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Abstract 

Background 
Urinary tract infections (UTI) are one of the most common conditions in females. Current information 

on presentation, management and natural course of the infection is based on paper diaries filled out 

by patients and subsequently posted. The aim of the study was to explore the feasibility of a 

smartphone app to assess the natural course and management of urinary tract infections. 

Methods 
A smartphone app was developed to collect data from study participants presenting in general 

practice with symptoms of a UTI. After initial demographic and treatment information, symptom 

severity was recorded by the patient upon a reminder on their smartphone which occurred twice daily 

for a period of 7 days or until symptom resolution.  

Results 
A total of 181 women aged 18-76 downloaded the smartphone app. Duration of symptoms was 

obtained from the results of 178 participants. All patients had a urine sample submitted, most patients 

were prescribed an antibiotic (90%) and 39% had a positive culture. Moderately bad or worse 

symptoms lasted a mean of 3.8 days (median 4) and 70% of patients indicated that they were cured 

on day 4 after consultation. This compares with other research assessing symptom duration and 

management of UTIs where data is collected by paper diaries. Patients were very positive about the 

usability of the smartphone app and often found the reminders supportive. Based on the feedback 

and the analysis of the data, some suggestions for improvement were made. 

Conclusions 
Smartphone diaries for symptom scores over the course of infections are an efficient and acceptable 

means to collect data in research. 
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Background 
Urinary tract infections are one of the most common conditions female patients consult their GP with 

(1). More than half of women consult their GP with a UTI at least once in their lives (2, 3).  

UTIs are considered self-limiting infections (4, 5) but generally antibiotics are prescribed empirically 

(6-8). Prescription of antimicrobials for UTI account for a substantial number of prescriptions in 

primary care contributing to increased risk of adverse drug effects, burden of resistant infections (9, 

10) as well as increased costs (11). The duration of more severe symptoms in women presenting in 

primary care with suspected UTI which turned out to be susceptible to the antibiotic prescribed was 

3.3 days on average (2). However, the duration increased to 4.7 for those with resistant infections and 

4.3 days for women with symptoms but no significant bacterial growth (urethral syndrome) (2). An 

international comparison of presentation and management of UTI in four European countries, found 

wide differences in management, with antibiotic prescribing for 59%- 95% of the women presenting, 

but no differences in the time to resolve moderately bad to worse symptoms, which took a median of 

4 days (12).  

All studies reporting on the management of UTI base their findings on the use of paper diaries, which 

are provided to women at the moment of consultation and requested to be returned by post after 

symptoms resolve (5, 13-15). Such diaries are also used in UTI trials in which antibiotic treatment is 

compared with symptomatic treatment for UTI in general practice (16, 17).  

In one observational study to record the natural course of UTIs 64% of the symptom diaries were 

recovered (2) and another observational cohort over 4 countries 70% of the diaries were recovered 

(18).  A Danish study observing the effect of point of care testing for UTI recovered 85% of the patient 

diaries  (19). All of these studies have used additional resources to contact patients and urge them to 

post their diaries.  

Compliance with paper diaries has been compared to electronic diary keeping for patients recording 

pain three time daily for 21 days. The difference between electronic and paper recording was analysed 

and showed a high level of feigned compliance in the use of paper diaries (20). Different versions of 

electronic diaries have been piloted and tested in various environments to record symptoms in for 

instance inflammatory bowel disease (21), overactive bladder (22), and asthma (23).  

Smartphone apps are increasingly used in care innovation research and provide new opportunities to 

develop interventions (24).  In pain settings, apps have been most widely used to record diary entries 

both in observational (25) and clinical trial settings (26) but applications are also implemented for 

other conditions (27-29). Smartphone diaries have been shown to be highly efficient and perform 

generally better than paper based diaries. 

In our own SIMPle study we embedded an observational study to follow patients with UTI using a 

smartphone app (30). In this feasibility study 71 patients showed that a smartphone app was well 

received and that once a patient committed to reporting their symptoms, they would continue doing 

so for the duration of the study (31).  

