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Abstract 

The health care sector is one of the largest industries in Europe. Approximately 

10% of European Union workers are employed in the health sector with a high 

proportion employed in hospitals. Health care is one of the most important social and 

economic components of modern society, and the effective use of Information 

Technologies (IT) in this industry is important to its success. The Organization for 

Economic Co-operation and Development (OECD) supports the widespread use of 

information and communication technologies in health care contexts since they can 

contribute to the reduction of operational costs of clinical departments through 

improvement of their efficiency in task performing and data processing, which will in 

turn result in increased levels of productivity. From a historical perspective, hospital-

acquired infections (HAIs) represent the most frequent adverse events during 

healthcare delivery, which may result in prolonged hospital stays, long-term disability, 

increased resistance to antimicrobials or even death. As life expectancy increases, 

technology becomes more invasive, and with more patients on immunosuppressive 

therapy, the risk of infection also increases. The economic cost of this problem is 

immense, and the financial losses can be estimated conservatively at about 6 billion 

euros/year in Europe (direct costs) for 16 million days of inpatient extra time.  

The purpose of this thesis is to explore the use of Geographical Information 

Systems (GIS) to analyze the patterns of HAIs on two scales of research: one global, with 

the analysis in Portugal; and one local with the creation and construction of an indoor 

GIS-based model to examine the cases within the São João University Hospital. Once 

built, the GIS will not be limited to the study of nosocomial infections but will be made 

accessible to the hospital for use in other epidemiological research, the analysis of 

workplace accidents, and the support of management and administrative decisions. 

We started by understanding how to represent the indoor space of a hospital in 

a GIS-based model. We decided to analyze the evidence related to this thematic. To this 

end, we searched three scientific libraries, following the PRISMA statement guidelines. 

All phases were analyzed independently by two reviewers and agreement between 

them was calculated through the Kappa statistic. Subsequently, the included studies 
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were categorized into five groups: "indoor management", "indoor geospatial analysis", 

"indoor positioning", "indoor data acquisition" and "indoor spatial data models". The 

results show that research on the use of GIS in indoor spaces is still emerging, despite 

its huge potential to help data producers, researchers, or policymakers improve their 

work by providing scientific evidence for better decision support. 

Afterwards, we described and analyzed the spatial patterns of Age Standardized 

Hospitalization Rates (ASHRs) of HAIs from 2014 to 2017 in Portugal, using data from the 

Portuguese Discharge Hospital Register. This study allowed us to understand that the 

incidence of HAI is not randomly distributed in the space (with the most representative 

adverse event recorded being nosocomial pneumonia), contributing to alerting the HAI 

control committees and warning analysts in surveillance systems within the clinical 

context, leading to well-informed decisions. 

Later, to make available the study at a local scale of analysis a spatial database 

model has been developed (in a GIS environment) for the São João University Hospital. 

This approach presented the opportunity to explore the dynamics, patterns and 

phenomena that occur within walls. Besides, it demonstrates the potential to enable the 

administration of the hospital with a compelling tool, allowing it to develop a wide-

ranging plan to assess resources allocation, or monitor and plan interventional 

measures.  

Finally, data related to HAIs (the nosocomial pneumonia episodes) from the São 

João University Hospital were georeferenced using the GIS-based model, presenting 

practical examples. The results show that the identification of the spatial clusters of 

HAIs, may contribute in a decisive way to improving the surveillance system of 

nosocomial infection, and orienting the appropriate policies for infection control. 



xxiii 
 

Resumo 

O setor de saúde apresenta-se como uma das maiores indústrias da Europa, uma 

vez que aproximadamente 10% dos trabalhadores da União Europeia se encontram 

empregados aqui. Os cuidados de saúde são um dos pilares sociais e económicos mais 

importantes da sociedade moderna e o uso eficaz das Tecnologias da Informação é 

absolutamente crucial para o seu sucesso. A Organização para Cooperação e 

Desenvolvimento Económico (OCDE) sugere o uso generalizado deste tipo de 

tecnologias em contextos de saúde, uma vez que podem contribuir para a redução dos 

custos operacionais dos departamentos clínicos através da melhoria da sua eficiência na 

execução de tarefas e processamento de dados, o que, por sua vez, resultará em 

maiores níveis de produtividade.  

Do ponto de vista histórico, as infeções hospitalares representam os eventos 

adversos mais frequentes durante a prestação de cuidados de saúde, o que pode 

resultar em hospitalizações prolongadas, incapacidade permanente, aumento da 

resistência aos antimicrobianos ou até morte. Conforme aumenta a esperança média de 

vida, a tecnologia se torna mais invasiva e, com mais pacientes em terapia 

imunossupressora, o risco de infeção também aumenta. O custo económico deste 

problema é imenso, e as perdas financeiras podem ser estimadas conservadoramente 

em cerca de 6 bilhões de euros / ano na Europa (custos diretos) por 16 milhões de dias 

de tempo adicional de internamento. 

O objetivo desta tese é explorar a utilização de Sistemas de Informação 

Geográfica (SIG) para analisar os padrões de infeções hospitalares em duas escalas de 

investigação: uma global, com a análise em Portugal; e um local com a criação e 

construção de um modelo espacial baseado em SIG para examinar os casos que ocorrem 

no Hospital Universitário de São João. Uma vez construído, o SIG não se limitará ao 

estudo das infeções nosocomiais, mas será disponibilizado ao hospital para uso em 

outras pesquisas epidemiológicas, análise de acidentes de trabalho e apoio às decisões 

de gestão e/ou administrativas. 

Inicialmente, para entender como representar o espaço interno de um hospital 

num modelo SIG, decidimos analisar a evidência científica relacionadas com a temática. 
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Para este fim, utilizamos três bibliotecas científicas, seguindo as diretrizes do PRISMA. 

Todas as fases foram analisadas de forma independente por dois revisores e a 

concordância entre eles foi calculada por meio da estatística Kappa. Posteriormente, os 

estudos incluídos foram categorizados em cinco grupos: “gestão interna”, “análise 

espacial interna”, “posicionamento interno”, “aquisição de dados” e “modelos de dados 

espaciais internos”. Os resultados mostraram que as pesquisas sobre o uso do SIG em 

espaços internos ainda são emergentes, apesar de seu enorme potencial para ajudar 

produtores de dados, pesquisadores ou formuladores de políticas a aprimorar seus 

trabalhos, fornecendo evidências científicas para melhor suporte à decisão. 

