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Abstract

Background

The high prevalence of bacteriuria in elderly individuals makes it difficult to know if a new
symptom is related to bacteria in the urine. There are different views concerning this
relationship and bacteriuria often leads to antibiotic treatments. The aim of this study was to
investigate the relationship between bacteria in the urine and new or increased restlessness,
fatigue, confusion, aggressiveness, not being herself / himself, dysuria, urgency and fever in
individuals at nursing homes for elderly when statistically considering the high prevalence of

asymptomatic bacteriuria in this population.

Methods

In this cross-sectional study symptoms were registered and voided urine specimens were
collected for urinary cultures from 651 elderly individuals. Logistic regressions were
performed to evaluate the statistical correlation between bacteriuria and presence of a
symptom at group level. To estimate the clinical relevance of statistical correlations at group

level positive and negative etiological predictive values (EPV) were calculated.

Results

Logistic regression indicated some correlations at group level. Aside from Escherichia coli in
the urine and not being herself / himself existing at least one month, but less than three
months, EPV indicated no clinically useful correlation between any symptoms in this study

and findings of bacteriuria.



Conclusions
Urinary cultures provide little or no useful information when evaluating diffuse symptoms
among elderly residents of nursing homes. Either common urinary tract pathogens are

irrelevant, or urine culture is an inappropriate test.



Background

The prevalence of bacteriuria in elderly residents of nursing homes without indwelling urinary
catheters varies from 25% to 50% for women and 15% to 40% for men [1, 2]. Bacteriuria
may represent a symptomatic urinary tract infection (UTI) or an asymptomatic bacteriuria
(ABU). The latter should not be treated with antibiotics [3-7]. When a patient with a new or
increased symptom also has bacteriuria, the high prevalence of ABU makes it difficult to
know if the bacteriuria is just an ABU not influencing symptoms, or if the bacteriuria is an
UTI that may have caused symptoms [8-10]. It has been estimated that if a urinary culture is
positive in an institutionalized febrile elderly individual without an indwelling urinary
catheter and with no local findings, less than 10% of such episodes are attributable to a UTI
[11]. Furthermore, the combination of bacteriuria and pyuria can not differentiate between
UTTI and ABU in individuals at nursing homes for elderly individuals [12]. The problem of
differentiation between UTI and ABU is even more difficult for diffuse non-specific
symptoms such as restlessness, fatigue, confusion, aggressiveness or not being herself /
himself. These symptoms can have many other causes than UTI [13]. There are different
views concerning the relationship between various non-specific symptoms and UTI [14-19].

Change in mental status (lethargy, disorientation, increased or new onset of confusion and
delirium) was the most commonly reported symptom for suspecting UTI [20]. Non-specific
symptoms and signs are important factors in antibiotic prescription for ABU in elderly
institutionalized people despite lack of evidence [21]. Despite evidence that ABU should not
be treated, suspected UTI remains the most frequent reason for prescribing antibiotics in
nursing homes for the elderly [22]. This probably reflects the diagnostic uncertainty of UTI
among nursing homes for the elderly [10, 23].

Elderly people are more likely to experience adverse drug events of antibiotic treatment

[24]. However the main reason for avoiding unnecessary antibiotic treatment is increasing



antibiotic resistance. Thus it is important to study the role of bacteriuria in relation to non-
specific symptoms.

The aim of this study was to investigate the relationship between bacteria in the urine and
new or increased restlessness, fatigue, confusion, aggressiveness, not being herself / himself,
dysuria, urgency and fever in individuals at nursing homes for elderly when statistically

considering the high prevalence of asymptomatic bacteriuria in this population.

Methods

Eventual symptoms were registered in the study protocol and a single voided specimen of
urine was collected. A urine dipstick was analyzed and urine cultured from elderly individuals
at nursing homes during a four-week period in the first months of 2003. The nursing homes
were located in southwestern Sweden. The study was approved by the ethical committee of
Gothenburg University. The data was collected along with another study evaluating dipstick

urinalysis among elderly residents [2].

Study population
Individuals at the nursing homes, regardless of symptoms, were asked to participate. One
single urine specimen was collected from each included, permanent elderly resident of 102
wards in 32 nursing homes. The following inclusion criteria were applied:
e Permanent residence in nursing homes for elderly (regardless of gender).
e No indwelling urinary catheter (as they always become bacteriuric).
» Sufficiently continent to leave a voided urinary specimen (obtaining urinary
specimens by catheterizing these individual would not be representative of clinical
practice and furthermore unethical).

e Present at the nursing home for elderly when the study took place.



e No ongoing dialysis.
e Participation approval.
The following exclusion criterion was used:
o If the individual did not agree to participate or wished to discontinue study
participation.
For individuals with dementia the same inclusion / exclusion criteria were applied. However
substantial incontinence among these individuals with dementia sometimes made it

impossible to obtain a voided specimen of urine.

