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BACKGROUND. Bloodstream infection following a transrectal prostate biopsy is a wellknown and feared complication. Previous studies have shown an increase in multi-resistant
bacterial infections as a consequence of higher usage of antibiotics in investigated
populations. Our aim was to analyze bacterial resistance patterns in positive blood cultures,
after prostate biopsies in Stockholm, Sweden, where the use of antibiotics has been low and
decreasing during the last 10 years.
METHODS. From the three pathology laboratories in Stockholm, reports of prostate
examinations were retrieved (n ¼ 56,076) from 2003 to 2012. By linking men to the National
Patient Register all but prostate core biopsies were excluded (n ¼ 12,024). Prostate biopsies in
men younger than 30 years of age were excluded (n ¼ 5) leaving 44,047 biopsies for analysis.
From laboratory information systems data regarding blood cultures were retrieved.
Proportions of blood cultures within 30 days by year were calculated. Crude and adjusted
logistic regression models were used to estimate ORs.
RESULTS. In total, 44,047 prostate biopsies were performed in 32,916 men over 10 years. On
620 occasions a blood culture was drawn within 30 days of the biopsy; 266 of these were
positive. The proportions with positive blood cultures in 2003 and 2012 were 0.38 and 1.14%,
respectively. The proportion of multidrug-resistant bacteria increased significantly during the
study. In the crude and the adjusted analysis, the year of biopsy and Charlson Comorbidity
Index were associated with the risk of having a positive blood culture.
CONCLUSION. Multidrug-resistant enteric bacilli are becoming a problem in Sweden,
despite low antimicrobial use. Men need to be informed about the increasing risks of
infectious complications of transrectal prostate biopsy. One out of 50 men undergoing a
prostate biopsy will develop symptoms suggestive of a bloodstream infection after the biopsy
and one in 100 men will have a positive blood culture. Prostate 75:947–956, 2015.
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INTRODUCTION
Bloodstream infection (BSI) following a transrectal
prostate biopsy is a well-known and feared complication. In a Canadian study it was reported that the
proportion of positive urine and blood cultures with
ciprofloxacin-resistant, Gram-negative bacilli had
doubled within the last 2 years of the study, at which
point they were being detected in almost 1.4% of men
undergoing a prostate biopsy [1]. Another Canadian
study reports that in 18 cases with positive blood
cultures, Escherichia coli was responsible for 14 cases,
in whom 86% of these cultures featured ciprofloxacin-resistant strains [2]. Others report that where
prophylactic antibiotics were not routinely used, 8%
of the men undergoing a prostate biopsy suffered
from infectious complications [3]. In a review article
published in 2013, the infectious complication rate
was reported to be between 0.5 and 4% [4]. A Swedish
study, based on the National Prostate Cancer Register,
indicated that 1% of all men diagnosed with prostate
cancer at a prostate biopsy, were hospitalized due to
infectious complications within 30 days of a prostate
biopsy and almost 6% of men undergoing the procedure were prescribed antibiotics commonly used for
treating urinary tract infections [5].
It has been shown that the prevalence of ciprofloxacin-resistant enteric bacilli is more common in countries
with high use of fluoroquinolones and that the use of
these antibiotics is a significant cause in the progression
of fluoroquinolone resistance in bacteraemic E. coli [6,7].
Sweden has had a restriction policy on antimicrobial
use. In terms of defined daily doses (DDDs) and
packages per 1,000 inhabitants, Sweden is among the
countries with the lowest use of antibiotics in an
outpatient setting [8]. In terms of DDD/1,000/day, the
use has decreased by 17–27% from 2007 to 2013 [9].
Our hypothesis was that severe infectious complications after prostate biopsies have increased during
the last years. It is important to identify the rising
problem of multidrug-resistant enteric bacilli in countries that have historically been able to avoid the
worst of this clinical challenge.
METHODS
Data Sources and Study Population
This investigation is a retrospective population
cohort study. Using data from all three pathology
laboratories in Stockholm, the Karolinska University
Laboratory (KUL), Aleris Medilab (AM) and Unilabs
The Prostate