De seguida, pretendemos descrever e analisar os padrões espaciais das taxas de 

hospitalização padronizadas por idade das infeções hospitalares ocorridas entre 2014 e 

2017 em Portugal, utilizando dados das bases de registo de alta hospitalar. Este estudo 

permitiu compreender que a incidência deste tipo de infeção não está distribuída 

aleatoriamente no espaço (sendo o evento adverso mais representativo registado a 

pneumonia nosocomial), contribuindo para alertar as comissões de controlo de infeção, 

bem como os analistas dos sistemas de vigilância em contexto clínico. 

Com o propósito de possibilitar o estudo numa escala de análise local, foi 

desenvolvido um modelo de dados espacial (em ambiente SIG), para o Hospital 

Universitário de São João. Esta abordagem apresentou-se como a oportunidade de 

explorar as dinâmicas, padrões e fenómenos que ocorrem dentro do edifício. Além 

disso, demonstra o potencial para habilitar a administração hospitalar com uma 

ferramenta capaz de permitir o desenvolvimento de um plano abrangente para avaliar 

a alocação de recursos, ou monitorizar medidas de intervenção. Por fim, os dados 

relativos às infeções (episódios de pneumonia nosocomial) ocorridos no Hospital 

Universitário de São João foram georreferenciados utilizando o modelo desenvolvido, e 

foram expostos exemplos práticos. Os resultados mostram que a identificação dos 

clusters espaciais, pode contribuir de forma decisiva para melhorar o sistema de 

vigilância da infeção hospitalar, e orientar as políticas adequadas para o seu controlo. 
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1. Introduction 

Outline 

This chapter presents the thesis background, the key words, and all relevant 

studies or theories. This review chapter allows for the identification of the main research 

gaps in this thesis topic, thus justifying the main and specific objectives. 

Background 

Hospital-acquired infections 

Hospitals and health units are environments where both infected people and 

people at high risk of contracting infection assemble, representing a potential source of 

infection for other patients and health professionals [1]. However, some places within 

the hospital present a higher susceptibility to infection, such as newborn wards, burns 

wards, and intensive care, due to the larger concentration of patients in those places 

and their health condition [2]. 

A nosocomial infection, also known as hospital-acquired infection (HAI), is 

generally described as an infection acquired by a patient while receiving health care [3]. 

These infections normally develop throughout hospitalization and appear no earlier 

than 48 hours after admission. In the case of Surgical Site Infections (SSI), they can 

appear up to 30 days after getting health treatment [4]. Even though HAIs are more 

commonly identified in hospitalized inpatients, they also include infections discovered 

after discharge or occupational infections among health professionals [5]. 

Patients are exposed to a wide range of viruses, bacteria, and fungal pathogens 

throughout their hospitalization, which may result in the development of clinical illness 

[6]. This contact does not always result in infection since other factors impact the form 

and frequency of HAIs, such as the patient's susceptibility, comorbidities, age, and 

immunological state, among other factors [7]. The most common forms of nosocomial 

infections include urinary tract infections [8-10], bloodstream infections related to the 

central venous catheter [11-13], hospital-acquired pneumonia [14-16], intestinal 

infections by Clostridium difficile [17,18], and SSI [19,20]. 



2 
 

HAIs are strongly associated with increased antibiotic resistance, resulting in 

longer hospital admissions, higher morbidity and mortality rates, and substantial costs 

for health systems and society [21-23]. Even though they are significant, the real impact 

of HAIs is unknown due to the complexity of the numerous surveillance systems and the 

lack of uniform diagnosis criteria across countries [24]. 

According to several studies [25-27], the HAI prevalence in developing countries 

fluctuates from 5.7% to 19.1% of all admissions, whereas in high-income countries, it 

varies between 5.7% and 7.5%. However, in some of these countries, the prevalence has 

been described to be as high as 12.0% [28]. 

In Portugal, nosocomial infections have an increasing importance, presenting the 

highest proportion of Methicillin Resistant Staphylococcus Aureus (MRSA) at European 

level [29]. A survey related to the prevention program for infection control covering the 

European countries in 2017 reported a prevalence of HAIs in Portugal of 7.8% [30,31]. 

On the other hand, the literature suggests that there is a lack of epidemiological 

data on HAIs in individual Portuguese Intensive Care Units (ICUs), making it difficult to 

compare data and provide a real understanding of any spatial differences in prevalence 

that may be associated with the area of influence of ICUs, according to the national 

referral system [32]. 

According to statistics from the Centers for Disease Control and Prevention 

(CDC), HAIs are directly or indirectly responsible for more than 98,000 deaths in the 

United States each year [3,33], while some studies reported 148,000 deaths yearly in 

Europe [21,34]. 

This represents a significant burden of infectious diseases in Europe, greater than 

the burden of other infections such as tuberculosis or influenza. However, regardless of 

this, hospitals take HAIs extremely seriously. Following the WHO recommendations, to 

reduce the effect of these infections, they have applied infection tracking and 

surveillance systems as well as consistent prevention measures, increasing the 

responsibility of all health actors [35]. 

Information technologies in healthcare 

Representing one of the most important components of modern society, where 

approximately 10% of European Union (EU) workers are employed [36], healthcare 
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providers worldwide are confronted with a single challenge: the requirement to improve 

patient outcomes while reducing costs. The digital transformation in healthcare and its 

utilization are now a reality and present as a fundamental option to increase the success 

and efficacy of its management [37].  

The EU and the OECD are increasingly encouraging the adoption of Information 

Technologies (IT) in the healthcare sector, such as the Internet of Things (IoT), advanced 

analytics, machine learning (ML), artificial intelligence or GIS [38,39]. These ITs are being 

recognized as a key component in improving the levels of productivity. 

Geographic information systems in epidemiology 

A Geographical Information System can be described as a decision support 

system framework which is conceived to acquire, manage, explore, analyze, and 

visualize spatial and alphanumeric data [40]. 

