
y sensibilidad a los antibióticos de los diferentes microorganis-
mos responsables de infecciones del tracto urinario.

Material y métodos. El sistema de MicrobDinamyc (Fran-
cisco Soria Melguizo, S.A., Madrid, España) se emplea para la 
gestión de la información derivada de los resultados del cultivo 
de orina. La base de datos de la aplicación web automática-
mente recoge los resultados de los urocultivos realizados en el 
laboratorio.

Resultados. El usuario puede consultar la distribución de 
etiologías bacterianas y sensibilidad a los antibióticos en los 
diferentes escenarios clínicos durante un período de tiempo 
específico.

Conclusiones. Usando datos de susceptibilidad obtenidos 
en estudios previos y almacenados en la plataforma web, es po-
sible deducir la actividad clínica de un determinado antibiótico 
en una configuración específica.

Palabras clave: aplicación Web, bacterias, sensibilidad a los antibióticos, trata-
miento, infecciones del tracto urinario.

INTRODUCTION

Urinary tract infections (UTIs) represent the second most 
frequent cause of community -and hospital- acquired infec-
tion in both sexes, after respiratory infections, and they are the 
main reason for outpatient consultations, especially by fema-
les1. Their etiology varies according to the type of infection, 
the presence/absence of predisposing factors, previous antimi-
crobial treatments, and the setting of the acquisition (commu-
nity or nosocomial, etc.)2.

Escherichia coli is the most frequently implicated uro-
pathogen, as reported by virtually all epidemiological studies 
worldwide3. Other pathogens of the genera Enterococcus, 
Klebsiella, Enterobacter, Proteus, Morganella, Citrobacter, Se-
rratia, Pseudomonas, Streptococcus, Staphylococcus or fungi, 
such as Candida spp. are also isolated with variable frequency4. 
The high incidence of UTIs and their usually mild character re-
sult in the prescription of an empiric antimicrobial treatment 
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Desarrollo de una aplicación web para el 
registro de agentes etiológicos bacterianos y su 
sensibilidad a los antibióticos para mejorar el 
tratamiento de infecciones del tracto urinario y 
monitorización de las resistencias

RESUMEN

Introducción. Describimos el desarrollo de una platafor-
ma web que proporciona un registro actualizado de la etiología 
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in most cases. For the prescription of a rational empiric 
treatment, it is important to determine the microorganisms 
involved and to establish their antimicrobial susceptibility pat-
terns to the largest possible number of agents, especially E. 
coli, the most frequent uropathogen4. These patterns can vary 
among different regions and over time within the same re-
gion5. In Spain, significant variations in microbial susceptibility 
to various antimicrobials have been observed over the past few 
years, with a progressive increase in resistance to fluoroquino-
lones and other antimicrobials habitually used in empiric UTI 
therapy, especially in the community, such as co-trimoxazole 
and β-lactam antibiotics5. We also highlight the increase in 
strains isolated in community urine samples that are multi-
resistant to various antimicrobials, creating a major problem 
by requiring the administration of compounds reserved for the 
hospital setting6. Given the drastic reduction in the arsenal of 
antimicrobials to which bacteria are susceptible7, new tools are 
required to optimize use of the available drugs8.

In this study, we describe an electronic tool to provide 
updated knowledge on the previous bacterial causes of UTI in 
different clinical care settings and on their antibiotic suscepti-
bility patterns, facilitating prediction of the usefulness of em-
piric treatments in each setting. 

MATERIAL AND METHODS

The MicrobDinamyc system (Francisco Soria Melguizo, SA, 
Madrid, Spain) is employed for the management of informa-
tion derived from the urine culture results. The web application 
database automatically gathers the results of urine cultures 
conducted in the Microbiology Clinical Management Unit of 
the Virgen de las Nieves University Hospital of Granada, a refe-
rence centre in the southern Spanish region of Andalusia ser-
ving a population of around 440,000 individuals. 