(UL), we identified histological examinations of the
prostate from January 1, 2003 to December 31, 2012
(n ¼ 56,076). By linking the men to the National Patient
Register (NPR) we could exclude specimens retrieved
by transurethral resection of the prostate (TURP) and
other procedures (n ¼ 12,024). We further excluded
histological exams performed in men younger than
30 years old at the time of biopsy (n ¼ 5) (Fig. 1).
The men were linked to the STHLM-0 database,
which provides access to all prostate-specific antigen
(PSA) test results in Stockholm County [10], and to
the Swedish Cancer Register to confirm prostate
cancer diagnoses. To define whether or not a
prostate biopsy was positive for cancer or not, we
used SNOMED codes (Supplementary Table S1).
Thereafter the men were linked to data from the
laboratory information systems of the two laboratories (KUL, UL) that perform all microbiological
analyses of blood cultures in Stockholm to analyze all
blood cultures drawn within 30 days of the prostate
biopsy.
The cohort were again linked to the NPR to identify
men who had been admitted to any hospital in
Sweden within 30 days of the prostate biopsy. We
identified infectious-related discharge codes using the
International Classification of Diseases and Related
Health Problems, 10th revision (ICD-10) (Supplementary Table S2). Only the first hospital admittance was
included in the analyses. Using the Swedish Intensive
Care Unit Register (www.icuregswe.org, accessed
April 1, 2014), which was started in 2005 and received
good coverage in 2009, we identified men who had
been admitted to any intensive care unit (ICU) in
Sweden within 30 days of the prostate biopsy. Further
using the Swedish Cause of Death Register, we added
information on death date and underlying cause of
death to calculate the expected and observed mortality within 30 and 90 days.
The Charlson Comorbidity Index (CCI) score was
calculated based on ICD-10 codes from the Patient
Register in Sweden preceding the date of the prostate
biopsy. Prostate cancer diagnosis at the time of the
follow-up biopsy was excluded in the calculation of
CCI scores.
Linkage between registers was achieved by utilizing Swedish personal identification numbers [11]. The
final study population encompassed 32,916 men with
a total of 44,047 prostate biopsies (Fig. 1). Background
population mortality rate was acquired from www.
mortality.org (accessed on September 1, 2014) using
the rates for Swedish men.
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Overview of the study population and data retrieval process.

Antimicrobial Resistance Patterns
For resistance patterns, the most common pathogens in our sample were selected, namely E. coli,
Enterococcus spp., Enterobacter spp., Klebsiella spp.,
Proteus spp., Staphylococcus aureus,and coagulase-negative staphylococci (CoNS), as well as the fraction
of Gram-negative enteric bacilli producing extended
spectrum b-lactamase (ESBL). Antimicrobial resistance patterns for ciprofloxacin and trimethoprim–
sulfametoxazole, were investigated. Cefotaxime and
gentamicin were included since these antimicrobials
are commonly used in hospital settings. A small

fraction of the cultures had growth of more than one
bacterium, but only the first reported bacterium was
used in the calculations.
Prophylactic Antibiotics
In our study population during the years of the
study, antibiotic prophylaxis was recommended for
all patients undergoing a prostate biopsy. At first,
either trimethoprim–sulfametoxazole or a fluoroquinolone was recommended administered before the
prostate biopsy [12–14]. After a prospective trial in
southern Sweden in 2006 the recommended antibiotic
The Prostate
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was ciprofloxacin 750 mg, administered once in direct
conjunction with the procedure for healthy men with
no risk factors [15].
Statistical Analysis
Frequency and proportion of biopsies that were
followed by a blood culture within 30 days were
calculated, as was the proportion of positive cultures
and bacteria findings.
Crude and adjusted logistic regression models
were used to estimate odds ratios (ORs) with 95%
confidence intervals (CIs) as measures of relative risk
(RR) of having a positive blood culture. The variable
of main interest was calendar year of biopsy. Other
variables analyzed in the crude regression models
were age (<50, 50–59, 60–69, 70–79, and 80 years),
PSA value (<3, 3–10, 10–20, >20), cancer status at
biopsy, CCI score (0, 1, 2) and number of previous
biopsies. To assess possible linear trends, all variables
in the adjusted model were also included, one at a
time, as continuous. Linearity was tested using the
Wald test.
The Cochrane–Armitage test for trend was used for
significance in resistance patterns over time in supplemental data on overall BSIs in Sweden (supplementary Fig. S1).
All models were adjusted for the correlation
between biopsies using the sandwich estimator of
variance for clustered data (where biopsies from the
same man were considered a cluster).
To evaluate whether men undergoing a prostate
biopsy experience higher mortality, we compared the
30- and 90-days mortality rate in the study population
with that in the general male population in Sweden,
by calculating age-standardized mortality ratios
(SMRs) a with 95% CIs.
All statistical analysis were done using Stata 11.2
for Mac (StataCorp, College Station, TX). The study
was approved by the regional ethics committee at
Karolinska Institute, Stockholm, Sweden (No. 2012/
438–31/3, 2013/2088–32, 2014/460–32).
RESULTS
During 2003–2012, we found records on 44,047
prostate biopsies performed in 32,916 men. The total
number of men undergoing at least one blood culture
within 30 days of the prostate biopsy was 620 and the
number of positive blood cultures was 266.
The total number of men admitted to hospital was
644, with 19 patients being treated at an ICU within
30 days of the prostate biopsy.
The proportion of men with a positive blood
culture within 30 days of the biopsy increased from
The Prostate