Methods 

Aim 
To describe the presentation and course of suspected UTI in females presenting in primary care and 

document outcome of urine culture, antibiotic resistance of bacterial growth as well as antibiotic 

prescribing using a smartphone app with reminders for data collection . 
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Design 
Observational feasibility study of women presenting with symptoms of a UTI. 

Setting and participants 
Between November 2018 and December 2019, six general practices in the west or Ireland enrolled 

female adult patients with symptoms of a UTI and a smartphone. After obtaining consent, the patient 

received a patient number which was texted to a central number, to record the patient’s phone 

number, and a link to download the app was returned. Both patient and practice received a payment 

for each download of the smartphone app. 

Follow up 
A telephone call was be made to all patients on day 4 and day 28 (or as soon as possible after this day). 

The aim of the day 4 phone call was to confirm the symptom score. Additionally, information on 

adverse events, experience using the app and return consultation with a GP were recorded.  

Smartphone app 
A smartphone app was developed to collect data from study participants (figure 1). At enrolment, 

patients were requested to record demographic information (age, recent UTI, marital status, children, 

medical card) as well as treatment details (antibiotic treatment yes/no, name of antibiotic, duration).  

To record severity of symptoms patients received a reminder twice a day, once during the morning at 

9 (or 10 and 11 AM if no entry was made) and once in the afternoon at 6 (or 7 and 8 PM if no entry 

was made). Patients were reminded to provide their symptom score for seven days and, if no recovery 

occurred, up to 14 days or until symptom recovery. Symptom recovery was defined as a score of less 

than 2 (moderate) for each of the symptoms.  

Symptom severity included four symptoms; dysuria (painful/burning urination), frequency, urgency 

and low abdominal pain. Symptoms were scored from 0 (not at all) to 4 (as bad as it gets). An additional 

question ‘Do you feel cured’ was included after the symptom score to allow comparison with a 

Scandinavian trial in which this was the main outcome score (32).  

On day 0 and day 5, patients were also asked to fill out a UTI-related questionnaire on impairment in 

daily live-activities on the Activity Impairment Assessment (AIA) (33) as well as self-rated health in 

general and on the particular day (on a visual analogue scale from 0-100) (34). The AIA is a 5-item 

questionnaire to assess the amount of time an individual’s work or regular activities has been affected 

as a result of their UTI. Patients respond to the AIA items on a 5-point Likert scale with the response 

options ‘none of the time’, a little of the time’, ‘some of the time’, most of the time’ and ‘all of the 

time’. The questions are: Did you have to cut down on time at work, could you accomplish less, were 

you limited in the kind of work you did, did you have difficulty performing work, did your UTI interfere 

with social activity.  

Sample size 
Considering a mean difference of half a day clinically significant, a sample of 92 patients (α=0.05 and 

β=0.2)  should detect such a difference in the mean duration of symptoms (score moderate or worse 

on the four items (dysuria, frequency, urgency and low abdominal pain) (5)) of 3.8 (standard deviation 

3.0) on day 4.   

Data analysis 
The duration of symptoms includes the day the patient consulted their GP. Mean duration of 

symptoms was based on the day their mean total symptom score was moderately bad or worse and 

similarly for the duration of each symptom separately. Mean duration to cure is based on a yes answer 
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to the question ‘Do you feel cured?’. Symptom resolution is based on the day all symptoms are 0. As 

the app was filled out for a duration of 7 days, return of symptoms within this 7 days was included in 

the duration of symptoms. End of symptoms was also indicated on the first day when a patient ceased 

making any more entries.  

Antibiotic prescribing was recorded on the day of the consultation, and patients were asked every 

time if they were still taking the antibiotic. The antibiotic prescribed was assessed retrospectively in 

the context of the microbiology culture result to assess if the organism tested as susceptible to the 

antibiotic chosen empirically.  

 

Urethral syndrome was defined as symptoms of suspected UTI but with no significant bacterial growth 

detected on culture (2).  

