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ABSTRACT: Objective: To measure the delays in tuberculosis (TB) suspicion and diagnosis and to identify 
factors related. Methods: We defined the delay in TB suspicion as the time between the perception of  the 
symptoms by the patient and the search for health-care service and the diagnosis, as the time between the first 
visit to the health-care service and the diagnosis. We interviewed 100 patients treated at the health services 
in São José do Rio Preto that were diagnosed and reported/notified in 2008 and 2009, and the delays were 
quantified. We obtained the possible explanatory variables from interviews and secondary information available 
in the surveillance system. The addresses of  TB patients and health-care services were geocoded. Variables 
were assessed by multiple linear regression analysis and, when spatial dependency was detected, by spatial 
regression. Results: The median values for the delays in TB suspicion and diagnosis were both 15 days. The 
first was modeled by linear regression and a positive relationship was found with the distances covered by the 
patients in order to get primary health-care service. The last was modeled by spatial regression and a positive 
relationship was found with the age and the frequency with the patients sought health-care services and a 
negative relationship with the pulmonary clinical form. Conclusion: The study revealed the existence of  gaps 
in TB control activities related to the patients and the organization of  the health-care services and showed the 
importance of  taking into account the spatial dependence of  the phenomena analyzed.

Keywords: Tuberculosis. Diagnosis. Health care (public health). Accessibility. Geographic information systems. Spatial 
analysis. 
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 INTRODUCTION

Early diagnosis and appropriate treatment are essential to reduce the spread of  tubercu-
losis (TB). The detection of  cases depends on the passive search for respiratory symptoms, 
the visit by the patient to the health-care service (HCS), and on the fast suspicion by the 
service so that they ask for a smear for the diagnosis1. The effective control of  the disease 
depends on the search for primary health care (PHC), by the patient, within the period of  
2–3 weeks2,3 and the action of  the PHC as a gateway for the services; facilitating the access 
and promoting full quality care; aiming at promoting, protecting, and recovering health4.

Accessibility, understood as the adjustment degree between the HCS and the population in search 
for health care, is connected to the conception and the way of coping with the disease, defined by dif-
ferent dimensions: organizational, sociocultural, economical, and geographical5. The inequalities of  
access, the behavior of the population, the lack of professional qualification, and the structural problems 
of the HCSs are factors that interfere in the effectiveness of policies in the fight against TB6 and delay 
the suspicion and diagnosis of TB to beyond what is considered appropriate for an effective control7. 

The access to diagnosis depends on the access to the HCSs4,5, which are under the influ-
ence of  the infrastructure, transportations and distances traveled by the patients, resulting 
in delays in the suspicion by the patients (delay in suspicion) and in the suspicion and con-
firmation by the service (delay in diagnosis), both being important aspects of  accessibility8. 
The measuring of  these delays and the identification of  factor that act on them may contrib-
ute for the understanding of  the phenomenon and the improvement of  access to the services.

Thus, the objectives of  this study were to measure the delays in suspicion and diagnosis 
of  TB and to identify factors related to those. 

RESUMO: Objetivo: Medir os atrasos na suspeita e no diagnóstico de tuberculose (TB) e identificar fatores 
relacionados. Métodos: O atraso na suspeita foi definido como o tempo entre a percepção, pelo doente, dos 
sintomas até a procura pelo primeiro atendimento e no diagnóstico, como o tempo entre o primeiro atendimento 
até a realização do diagnóstico. Foram entrevistados 100 doentes, diagnosticados e notificados em 2008 e 2009, 
atendidos em serviços de saúde (SSs) de São José do Rio Preto, para os quais foram quantificados os atrasos. As 
possíveis variáveis explicativas foram obtidas das entrevistas e de informações secundárias disponíveis no sistema 
de vigilância. Os endereços dos casos e dos serviços de saúde foram geocodificados. As variáveis foram analisadas 
por regressão linear múltipla e, quando da identificação de dependência espacial dos seus resíduos, por regressão 
espacial. Resultados: As medianas, tanto para o atraso na suspeita como no diagnóstico, foram 15 dias. O atraso na 
suspeita foi modelado por regressão linear e mostrou-se associado positivamente com as distâncias percorridas pelos 
doentes para obter o primeiro atendimento e negativamente com a religião (não cristã). O atraso no diagnóstico 
foi modelado por regressão espacial e mostrou-se associado positivamente com idade e número de vezes que o 
doente procurou o SS e negativamente com a classificação do caso (TB pulmonar). Conclusão: O estudo revelou 
lacunas nas ações de controle da TB relacionadas aos doentes e à organização dos serviços e mostrou a importância 
de se levar em conta a dependência espacial dos fenômenos analisados. 