0.38% in 2003 to 1.14% in 2012 (Table I). At the same
time the proportion of men who underwent a blood
culture increased from 1.15% in 2003 to 2.32% in 2012
(Fig. 2). The proportion of men admitted to hospital
and discharged with an ICD-10 code related to an
infectious complication also increased, from 1.26% to
1.85%, during this time period (Fig. 2). The odds of
having a positive blood culture were more than three
times higher in 2012 compared with 2003 (OR ¼ 3.01;
95%CI 1.64–5.50) (Table I). This effect was still present
in the adjusted analysis (OR ¼ 3.64; 95%CI 1.64–8.07).
Moreover, the test of linear trend for calendar year of
biopsy was significant in the adjusted model
(P < 0.001).
Men younger than 49 had an increased risk of a
positive blood culture, as compared with men aged
60–69 at biopsy. The increased risk in younger men
remained after adjusting the model for CCI score,
number of previous biopsies, and PSA (OR ¼ 2.79;
95%CI 1.54–5.05) (Table I). Level of PSA did not affect
the risk of having a positive blood culture.
Men with a higher CCI score had increased risk of
having a positive blood culture after a prostate biopsy.
The results were robust in the adjusted model as well
as the crude model (Table I).
A total of 266 positive blood cultures with antibiograms were available. E. coli was the most common
pathogen found in cultures (n ¼ 227), followed by
Klebsiella spp. (n ¼ 10), other Enterobacteriaceae (n ¼ 7)
and S. aureus (n ¼ 7). In total twenty men had a
culture showing growth of ESBL-producing enteric
bacilli, in most cases E. coli. Ninety-seven cultures
were ciprofloxacin-resistant and 95 were trimethoprim–sulfametoxazole-resistant. Altogether 43 cultures showed growth of bacteria resistant to
gentamicin and 19 were resistant to cefotaxime (Supplementary Table S3). Both the total number and the
proportion of resistant bacteria increased significantly
(P for trend <0.05) over the years (Fig. 3).
In 2003–2010 there were only two detected cases
among our study population, of ESBL-producing
enteric bacilli. In 2011 and 2012, however, 18 patients
had a positive blood culture with ESBL-producing
enteric bacilli. The proportion of patients suffering
from a BSI with a ciprofloxacin-resistant bacterial
strain increased from 0% in 2003 to 19% in 2012, with
total number of blood cultures analyzed as the
denominator. The same pattern was seen for the other
antibiotics tested (Fig. 3). Test of linear trend for
increase in resistance, in relation to year of prostate
biopsy, to cefotaxime (OR 1.44; 95%CI 1.12–1.86),
ciprofloxacin (OR 1.15; 95%CI 1.05–1.26), and trimethoprim–sulfametoxazole (OR 1.16; 95%CI 1.06–1.27)
was significant (P < 0.05), as was the OR for having
ESBL-producing bacteria in relation to year of pros-
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TABLE I. Frequency and Proportions of Blood Cultures Drawn Within 30 Days of Prostate Biopsies Performed
Between 2003 and 2012 in Stockholm, Sweden, Showing Odds Ratios (ors) With 95% Conﬁdence Intervals (cis)
Calculated by Crude and Adjusted Logistic Regression Analysis
No. of positive blood cultures