Nowadays, geospatial data is familiar to practically everyone, offering 

considerable capabilities to assess the multidisciplinary of GIS and its multiparadigmatic 

qualities [41]. As an important technology tool, GIS has been used in epidemiology and 

health sciences research, mainly to produce disease mapping, geographical analysis of 

diseases, as well as associations between environmental factors, cluster analysis or rate 

smoothing, and spatial model exploration [42-44].  

This type of system can help revealing patterns, trends and relationships that 

would be harder to discover if it were used other methods [45], triggering an 

understanding of how humans interact with their environment, promoting the creation 

of health prevention policies and measures [46]. 

Geographical information systems and indoor spaces 

Considering its remarkable growth in the recent past, knowledge of spatial 

information has not changed throughout the years, with different GIS techniques being 

used and applied to geographical elements (such as neighborhoods, cities, and regions) 

of an external territory [47]. The georeferencing method is valuable in studies related to 

the spatialization of data in a geographic segmentation of a particular area. Data is 

referenced to a predefined coordinate system, which allows relationships to be built 

across various maps and databases [48]. However, at this point, it is meaningless to 
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confine the term "place" to an outer area considering that 80% of people's daily lives 

are spent within buildings [49,50].  

The basic concepts, models, and standards must be redefined to meet the indoor 

spatial application requests since findings suggest how this approach may be used to 

georeference and evaluate disease transmission or other health occurrences within 

physical structures related to healthcare [51-53]. Space characterization is an important 

effort to study and comprehend its complex relationships with more evidence of the 

impacts. In addition, the space must be illustrated and appropriately depicted, along 

with all associated information, and the topology concept must be integrated [54]. The 

raw data connected to these spaces must present a viable gathering method.  

Due to the variety of complex infrastructures, such as hospitals or industrial 

centers, with a large daily traffic volume, an opportunity is presented here with the 

development of spatial database models [55]. 

Keywords 

The thesis keyword list is presented in table 1. 

Keyword MeSH Tree Number MeSH ID 

Nosocomial Infections C01.539.248, 

C23.550.291.875.500 

D003428 

Epidemiology H02.403.720.500 D004813 

Geographic Information 

Systems 

L01.313.500.750.300.314, 

L01.470.750.750.462 

D040362 

Hospitals N02.278.421 D006761 

Spatio-temporal analysis E05.318.740.933.500, 

N05.715.360.750.746.500, 

N06.850.520.830.933.500 

D062211 

Portugal Z01.542.727 D011174 

Table 1. Study keywords. 

Study area 

Figure 1 depicts the two primary levels of analysis included in this thesis: global (the 

mainland of Portugal) and local (São João University Hospital). 
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Figure 1. Study area framework and population density by municipality. 
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Portugal, with a total area of 89,102 km2, is located on the Iberian Peninsula in 

southern Europe. In 2020, the mainland was forecasted to have 9,802,128 inhabitants 

(men accounting for 47.0% of the total), dispersed unevenly throughout five regions and 

278 municipalities (with a population varying from 1,623 to 509,614 inhabitants). In 

2020, the North, Center, and Lisbon Regions accounted for 88.4% of the Portuguese 

population, while Alentejo (7.1%) and Algarve (4.5%) accounted for significantly less. 

With a high GINI index value (34.8 in 2020), Portugal is a developed country with 

one of the highest levels of wealth disparity in the Eurozone [56]. 

The national health system is universal, providing full coverage to all inhabitants 

(Appendix 1), regardless of socioeconomic, legal, or job status. It coexists with three 

systems: the public health service, health subsystems for specialized professions, and 

the private health sector [57]. Besides that, the hospital network, under the 

responsibility of the Portuguese Directorate-General of Health (DGS), must comply with 

the epidemiological surveillance plans for the prevention of nosocomial infections [30].  

The São João University Hospital, originally inaugurated on June 24th, 1959, is 

based in the northwest of Portugal, particularly in the Porto municipality, and is the 

country's second main hospital. This hospital provides support to the residents of the 

municipalities of Porto, Maia, and Valongo (roughly 450,000 inhabitants) and serves as 

a reference for the entire northern region, in cutting-edge fields. 

According to Meyers [58], we may classify this hospital as a complex structure 

because of the large number of people who work there (about 7000) and due to its 

official capacity of 1200 beds and 45 cots dispersed among the numerous medical and 

surgical services. Furthermore, 15,000 individuals each day circulate throughout the 

hospital, including health professionals, technicians, suppliers, patients, or visitors.  

This level of detail (a building as a study area) creates a significant barrier for 

researchers. People and commodities interact more in such a limited location than in 

some cities across the country. Appropriate control of such structures is a crucial 

component of dealing with dynamic situations, and it promotes proper surveillance. 

Aims 

The main objective of this thesis is to explore the use of GIS to analyze the 

patterns of HAIs on two scales of research: one global, with the analysis in Portugal; and 
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one local, with the creation and construction of an indoor GIS-based model to examine 

the cases within the São João University Hospital, from 2014 to 2017. Specific objectives 

are: 

Chapter 1: Synthesis of the evidence related to GIS applied to indoor spaces. 

A systematic review of the literature was carried out to identify and summarize 

information related to GIS utilization for modeling the indoor space or to analyze and 

comprehend the spatial phenomena that are occurring in this type of environment. 

Chapter 2: Descriptive analysis of HAIs in Portugal. 

To characterize and understand the spatial patterns of the age-standardized 

hospitalization rates (ASHRs) of HAIs and to describe and explore the existence of spatial 

clusters in mainland Portugal from 1 January 2014 to 31 December 2017, using 

secondary data. 

Chapter 3: Development of a 3D GIS-based model to represent the São João University 

Hospital. 

A GIS-based model was developed for the hospital building, where it was 

georeferenced the spatial and alphanumeric information related to each space, stored, 

and incorporated as graphic elements into the database. As a case study, we performed 

a scan statistic to detect COVID-19 emerging clusters (among healthcare workers) across 

the hospital services. This model will also be used for comprehension and analysis of 

health events and as a starting point for the 4th study, which will provide literature 

support for further work and decision support. 

Chapter 4: Analysis of geographical patterns of nosocomial infection cases at São João 

University Hospital using the map obtained in Chapter 3 to identify high-risk areas. 