Palavras-chave: Tuberculose. Diagnóstico. Atenção à saúde. Acesso aos serviços de saúde. Sistemas de informação 
geográfica. Análise espacial. 
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METHODS 

The study about the factors involved in the delayed suspicion and diagnosis of  TB was 
carried out in São José do Rio Preto, using a cross-sectional design. The city located in the 
northwest region of  the state of  São Paulo, had, in 2010, 408,258 inhabitants, with good 
socioeconomic conditions9 and is classified as a priority in the state for the control of  TB10.

A sample of  100 patients was taken among all diagnosed and notified cases, December 
2008 onward, living in the municipality, who sought for health care in the HCS, older than 
18 years of  age, out of  the prison system, without mental disorders, and according to partic-
ipate in the research. Abandonment, death, and change of  diagnosis were exclusion criteria.

The data were obtained through the use of  a structured questionnaire based on the instru-
ment proposed by Villa and Ruffino-Netto11, previously tested and validated. The patients 
were selected based on information from the Notifiable Diseases Information System (Sistema 
de Informação de Agravos de Notificação – SINAN). Secondary sources were used based on the 
medical records and data from SINAN.

The analysis of  the accessibility to the diagnosis was performed through geocoding 
of  the addresses  of  the TB cases and of  the HCSs. The distances traveled by the patients 
between their residence to the first HCS sought, after the perception of  the disease until 
the diagnosis in the service, were obtained. 

It was identified, based on the clinical form of  the disease10 and on the areas covered by 
the PHC, the service the patient should look for, which was compared to the services sought 
for the first time and the one that made the diagnosis. These comparisons produced dichot-
omous variables representing the care provided, or not, in the recommended locations and 
in or out of  the areas covered by the PHC.

The classification of  the TB case was used in order to define the ideal path to be taken 
by the patient, compared to the path taken in various situations (first service sought when 
one felt sick, diagnosis service), calculating the real (RD) and ideal distance (ID). The RD 
is the one that the patient traveled for the first service care and for the diagnosis of  the TB. 
It was considered as the ID that should be traveled taking into account the territory which 
the patient belonged to and the classification of  the case. For the coinfected patients 
with the human immunodeficiency virus (HIV), the specialized care service, which con-
ducts the monitoring of  the HIV, was considered the gateway to the service and, for the 
rest of  them, the PHC. In performing the diagnosis, for extrapulmonary cases, the second-
ary services were also considered. 

The RD and ID values were obtained by the ArcGIS 10.1 software. The difference between 
them represented the variables “difference of  the traveled distances in regarding the first care 
and diagnosis,” categorized in: negative or null difference (RD ≤ ID: the patient traveled a 
shorter or equal distance to the ideal one) and positive difference (RD > ID: the traveled 
distance was further than the ideal one). 

The delays in suspicion and diagnosis of  the TB were considered dependent variables. 
The independent variables considered in the analysis are presented in Tables 1 to 4, hier-
archically classified into distal, medial, and proximal12. Initially, a bivariate analysis was 
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performed relating dichotomized dependent variables in lower or higher or equal values 
to the respective medians, once these last ones are a sign of  excessive delay in the suspicion 
by the patient and in the diagnosis of  TB1,2. 

In the multiple linear regression analysis, dependent variables were considered as con-
tinuous (days of  delay) and their normality was assessed through the Komolgorov–Smirnov 
test. The distal variables of  gender and age were considered control variables and the oth-
ers independent variables were included in the models when the respective p-values were 
lower or equal to 0.05.