Laboratory studies with results included in the re-
cord. The work procedure in our laboratory and the method 
used to calculate antibiotic activity have been reported el-
sewhere5. For each bacterial species identified in ≥ 5 isolates/
year, the proportion of susceptible organisms was calculated 
by dividing the number of urinary isolates susceptible to each 
antibiotic by the number of organisms that were tested aga-
inst that antibiotic agent (intermediately resistant and resis-
tant organisms were grouped together). The system shows the 
number of tests that have been performed for each antibiotic 
and microorganism in order to reduce errors in the interpreta-
tion of results.  Based on the susceptibility data gathered, the 
activity of each antibiotic was evaluated on all bacteria isola-
ted during the study period. The following assumptions were 
made: (1) each of the aforementioned antibiotics is potentially 
active against Enterobacteriaceae; (2) fosfomycin, nitrofuran-
toin, amoxicillin-clavulanic acid, cefotaxime, and cefuroxime 
have no activity against non-fermenting gram-negative ba-
cilli, and Pseudomonas aeruginosa is intrinsically resistant to 
co-trimoxazole; (3) among staphylococci, oxacillin predicts the 
response to all beta-lactam antibiotics; (4) among enterococci, 
ampicillin predicts the response to amoxicillin-clavulanic acid, 

piperacillin-tazobactam, and imipenem; furthermore, cefepi-
me, cefotaxime, ceftazidime, cefuroxime, amikacin, gentami-
cin, tobramycin, and co-trimoxazole, which can be active in 
vitro, are not clinically active against these microorganisms; (5) 
fluoroquinolone activity can be determined from the activity 
of ciprofloxacin on Gram-negative bacilli and of levofloxacin 
on Gram-positive cocci; (6) the activity of fosfomycin on En-
terobacteriaceae and Gram-positive cocci can be assessed by 
using the cut-off points recommended by CLSI for this anti-
biotic against E. coli and Enterococcus faecalis, respectively; 
and (7) the activity of nitrofurantoin on Enterobacteriaceae 
can be assessed by using the cut-off points recommended by 
EUCAST for this antibiotic against E. coli. 

Finally, the application was designed to include informa-
tion related to the origin (hospital/community) of the sample 
and the clinical department of the petitioner, which will be re-
lated to the susceptibility patterns of the microorganisms iso-
lated in urine cultures. 

Development of the automatic record. The application 
carries out basic descriptive statistical analyses on the results 
of the urine cultures in the database for the user to subse-
quently consult and interact with all of the stored information. 
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Table 1  Types of tables in the database

MASTER TABLES URINE CULTURE TABLES INTERMEDIATE TABLES

MIC_ADMIN MIC_LOAD MIC_ACTIVITY_ATB

MIC_ANTIMICROBIAL MIC_CULTURE MIC_CALC_ACTIVITY

MIC_MACO_TYPE_PROF MIC_INFORMT_ATB

MIC_MICROORGANISM

MIC_SAMPLE

MIC_ORIGIN

MIC_DEPARTMENT

Table 2  Example of a line of the INPUT file

VARIABLE MEANING

F Sex (female)

dd/mm/yyyy Date of birth

3017974 Number of sample for internal use 

MSC Sample origin (medical-surgical center)

EMGC Department of origin of the sample (emergency)

URICC Type of sample (clean-catch)

dd/mm/yyyy Date of urine culture

2001 Isolated microorganism (species code)

42 Code of antibiotic tested

S/I/R Susceptibility obtained in antibiogram 
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During this time period, it can be guaranteed that an adequate 
number of susceptibility studies are conducted in our setting to 
yield sufficiently precise results. The application was developed 
using Java program language and Oracle database. The deve-
lopment setting was Eclipse IDE. The web application display 
(.war) was optimized for functioning in Tomcat and WebLogic. 
The application design followed the DAO (Data Access Object) 
+ DTO (Data Transfer Object) pattern. RichFaces and PrimeFaces 
Java libraries are used. 