Analysis was performed using STAT 13.0 as well as IBM SPSS version 26. Tableau was used to visualise 

the data. 

Laboratory analysis  
Urine samples were collected for each patient participating. Samples were send to the 

Microbiological lab of the University Hospital Galway for analysis. A positive sample was based on a 

colony count of >10,000 cfu/ml pure growth observed after overnight incubation on chromogenic 

agar. Mixed growth was also recorded and included for further analysis. Organisms detected in pure 

culture were identified by MALDI-ToF  (Bruker).  Susceptibility testing was performed using EUCAST 

disc diffusion methodology and interpretive criteria. 
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Results 
A total of 181 patients downloaded the smartphone app. Their mean age was 29.7 years, (SD 14, 

median 22) with a range between 18 and 76. Of the women, 28% were married or in a relationship 

and 69% did not have children, 18% had one or two children and 13% had 3 or more children. More 

than one third (37%) of the patients were entitled to free medical and GP care, while 63% had to pay 

for their GP visit as a private patient. Of the participants, 66% had or were doing a university degree 

and 34% had a secondary education. A total of 30% were working, 6% were home makers and 54% 

were students. 

Of the 181 patients, 3 never filled out any symptom score, while all others provided at least one 

symptom score. On day 4, 39 did not provide a symptom score, but 13 of them provided one on the 

previous day.  

Of the 181 patients, 163 (90%) were prescribed an antibiotic. Nitrofurantoin was the most often 

prescribed (66%) followed by trimethoprim (12%), the others being co-amoxyclav (7%), amoxicillin 

(5%), fosfomycin (3%) and a quinolone (1%).   

The question which was asked at every entry, if they took their antibiotic or if they used any pain 

medication, was filled out irregularly and could not be analysed. 

Symptom duration  
Symptoms started on average 5.6 (SD 6.3) days before they consulted their GP with a median of 4 days 

(Interquartile range 5). Duration of symptoms after they consulted their GP was 4.2 days (3.0) and 

time to cure (indicated by the patient) was 3.8 (SD 3.2) days. Table 1 and figure 2 show in more detail 

the mean duration of moderately bad or worse symptoms. The most common symptom rated 

moderately bad or worse on the first day was urgency (64%), followed by frequency (62%), lower 

abdominal pain (55%) and dysuria (40%) and the duration of each symptom is shown in figure 3. There 

were no significant differences between types of UTI or whether an antibiotic was prescribed or not . 

An overview of the percentage of patients who indicate that they felt cured each day from 

consultation, is presented in figure 4. Overall, 70% indicated that they felt cured on the fourth day 

after consultation (day 5) and this 72% amongst those who had an antibiotic prescribed.   

Overall, 90% had moderate to worse dysuria for 4 days or less, 85% frequency, 81% urgency and 67% 

pain in lower abdomen. Overall, symptoms lasted 4 days or less after seeing their doctor for 57% of 

patients (figure 4).   

Microbiology 
Overall, 39% or 70 patients had a positive culture. Enterobacteriaceae (mainly E.coli) were cultured 

from 50 patients (31% of all patients) followed by S. saprophyticus from 10 patients (6%). A total of 32 

(18%) were mixed cultures and 22 (12%) <10,000 cfu per ml.  Resistance to at least one of the tested 

antibiotics was recorded in 33 of the 54 (61%) isolates for which this could be assessed. Comparing 

the antibiotic prescribed with the isolate and its resistance, showed that 36 (55%) out of the 66 

antibiotics tested as susceptible against to the antimicrobial prescribed while for 27 (41%) this was 

not known. For 3 patients the organism cultured tested resistant to the antibiotic prescribed. One of 

these patients was contacted to change the antibiotic (from co-amoxyclav to nitrofurantoin).  