Once obtained the models of  multiple linear regression for the delays, their respective 
residues, and overall Moran indexes were calculated, using the neighboring matrix obtained 
by the GeoDa software (four closest neighbors). The regression model of  delays, which 
showed a significant result for the overall Moran index (p < 0.05), was tested based on the 
following spatial model: 

Y = Xβ + λWY + u, sendo u = ρWu + ε e ε ∼N* (0,σ2)

where Y is the dependent variable; X, the matrix with the values of  the independent vari-
ables; β, the vector with the regression coefficients; W, the neighbor matrix; λ and ρ are 
the spatial autocorrelation coefficient; u is the noise or disruption; and ε, the random error. 
The existing spatial dependency may be attributed to Y and to be included in the model 
with the term λWY. Another possibility, which may be considered along with the first one, 
is to treat the spatial effects such as the noise to be removed, which may be associated to 
the error and represented by ρWu13.

One approach, to this model, based on estimators of  generalized moments and semi 
parametric methods for the estimation of  coefficients of  the variance–covariance matrix, 
allowing at the same time the testing of  hypothesis that the dependent variable (spatial lag 
model) and that the error term (spatial error model) are spatially correlated13. This model-
ing was carried out in the sphet Pack of  the R program14. 

This research was evaluated and approved by the Research Ethics Committee of  the 
School of  Medicine of  São José do Rio Preto (FAMERP).

RESULTS 

For the study of  the delay in the suspicion and diagnosis, 224 patients confirmed by 
the SINAN between December 2008 and November 2009 were selected for the interviews. 
From these, 12 underaged patients were excluded, along with 3 detainees, 1 admitted 
in a intensive care unit, 8 diagnosis changes, 68 not-found individuals, 19 deaths, 1 in 
another municipality, 2 psychiatric patients, 1 transference, and 9 refusals. After these 
exclusions, interviews with the 100 remaining patients were conducted between July 
and December 2009.
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Table 1. Bivariate analysis of the relation between the distal explainable variables of age, gender, 
professional activity and marital status and delay in the suspicion and diagnosis of tuberculosis 
longer or equal to 15 days, São José do Rio Preto, São Paulo, 2009.

Distal variables

Delays*

Suspicion
≥ 15 days

Diagnosis
≥ 15 days

n (%) n (%)

Age range

18 to 29 years old 11 (64.7) 9 (52.9)

30 to 49 years old 22 (44.0) 28 (56.0)

50 years old or older 17 (56.7) 17 (56.7)

p-value 0.268 0.9677

Gender

Female 18 (51.4) 20 (57.1)

Male 32 (51.6) 34 (54.8)

p-value 0.8461 0.9947

Professional activity

Yes 18 (45.0) 24 (60.0)

No 32 (56.1) 30 (52.6)

p-value 0.3819 0.609

Marital status

Single 19 (54.3) 15 (42.9)

Separated/divorced 6 (60.0) 6 (60.0)

Married/stable union 22 (51.1) 28 (65.1)

Widow/widower 3 (33.3) 5 (55.6)

p-value 0.6647 0.3238

*Percentages calculated on the total lines and refering to the delays ≥ 15 days.

Of  the 100 patients, 3 were excluded from the analysis about the delays: 2 for not 
remembering the time of  delay in the suspicion and 1 who informed 10 years of  delay in 
the diagnosis (outlier). Among the 97 patients analyzed, it was verified that 50% of  them 
had delays in the suspicion of  up to 15 days, and 25%, of  more than 45 days. The maxi-
mum delay was 365 days, and the mean, 34.4 days (95%CI 23.8 – 45.1). About the delay in 
the  diagnosis, 50% patients had a delay of  up to 15 days, and 25% had delay of  30 days or 
more. The maximum delay was 365 days and the mean was 45.2 days (95%CI 29.9 – 60.8). 
The HCS was more sought  was the urgency  unit (50%), followed by the PHC (31%), and 
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Table 2. Bivariate analysis of the relation between the distal explanatory variables of religion, 
education and income and the delay  in the suspicion and diagnosis of tuberculosis longer or 
equal to 15 days, São José do Rio Preto, São Paulo, 2009.

