematic review of literature. BMC Infect Dis
2009;9(91). https://doi.org/10.1186/1471-2334-9-91.
9. Møller V, Erstad I, Cramm JM, Nieboer AP, Finkenﬂügel H, Radloff S, et al. Delays
in presenting for tuberculosis treatment associated with fear of learning one is
HIV-positive. Afr J AIDS Res 2011;10(1):25e36. 2011/04/01.
10. French CE, Kruijshaar ME, Jones JA, Abubakar I. The inﬂuence of socioeconomic deprivation on tuberculosis treatment delays in England, 20002005. Epidemiol Infect 2009;137(4):591e6. 2008/08/09.
11. Gosoniu GD, Ganapathy S, Kemp J, Auer C, Somma D, Karim F, et al. Gender and
socio-cultural determinants of delay to diagnosis of TB in Bangladesh, India and
Malawi. Int J Tubercul Lung Dis 2008;12(7):848e55. 2008/06/12.
12. Kulldorff M. Inc. IMS. Software for the spatial and space-time scan statistics
[Internet]. 2018. Available at, www.satscan.org.
13. Huang L, Tiwari RC, Zou Z, Kulldorff M, Feuer EJ. Weighted Normal spatial scan
statistic for heterogeneous population data. J Am Stat Assoc 2009;104(487):
886e98.
14. Wood SN. Generalized additive models: an introduction with R. 2nd ed. New
York: Chapman and Hall/CRC; 2017. p. 1e467.
15. Wood SN. Thin plate regression splines. J R Stat Soc Ser B Stat Methodol
2003;65(1):95e114.
16. Team RCR. A language and environment for statistical computing [Internet].
Vienna, Austria: R Foundation for Statistical Computing; 2020. Available at:
https://www.r-project.org/.
17. Gissing S, Bindra R. Diagnostic delay in tuberculosis in Yorkshire & Humber,
UK: 2013-16 data. Eur Respir Soc 2018;52(62).
18. Potter JL, Burman M, Tweed CD, Vaghela D, Kunst H, Swinglehurst D, et al. The
NHS visitor and migrant cost recovery programme - a threat to health? BMC
Publ Health 2020;20(1):1e9.
19. Williams E, Cheng A, Lane GP, Guy SD. Delays in presentation and diagnosis of
pulmonary tuberculosis: a retrospective study of a tertiary health service in
Western Melbourne, 2011-2014. Int Med J 2014;48(2):184e93.
 J, García-Clemente MM, Sa
nchez-Montalv
20. Seminario A, Anibarro L, Sabria
an A,
Medina JF, et al. Study of the diagnostic delay of tuberculosis in Spain. Arch
Bronconeumol 2021;57(6):440e2.
~o I, Ribeiro AI, Apolina
rio D, Duarte R. Why does it take so long? The reasons
21. Za
behind tuberculosis treatment delay in Portugal. Pulmonology 2019;25(4):
215e22.
22. Ranzani OT, Rodrigues LC, Waldman EA, Prina E, Carvalho CRR. Who are the
patients with tuberculosis who are diagnosed in emergency facilities? An

Author statements
Ethical approval
Ethical approval was obtained from the Ethics Committee of the
Institute of Public Health of the University of Porto (CE19109) and
the Ethics Committee of Regional Health Administration of Lisbon
and Tagus Valley (3514/CES/2019).
Funding
This work was supported by the Foundation for Science and
Technology - FCT (PTDC/SAU-PUB/29521/2017 and PTDC/SAU-PUB/
31346/2017). A.A. holds a PhD grant (Ref. 2020.09390.BD), cofunded by FCT and the Fundo Social Europeu Program.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All authors made substantial contributions to the conception
and design of the study, interpreted, and discussed the results, and
all gave approval to the ﬁnal article to be submitted. P.S. conducted
38

P. Soares, A. Aguiar, A. Leite et al.

23.

24.

25.

26.
27.

28.

29.

Public Health 208 (2022) 32e39

~o Paulo, Brazil. J Bras Pneumol
analysis of treatment outcomes in the state of Sa
2018;44(2):125e33.
Khan OA, Heymann DL. Control of communicable diseases: clinical practice
[Internet]. Washington: American Public Health Association; 2019 (Control of
Communicable Diseases Manual). Available at: https://books.google.pt/books?
id¼qiRayQEACAAJ.
Loutet MG, Sinclair C, Whitehead N, Cosgrove C, Lalor MK, Thomas HL. Delay
from symptom onset to treatment start among tuberculosis patients in England, 2012-2015. Epidemiol Infect 2018;146(12):1511e8.
Evenden P, Roche A, Karo B, Balasegaram S, Anderson CS. Presentation and
healthcare delays among people with tuberculosis in London, and the impact
on treatment outcome. BMJ Open Respir Res 2019;6(1):1e11.
Narasimhan P, Wood J, MacIntyre CR, Mathai D. Review article risk factors for
tuberculosis. Risk Factors Tuberc 2013;2013:8.
Shaweno D, Karmakar M, Alene KA, Ragonnet R, Clements ACA, Trauer JM, et al.
Methods used in the spatial analysis of tuberculosis epidemiology : a systematic review. BMC Med 2018;16(193):1e18.
Liu MY, Li QH, Zhang YJ, Ma Y, Liu Y, Feng W, et al. Spatial and temporal
clustering analysis of tuberculosis in the mainland of China at the prefecture
level, 2005-2015. Infect Dis Poverty 2018;7(1):106. 2018/10/21.
Wang X, Yin S, Li Y, Wang W, Du M, Guo W, et al. Spatiotemporal epidemiology
of , and factors associated with , the tuberculosis prevalence in northern China ,
2010 e 2014. BMC Infect Dis 2019;19(365):1e8.

30. Pareek M, Greenaway C, Noori T, Munoz J, Zenner D. The impact of migration
on tuberculosis epidemiology and control in high-income countries : a review.
BMC Med [Internet] 2016;14(48):1e10. Available at: https://doi.org/10.1186/
s12916-016-0595-5.
31. Rodrigues I, Aguiar A, Migliori GB, Duarte R. The impact of the COVID-19
pandemic on tuberculosis services. Pulmonology 2022;1e10.
32. Finlay K, Vogt RJ, Simpson GL, Leavitt PR. Seasonality of pCO2 in a hard-water
lake of the northern Great Plains: the legacy effects of climate and limnological
conditions over 36 years. Limnol Oceanogr 2019;64:S118e29.
33. Christensen EM, Simpson GL, Ernest SKM. Established rodent community delays recovery of dominant competitor following experimental disturbance.
Proc R Soc B Biol Sci 2019;286(1917):3e10.
34. Bergbusch NT, Hayes NM, Simpson GL, Leavitt PR. Unexpected shift from
phytoplankton to periphyton in eutrophic streams due to wastewater inﬂux.
Limnol Oceanogr 2021;66(7):2745e61.
35. Yang J, Zhang M, Chen Y, Ma L, Yadikaer R, Lu Y, et al. A study on the
relationship between air pollution and pulmonary tuberculosis based
on the general additive model in Wulumuqi, China. Int J Infect Dis 2020;96:
42e7.
36. Wang H, Tian C, Wang W, Luo X. Temporal cross-correlations between ambient
air pollutants and seasonality of tuberculosis: a time-series analysis. Int J Environ Res Publ Health 2019;16(9).

39