Analyze spatiotemporal clusters of nosocomial infection (nosocomial 

pneumonia) cases based on the 3D GIS-based model obtained in Chapter 3 to identify 

high-risk areas, allowing for a better understanding of their dynamics. 

Consequently, this can improve the infection control surveillance system as well as the 

wellbeing of patients and health staff and reduce costs. 
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Outline 

The remaining thesis is organized into five chapters that describe the work performed. 

The next four chapters correspond to the studies developed, where the first two are 

already published, the third is submitted, and the fourth is currently under review by 

the authors. The last chapter presents the general discussion and conclusions. 

Methods and Materials 

At this stage, we will simply mention the types of data and software that served 

as the basis for the elaboration of this thesis. The detailed methods will be revealed and 

discussed in each chapter. Regarding the types of data used in this work, we looked 

primarily at scientific evidence, digital data (including both spatial and alphanumeric 

information), and analogic data, as we can check in figure 2.   

 

Figure 2. The different types of data that were used in the thesis. 

 

For the elaboration and production of thematic cartography, data analysis and 

calculation, as well as cluster identification and patterns studies, some specific software 

packages were used, such as ArcGIS 10.5.1 (ESRI, Redlands, CA, USA), GeoDa 1.16.0.12 

(University of Chicago, Chicago, IL, USA); SPSS (IBM, Armonk, New York, USA), and 

SaTScan 9.7 (Harvard Medical School, Boston, Massachusetts, USA). 
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Supplementary material 

 

Appendix 1. National health system network location. 
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2. Indoor Environments and Geographical Information 

Systems 

 

 

Teixeira H, Magalhães A, Ramalho A, Pina M de F, Gonçalves H. Indoor 

Environments and Geographical Information Systems: A Systematic Literature Review. 

SAGE Open 2021, 11(4) | (2020 Impact Factor = 1.356 / Social Sciences, Interdisciplinary, 

Q3 - 72/109)  https://doi.org/10.1177/21582440211050379 
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Supplementary material 

Section/topic  # PRISMA 2020 Checklist item  
Reported on 
page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or 
both.  

Page 1 

ABSTRACT   

Structured 
summary  

2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal and 
synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration 
number.  

Page 1 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what 
is already known.  

Pages 2 and 3 

Objectives  4 Provide an explicit statement of questions being addressed 
with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

Page 4 

METHODS   

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

Not 
Applicable 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) 
and report characteristics (e.g., years considered, language, 
publication status) used as criteria for eligibility, giving 
rationale.  

Page 5 and 6 

Information 
sources  

7 Describe all information sources (e.g., databases with dates 
of coverage, contact with study authors to identify additional 
studies) in the search and date last searched.  

Page 7 

Search  8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could be 
repeated.  

Page 7 

Study selection  9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

Pages 7, 8 
and 9 

Data collection 
process  

10 Describe method of data extraction from reports (e.g., 
piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from 
investigators.  

Pages 8 and 9 

Data items  11 List and define all variables for which data were sought (e.g., 
PICOS, funding sources) and any assumptions and 
simplifications made.  

Page 8 and 9 

Risk of bias in 
individual 
studies  

12 Describe methods used for assessing risk of bias of individual 
studies (including specification of whether this was done at 
the study or outcome level), and how this information is to 
be used in any data synthesis.  

Not 
Applicable 
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Summary 
measures  

13 State the principal summary measures (e.g., risk ratio, 
difference in means).  

Not 
Applicable 

Synthesis of 
results  

14 Describe the methods of handling data and combining 
results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis.  

Not 
Applicable 

Risk of bias 
across studies  

15 Specify any assessment of risk of bias that may affect the 
cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

Not 
Applicable 

Additional 
analyses  

16 Describe methods of additional analyses (e.g., sensitivity or 
subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

Not 
Applicable 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, 
and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  

Pages 9, 10 
and 11 

Study 
characteristics  

18 For each study, present characteristics for which data were 
extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Table 1 

Risk of bias 
within studies  

19 Present data on risk of bias of each study and, if available, 
any outcome level assessment (see item 12).  

Not 
Applicable 

Results of 
individual 
studies  

20 For all outcomes considered (benefits or harms), present, for 
each study: (a) simple summary data for each intervention 
group (b) effect estimates and confidence intervals, ideally 
with a forest plot.  

Pages 12 to 
18 

Synthesis of 
results  

21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency.  

Not 
Applicable 

Risk of bias 
across studies  

22 Present results of any assessment of risk of bias across 
studies (see Item 15).  

Not 
Applicable 

Additional 
analysis  

23 Give results of additional analyses, if done (e.g., sensitivity or 
subgroup analyses, meta-regression [see Item 16]).  

Not 
Applicable 

DISCUSSION   

Summary of 
evidence  

24 Summarize the main findings including the strength of 
evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy 
makers).  

Pages 18 to 
24 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of 
bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

Page 24  

Conclusions  26 Provide a general interpretation of the results in the context 
of other evidence, and implications for future research.  

Pages 24 to 
26  

FUNDING   

Funding  27 Describe sources of funding for the systematic review and 
other support (e.g., supply of data); role of funders for the 
systematic review.  

Title page 

Appendix 1. Prisma 2020 Checklist. 
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3. Spatial Patterns in Hospital-Acquired Infections in 

Portugal 

 

 

Teixeira, H.; Freitas, A.; Sarmento, A.; Nossa, P.; Gonçalves, H.; Pina, M.d.F. Spatial 

Patterns in Hospital-Acquired Infections in Portugal (2014–2017). International Journal 

of Environmental Research and Public Health 2021, 18, 4703 | (2020 Impact Factor = 

3.390 / Public, Environmental & Occupational Health, Q1 - 41/176) 

https://doi.org/10.3390/ijerph18094703 
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Supplementary material 

Variable Description 

ID Episode identification number 

Year Civil Year, considering the discharge date. 

SEX User gender 
1 – Male 
2 - Female 

Age Age of the user, in years, at the date of entry. 

District User district of residence. 

Municipality User municipality of residence. 

Parish User parish of residence.  

Date of 
admission 

Date of admission of the user to the health institution. 