Age, years

PSA level, ng/ml

Crude model
OR

95%CI

Adjusted model

No

(%)

OR

95%CI

Total

266

(0.60)

49
50–59
60–69
70–79
80

15
55
125
53
18

(1.69)
(0.60)
(0.59)
(0.53)
(0.65)

2.91
1.03
1.00
0.90
1.11

1.70–4.97
0.75–1.41
ref
0.65–1.25
0.68–1.83

2.79
1.20
1.00
0.75
0.79

1.54–5.05
888
0.86–1.66 9,116
ref
21,282
0.54–1.06 10,002
0.46–1.37 2,759

<3
3–10
10–20
>20
missing

31
161
29
27
18

(0.80)
(0.62)
(0.45)
(0.70)
(0.44)

1.29 0.88–1.90
1.00 ref
0.72 0.49–1.08
1.12 0.74–1.68
–
–

1.12
1.00
0.79
1.02

0.76–1.66 3,852
ref
21,714
0.53–1.18 6,208
0.65–1.59 4,076
4,091

No cancer
Cancera

148
118

(0.57)
(0.65)

1.00
1.14

ref
1.00
0.90–1.46 1.07

ref
25,926
0.82–1.39 18,121

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

13
16
16
16
19
22
32
36
40
56

(0.38)
(0.36)
(0.33)
(0.38)
(0.46)
(0.52)
(0.69)
(0.78)
(0.84)
(1.14)

1.00
0.95
0.88
0.99
1.21
1.37
1.82
2.06
2.22
3.01

ref
0.45–1.98
0.41–1.86
0.47–2.05
0.60–2.44
0.69–2.73
0.95–3.48
1.09–3.88
1.18–4.15
1.64–5.50

ref
0.50–3.1
0.36–2.51
0.48–2.97
0.54–3.15
0.69–3.86
0.99–5.18
1.12–5.76
1.16–5.89
1.64–8.07

0
1
2þ

145
44
77

(0.45)
(0.82)
(1.18)

1.00
1.82
2.64

ref
1.00
1.29–2.57 1.89
2.00–3.48 2.67

ref
32,153
1.33–2.72 5,372
1.98–3.60 6,522

0
1
2

212
41
13

(0.64)
(0.52)
(0.39)

1.00
0.81
0.79

ref
1.00
0.58–1.14 0.81
0.35–1.07 0.55

ref
32,916
0.57–1.14 7,817
0.30–0.99 2,272

44,047

Cancer status at biopsy

Year of biopsy
1.00
1.24
0.95
1.19
1.30
1.63
2.27
2.54
2.61
3.64

3,405
4,394
4,784
4,248
4,130
4,199
4,616
4,604
4,749
4,918

Charlson Comorbidity Index score

Number of previous biopsies

PSA, prostate-specific antigen.
a
Cancer was defined as a cancer either detected at that biopsy or diagnosed at a previous biopsy.

tate biopsy (OR 1.55; 95%CI 1.13–2.14) (Supplementary Table S3).
Within 30 and 90 days, a total of 67 and 175 men,
respectively, died, which corresponds to 0.15 and
0.40% of the total study population. Among men
dying within 30 days of prostate biopsy, one man died
of BSI; none due to UTIs; two men died following
other infections such as pneumonia; and one man
died following surgical procedures. The correspond-

ing numbers after 90 days was five due to infectious
causes and one due to surgical procedures (Table II).
The observed number of deaths in men >70 years
of age in our study was in the same range as
compared to the general male population, both within
30 (SMR ¼ 0.99; 95%CI 0.76–1.30) and within 90 (SMR
¼ 0.87; 95%CI 0.74–1.03) days of biopsy. For men <70
years at biopsy, the observed number of deaths was
significantly lower than expected (SMR ¼ 0.57; 95%CI
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Fig. 2. Number of prostate biopsies, and blood cultures drawn in these patients, each year from 2003 to 2012. The graph also shows the
proportion of men having a positive blood culture drawn within 30 days of biopsy, and the proportion of men being admitted to hospital
within 30 days of biopsy (and discharged with an International Classification of Diseases and Related Health Problems (ICD) code related
to an infection).

