
INTRODUCTION
Male urinary tract infections (UTI) are not 
as frequently observed as female UTIs, 
although with increasing age this bacterial 
infection also becomes more common in 
males. In The Netherlands, the average 
annual incidence rate of male UTIs was 
156 per 10 000 compared with 922 per 
10 000 females in 2010.1 At the age of 85, 
the incidence rate in males was 1319 per 
10 000, thus exceeding the average annual 
incidence rate of female UTIs.

In general practice patients suspected of 
having a UTI, the evaluation of the predictive 
value of diagnostic information (such as 
clinical symptoms of UTI and dipstick 
results) has been performed primarily for 
females.2,3 The rationale of these studies is 
to provide clinicians with a clinical decision 
rule to improve the quality of UTI care.4,5 
McIsaac et al have shown that the application 
of a simple diagnostic algorithm can result 
in the correct treatment of most females 
with UTI and can reduce unnecessary urine 
culture testing and antibiotic prescriptions.5

Comparable studies of UTI predictors 
have seldom been performed for male 
general practice patients. As a consequence, 
guidelines for diagnosis and treatment of 
UTI in males are mainly based on female 
studies, although one can question whether 
the generalisation of these criteria to males 
is valid due to the clear genito-urinary 
differences.6 A few diagnostic male UTI 
studies have addressed the predictive value 

of dipstick test results, but conclusions 
were contradictory.6,7 Assessment of clinical 
symptoms was considered in only one of 
these studies, based on a relatively small 
sample size (n = 90).7

In addition to the development of a 
diagnostic algorithm, the potential gain in 
the quality of UTI care to be attributed to the 
use of the newly developed rule needs to be 
assessed in clinical practice.5 

For these reasons, the study developed 
a diagnostic UTI algorithm using clinical 
information and dipstick results from 
Dutch male general practice patients with 
symptoms indicative of UTI. The study also 
assessed the potential impact of the newly 
developed diagnostic UTI algorithm by 
comparing its medical decisions, that is, 
prescription of antimicrobial therapy, with 
usual care. 

METHOD
Patients
Dutch general practices (n = 42) participating 
in the NIVEL Sentinel General Practice 
Network were used for patient recruitment. 
This network accounts for ~0.8% of the Dutch 
population and is nationally representative 
by age, sex, regional distribution and 
population density.1

From January 2009 to June 2011, GPs 
included male general practice patients 
(≥18 years) with symptoms of UTI (dysuria, 
urinary frequency and/or urgency). 
Patients having urological or nephrological 
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Abstract
Background 
Diagnostic urinary tract infection (UTI) studies 
have primarily been performed among female 
patients.

Aim
To create a diagnostic algorithm for male 
general practice patients suspected of UTI.

Design and setting
Surveillance study in the Dutch Sentinel General 
Practice Network.

Method
Clinical information and dipstick results 
were collected from 603 patients. Algorithm-
predicted care was compared with care 
as usual in terms of sensitivity (antibiotic 
recommended when UTI was confirmed) and 
specificity (no antibiotic recommended when no 
UTI was observed).

Results
Complete information was available 
from 490/603 (81%) males, of whom 66% 
(321/490) had a UTI. A diagnostic algorithm 
recommending antimicrobial prescription in 
the case of a positive nitrite test or a positive 
leukocyte esterase test in males aged 
≥60 years, had a positive predictive value (PPV) 
of 83% (95% confidence interval [CI] = 78 to 87) 
and a negative predictive value (NPV) of 60% 
(95% CI = 52 to 66), respectively (area under the 
ROC curve: 0.78, 95% CI = 0.74 to 0.82). When 
both dipstick results were positive in males 
aged ≥60 years, PPV increased to 90% (95% CI 
= 83 to 94), whereas NPV was highest in males 
<60 years with negative dipstick results (71%, 
95% CI = 59 to 81). Sensitivity and specificity of 
predicted UTI care and usual care did not differ 
(75% versus 79%, P = 0.30, and 70% versus 
63%, P = 0.17, respectively).

Conclusion
UTI care provided to Dutch male GP patients is 
as accurate as predicted care from a diagnostic 
algorithm. The studied clinical information and 
dipstick tests are useful for ruling in UTI in 
males, but have limited value in ruling out this 
diagnosis.