Distal variables

Delays*

Suspicion
≥ 15 days

Diagnosis
≥ 15 days

n (%) n (%)

Religion

Without 4 (40.0) 5 (50.0)

With 46 (52.9) 49 (56.3)

p-value 0.5162 0.7466

Education

Until the 1st phase of  incomplete ES 18 (46.2) 15 (38.5)

1st phase of incomplete ES up to the  
2nd phase of incomplete ES

19 (63.3) 23 (76.7)

2nd phase of ES up to CD 13 (46.4) 16 (57.1)

p-value 0.2987 0.0065

Income in MW (1 MW = R$465,00)

0 to 1 MW 9 (42.9) 11 (52.4)

> 1 to 2 MW 14 (45.2) 14 (45.2)

> 2 up to 4 MW 18 (62.1) 18 (62.1)

> 4 MW 9 (56.3) 11 (68.8)

p-value 0.4339 0.381

Mean income

< 0.4 MW 12 (46.1) 13 (50.0)

0.4 to < 0.9 MW 14 (48.3) 17 (58.6)

0.9 to < 1.5 MW 17 (60.7) 15 (53.5)

≥ 1.5 MW 7 (50.0) 9 (64.3)

p-value 0.7096 0.8225

*Percentages calculated on the total line and regarding the delays ≥ 15 days.
MW: minimum wage; ES: elementary school; CD: college degree.

the HCS that performed the most diagnosis of  the disease was the hospital (46%), followed 
by the PHC (38%).

Tables 1 to 4 presented the results for the bivariate analysis between the two dichoto-
mized dependent variables (delays < 15 days and ≥ 15 days) and the possible explanatory 
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Table 3. Bivariate analysis of the relation between medial explanatory variables and the delay  in the 
suspicion and  diagnosis of tuberculosis longer or equal to 15 days, São José do Rio Preto, São Paulo, 2009.

Medial variables

Delays*

Suspicion
≥ 15 days

Diagnosis
≥ 15 days

n (%) n (%)

Tests performed in the location

Yes 31 (47.7) 33 (50.8)

No 19 (59.4) 21 (65.6)

p-value 0.3862 0.2430

Nº of times one sought for the HCS

1 – 8 (26.7)

2 – 8 (42.1)

3 and 4 – 13 (61.9)

5 or more – 25 (92.6)

p-value – 0.0000

Type of HCS to be sought**

Polyclinic 8 (34.8) –

SCS/TCP/UU 7 (50.0) –

PHC 17 (58.6) –

PHC-F 8 (66.7) –

p-value 0.2330 –

First care in the recommended HCS**

Yes 5 (31.3) –

No 35 (56.5) –

p-value 0.1291 –

Difference of the traveled distances in relation to the first**

RD ≤ ID 17 (42.5) –

RD > ID 23 (60.5) –

p-value 0.1721 –

Diagnosis in the recommended HCS**

Yes – 15 (53.6)

No – 28 (56.0)

p-value – 0.9757

Difference in the distances traveled for the diagnosis**

RD ≤ ID – 19 (57.5)

RD > ID 24 (53.3)

p-value – 0.8873

*Percentages calculated on the total lines and refering to the delays ≥ 15 days; **Tabulation based on the 78 cases of 
geocoded TB.
HCS: health care services; SCS: Specialized Care Service; TCP: Tuberculosis Control program; UUA:  urgency unit; 
PHC: Primary health Care ; PHC-F: Primary Health Care–Family ; RD: real distance; ID: ideal distance.
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Table 4. Bivariate analysis of the relation between proximal explanatory variables and delay in  
the suspicion and  diagnosis longer or equal to 15 days, São José do Rio Preto, São Paulo, 2009.

Proximal variables

Delays*

Suspicion
≥ 15 days

Diagnosis
≥ 15 days

n (%) n (%)

HIV

Negative 42 (51.9) 45 (55.6)

Positive 8 (50.0) 9 (56.3)

p-value 0.8551 0.7825

Diabetes

Yes 5 (45.4) 6 (54.5)

No 45 (52.3) 48 (55.8)

p-value 0.9113 0.7825

Alcohol/drugs

Yes 12 (60.0) 10 (50.0)

No 38 (49.4) 44 (57.1)

p-value 0.551 0.7487

Classification of the case

Extrapulmonary 6 (40.0) 12 (80.0)

Pulmonary 37 (55.2) 34 (50.8)

HIV 7 (46.7) 8 (56.3)

p-value 0.5204 0.1171

Type of case

New 45 (50.0) 51 (56.7)