Discharge 
date 

User discharge date of from the health institution. 

Length of stay Total number of days spent in the health facility by the user, according to the 
statistical definition of length of stay. 

Destination 
after 
discharge 

Destination code of the user after discharge from a hospital service: 
1 - For the home 
2 - To another institution with internment 
6 - Home service 
7 - Exit against medical opinion 
13 - Specialized aftercare (tertiary) (collected from 2011) 
20 - Deceased 
51 - Palliative care - medical center (collected from 2011) 
61 - Post-hospital care (CMS 19-22, AP21) (collected from 2011) 
63 - Long-term hospital care (CMS 19-22, AP 21) (collected from 2011) 

Admission 
Type 

Nature or method of admission of a user to a health establishment: 
1 - Scheduled 
2 - Urgent 
3 - Others 

Type of 
episode 

Type of episode: 
AMB - Indicates if the episode was performed on the Ambulatory production line 
INT- Indicates if the episode was performed on the production line 

ICD version Coding version (ICD) 

ddx1 ICD-9-CM or ICD-10 code, which identifies the Main Diagnosis of the episode - the 
one that is considered responsible for the patient's admission to the hospital. 

ddx2…ddx30 ICD-9-CM or ICD-10 Additional Diagnostics code for the episode (up to a maximum of 
30). 

causad1 Code of ICD-9-CM or ICD-10 of External Cause 1 that took the user to the health 
institution. 

causad2…caus
ad30 

Additional ICD-9-CM or ICD-10 Cause Code that took the user to the health 
institution. 

SSI Context of hospital infection "Surgical Site"  
0 - Absent  
1 - Present 

Clostridium_d
ifficile 

Context of hospital infection for "clostridium difficile" 
0 - Absent 
1 - Present 

pneumonia Context of nosocomial infection "Pneumonia" 
0 - Absent 
1 - Present 

trato_urinario
_cateter 

Context of nosocomial infection "Urinary tract infection associated with the use of a 
catheter." 
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0 - Absent 
1 - Present 

corr_sang_cat
eter 

Context of nosocomial infection "Bloodstream infections related to central venous 
catheter" 
0 - Absent 
1 - Present 

Charlson_inde
xOri 

Charlson's comorbidity index (CCI) score 0 (Min) - 33 (Max) 

HospID_NUTS
II 

Identification of the location of the health institution (NUT II) 
NORTH 
CENTER 
LISBON REGION 
ALENTEJO 
ALGARVE 

Table S1: Description of the original database variables. 

 

Year All Youth Adults Elderly 

2014 Min = 256.0  
Max = 846.7  

x = 480.5 

Min = 29.4  
Max = 827.2  

x = 268.6 

Min = 147.3  
Max = 571.1  

x = 229.1 

Min = 1269.9  
Max = 4279.9  

x = 2380.4 

2015 Min = 306.3  
Max = 1109.2  

x = 490.8 

Min = 46.6  
Max = 997.6  

x = 262.8 

Min = 123.5  
Max = 539.6  

x = 223.9 

Min = 1281.4  
Max = 4886.4  
x = 2511.29 

2016 Min = 280.2  
Max =8 21.3  

x = 483.5 

Min = 70.6  
Max = 795.0  

x = 242.4 

Min = 99.5  
Max = 446.8  

x = 237.2 

Min = 1323.3  
Max = 5159.9  

x = 2449.7 

2017 Min = 270.0  
Max = 879.3  

x = 435.5 

Min=26.2  
Max=495.2  
x = 208.6 

Min = 119.6  
Max = 346.1  

x = 202.3 

Min = 986.4  
Max = 6230.0  

x = 2301.5 

Table S2. ASHR values (min, max, mean) per 100,000 inhabitants. 

 

Year All Youth Adults Elderly 

2014 0.595 0.594 0.439  0.561 

2015 0.522 0.648 0.351 0.561 

2016 0.627 0.642 0.480 0.538 

2017 0.526 0.550 0.488 0.519 

Table S3. Moran index values. 

 



53 
 

 
Figure S1. Spatial distribution of ASHR of HAI per 100,000 inhabitants, per municipality, for the period 

2014–2017, by age group; A—Youth, B—Adults, C—Elderly. 
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Figure S2. Spatial distribution of ASHR of HAI per 1000 admissions, per municipality, for the period 2014–

2017. 
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Figure S3. Spatial clusters of ASHR of HAI per 1000 admissions by municipalities for the period 2014–2017. 
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Figure S4. Spatial clusters of nosocomial pneumonia for the period 2014–2017. 
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Figure S5. Spatial clusters of nosocomial urinary tract infections for the period 2014–2017. 
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4. Development of a 3D GIS-based model of a hospital 

indoor space 

 

 

Teixeira, H.; Norton, P.; Gonçalves, H.; Pina, M.d.F.; to support spatiotemporal 

analysis of events: application to COVID-19 cases among healthcare workers 

(submitted). 
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5. Using GIS to analyze spatial patterns of nosocomial 

pneumonia 

 

 

Teixeira, H.; Sarmento, A.; Pina, M.d.F.; Gonçalves, H. Using GIS to analyze spatial 

patterns of nosocomial pneumonia in São João University Hospital (Portugal) (under 

revision).  
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Using GIS to identify spatial patterns of hospital-acquired 

pneumonia in São João University Hospital (Portugal)  

Hugo Teixeira; António Sarmento; Maria de Fátima Pina; Hernâni Gonçalves 

Abstract 

Each year, nearly 80,000 patients acquire an infection related to healthcare in public Portuguese hospitals, 
resulting in an estimated 5000 deaths, on average. Our goal was to describe our experience using a 
Geographic Information System to investigate the distribution of the most common healthcare-related 
infection episodes, specifically nosocomial pneumonia, at São João University Hospital. We selected all 
hospitalizations with the diagnosis of hospital-acquired pneumonia on the medical specialties located on 
the 7th floor of the building, between the years of 2014 and 2017. The kernel approach was used to 
estimate the density of cases across the study period. The study results revealed that the incidence of 
cases is not randomly distributed in space. In particular, some differences were found in specific medical 
services, such as thoracic surgery and neurology. This method has the potential to be a useful complement 
in the prevention of nosocomial infection transmission. 