Keywords
general practice; male; patients; urinary tract 
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comorbidities (with the exception of benign 
prostate hypertrophy), diabetes mellitus or 
other immunocompromising diseases were 
excluded, as well as those catheterised or 
suspected of having a sexually transmitted 
disease. 

Clinical information and dipsticks
For each eligible patient, the GP filled 
in a questionnaire giving clinical patient 
information, that is, age, history of UTI in the 
past year, and the presence or absence of 
dysuria, urinary frequency and/or urgency, 
fever (>38˚C), and flank pain. These clinical 
symptoms were derived from the Urinary 
Tract Infection Guidelines compiled by the 
Dutch College of General Practitioners 
(NHG).8 

All patients provided a fresh-voided 
midstream urine sample as part of routine 
clinical practice. The GP or practice 
assistant used this sample to perform a 
dipstick test for nitrite and leukocyte 
esterase (LE) activity. Any change in 
colour was considered to be a positive test 
result.9 Finally, GPs recorded the empirical 
antimicrobial treatment prescribed. The 
GPs choice to prescribe an antibiotic (yes/
no) empirically was considered to be the 
‘care as usual’.

Urine culture
From the obtained urine sample, a dipslide 
(Uriline, 56508, Biomérieux, Plainview, 
NY, US) was inoculated for all included 
males according to the manufacturer’s 
instructions and sent to the Department of 
Medical Microbiology, Maastricht University 
Medical Centre, The Netherlands. The gold 
standard to diagnose a microbiologically-
confirmed UTI in males is uropathogen 
growth of ≥103 colony-forming units per 
ml (cfu/ml).10 Standard microbiological 
methods were used for the identification of 
uropathogens.11

Predictors of UTI
Diagnostic algorithms were developed 
for clinical information and dipstick 
results separately and combined. Model 
development was performed according to 
the procedure described by Little et al, with 
minor modifications.12 In short, to identify 
relevant predictors of UTI, multivariable 
logistic regression analyses were carried out 
from which only the statistically significant 
predictors (P<0.05) were included in the 
final prediction models. In these analyses, 
patient’s age was dichotomised using the 
most discriminative cut-off value (60 years 
of age). Weights were given to all significant 
predictors based on the obtained beta 
coefficients and these weights were used 
to assign ‘weight scores’ to all individual 
patients. 

To assess the best performing algorithm, 
the following parameters were determined 
for each model, using all possible weight 
scores as cut-off points: sensitivity, 
specificity, positive and negative predictive 
values (PPV and NPV respectively), 
likelihood ratios for a positive (LR+) and 
a negative (LR–) test result. Also, the 
proportion of patients at or above the cut-
off value was assessed, which corresponds 
to the proportion of patients for whom the 
algorithm would have recommended an 
empirical antimicrobial agent. Predictive 
values were most discriminative in the 
assessment of the best performing 
algorithm. ROC curves of sensitivity versus 
1 – specificity were plotted using a web-
based calculator.13

Potential impact of diagnostic algorithm: 
comparison of predicted care with usual 
care
The potential impact of the diagnostic 
algorithm was determined by comparing the 
sensitivity and specificity of the algorithm-
driven prescription strategy with care as 
usual.5

Sensitivity was defined as the proportion 
of males with a microbiologically-confirmed 
UTI for whom an antimicrobial prescription 
was recommended. Specificity was defined 
as the proportion of males without a 
microbiologically-confirmed UTI for whom 
an antimicrobial prescription was not 
recommended. 

A P-value <0.05 was considered 
statistically significant. The programme 
SPSS (16.0 for Windows) was used for 
statistical analyses. 

RESULTS
Patients
In total, 603 male patients participated with a 

How this fits in
Studies on the evaluation of diagnostic 
information including patients suspected 
of a urinary tract infection (UTI) aim to 
improve the quality of UTI care. Adequately 
powered studies of UTI predictors have not 
been performed for male general practice 
patients. The present study shows that 
using clinical information and dipstick 
tests, ruling in a UTI in males can be 
achieved. Actual care provided by Dutch 
GPs to males suspected of UTI was as 
accurate as recommended care based on 
a diagnostic algorithm.
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median age of 65 years (range 18–97 years). 
Clinical information was recorded from 562 
of 603 males (93%) and dipstick results 
were obtained from 87% (527/603) of all 
included males. 