Fig. 3. Results from blood cultures with respect to resistance patterns. Lines refer to the proportion of cultures, which that are resistant
to the tested antibiotic in relation to the total number of cultures. The tests for trend, using logistic regression, were significant for
increase in resistance to extended spectrum b-lactamase (ESBL), ciprofloxacin, trimethoprim–sulfametoxazole, and cefotaxime, but not to
gentamicin (Supplementary Table S1). Enterococcus was not included in the proportion calculated for resistance, nor was ESBL.
The Prostate
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TABLE II. Cause of Death Within 30 and 90 Days Following Prostate Biopsy in Men Undergoing the Procedure in
Stockholm, Sweden, 2003–2012
Within 30 days
Cause of death

Within 90 days

No. of deaths

No. of blood
cultures drawn

No. of deaths

No. of blood
cultures drawn

1
0
2
27
19
11
0
1
6

1
0
0
7
6
1
0
1
2

1
2
2
51
57
39
4
1
18

1
0
0
11
14
2
0
1
3

67
0.15%

18

175
0.40%

32

Bloodstream infection (septicaemia)
Urinary tract infection
Other infections
Prostate cancer
Other (not prostate) cancer
Coronary/arterial/pulmonary
Gastrointestinal causes–not cancer
Surgical procedures
Other
Total No. of deaths
Proportion

0.34–0.94 for within 30 days, and SMR ¼ 0.51; 95%CI
0.38–0.70 for within 90 days) (Table III).
DISCUSSION
The proportion of men with a positive blood
culture within 30 days of biopsy increased from 0.38%
in 2003 to 1.14% in 2012. During this time no known
change was introduced in the handling of patients,
concerning either patients with a suspected BSI or the
handling of blood culture specimens. The increase in
the proportion of positive cultures is likely explained
by a change in virulence of the bacteria causing the
infection. Carignan and co-authors report that 2.15%
of men undergoing a prostate biopsy in 2010–2011
experienced symptoms of infection within 30 days. Of
men with infectious symptoms, 42% had a positive
blood culture [1]. In our study the proportion of men
undergoing a blood culture in 2012 was 2.32%, and
more than half of these blood cultures were positive
(52%). The figures presented by Carignan et al. in
their nested case-control study are based on a wider
definition of infectious symptoms than used in our

study, suggesting that the problem with severe complications is greater than earlier reported.
The proportion of positive cultures with a bacterium resistant to ciprofloxacin and to trimethoprim–
sulfametoxazole during 2012 was 36 and 42%, respectively. This implies that these antibiotics should not be
used as empirical treatment for men hospitalized due
to an infection after a prostate biopsy.
Year of prostate biopsy was highly associated with
the risk of a positive blood culture. This trend was
strong and it is expected that the risk will increase
over the forthcoming years. When looking at available
risk factors for a positive blood culture we found that
the CCI score was highly associated with the outcome.
This emphasizes the fact that men with several
comorbidities are at greater risk of post-biopsy infection, which should be recognized when deciding on a
prostate biopsy.
Younger men also seemed to have an increased risk
compared with older men, when adjusting for CCI.
This suggests that elevated PSA levels indicating the
need for a prostate biopsy in younger men may be
elevated for reasons other than prostate cancer, such

TABLE III. Age-standardized Mortality Ratios (smrs) With 95% Conﬁdence Intervals (cis) Comparing 30- and 90-Days
Mortality Between Men With a Prostate Biopsy and the General Swedish Male Population