Statement of consent

Individuals were informed about the study verbally and in written text. Informed approval for
participation in the study was collected from decision-capable individuals that chose to
participate in the study.

A considerable number of the participants, however, consisted of individuals with varying
degrees of dementia. If the individual had no possibility to comprehend the meaning of the
study information and thereby had a reduced decision-capability, these individuals only
participated as long as they did not oppose participation and under the condition that a relative
/ appointed representative did not oppose their participation after having taken part of the
study information. Thus, in case of dementia, where the individual did not understand the
provided information, a sample was taken only if permission was granted. This procedure was

approved by the ethical committee, University of Gothenburg.

Study protocol
The attending nurse at the nursing home registered, in a study protocol, once for each

individual according to carefully provided instructions, if any of the following symptoms had



appeared or increased: restlessness, fatigue, confusion, aggressiveness or not being herself /
himself, dysuria, urgency and fever. Depending on how long the symptoms had persisted or
increased, they were divided into the following three groups: less than one week, more then
one week but less than one month, more than one month but less than three months. A
symptom was not registered if it had persisted unchanged longer than three months. The study
protocol included whether the individual had ongoing or previous antibiotic treatment within

the last month.

Laboratory tests

The personnel at the nursing home were instructed to collect voided urine specimens with as
long a bladder incubation time as possible, preferably a mid-stream morning sample. Then,
dipstick urinalysis was carried out at the nursing home. The attending nurses at the nursing
home were carefully instructed to register presence or absence of symptoms in the study
protocol before performing dipstick analysis and taking a urinary culture. Thus the evaluation
of symptoms was not influenced by the results of the urine tests.

Immediately after the dipstick readings the urine samples were chilled before transport to
the microbiological laboratory in Boras where urine specimens were cultured. The samples
usually reached the laboratory within 24 hours.

Using sterile inoculating loops the microbiology laboratory fractionated 10 pl urine on the
surfaces of two plates; a cystine-lactose-electrolyte deficient agar (CLED) and a Columbia
blood agar base. Plates were incubated overnight (minimum 15 h) at 35-37°C. CLED plates
were incubated in air and Columbia plates were incubated in 5% CO,. The latter was further
incubated for 24 hours if no growth occurred after the first incubation.

Growth of potentially pathogenic bacteria was usually considered positive if the number of

colony-forming units per liter (CFU/mL) was >10°. However, at signs of possible UTI such as



positive nitrite dipstick, leukocyte esterase dipstick >1, fever, frequency, urgency or dysuria,
the cut-off point was >10° for patients with growth of Escherichia coli and male patients with
Klebsiella species and Enterococcus faecalis. For symptomatic women harboring the two

latter species the cut-off level was >10".

Statistical analysis

Depending on how long symptoms had persisted, they were divided into the following three
groups; less than one week, less than one month, and less than three months. To evaluate the
statistical correlation between bacteriuria and presence of a symptom at group level logistic
regressions were performed. The symptom was used as dependent variable and the outcome
of the urinary culture, age and sex as independent variables. One regression was made for
each symptom and duration. One regression was also made for each symptom merging time
intervals to all occurring within three months. If no relevant differences were found, only the
latter is presented.

To estimate clinical relevance of statistical correlations, the positive and negative
etiological predictive value (EPV) [25] was calculated to evaluate the probability for a
positive/negative culture to rule in or out that a symptom in a single individual is associated
with a bacterial finding. These predictive values were considered clinically useful if their
point estimate was > 75% with a lower 95% confidence interval > 50%.

Logistic regression is a more sensitive statistical method than EPV. It is common that
regression shows statistical significance while positive EPV does not show that a positive test
outcome is clinically relevant. The opposite can never occur. Negative EPV is less affected by

asymptomatic carriers and will often be high in case of a negative test.



Epi Info version 3.3.2 (Windows version) (CDC, Atlanta, USA) was used for storing data
and for logistic regression. EPV with confidence intervals was calculated using the EPV-

Calculator version 1.12 [26].