Only patients with complete data on 
clinical information and dipstick results 
(81%, 490/603) were considered eligible 
for analysis, of whom 66% (321/490) had 
a microbiologically-confirmed UTI. GPs 
prescribed an antimicrobial agent to 315 of 
these 490 male patients (64%). 

Influence of missing data
The age of patients with missing data was 
comparable to the analysed population: 
median age of 66 years (range 18–90 years). 
To assess the influence of missing data, 
all performed analyses were also done on 
the sample with either complete clinical 
(n = 562) or dipstick (n = 527) information. 
In comparison with the presented results, 
dysuria (odds ratio [OR] 1.41, 95% CI = 
0.97 to 2.04) was not predictive for UTI 
when analyses included all 562 patients with 
clinical information. For the other predictors, 
the results did not differ substantially 
between the sample with complete clinical 
and dipstick information and those with only 
complete clinical or dipstick information 
(data not shown).

Clinical information predictive for UTI
Dysuria (OR 1.57, 95% CI = 1.05 to 2.36; weight 
score: 0.5), fever (OR 2.46, 95% CI = 1.22 to 
4.96; weight score: 1.0) and age ≥60 years 
(OR 2.49, 95% CI = 1.66 to 3.74; weight score: 
1.0) were found to be predictors for UTI 
when considering clinical information alone. 
A weight score of one was the best cut-off 
value for the prediction model with PPV and 
NPV of 74% and 51%, respectively (Table 
1). This model corresponds to an algorithm 
recommending antimicrobial prescriptions 
for males aged ≥60 years or those with 
fever. When all three clinical characteristics 
were present, the predictive value for having 
UTI was 92%. But patients with none of 
these three clinical characteristics still had 
a chance of 43% of having UTI.

Dipstick results predictive for UTI
UTI was associated with positive nitrite (OR 
8.18, 95% CI = 4.77 to 14.03; weight score: 
2.0) and LE tests (OR 1.80, 95% CI = 1.16 to 
2.80; weight score: 1.0). When the algorithm 
was based on a weight score of two 
(recommending prescriptions to patients 
with a positive nitrite test), PPV was 90% 
and NPV 52% (Table 2). In 91% of the cases 
with both nitrite and LE test results positive, 
UTI was confirmed. With both tests negative, 
40% still had a positive urine culture.
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Table 2. Dipstick weight scoresa to predict a microbiologically-confirmed UTIb

Cut-off point (% at or	 Sensitivity	 Specificity	 PPV	 NPV	 Correctly 	 LR+	 LR– 
above cut-off point)	 (95% CI)	 (95% CI)	 (95% CI)	 (95% CI)	 classified %	 (95% CI)	 (95% CI)

≥0 (100%)	 100	 0	 —	 —	 65.5 	 1	 —

≥1 (71.0%), L	 82 (78 to 86)	 50 (43 to 58)	 76 (71 to 80)	 60 (51 to 68)	 71.2	 1.65 (1.41 to 1.94)	 0.35 (0.28 to 0.45)

≥2 (66.3%), N	 58 (52 to 63)	 88 (82 to 92)	 90 (85 to 94)	 52 (46 to 58)	 68.2	 4.87 (3.19 to 7.43)	 0.48 (0.42 to 0.55)

≥3 (37.3%), L+N	 52 (46 to 57)	 90 (84 to 94)	 91 (85 to 94)	 50 (44 to 55)	 64.9	 5.14 (3.24 to 8.17)	 0.54 (0.48 to 0.60)

aDerived from sum of rounded logistic coefficients: leucocyte 1.0 and nitrite 2.0. bBased on a cut-off value of ≥103 colony-forming units per ml. L = leucocyte. LR+ = likelihood 

ratio for a positive test. LR– = likelihood ratio for a negative test. N = nitrite. NPV = negative predictive value. PPV = positive predictive value. UTI = urinary tract infection.