Reccurrence 3 (60.0) 3 (60.0)

Re-treatment 2(100.0) 0 (0.0)

p-value 0.6784 0.3917

*Percentage calculated on the total lines and refering to the delays ≥ 15 days.
HIV: human immunodeficiency virus.

variables according to the classification into distal, medial, and proximal. To save space, 
only the results referring to the category ≥ 15 days for both types of  delay are presented. 
For  the distal and proximal variables, 97 patients were considered. For the medial ones, with 
the exception of  the variable “number of  times one sought for a HCS,” only 78 (80.4%) 
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patients whose address could be geocoded were considered. The reasons for non-geocod-
ing were living in the rural area or invalid address. 

The Kolmogorov-Smirnov normality test showed that the delay in the  suspicion and 
diagnosis do not show normal behavior. After transformation by the use of  the neperian 
logarithm plus one-tenth, due to some null values, they have presented normal approximate 
behavior (Kolmogorov-Smirnov tests, p = 0.1107 and p = 0.3453, respectively).

*Gender Female as category base; **extrapulmonary TB as category base.
TB: tuberculosis; HIV: human immunodeficiency virus; HCS: health care service.

Table 5. Model of multiple linear regression and spatial regression of the delay in the  suspicion 
and diagnosis of tuberculosis, global Moran índex, medians and normality tests of the regression 
residuals, São José do Rio Preto, São Paulo, 2009. 

Variables
Linear regression Spatial regression

Coefficients p-value Coefficients p-value

Delay in the suspicion of TB

Intercept 2.460 0.0006

Age -0.005 0.6596

Gender (Male)* -0.144 0.7087

Difference in the distances traveled regarding 
the first care (> 0)

0.823 0.0218

Global  Moran indexes of residuals I = 0.056 0.1637

Mean of residuals 0.0000

Normality test of the residuals D = 0.072 0.8020

Delay in the diagnosis of TB

Intercept 2.159 0.0098 -0.737 0.5252

Age 0.021 0.0733 0.023 0.0419

Gender (Male)* 0.030 0.9333 -0.033 0.9402

No. of times one sought for the HCS 0.116 0.0000 0.115 0.0000

Classification of the case (pulmonary)** -1.257 0.0078 -1.597 0.0005

Classification of the case (co-infection with HIV)** -0.970 0.102 -1.537 0.0026

Global  Moran indexes of residuals 0.128 0.0225 -0.067 0.8959

Auto-regressive spatial coefficient 1.194 0.0000

Mean of the residuals 0.0000

Normality test of the residuals 0.074 0.7542
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Table 5 presented the multiple linear regression models obtained and the overall Moran 
indexes calculated for the residue of  both models (suspicion and diagnosis), considering it 
was not significant for the delay in the suspicion, but it was significant for the diagnosis. 
Once obtained the linear regression model for the delay in the  diagnosis and identified the 
need of  considering the existence of  spatial dependency, the tests of  hypothesis performed 
showed that there was a need of  considering in the regression model  a  spatial lag term 
(λ = 1.194; p = 0.000), but there would be no need to consider a representative term of  
spatial error (p = 0; p > 0.05).

The model obtained for the delay in suspicion has shown  that the distance traveled by 
the patient (controlled by age and gender) was higher than the ideal one, with an increase 
of  this type of  delay. The residuals of  this model presented mean equal to zero, normal dis-
tribution and constant variance. The model obtained to the delay in the  diagnosis showed 
that the number of  times a patient sought for the HCS and having pulmonary TB (in rela-
tion to extrapulmonary TB) presented, respectively, positive and negative relation with this 
delay, with results also controlled by age and gender. After the introduction of  the spatial lag 
term in  the model (1.194 Wy), its residuals presented mean equal to zero, normal distribu-
tion, and constant variance. Comparing this spatial model to the multiple linear regression 
model, alterations in the values of  the coefficients of  regression of  some of  the variables 
were verified (Table 5).

DISCUSSION 

The early detection and the efficient treatment of  pulmonary TB represent the main 
measure in order to interrupt the transmission chain of  the disease1,3 and are indicatives of  
a successful program15. An acceptable recommended time interval for the onset of  symp-
toms up to the diagnosis was not found in the literature; however, some authors considered 
the reported mean or median of  the times of  delay for the diagnosis as a parameter2,16-22. 
This study considered the median, given that “time” is an asymmetric variable1,20,22. In rela-
tion to the suspicion by the patient and the operational aspects (diagnosis), in this study, 
both medians were 15 days. 