Results

Of 1187 individuals in 32 nursing homes (Figure 1) 751 fulfilled the inclusion criteria. 655
(87%) of these accepted participation (Figure 1). 651 individuals provided useful samples,
482 (74%) were women and 169 (26%) men. Women’s ages (mean 86 years, SD 7.4, range
46-102) were slightly higher than men’s (mean 82 years, SD 7.8, range 54-99) (p<10'4).
100/651 (15%) had diabetes mellitus. When the urine specimen was collected, 26/651
(4.0%) were in antibiotic treatment. Another 61/651 (9.4%) were not in antibiotic treatment
when the urine specimen was collected but had had antibiotic treatment during the previous

month. Antibiotic treatment history was, however, unknown for 12/651 (1.8%).

The most common bacterium

In this study 207/651 (32%) urine cultures showed growth of a potentially uropathogenic
bacterial species. The most common finding was E. coli (143 = 22%), Klebsiella spp. (25 =
3.8%) and E. faecalis (17 = 2.6%). Other species had very low prevalence (<0.8% for each

species).

Prevalence of symptoms

Fatigue, restlessness and confusion were the most common symptoms (Table 1-2). Combined
symptoms were uncommon. The four most prevalent combined symptoms were restlessness
and fatigue 11/651 (1.7%), fatigue and confusion 7/651 (1.1%), fatigue and urgency 6/651

(0.92%) and restlessness and confusion 6/651 (0.92%).



Correlation between bacteriuria and symptoms

The prevalence of bacteriuria for each symptom was: restlessness 39%, fatigue 41%,
confusion 45%, aggressiveness 39%, not being herself / himself 60%, dysuria 42%, urgency
42% and fever 50%.

Not being herself / himself that occurred within 3 months correlated with findings of E.
coli (Table 1) or any bacteria (Table 2). Fever acquired within 1 week correlated with findings
of Klebsiella spp. (odds ratio 45 with 95% CI 2.0-980, p=0.016). Confusion or fatigue that
occurred or changed within 3 months correlated with findings of any bacteria (Table 2).

If duration of symptoms includes all patients with new or changed symptoms within 3
months, as in Table 1-2, the etiologic predictive values suggest that none of these statistical
findings had any clinical relevance (Table 1-2). However, when analyzing duration of
symptoms separately EPV showed that in a patient where not being herself / himself for the
preceding period of >1 months and <3 months growth of E. coli was with 96% (51-100%)
probability associated to this symptom. No other subset of duration showed any clinically

relevant EPV.

Discussion

It is common that a patient at a nursing home for elderly individuals often has diffuse
symptoms such as restlessness, fatigue, confusion, aggressiveness or not being herself /
himself. This study suggests that a urinary culture is of little or no value in clarifying the

etiology of these symptoms.
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Strength and limitations of the study

Are the bacteria in the urine only to be considered an insignificant finding (ABU) or is a
lower UTT causing the new symptom? Ordinary predictive values cannot be calculated since
there is no gold standard for this situation. Thus, it’s impossible to know whether a positive
urinary culture in a patient with a new symptom is related to the new symptom or not as the
prevalence of asymptomatic bacteriuria among individuals at nursing homes for the elderly
varies between 25% and 50% for women and 15% and 40% for men. Using a prospective
study following individuals over time and recording new symptoms does not solve the
problem of a missing gold standard. A possible way to solve this would be a large randomized
controlled trial (RCT). However, an RCT in a large population of fragile elderly individuals is
not easy to perform. Another possibility to bypass the problem of a missing gold standard is
to use the new statistical method of EPV. The EPV, which is used in this study, produces
predictive values statistically considering the presence of insignificant findings, i.e.
asymptomatic carriers, in the absence of a gold standard. EPV can only be calculated if we
analyze a urine sample in both symptomatic and asymptomatic individuals.

In this study we obtained urine specimens and study protocols from 55% (651/1187) of
individuals registered at the nursing homes. This may appear low but is similar to previously
published studies in nursing homes for the elderly [8]. The main reason for not participating
in this study was substantial urinary incontinence, often combined with dementia. Obtaining a
urine specimen from these individuals would have required the use of a catheter which is not
routine in clinical practice for elderly at nursing homes and would, therefore, not have been
representative of clinical practice. Individuals with an indwelling urinary catheter were
excluded as they always become colonized by bacteria that are sometimes of different species
compared to those without catheters [1]. Only 13% (96/751) refused participation which may

be considered acceptable.
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The symptoms investigated in this study are common causes for antibiotic treatment
despite clear evidence that they are associated with lower UTI. Symptoms were not diagnosed
using validated questionnaires or other validated instruments. Instead, we used the labels used
by most nurses for describing patients’ symptoms when consulting a physician. Thus, labeling
patients with, for example, confusion and not being herself / himself overlap. The reason for
using labels commonly used by nurses is that nurses play a central role in both the ordering of
urine cultures and the decision to prescribe antibiotics [21]. Thus, a more constructive way to
look upon this is that the present study does not evaluate objective symptoms but labels of
symptoms commonly used by nurses and presented to the physician.