Intermediate tool for data processing. An intermediate 
tool was created to obtain a generic and scalable application, 
given the requirements of the INPUT file. This tool automatica-
lly generates the INPUT file based on the data extracted from 
MicrobDynamic. It was programmed in Visual Basic, which 
provides automatic data treatment, eliminating variables un-
necessary for our web application and presenting all data in the 
format required by the INPUT file.

RESULTS

After the web application reads the INPUT file, the urine 
culture results are automatically included in the application 
database. 

The resulting web application allows clinicians to access 
and interact with previous results. The database and web 
application (http://10.104.16.127:8082/jwresitu) reside on the 
servers of the Virgen de las Nieves University Hospital. Access 
to the application is restricted by user name and password to 
the medical staff of the public hospital network of the Anda-
lusian Health Service. No system failures or data losses have 
happened to date, as verified by a monthly audit in which the 
web application database is compared with the Microbiology 
Department database. The data is backed up daily. Each time a 
new monthly data set is included in the application, the oldest 
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The application database is designed and implemented on Ora-
cle. The tables and the characteristics included in the database 
are the minimum required to respond to the following clinical 
questions: 1) What are the most frequent UTI etiologies ac-
cording to the origin of the clinical sample?; 2) What is the 
accumulated susceptibility of these isolated microbial species?; 
and 3) What is the percentage global activity of an antibiotic in 
suspected UTI cases when the cause of infection is unknown?

Personal data of patients are not stored. The database de-
sign comprises 12 tables (table 1), including 7 master tables, 
using the same coding as in the MicrobDinamyc system. Two 
tables (MIC_LOAD and MIC_CULTURE) gather all of the data 
on urine culture results. Three auxiliary tables were created to 
store the calculations.

Results are automatically uploaded into the database. For 
this purpose, the administrator first exports data through an 
option available in the MicrobDynamic system. Subsequently, 
the exported file is treated with an intermediate program (de-
signated intermediate tool), thereby generating a file (INPUT) 
to enter our web application. Subsequently, the application 
processes the INPUT file line-by-line and includes all of the in-
formation in the database. The INPUT file fulfils the following 
rules: 1) the format selected for the file is CSV (comma-separa-
ted values), 2) each line of the INPUT file includes 10 variables 
corresponding to the results of a specific urine culture, and 3) 
the information in the file is completely anonymous. Table 2 
exhibits an example of the variables in each line of the INPUT 
file.

All information in the database derives from the Microb-
Dynamic data bank, which is generated from the urine cultures 
processed in the laboratory and refers to a specific time period. 
For this purpose, calculation of descriptive statistics by the web 
application only considers the urine culture results correspon-
ding to the 12 months prior to the consultation by the user. 

Figure 1 Screenshot of the General Etiology option
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monthly dataset in the system is discarded, and the informa-
tion related to the 12 months prior to the consultation is then 
used. The application has an intuitive and user-friendly interfa-
ce. It has a menu system that permits access to and interaction 
with the different request options, obtaining a response in the 
form of a self-explanatory graphic representation of the data. 
The options in the main menu are Etiology, Susceptibility, Ac-
tion, Administer, and Exit.

Etiology. The Etiology menu (figure 1) offers General and 
Department options, allowing the user to consult the etiology 
of UTIs as a function of the origin of the urine culture. In the 
General option, the physician selects a hospital centre, and the 

etiology data are calculated for all urine cultures in that centre 
during the time window. In the Department option, the physi-
cian selects a hospital department (e.g., urology, gynaecology, 
nephrology), and the etiology data are calculated for all urine 
cultures requested by this department during the time win-
dow. Using the information in the database, the system counts 
the microorganisms causing each infection. Finally, it carries 
out a descriptive analysis of these etiologies and graphically 
represents the information in a figure that shows the seven 
most frequent etiologies, including the remainder under the 
category Others. 