AIA and general health 
Little difference was observed for the AIA score;  the mean AIA score on 0 was 6.6 (SD 5.0) and on day 

5 this dropped to 4.1 (SD4.6). A paired t-test of patient providing a score on both days showed 

significance (p<0.05) Patients were asked to rate their general health on day 0 (mean 75.6, SD 17.3) 
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and day 5 (76.3, SD 18.2) (figure 5). Their health on the day was rated at 55.8 (SD 20.1) on day 0 and 

71.9 (SD 19.0) on day 5. The difference between their rated health on day 0 and day 5, as well as the 

difference with overall health was significant. On day 5, their health score was still significantly 

different from the overall health score, but the overall health score on day 0 and day 5 were not 

statistically different.  

The total symptom score on day 0 was correlated with the AIA (R2=23%) and the health score (17%) 

on day 0 and similarly for day 5.   

Associations  
There was no difference in duration of symptoms, total symptom score on day of consultation, AIA 

and health status on day of consultation between those who did and did not go to university, or 

between students and non-students. Only total symptom score was significantly higher for those not 

in a relationship compared to participants who were married or with partner but no other 

differences were observed. Age was not correlated with any outcome (duration, total score, days 

with symptoms before consultation, health score or AIA). 

 

Day 4 and day 28 phone call 
A call was answered by 152 participants on day 4 and 128 on day 28.  

On day 4, 71 or 40% indicated they felt cured, which compares to 72% according to the app data. 

Comparison showed that 69% (103) indicated the same on the call as they did on the app, 6 (4%) 

indicated cured over the phone but not on the app and 41 (27%) say they were cured in the app but 

not when asked over the phone.  The total symptom score on day 4 according to the phone call was 

3.8 days (+/-3.5) according to the call (152) and 2.6 days (+/-2.6) according to the app (142).  

When asked about side effects, 29% (44) reported side effects from the medication. The main side 

effects recorded were stomach upset/diarrhoea (17) and thrush (4) while 18 did not further specify 

any side effects and 5 reported urine discoloration (all patients reporting they had received 

nitrofurantoin).  

Of the patients who answered a call on day 28, 32 (25%) consulted the GP again for symptoms of UTI 

during the 28 days since initial consultation. Patients who consulted their GP had significantly 

(p=0.006) higher symptom duration (5.7 (4.3) versus 3.9 (2.6)) but no difference in symptom score on 

the day they consulted. There was no difference in antibiotic or painkiller prescribing or which 

antibiotic was prescribed between those who did and did not reconsult.  Patients who reconsulted 

were significantly older (35.9 (SD17.8) versus 27.9 (SD 12.4). On day 5, the AIA score (6.9 versus 2.9) 

was significantly higher and the health score (59.7 versus 75.1) was significantly lower for those who 

reconsulted.  

 

Evaluation of app 
For the day 4 call 116 patients provided further comments on their UTI and/or the use of the app 

while 128 on day 28. In general, comments were positive. Some patients liked the fact that the app 

reminded them of their medication and improvement of their symptoms.  

‘Handy for reminding in morning and evening to take my medication and think about my 

symptoms more and if they were improving or not’  
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‘App was good as made me check in with myself, showed me how it was a recovery process’ 

‘App was good, not time consuming, interesting for herself to track day to day feelings’ 

Overall, the app was received well: 

‘App was good, quick and easy to use’ 

Even though a few comments were made in relation to the repetition on the questions (2).  

‘Felt like they were the same questions over and over again’ 
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Discussion 
It was shown that the use of a smartphone app to track patient’s symptoms of UTI is an efficient and 

effective approach to replace paper diaries. Our estimates of the mean and median duration of 

symptoms from the date of consultation was 4.2 days and 4 days respectively. This is comparable with 

the observations made in the studies of natural course of infection according to previous papers in 

which paper diaries were used (2, 12). However, the mean and median duration of individual 

symptoms were rated lower in the app compared to the paper diaries from both studies. Comparing 

our results, in particular when prescribed an antibiotic, to the arm in the trials showing antibiotic 

prescribing, shows a mean duration of moderate to worse symptoms at 4.6 days in the trial (16) 

compared to 4.3 in our study. The ‘do you feel cured’, as the main outcome in the Scandinavian trial 

was also included in our study, 74% indicated cured on day 4 after the consultation when taking the 

antibiotic, while in our study, 72% indicated cured in the group where an antibiotic was prescribed.  In 

general, outcomes are similar to the outcomes from other studies. The main difference and challenge 

in comparing different studies and trials is the day on which outcomes are measured, i.e. whether this 

includes the day of consultation or not. Inclusion of the method of measuring in a core outcome set 

for UTI should be clearly defined (35).  