Table 1. Clinical weight scoresa to predict a microbiologically-confirmed UTIb

Cut-off point (% at or	 Sensitivity	 Specificity	 PPV	 NPV	 Correctly 	 LR+	 LR– 
above cut-off point)	 (95% CI)	 (95% CI)	 (95% CI)	 (95% CI)	 classified %	 (95% CI)	 (95% CI)

≥0 (100%)	 100	 0	 —	 —	 65.5 	 1	 —

≥0.5 (86.7%), D	 91 (88 to 94)	 22 (16 to 29)	 69 (64 to 73) 	 57 (44 to 69)  	 67.3 	 1.17 (1.07 to 1.27)	 0.40 (0.27 to 0.59)

≥1 (66.3%), F/A	 75 (70 to 79)	 50 (42 to 58)	 74 (69 to 79)	 51 (43 to 59)	 66.1	 1.49 (1.26 to 1.75)	 0.51 (0.42 to 0.62)

≥1.5 (39.8%), F/A +D	 48 (42 to 53)	 75 (68 to 81)	 79 (72 to 84)	 43 (37 to 49)	 57.1	 1.92 (1.44 to 2.55)	 0.70 (0.63 to 0.78)

≥2 (8.2%), F+A	 11 (8 to 15)	 96 (92 to 99)	 85 (70 to 94)	 36 (32 to 41)	 40.2 	 2.98 (1.28 to 6.96)	 0.93 (0.89 to 0.96)

≥2.5 (4.9%), F+A+D	 7 (4 to 10)	 99 (95 to 100)	 92 (72 to 99) 	 36 (32 to 40)	 38.6	 5.79 (1.38 to 24.3)	 0.94 (0.91 to 0.97)
aDerived from sum of rounded logistic coefficients: dysuria 0.5, fever 1.0, and age >60 years 1.0. bBased on a cut-off value of ≥103 colony-forming units per ml. 
A = age >60 years. D = dysuria. F = fever. LR+ = likelihood ratio for a positive test. LR– = likelihood ratio for a negative test. NPV = negative predictive value. PPV = positive 

predictive value. UTI = urinary tract infection.



British Journal of General Practice, November 2012  e783

Clinical information and dipstick results 
combined
Age ≥60 years and positive dipstick results 
were still predictive for UTI when all 
diagnostic information was combined in 
one model (Table 3). When antimicrobial 
prescription was recommended in the case 
of a positive nitrite test or a positive LE 
test in males aged ≥60 years (representing 
a weight score of 2), the PPV and NPV 
were 83% and 60% respectively (Table 4). If 
both dipstick results were positive in males 
aged ≥60 years, UTI was microbiologically 
confirmed in 90% of the cases. UTI was 
observed in 29% of males <60 years with 
negative dipstick results.

Potential impact of diagnostic algorithm: 
predicted care compared with usual care
ROC curve analysis revealed the highest 
accuracy for the combined model (Figure 
1) and this was thus regarded as the best 
model. The derived algorithm is presented 
in Figure 2. No difference was observed 
between the proportions of males with UTI 
for whom antimicrobial prescription was 

recommended by this algorithm and the 
care as usual (75% versus 79% respectively, 
χ2  =  1.06, P  =  0.30). The same applied 
to the proportions of males without UTI 
for whom antimicrobial prescription was 
not recommended (70% versus 63% 
respectively, χ2 = 1.91, P = 0.17). 

DISCUSSION 
Summary
In male general practice patients suspected 
of UTI, actual care provided by Dutch GPs 
was as accurate as recommended care 
based on a diagnostic algorithm. This was 
assessed by comparing the sensitivities 
and specificities of both strategies, with 
the preferred prescription policy based on 
culture results as the gold standard. Using 
clinical information and dipstick results, the 
presence of male UTIs can be predicted 
correctly.

Strengths and limitations 
To the best of the authors’ knowledge, 
this is the first adequately powered study 
that addressed both dipstick results and 

Table 3. Clinical symptoms and dipstick results combined, predictive for UTIa

Diagnostic information	 UTIa (n = 321)	 No UTIa (n = 169)	 Unadjusted OR	 Adjusted OR	 Weightsc in 
(coefficientb)	 n (%)	 n (%)	 (95% CI)	 (95% CI)	 prediction model

Urinary frequency 	 129 (40)	 57 (34)	 1.32  (0.90 to 1.95)	 0.83 (0.51 to 1.34)	 —