Susceptibility. The Susceptibility option on the upper na-
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Figure 2  Screenshot of the Susceptibility of each bacteria (2A) and Screenshot of the 
Activity of each antibiotic (2B)
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vigation menu provides data on the susceptibility of microor-
ganisms to different antibiotics (figure 2A). The user selects a 
specific microorganism and then selects Hospital or Communi-
ty origin in the lower pull-down menu. Figure 2A depicts the 
microorganisms that can be selected. The application extracts 
from the database the antibiograms created for the selected 
origin during the time window. It then selects those correspon-
ding to the microorganism under study and calculates its sus-
ceptibility to the different antibiotics. Finally, the application 
graphically represents the results, only including the antibiotics 
of interest to the user. 

Action. After selection of the Action option from the up-
per menu, the Hospital or Community option must be selected 
(figure 2B). The application then extracts from the database all 
antibiograms created for the selected setting during the time 
window. It then analyzes all cases of non-susceptible strains for 
each antibiotic and calculates the global accumulated activity 
for the different antibiotics, producing a graphic representa-
tion of the results. The calculation of non-susceptible strains 
also includes those that are inherently resistant to a given an-
tibiotic, as reported above in Material and Methods.

DISCUSSION

This study describes the development of a web application 
to assist clinicians in the prescription of antibiotics for UTIs. 
It provides susceptibility profiles and the most likely etiolo-
gies based on a local epidemiologic map of susceptibilities as a 
function of origin within a healthcare area. This knowledge of 
the behaviour of different antibiotics against UTIs allows them 
to be preserved if necessary when a reduction in their effective-
ness is detected. This application responds to the need for con-
tinuous surveillance identified by our group in a previous study 
of the susceptibility patterns of antibiotics routinely prescribed 
for UTI treatment in our area5. It may also contribute to a re-
duction in microbiology laboratory costs by avoiding the need 
for antibiograms in certain situations9. The application offers 
the user different types of valuable data. Thus, the Etiology 
option gives access to updated information on all UTI-causing 
microorganisms in the different settings, permitting aetiolo-
gies to be reviewed as a function of the hospital department or 
community origin. This is useful for treatment selection and fa-
cilitates the detection of epidemic outbreaks. The Susceptibility 
option provides data on bacterial resistance, key information 
for selecting the appropriate therapy and supporting com-
pliance with antibiotic policies. The Action option provides the 
clinician with the expected percentage activity of an antibiotic 
when the UTI-causing microorganism is unknown, information 
of vital importance in prescribing an empiric treatment.  

This web application stands alone and requires no other 
specific technology or application. Although the present da-
tabase was designed and implemented with Oracle, any other 
system can be used through the use of Hibernate for data ac-
cess abstraction. Moreover, a simple modification of the inter-
mediate data processing tool allows it to be adapted to other 
microbiology information management systems besides Mi-

crobDynamic. Development of this web application was moti-
vated by the following objectives: (1) to improve the treatment 
of patients with suspected UTI; (2) to enhance the rational use 
of antibiotics, reducing costs and undesirable effects; and (3) 
to increase patient safety. A prospective study is warranted to 
determine whether its routine implementation meets these 
objectives. A limitation of this application is that it does not 
consider the history of the patients, their age, sex or clinical 
situation, the presence of allergies or other adverse reactions 
to the antibiotics, or the administration route, tolerability, 
bioavailability, adverse effects, or cost. These parameters have 
been included in some tools of this type for other diseases and 
have demonstrated their usefulness10. Finally, it should be bor-
ne in mind that many patients with an uncomplicated UTI are 
treated in the community without carrying out a urine culture, 
which means that this type of sample is under-represented.

The application is currently functioning in different hospi-
tal departments in the Granada health area and is being used 
to gather epidemiological data. The opinion of physicians on 
the web platform is also being sought with a view to introdu-
cing improvements in the future.

In conclusion, this web application provides clinicians with 
more reliable knowledge on the possible infectious etiology of 
urinary tract disease, the antibiotic susceptibility of the most 
frequent pathogens in a specific setting, and the possible acti-
vity of empirically prescribed antibiotics.
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