UTIs are considered self-limiting infections (4, 5) but generally antibiotics are prescribed empirically 

(6-8). Prescription of antimicrobials for UTI accounts for a substantial number of prescriptions in 

primary care contributing to increased burden of resistant infections (9, 10) as well as increased costs 

(11). Our study showed that 90% of the patients presenting were prescribed an antibiotic of whom 

81% received a firstline antibiotic (8). Only 33% of patients had bacteriological confirmation of their 

UTI. Very similar figures of prescribing are confirmed in Wales, England and Spain, while the 

Netherlands show much lower prescribing (59%), however confirmed UTI was around 17% in Wales 

and England, 42% in Spain and 64% in the Netherlands.  Even though more literature is emerging 

suggesting that symptomatic treatment of UTI is often sufficient and acceptable ((16, 17), most GPs 

are hesitant doing so. Compared to 10 years previously, GPs are prescribing more in line with 

guidelines, as in 2010 in a study conducted in the same region only 26% prescribed a firstline antibiotic 

(7). The efforts made since to decrease the use of co-amoxyclav in general practice and encourage the 

use of (firstline) prescribing guidelines, seem to be having an effect (30, 36).  

Our overall AIA score on the day of the consultation was 6.6 and 4.1 on day 4, compared to the trial 

of Gagyor et al. in which respectively 8.9 and 1.1 was recorded. It is not clear why such large 

differences were observed. The validation of the AIA score showed a total score on the day of 

consultation of 7.6, which still is higher than our finding, but they do not provide a follow up score 

(37). The inclusion of the health score may measure general wellbeing on the day of the consultation 

better, and shows high concordance between the general health score on the day of the consultation 

and day 4. This general health score may provide a better insight in the severity of the UTI and its 

impact on wellbeing.   

The day 4 phone call was included to see how the smartphone scores compare with the answer 

provided over the phone and 40% indicate to feel cured while 72% indicated this to be so on their 

smartphone. The total symptom score according to the app was also lower than according to the 

phone call. Again, it is not clear why people report lower scores on the app compared to a phone call. 

During the follow-up period, 25% reported a reconsultation and 27% reported side effects of some 

sort, which is in line with the reported reconsulations in the four country study.  

In relation to the use of a smartphone app to collect data and considering the comments as well as 

the analysis of the data, a number of conclusions can be made: 
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 A smartphone app is an efficient and effective tool to collect real-time data in research on 

infections 

 Our app asked for twice daily scores, which was decided to capture differences between morning 

and afternoon scores. Many did not fill out the app twice a day and those who did, did not show 

major differences between morning and afternoon. It also introduced an additional step in the 

analysis, using the mean score for the day, or if only one score was provided, to use this score.   

 Patients are interested and committed to use their app at the start of the study. At this stage a 

few additional questions could be included that will improve its use.  

o The app should request at the start what time of the day is most convenient to fill out the 

app. This should then be the trigger for the reminder on the phone to fill out their app. 

o Type and duration of antibiotic prescribed: On the day after their course is intended to 

finish, patients can be asked if they have any medication left. This would avoid repeatedly 

asking if they took their antibiotic.   

o For painkiller use, this should only be included if part of particular interest to the main 

research question.  

Strengths and limitation 
To our knowledge, this is the first prospective study to describe the natural course of a (urinary tract) 

infection using a smartphone app. Smartphone apps are frequently used for chronic conditions, where 

patients have more time and are not in distress when asked to enrol in a study. The acceptability and 

ease of use of the smartphone app has been shown for both patient use and completeness of data. 