Keywords: GIS, nosocomial pneumonia, spatial patterns, Portugal. 
 

Introduction 

In hospitals, patient safety is a critical issue. In clinical settings, a variety of risk 

factors for patients can be found, including hospital-acquired infections (HAIs) [1]. 

Approximately 80,000 patients acquire infections related to healthcare in public 

Portuguese hospitals each year, resulting, on average, in an estimated 5000 deaths [2]. 

Current methods for detecting HAIs are typically delayed by medical evaluation of 

microbiological data, and they rely on infection control practitioners' ability to discern 

complex temporal and geographic patterns of nosocomial transmission in the end [3]. 

Furthermore, infection control specialists lack the necessary resources to undertake 

hospital-wide audits and observations [4]. The utilization of different approaches, such 

as the integration of Geographic Information Systems (GIS), could potentially help the 

understanding related to the spread of HAIs and be of great value in this regard [5]. In 

fact, this technology allows for an efficient spatial analysis of daily generated data within 

the hospital through the georeferencing method. When this is combined with scientific 

knowledge, it can become a helpful tool to tackle the problem of HAI, as well as in the 

decision-making process [6], reduction of operational costs, and improvement of 

efficiency [7]. Despite GIS technology having become increasingly important in public 

health and spatial epidemiology, few studies have investigated its use in nosocomial 
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infection detection and analysis within hospital buildings [8]. We hypothesized that 

using a spatial GIS-based model of the indoor spaces of a hospital - the São João 

University Hospital as a study case - to georeference and visualize patterns of HAIs could 

be used to provide a better understanding and analysis.  

In this paper, we describe the used method, the obtained results, and their 

presentation in a different visual format, in a way to highlight distinctly the issues that 

might contribute to the understanding of the HAIs phenomena. 

Methods 

Study Design 

We carried out a retrospective and observational population-based ecological 

study using data from the Integrated Hospital Information System (SONHO). The 

respective geographic and temporal units of analysis were the hospital building and the 

calendar year for the period of 1 January 2014 to 31 December 2017. 

Study area 

The São João University Hospital, first opened on June 24th, 1959, is in the Porto 

municipality and is the country's second largest hospital. This hospital provides direct 

help to the residents of Porto, Maia, and Valongo municipalities (about 450 000 people) 

and serves as a reference for the entire northern region in specific cutting-edge areas. 

Data Source 

We obtained hospitalization data from the SONHO database system, which is 

managed by the Data Intelligence Service of the hospital. This system was developed in 

the 1990s to support the administrative services of hospitals, including the control of 

production and billing, and to allow the export of information for statistical indicators. 

This system is being gradually replaced by the SONHO V2, which is technologically and 

functionally better suited to current needs. It is a comprehensive electronic medical 

record that includes information on patient demographics, diagnoses, laboratory tests, 

prescriptions, imaging investigations, and pathology reports. These data refer to 

hospital admissions and are provided for research upon request. We used a 3D GIS-

based model to represent the geometry of the internal structure of the hospital building 

(Figure 1). The model includes all the complex indoor space structures and properties in 

terms of geometry, network connectivity, and alphanumeric information. 
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Figure 1. The three-dimensional GIS-based model perspective of the São João University hospital building. 

Study case area 

Figure 2 illustrates the study area, which includes 54 wards that belong to the 

several hospital services (Thoracic Surgery, Urology, Neurology, Orthopedics, and Plastic 

Surgery) located on floor 7. 

 

Figure 2. Wards from the services located on floor 7 of the São João University hospital building. 
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Data Selection 

Given the nature of the studied condition, we decided to select only those cases 

that suggested nosocomial pneumonia since, according to a recent study [2], it was the 

most representative adverse event recorded in mainland public hospitals. Through 

evidence research [9-12], we identified the most common pathogens and then obtained 

a list of all inpatient episodes with positive culture results for escherichia coli, 

haemophilus influenzae, klebsiella pneumoniae, moraxella catarrhalis, staphylococcus 

aureus, and streptococcus pneumoniae. Finally, we defined as nosocomial pneumonia 

any positive culture result 48 hours after hospitalization and with a pneumonia 

diagnosis. Infectiology professionals, helped to determine whether these episodes 

represented or not a nosocomial infection, helping with a cross-validation process. 

Data Analysis 

The data was analyzed using two related approaches: GIS to georeference the 

cases of nosocomial pneumonia through the several wards; and spatial statistics 

throughout the kernel density method [13] for pattern analysis. The kernel approach 

evaluates the density of cases in the vicinity of certain elements. We used first-order 

neighborhoods, calculated using the "densities" and "planar" options, which consider 

the planar distances between the different cases besides the spatially adaptive 

smoothers. This method was used to estimate the densities to predict a "relative risk" 

area, based on the asymptotic theory.  

For compatibility with ArcGIS 10.5.1 software (ESRI, Redlands, CA, USA) equipped 

with the Spatial Analyst extension, data related to positive culture results were stored 

in Microsoft Access (Microsoft Corp, Redmond, WA, USA) table format. 

Ethics Statement 

The used data was acquired following the current Portuguese legislation. The 

ethical committee from the São João University Hospital approved this study since it did 

not include samples or experiments on humans or their personal information. 

Results 

According to data from the Portuguese Hospital Discharge Register, during the 

study period, there were a total of 174,745 admissions to the São João University 

Hospital. The yearly average number of hospitalizations was 43,686, corresponding to 
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approximately 840 admissions per week. Every year, approximately 6,600 patients are 

admitted to the medical services of the 7th floor. Approximately 8.4% of these people 

had acquired nosocomial pneumonia while being hospitalized, since there were a total 

of 2233 cases of nosocomial pneumonia (Table 1 and Figure 3). 

Medical Services Total 2014 2015 2016 2017 

Total cases, n (%) 2233 568 535 576 554 

Plastic Surgery, n (%) 396 (17.7) 104 (18.3) 79 (14.8) 109 (18.9) 104 (18.8) 

Thoracic Surgery, n (%) 549 (24.6) 121 (21.3) 134 (25.0) 159 (27.6) 135 (24.4) 

Neurology, n (%) 376 (16.8) 107 (18.8) 96 (17.9) 96 (16.5) 78 (14.1) 

Orthopedics, n (%) 241 (10.8) 59 (10.4) 65 (12.1) 58 (10.1) 59 (10.6) 

Urology, n (%) 671 (30.0) 177 (31.2) 161 (30.1) 155 (26.9) 178 (32.1) 

Table 1. Overall frequencies of nosocomial pneumonia cases by medical services between 2014 and 2017. 