Dysuria 	 194 (60)	 85 (50)	 1.51 (1.04 to 2.20) 	 1.35 (0.86 to 2.11)	 —

Urinary urgency	 107 (33)	 38 (22)	 1.72 (1.12 to 2.65) 	 1.40 (0.84 to 2.33)	 —

Fever 	 50 (16)	 11 (7)	 2.65 (1.34 to 5.24) 	 1.58 (0.73 to 3.39) 	 —

Flank pain	 47 (15)	 26 (15)	 0.94 (0.56 to 1.59)	 1.42 (0.77 to 2.63)	 —

Age >60 years (0.75)	 224 (70)	 80 (47)	 2.57 (1.75 to 3.77) 	 2.11 (1.35 to 3.31) 	 1

UTI history in previous year	 103 (32)	 38 (22)	 1.63 (1.06 to 2.51) 	 1.03 (0.62 to 1.71)	 —

Nitrite (2.02)	 185 (58)	 20 (12)	 10.13 (6.05 to 16.99)	 7.54 (4.34 to13.09) 	 2

Leucocyte (0.52)	 245 (76)	 81 (48)	 3.50 (2.36 to 5.21) 	 1.68 (1.06 to 2.69) 	 1

aBased on a cut-off value of ≥103 colony-forming units per ml. bCoefficients are only given for significant predictors. cWeights are based on the coefficients from multivariable 

regression analysis. OR = odds ratio. UTI = urinary tract infection. 

Table 4. Combined dipstick and clinical weight scoresa to predict a microbiologically-confirmed UTIb

Cut-off point (% at	 Sensitivity	 Specificity	 PPV	 NPV	 Correctly	 LR+	 LR– 
or above cut-off point)	 (95% CI)	 (95% CI)	 (95% CI)	 (95% CI)	 classified %	 (95% CI)	 (95% CI)

≥0 (100%)	 100	 0	 —	 —	 65.5 	 1	 —

≥1 (85.3%), L/A	 94 (90 to 96)	 30 (24 to 38)	 72 (67 to 76)	 71 (59 to 81)	 71.2	 1.34 (1.21 to 1.48)	 0.22 (0.14 to 0.34)

≥2 (59.6%), N or L+A	 75 (70 to 80)	 70 (62 to 77)	 83 (78 to 87)	 60 (52 to 66)	 73.3	 2.49 (1.96 to 3.16)	 0.36 (0.29 to 0.43)

≥3 (40.4%), N+L/A	 56 (50 to 61)	 89 (83 to 93)	 90 (85 to 94)	 51 (46 to 57)	 67.1	 4.96 (3.21 to 7.66)	 0.50 (0.44 to 0.56)

≥4 (26.9%), N+L+A	 37 (32 to 43)	 92 (87 to 96)	 90 (83 to 94)	 44 (38 to 49)	 56.1	 4.82 (2.80 to 8.28)	 0.68 (0.63 to 0.74)

aDerived from sum of rounded logistic coefficients: leucocyte 1.0, age >60 1.0 and nitrite 2.0. bBased on a cut-off value of ≥103 colony-forming units per ml.  A = age >60 years. L = 

leucocyte. LR+ = likelihood ratio for a positive test. LR- = likelihood ratio for a negative test. N = nitrite. NPV = negative predictive value. PPV = positive predictive value. UTI = urinary 

tract infection.
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clinical information in making a diagnostic 
algorithm for UTI in male general practice 
patients. In addition, the use of a Sentinel 
General Practice Network, which covers a 
nationally representative patient population, 
makes the results applicable to the whole 
Dutch general practice population. 

It has been reported that the severity of 

symptoms is more predictive for UTI than 
the actual presence of symptoms.14 Since no 
validated questionnaires were available to 
assess the severity of male UTI symptoms, 
it was decided not to include it in the 
design. In addition, the recorded diagnostic 
information was in accordance with the 
Dutch Urinary Tract Infection guidelines and 
therefore other information that could have 
predictive value, like haematuria, was not 
included in the analyses.8,14 Although 19% 
of the data was missing, consequences for 
the current analyses were limited. Only the 
predictive value of dysuria for the presence 
of UTI should be interpreted with caution, as 
this symptom was not discriminative for UTI 
when all patients with clinical information 
available were considered, irrespective of 
the presence of dipstick data. 