The delay in the  suspicion of  TB by the patient may be influenced by the organiza-
tion of  different systems of  health care, being lower when easily accessible and provided 
for free1. Despite the global availability of  care in HCS, negative social factors tend to con-
strain  the access to less favored segments of  the community8,20,22,23. Patients spend a great 
deal of  time and money searching for alternative solutions in order to alleviate the signs 
and symptoms before starting the treatment, and, many times, they do not get an effective 
diagnosis or tretament19. 

The decision of  patients to search for health care depends on several factors, common 
to a lot of  countries and scenarios, which may result in delays on TB suspicion and this is 
a  reflection, among many things, of  social, economic, cultural and geographic factors, 
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such as poverty, the lack of  knowledge about TB, education, and distance from the resi-
dence to the HCSs19,21.

The time of  delay must be considered for the diagnosis in a few days, once that the 
smear microscopy must be performed immediately. Literature shows that it revolves around 
3–4 weeks, being three the maximum recommended time3,21,24, and studies show a delay in 
the diagnosis, after the search by the patient in the first care unit3,19,24. 

The HCSs must be organized for one of  the main challenges in the control of  TB, which is 
to improve the detection of  cases, through the active search for respiratory symptoms, despite 
the usual practice, which is using passive search. In this sense, it is noteworthy the importance 
of  the PHC in this early diagnosis, by being the main gateway for the Unified Health System 
(Sistema Único de Saúde – SUS) and using health technologies that are able to solve the higher 
frequency  and  relevant problems  in their territory. The literature shows flaws in the struc-
ture and functioning of  the current health model, situations that represent the most important 
factor in the delay of  the diagnosis of  TB, and attributes this fact to the dysfunctions in the lev-
els of  health care, having a strong impact on the access of  patients to these places. The great 
barriers are identified in the access to health care, in the relation between the team and the 
patient and in the organization of  the services for the control of  TB3,8,24.

The variable “difference of  the traveled distances related to the first care,” positively and 
significantly associated in this study to the delay in the  suspicion with the “first care in the 
recommended HCS,” even if  not considered as a model. The negative response means higher 
proportions in the delay of  suspicion and probable larger traveled distances. Traveling a dis-
tance farther than the ideal one may also be related to geographic barriers that interfere in 
the search and choice for the first care3,19. 

Among those who traveled a farther distance than the ideal one, we may identify the 
search for an urgency unit  instead of  a PHC and the search for another PHC service other 
than the recommended one (by higher affinity, greater proximity to the workplace, easier 
to access  in relation  to the recommended PHC, schedule, availability for appointments, 
among others). Even among those in which the traveled distance was the same as the ideal 
one, when searching for polyclinics (PHC and urgency unit), they preferred the urgency 
unit  as a gateway. Many studies with similar results have attributed this reality to the lack 
of  comprehension of  the patient about the entry door and the factors related to the orga-
nization of  the PHC services, with a restricted schedule, scheduling criteria, and lack of  
classification of  urgency and emergency risk25,26.

From the variables associated to the delay in the diagnosis, the “classification of  the case” 
is related to the fact that the diagnosis of  extrapulmonary forms is made from clinical evi-
dences and laboratory findings suggesting active forms in patients with at least one positive 
culture for Mycobacterium tuberculosis in extrapulmonary material27. There is difficulty in the 
clinical diagnosis, once that the symptoms are not specific and insidious, being, many times, 
made by exclusion of  other diseases23,28,29. Another important factor is related to the search 
for the patient after worsening of  the clinical condition23,29. Both situations correspond to 
the increased time of  diagnosis.
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In relation to the “number of  times the patient sought for the HCS,” the many visits 
made, by the patient, to the HCSs until they got the diagnosis may be related to the diffi-
culty by the health professional in dealing with TB, with few diagnoses made in the first 
consultation28. This situation produces the worsening of  the clinical condition and results, 
many times, in the hospitalization of  the patient, whose diagnosis is made in hospitals, as 
shown in the result of  this research. 