Several symptoms may coexist. This could be a potential confounding factor that should
have been addressed in the regression analyses. However, even the most frequent
combinations of symptoms were rare.

Three time intervals for duration of symptoms were chosen to investigate if more detailed
information concerning duration of symptoms was of great importance. It turned out that in
most situations more detailed information on different durations, other than duration <3
months, was not of great importance.

Only 4.0% (26/651) had ongoing antibiotic treatment, regardless of antibiotic or
underlying infection. Thus for those individuals that had antibiotics affecting urinary
pathogens, no urinary bacteria growth may have been expected. Due to the low prevalence of
ongoing antibiotic treatment this effect was considered low.

Procedures utilizing presence of symptoms or outcome of prior dipstick testing to influence
the decision of cut-off levels for CFU in urine culture may enhance the diagnostic procedure
[27]. These procedures are common in microbiologic laboratories in Sweden. Thus, the
common present procedure for urine culture was used without modification to be

representative of ordinary clinical practice. It should be mentioned that no diffuse symptoms

12



such as restlessness, fatigue, confusion, aggressiveness or not being herself / himself

influenced decisions on cut-off levels for CFU in the urine cultures.

Findings of or absence of bacteriuria
While the results of the logistic regressions are of interest at group level, these results are of
limited value to the physician making a clinical decision for a single patient. The EPV
however, is of greater clinical importance to the physician as a positive EPV describes the
probability of findings of bacteriuria to be associated with symptoms. Since EPV considers
asymptomatic carriers it provides an estimate of the clinical relevance of bacteriuria. It is
interesting to note that none of the estimates of positive EPV showed that bacteriuria had any
clinical relevance except for findings of E. coli in patients not being herself / himself since at
least one month, but less than three months. Thus, with most symptoms, findings of bacteria
in the urine do not add etiologic information and physicians must investigate the possibility of
other explanations than lower UTIL.

In some diffuse symptoms such as fatigue, confusion or not being herself / himself there is
a statistical correlation at a group level between symptoms and findings of bacteria in the
urine. ABU increases when an individual’s general health declines. Therefore the association
between some diffuse symptoms and bacteriuria might be explained by the fact that when an
individual’s health declines they develop more diffuse symptoms and at the same time are
more prone to ABU. Thus, it might not be causality between bacteriuria and symptoms. To
determine this, a randomized controlled trial with antibiotic treatment in patients not being
herself / himself is needed.

It is not surprising to find that absence of bacteriuria usually indicates that the symptom is

not associated with bacteriuria (table 1-2).
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Urgency or dysuria

It is remarkable that there was no correlation between either urgency or dysuria and
bacteriuria. This might be explained by the fact that there are many other causes of urgency
and dysuria than UTI among individuals living at nursing homes for elderly [28-30]. Thus

UTI may be only a minor cause of these symptoms.

Conclusions

The results of this study can be considered valid in ordinary clinical practice in developed
countries when a physician is evaluating elderly individuals at nursing homes with new or
increased diffuse symptoms. Except for E. coli in the urine and not being herself / himself of
at least one month but less than three months, EPV indicated no correlation between
symptoms in this study and findings of bacteriuria. Thus, with this possible exception (to be
confirmed by a randomized clinical trial) it is not useful to perform urinary cultures when
evaluating these symptoms among elderly residents. These results can be interpreted as either
that common urinary tract pathogens are of no relevance, or a urine culture alone is
inappropriate, for evaluating this specific situation. Searching for a new biomedical test to
supplement or even replace urine culture seems clinically important for this particular

situation.
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Elderly residents at 32 nursing homes
n=1187

Not included (n = 436)
Away when the study took place n=8
Substantial incontinence n=291
Urinary indwelling catheter n=96
Ongoing dialysis n=1
Unknown reason n=40
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Eligible patients fulfilling inclusion criteria n = 751

Excluded patients (n = 96)
Refused participation n=96
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Conclusive results (n = 651) Inconclusive results (n = 4)
Data accidently lost n=3
Two urinary cultures were inadvertently
taken showing different results n=1
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