Comparison with existing literature
For females suspected of UTI, clinical 
decisions based on a diagnostic 
algorithm have been compared with 
care as usual by McIsaac et al.15 In their 
algorithm, antimicrobial prescription was 
recommended when at least two of the 
following clinical findings were present 
in females suspected of having a UTI: 
symptoms for 1 day, dysuria, positive 
leukocyte or nitrite test. The number of 
prescriptions in the case of a negative 
culture result could be reduced by 40% if 
their algorithm was implemented. However, 
this benefit was mainly attributable to the 
high antimicrobial prescription rate of the 
participating GPs (89%) as the performance 
of their algorithm was similar to this 
study in terms of sensitivity and specificity 
(80% versus 75% and 54% versus 70%, 
respectively). 

Compared with the results, Hummers-
Pradier et al have reported considerably 
lower positive predictive values for nitrite 
(90% versus 78%) and LE (76% versus 65%) 
tests in males.7 Although UTI prevalence 
was similar in both settings (65% versus 
60%), their patient population included 
males with comorbidity, for example, 
catheterised patients and males with 
diabetes mellitus, which could account for 
the observed differences. Also, their small 
sample size (n  =  90) yielded parameters 
with large CIs. In a 2004 study, using the 
same network as in the present study and 
including 422 males, reported PPVs for 
nitrite (96%) and LE (71%) were similar to 
this present study.6

The value of age in predicting UTI in males 
was earlier reported by Hummers-Pradier, 
who also observed a positive association 
between age ≥60 years and UTI.7 Although 

Male patients suspected
of UTI

No empirical
antimicrobial treatment

Empirical antimicrobial
treatment

No empirical antimicrobial
treatment

Empirical antimicrobial
treatmentAge ≥60 years

Leucocyte test

Nitrite test
positive

positive

negative

negative

no

yes

Figure 2. Diagnostic algorithm for male general 
practice patients suspected of UTI. UTI = urinary 
tract infection.
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Figure 1. ROC curve analyses of the three UTI 
prediction models based on clinical symptoms, 
dipstick results and both together.

Area under the ROC curve was 0.66 (95% CI = 0.61 to 0.71) for the clinical model, 0.76 (95% CI 

= 0.72 to 0.80) for the dipstick model and 0.78 (95% CI = 0.74 to 0.82) for the combined model. 
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this study is aware that a positive urine 
culture in older people must be interpreted 
with caution because of the relatively high 
rate of contamination, this is mainly true 
for impaired older people  and those who 
are living in long-term care facilities.16 In 
this study population, a relatively healthy, 
homogeneous patient population was 
included because of the in- and exclusion 
criteria used, decreasing the likelihood of 
contamination. 

Implications for research and practice
‘Ruling in’ UTI diagnosis in males can be 
done by using dipstick test results, given 
the high probability of UTI when results, 
and more specifically the nitrite test, are 
positive. This supports the previously 
stated recommendation to start empirical 
treatment in males suspected of UTI with a 
positive nitrite test.6 When dipstick results 
are unknown, GPs can be quite confident in 
males ≥60 years with dysuria and fever, that a 
UTI will later be confirmed microbiologically, 
justifying empirical treatment. 

However, ‘ruling out’ UTI was more 
problematic, due to the relatively high 
probability of UTI even when all predictors 
were absent. Negative dipstick results 
combined with a relatively low age 
(<60 years) reduce the probability of a UTI 
compared with negative dipstick results 

alone (29% versus 40%). However, this 
chance was considered to be too high still 
to rule out UTI and therefore opt for urine 
culture in these patients. 

Nonetheless, the study does acknowledge 
that the study protocol, with the inclusion of 
variables predominantly aimed to rule in 
UTI, will have influenced results in favour of 
ruling in a UTI and will, consequently, have 
less power to rule out this diagnosis.

Therefore, more discriminative diagnostic 
information for male UTIs is needed and, in 
particular, information that can rule out UTI. 
In this perspective, a questionnaire that is 
sensitive to changes in the symptomatology 
of UTI in males needs to be developed 
and tested psychometrically. Also, clinical 
prediction models need external validation, 
as the original sample tends to yield results 
that are too optimistic.17

The UTI care provided by Dutch GPs 
to male patients is as good as the care 
predicted by the diagnostic algorithm, which 
was based on dipstick test results and 
the patient’s age. Empirical antimicrobial 
treatment can be initiated in the case of a 
positive nitrite test or when males above 
the age of 60 years consult with dysuria and 
fever (>38˚C). For all other males in whom 
UTI is suspected, GPs should await the urine 
culture result before starting antimicrobial 
treatment. 
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