However, participants may have been selectively rather than randomly invited to participate but no 

reliable logs of potentially eligible patients were kept. We did encourage GPs to enrol any age group 

and the range in age from 18-76 years shows clearly that age was not a limitation to participate in our 

study. More likely restrictions to enrolment are expected to be due to the additional time necessary 

to consent patients to the study, in particular as UTI consultation are usually considered 

straightforward and short.   

A few questions arise with the results obtained, in particular in relation to discrepancies between 

phone call scores and smartphone scores from the same day. Other research into the course of 

infections using a smartphone app may be performed in the future which may shed more light on this. 

However, no other study was identified using smartphones for infection symptom scores, so our 

findings could not be confirmed. However, the similarities of our outcomes compared to studies with 

paper diaries is encouraging. In particular, for trials, where consent will be required anyway, 

smartphone diaries may be considered in the future, which could significantly reduce energy and time 

spend to collect outcomes after a patient leaves the practice.  

Conclusion 
Smartphone diaries for symptom scores over the course of infections are an efficient and acceptable 

means to collect data in research.  
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 Table 1: Mean, median and (standard deviation) of symptoms according to UTI type and antibiotic prescription.  

  Symptoms Dysuria Frequency Urgency Lower 
abdominal 
pain 

Resolution Cured 

Overall 
duration, 
Mean 

178 4.2 (3.0) 2.0 
(2.6) 

2.6 (2.6) 3.0 (2.9) 2.9 (3.3) 10.7 
(20.9) 

3.8 
(3.2) 

Median  4 1 3 2 2 6 3 

UTI type         

UTI 
sensitive to 

AB 

36 4.7 (3.5) 3.0 
(0.6) 

3.1 (3.3) 3.5 (3.5) 3.7 (3.6) 13.4 
(26.3) 

3.5 
(3.1) 

UTI 
resistant to 

AB or no 
AB 

7 5.0 (2.7) 3.6 
(3.6) 

3.4 (2.1) 3.4 (2.5) 3.0 (2.9) 6.3 (4.0) 4.3 
(4.1) 

UTI 
unknown 

sensitivity 

26 3.4 (1.8) 1.7 
(1.6) 

1.7 (1.2) 2.4 (1.7) 2.0 (1.9) 5.4 (2.2) 3.2 
(2.0) 

No 
significant 

bacterial 
growth 

(Urethral 
syndrome) 

 

92 4.3 (3.2) 1.6 
(2.1) 

2.8 (2.7) 2.9 (2.9) 3.1 (3.5) 12.0 
(23.2) 

4.1 
(3.5) 

         

Antibiotic         

Yes 160 4.3 (3.0) 2.0 
(2.5) 

2.7 (2.6) 3.0 (2.9) 3.0 (3.2) 10.3 
(20.4) 

3.8 
(3.2) 

No 18 3.4 (3.5) 2.3 
(3.6) 

2.2 (2.6) 2.9 (3.5) 2.2 (3.6) 10.4 
(22.3) 

4.2 
(3.6) 
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Table 2: AIA and health score 

 Day of consultation Day 4 

AIA items and total score
  

Mean  SD Mean SD 

 111  96  

Cut down on time at work
  

0.95 1.2 0.6 1.0 

Accomplished less  1.5 1.2 0.8 1.0 

Limited in kind of work 1.2 1.2 0.7 1.0 

Difficulty performing work 1.4 1.1 0.8 1.0 

Interfered with social 
activity 

1.6 1.2 1.1 1.2 

Total score 6.6 4.9 4.1 4.6 

     

Health score in general 76 17 76 18 

Health score today 56 20 72 19 
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Figure 1: Smartphone app 
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Figure 2: total symptom score by day 
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Figure 3: Mean duration of each symptom and total symptom scored moderate to severe for each 

symptom (dysuria, Frequency, urgency and lower abdominal pain), as well as any of these symptoms 

(average total duration). 
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Figure 4: Day patient indicates to be cured from the day of consultation 
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Figure 5: Health score on the day and in general, on day 0 and day 5 
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