30-days mortality

90-days mortality

Age at biopsy, yrs

Observed

Expected

SMR

95%CI

<70
70
Total
<70
70
Total

15
52
67
40
135
175

26.6
52.3
78.9
78.3
154.7
233

0.57
0.99

0.34
0.76

0.94
1.30

0.51
0.87

0.38
0.74

0.70
1.03
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as infections. Overall, the PSA level did not seem to
affect the risk of having a positive blood culture.
There was no obvious association between the
number of previous biopsy sessions and the risk of
having a positive blood culture, although there was a
tendency in the adjusted model that men with more
than two previous biopsies had a slightly lower risk
of having a positive blood culture. The reason behind
this is unknown but a partial explanation might be
that the physician performing the biopsy is aware of
the previous biopsies and uses another prophylactic
regimen.
In our cohort only two cases of ESBL-producing
enteric bacilli caused an infection before 2010, while
18 cases were detected post-2010. During the last
years a statistically significant increase in these bacteria has been seen in general in Sweden (supplementary data Fig. S1), although a decrease in the
prescription rate of several antibiotics, including
fluoroquinolones, has been observed [9]. It has been
shown in a British study that men traveling abroad
not long before a prostate biopsy have higher risk
(RR ¼ 2.7) of infectious complications compared with
men who have not been abroad [16]. Foreign travel
appears to be a risk factor for acquiring multi-resistant
Enterobacteriacea [17,18]. Part of the explanation that
the rates of resistant bacteria increase in Sweden
might be related to the travel habits of Swedes. In
2012 there were >1,100,000 travels from Sweden to
countries known to have a high prevalence of multi-resistant bacteria, such as Thailand, India, Turkey, and
Egypt [19]. It has been shown that 24% of people
traveling outside northern Europe are asymptomatic
carriers of ESBL-producing E. coli upon arrival in
Sweden, and such strains very often carry resistance
to other drug classes, such as fluoroquinolones [20].
After a clinical infection with ESBL-producing enteric
bacilli, a Swedish study found that 43% of patients
still had positive faecal cultures up to 1 year after the
infection [21]. It is unclear how long asymptomatic
persons carry ESBL-producing bacteria. Such strains
are known to be frequently resistant to fluoroquinolones, trimethoprim–sulfametoxazole, cephalosporins,
and aminoglycosides [20]. This risk factor could not
be assessed in our study, but it should be emphasized
that taking a careful history of the patient with regard
to recent travels could influence the choice of prophylactic antibiotics.
Previous studies have discussed a more individualized prophylactic regimen based on risk factors or
rectal swabs [1,22,23]. Although this would likely
help the individual patient, it does not solve the larger
problem regarding the amounts of antibiotics used
and the fear that enteric bacilli will eventually
develop resistance to these antibiotics as well. A
The Prostate

transperineal approach could lower the risk of infections [24]. However, this route to obtain prostate
tissue for histological examination is a more complex,
expensive and time-consuming procedure, which
would have large effects on the health care system.
The risk of serious complications after a prostate
biopsy is increasing. However, the mortality rate from
complications in this population is lower compared
with mortality in the general population. Our numbers are in line with the findings in the Swedish part
of the European Randomized Study of Screening for
Prostate Cancer [25]. Care has to be taken when
interpreting the lower number of deaths in our study
since this most likely could be attributed to a selection
bias at the time of the biopsy.
Study limitations include the retrospective design
and the lack of information on individual prophylaxis
used at the time of biopsy. The number of men being
treated at ICU is an underestimation, as this register
did not have an acceptable coverage until 2009.
Objections could be raised against using Swedish
men as the standard population when calculating
SMRs. One could argue for use of a population more
comparable to our cohort, such as men undergoing
PSA tests. However, since this test has been taken in
>75% of the male adult population of Stockholm [10],
it is our belief that this would not affect the analysis
and that using the background rate for Sweden is
adequate.
The results of this study reflect the situation in an
area with a history of low rates of multidrug resistant
bacteria, low antibiotic use in the population, with low
numbers of loss of follow-up. Antibiotic use and microbiological resistance patterns are different in different
populations thus making generalizations to other
populations difficult; we believe that this study reflects
the situation in a population where large efforts have
been taken to reduce unnecessary antibiotic use in
general and despite this a rapid increase is seen.
CONCLUSION
Multidrug-resistant enteric bacilli are becoming a
problem in Sweden, despite low antibiotic use in the
Swedish population. Men need to be informed about
the increasing risks of infectious complications of
transrectal prostate biopsy. One out of 50 men undergoing a prostate biopsy will have symptoms suggestive of a BSI within 30 days of the biopsy and one in
100 men will have a positive blood culture.
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