 

Figure 3. Spatial distribution of nosocomial pneumonia cases throughout the medical services located on 

floor 7 of the São João University hospital building, for the period 2014-2017. 

The total number of cases declined between 2014 and 2015, whereas the 

number of episodes increased slightly between 2015 and 2016. Even though the year 

2015 had the lowest number of cases, the year 2017 had the smallest number of 



92 
 

minimum and maximum values. The urology service consistently presented the highest 

number of cases over the 4-year period, except for 2016, where thoracic surgery 

presented a higher number (27.6%). On the other hand, the orthopedics service 

constantly had the lowest value. Moreover, the neurology service presented a 

significant number of cases, despite having only four wards. 

Spatial patterns 

The spatial distribution of the level of risk is shown in Figure 4. A few spatial 

disparities were verified across the study period, with the surgical and neurology 

specialties presenting more vulnerable areas.  

The average values related to the kernel density decreased between the years of 

2014 and 2015. However, from 2015 to 2017, we observed a global increase throughout 

the several hospital areas. Despite the year 2014 presenting some sections with darker 

black (meaning a higher concentration of cases), the year 2016 was presented as globally 

the worst. 

 

Figure 4 Spatial patterns of nosocomial pneumonia risk throughout the medical services located on floor 

7 of the São João University hospital building, for the period 2014-2017. 
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Discussion 

To the best of our knowledge, this is the first study using GIS to analyze the cases 

of nosocomial pneumonia within a Portuguese hospital. This retrospective four-year 

study analyzes the hospitalizations of patients who acquired nosocomial pneumonia 

based on data collected from the SONHO platform and from the national hospital 

discharge register, which collects information from public hospitals. Our findings reveal 

that the incidence of cases is not randomly distributed in space; there are a few 

differences, with some specific medical services presenting a higher number of cases.  

It is generally assumed that provider-to-patient transmission is the most 

common source of hospital infections [14]. Even though infection control practitioners 

monitor patients with cultures positive for the specified pathogens daily, assessing 

health care provider movements and patterns of nosocomial transmission is a 

challenging task when only paper records are accessible [15]. According to a scientific 

review [16], a greater integration of spatiotemporal approaches into HAIs research could 

be extremely beneficial since it could highlight previously undiscovered patterns of 

infection and maximize understanding of disease dynamics. Therefore, it makes it 

possible to comprehend if that specific space within walls is risky or safer, according to 

the loaded information [17]. Our goal was not to identify individual signs, but rather to 

discover general patterns of behavior related to the infection spread, and for that 

reason, we are confident that this study, associated with a more-oriented educational 

campaign in medical wards, will improve the efficiency and accuracy of the HAIs 

surveillance process [18].  

Limitations 

There are some limitations to this study. Due to the nature of this research, 

caution must be applied since it is essential to point out that this perspective of analysis 

does not mean that the infection occurred in that ward, but it was the ward where the 

patient was diagnosed with the infection. Another limitation is related to the 

anonymous process, since it is impossible for the authors to identify the infection cases 

detected after discharge within 30 days. Another limitation is that lower frequencies of 

nosocomial pneumonia cases throughout the different medical services, do not 

necessarily or even often mean lower true prevalence rates.  
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Opportunities 

An opportunity is presented here, since it is known that standardized surveillance 

systems, infection control programs, and the instigation of antibiotic stewardship 

programs may be effective strategies to minimize the future risk of HAIs. The possibility 

of combining these with the employed method approach will lead to the development 

of outcome measures for hospital epidemiology and will provide investigators and 

health managers with a strong instrument to manage the execution of different research 

projects, which will be linked to the improvement of HAI prospective surveillance. 

The wider availability of such techniques is a once-in-a-lifetime opportunity, 

enhancing researchers' awareness of the GIS potential for the analysis of health spaces 

and giving the literature support for evaluating visual models in real-world contexts to 

help with decision-support. The creation of a user-friendly interface for non-expert end-

users will be considered for future work, as well as the possibility of almost real-time 

analysis of phenomena. 

Conclusions 

In fact, there are several obstacles to the practical application of HAI prevention 

programs. These can include resource constraints, institutional culture (example: "we've 

always done it this way"), and, in some cases, a lack of support from the mentorship 

[19]. 

However, we truthfully believe and recommend that, even in its early stages of 

development, this technology could and should become widely used in nosocomial 

infection surveillance, providing more informed judgments and decisions, given that in 

a small and contained area, such as a hospital, there is a higher potential for infection 

misclassification.  
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6. General Discussion and Conclusions 

This section summarizes the findings from the four chapters that make up this 

thesis and provides an overview of the current state of the art. In addition, some 

relevant recommendations and insights for future research are given based on the 

experience and views gained throughout this effort. 

The first chapter addressed our first published article, to fulfill the first objective 

of this thesis, since it was vital to explore the scientific evidence, through a systematic 

review, related to GIS utilization to model the indoor space or to analyze and 

comprehend the spatial phenomena that are occurring in this type of environment. For 

many years, these techniques were linked with sciences such as geography or 

cartography, but with the widespread utilization of GIS since the late 1980s, supported 

by increased data availability, they have proven to have no limits [59]. The word "place" 

is no longer constrained to an external territory since 80% of people’s daily lives are 

spent within indoor spaces [60], and for that reason, several authors [50,61-63] have 

started to give more attention to space characterization, and specifically to indoor 

space, which is typically defined as bounded and constrained by an architectural 

structure [64]. Our findings identified 50 studies covering multiple techniques and 

procedures for representing and modeling indoor spaces, which present a wide range 

of analysis opportunities, such as facility management, spatial pattern analysis, 

emergency simulation, route navigation, indoor modeling, or optimal resource 

allocation. Our paper, intended to characterize and understand the spatial patterns of 