Once that the TB cases are in the geographic space and the variables related to them may 
have spatial autocorrelation, the evaluation of  the factors related to the delays demands the 
use of  spatial analysis technology which, along with the Geographic Information Systems 
(GIS), contribute to the evaluation and planning of  health actions in order to identify access 
difficulties to the HCSs30.

The knowledge and understanding of  the spatial distribution of  phenomena, especially 
for diseases and illnesses which affect human beings, and the incorporation of  space in the 
analysis to be performed have always been on the agenda, as demonstrated by the studies 
of  John Snow, in the nineteenth century, in order to elucidate the mechanisms of  chol-
era transmission31,32. However, the speed of  this merger has been different in the areas of  
knowledge; in health, its implementation in the studies of  diseases and conditions has been 
happening in a slower speed than in other areas33. Another important matter to be consid-
ered, even with the advances in the use of  GISs and spatial analysis, is that not all studies 
dealing the space information take into account the possibility of  the analyzed information 
being spatially autocorrelated34.

In this sense, 12 studies on the occurrence of  TB were selected in the literature in geo-
graphic locations of  different scales (place of  residence, census sectors, neighborhoods, 
districts, municipalities, regions, and countries), which used some kind of  regression analy-
sis. Of these, nine did not consider in the modeling the possibility of  spatial autocorrelation 
of  the dependent variables and/or resulting residuals35. Only in the studies developed by 
Ng et al.36, Liu et al.37, and Antunes and Waldman30, there was this concern. In the remain-
ing38-46, this possibility was not considered and models with non-independent residuals may 
have been produced, with not properly estimated regression coefficients (super- or sub-di-
mensioned, or even with sense inversion)35. 

In the study developed by Ng et al.36, the procedures used were the same as the ones in 
the delay study. The authors, after the carrying out  a OLS (Ordinary least squares) model, 
identified the spatial dependency of  the residuals. After modeling by spatial regression, a spa-
tial lag parameter was introduced in the model and the regression coefficients suffer changes 
in their values. Ng et al.36 concluded that the incidence of  TB of  a determined municipality 
suffered the influence of  these rates observed in their neighbors. A similar approach was 
used by Antunes and Waldman30 in order to study the relation between mortality by TB in 
the districts of  São Paulo municipality.

The studies developed by Liu et al.37 combined models of  regression by minimum 
squares with a geographically weighted regression model (GWR) in order to study the 
multiresistant TB and its possible risk factors. This approach has taken into account 
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the possible existence of  spatial dependency in the variables involved in the multire-
sistant phenomenon.

In the study of  the delay in the  TB suspicion, the OLS model was proven adequate, 
once that its residuals were independent, with mean equal to zero and constant variance35. 
In the delay of  the  TB diagnosis, after the detection of  spatial dependency in the residuals 
of  OLS regression and the performing of  the spatial regression analysis, it was obtained, as 
seen, a new model. In the case of  this model, the spatial dependency found may be related 
to endogenous factors, once that it was assigned to the dependent variable35.

The results obtained in this study and in the studies developed by Ng et al.36, Liu et al.37, 
and Antunes and Waldman30 showed that, in studies evaluating  phenomena that occur on 
the space, the use of  modeling by regression without considering the spatial dependency 
of  the dependent variables or the regression residuals may not be appropriate, resulting in 
models that violate the assumptions of  this kind of  modeling34,35.

CONCLUSION

It is concluded in this study that in the municipality of  São José do Rio Preto (SP), the 
median time in delay in the  suspicion and diagnosis of  TB was, for both aspects, equal to 
15 days and the factors that contributed for the increased delays were, in case of  suspicion, 
the patient traveling a distance farther than the ideal one (difference of  the traveled distances 
in relation to the first care) and, in case of  diagnosis, the patient having sought for the HCS 
for more than once and having extrapulmonary TB extrapulmonar, revealing gaps in the 
control actions of  TB related to patients and the organization of  the services.

The consideration of  the spatial dependency of  the phenomena studied and the use 
of  modeling by spatial regression contribute for obtaining of  more accurate models in an 
attempt of  finding explanatory factors of   the variability of   the delays, which allows prop-
erly directing of  resources in order to improve the TB control actions.
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