HAIs in Portugal, obtaining a valid portrait [65] with data from all age groups of 

patients. Additionally, this paper discusses nosocomial pneumonia as the most 

frequently reported HAI, with the elderly being the most vulnerable age group. Besides, 

it helped to consolidate perceptions and irreversibly recognize health-acquired 

infections as a significant and actual problem in the Portuguese hospital wards. To 

reduce the prevalence of HAIs, it is consequently important to reduce the number of 

hospital admissions, specifically those that should be preventable [66]. Despite the 

efforts of the Portuguese national health system to improve quality, disparities in the 

availability of primary care facilities continue to be an important challenge. There are 

still many regions with low coverage of medical family doctors [67], resulting in physical 
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difficulties accessing healthcare and lengthier wait times for assistance. Furthermore, 

scientific evidence shows that inefficient access to primary health care is directly related 

to higher hospitalization rates [68]. As a result, our findings may be extremely valuable 

in adjusting local measures and improving action plans because improving primary 

health care is likely to lead to a decrease in the total number of hospital admissions 

[69,70]. The task of hospital infection control committees, on the other hand, is critical 

for educating health providers and resulting in a better surveillance protocol. 

To truly understand and systematize the growing problem of HAIs, we realized 

that a multi-disciplinary approach is absolutely required since some studies have 

pointed to the utility of using a hospital-wide GIS application to act as a central base 

map for spatial and temporal data of healthcare-associated infections [71,72]. Even 

though research on GIS utilization in indoor spaces is still emerging, we decided to 

develop a space data model for the largest hospital in the north region of Portugal, 

challenging the healthcare environment's  complexity [73]. This methodological work 

was described in the third paper of this thesis and highlights the various approaches, 

assets, and weaknesses regarding it. Besides, and looking at the actual reality, we 

decided to perform a scan statistic to detect COVID-19 cases among healthcare 

professionals to understand the emerging clusters across the hospital services. 

Finally, in chapter 4, we performed a spatial analysis of the HAI patterns within 

the São João University Hospital. First, we selected and georeferenced the episodes of 

nosocomial pneumonia diagnosed between 2014 and 2017, and after employed the 

Kernel density approach, we obtained as a result, the areas with higher concentration 

of cases. Despite the fact that GIS can provide the necessary complement to act as a 

support spatial decision-making tool, caution must be exercised because the success of 

its use is strongly dependent on the user's expertise and on the quality and availability 

of data [74].  

Future work  

Subsequent studies should be conducted to understand the reasons that could 

be associated with these different results, such as the incidence of HAIs not being 

randomly distributed in the space. Besides, it could be helpful to develop a platform with 

this HAI information, allowing consultation for the regional health delegations, which 
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might benefit the country. The evidence shows a lack of spatial database models made 

for hospital buildings, and it should be important to replicate these techniques in other 

hospitals.  

Some interesting ongoing studies can be suggested among the various 

possibilities of using georeferencing technologies in hospital environments. 

Unfortunately, these studies were not performed in this thesis for the mere matter of 

time and the absence of essential data and should be collected prospectively in the 

future. 

Hospital Epidemiology 

An exciting step towards advancing the control and prevention of infections 

acquired within hospitals is creating a computerized system capable of triggering health 

teams within hospitals for the risks of infection in an automated and early manner. The 

same infection can occur in different spaces within the hospital in different ways, with 

a higher occurrence in each site considering historical trends based on secondary data. 

Prospectively, the system could alert, based on the profile of patients admitted to the 

areas, the degree of risk that a given patient has of developing a given infection if 

prevention and control measures are not taken in time. This system should help hospital 

infection control committees act early and ensure patient safety within the inpatient 

environment. Some artificial intelligence systems are currently used for this purpose, 

but not at the patient level, nor do they interface with geographic information systems 

in indoor spaces, which would be considered innovative [75-78]. 

Transition of Care 

As the scientific community knows and is well supported by evidence, prolonged 

hospital stays increase costs, delay rehabilitation, and expose patients to hospital-

acquired infections. Therefore, the transition of care and hospital discharge at the right 

time is a crucial factor for preventing these infections and improving clinical outcomes 

for patients in the home and outpatient setting [23,79,80]. Currently, hospitals face a 

significant challenge in reorganizing their services and reassessing practices related to 

discharges and the transition of care. The overall goal is to reduce readmission rates 

within 30 days, prevent adverse events within the hospital environment (such as 

hospital-acquired infections), and, above all, ensure a safe transition of patients to their 
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homes and for outpatient follow-up. This need is becoming more important, but few 

published studies have demonstrated a significant reduction in hospital readmission 

rates [81-84]. Therefore, modern hospitals must implement an effective transitional care 

program to improve patient safety during their stay in the hospital environment and 

after discharge. GIS can be a valuable tool in identifying patients at higher risk within the 

hospital environment. In addition, it highlights the need for pre-and post-discharge 

assessment and interventions related to nosocomial infections, thus avoiding the 

occurrence of events, very early discharges, excessive length of stays, or readmissions. 

It can also help assess the risk of readmission by sector where the patient was previously 

hospitalized, translating important information for actions to control these infections 

and better plan the transition of care. 

Conclusions 

When combined with statistical analysis and databases, the GIS broadens the 

possibility of understanding the dynamics of pathogen circulation in space and time and 

could be extremely valuable in helping the identification of relationships between the 

different factors (e.g., etiological agents, vectors, and hosts) [71,85]. In fact, statistical 

analysis has proved to be of great value in the epidemiological surveillance of infectious 

diseases [86], since it is an important method adopted by medical geography, as it allows, 

for planning health strategies and optimizing local prevention and control measures. 

In summary, due to the large amount and variety of existing microbiological data, 

we strongly recommend the utilization of automated methods using spatial statistics 

and GIS for cluster detection of such cases.  

Finally, the purpose of this thesis was to bring to the table the discussion about 

the use of these types of approaches to increase the understanding of researchers, 

managers, but also internal and external customers, about the dynamics of agent 

circulation in hospitals and the infectious process, thereby contributing to prevention 

and control policies that can be better developed, targeted, and effective. Furthermore, 

it can also contribute by bringing new and diverse perspectives to this system utilization, 

with the purpose of enhancing the processes and related outcomes. 
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