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Abstract

Urinary tract infections (UTI) are common, debilitating and can have serious health consequences. UTI
can present with severe local and systemic symptoms. Measures to reduce UTI occurrence deserve
serious attention. We conducted a systematic review of the literature to evaluate data on the association
between male circumcision (MC) and UTI. An extensive meta-analysis found that the lifetime risk of UTI
in uncircumcised males is 32%, compared with 8.8% in circumcised males (relative risk reduction 3.7-
fold). A number of studies suggest that phimosis may also be a risk factor for UTI. Thus, the number
needed to treat (circumcise) is 4.3 and the single risk factor of lack of circumcision confers a 23% lifetime
probability of UTI. Relative to circumcised males, UTI risk in uncircumcised males in the first year of life is
9.9, from age 1-16 years the relative risk is 6.6, and beyond age 16 years the relative risk is 3.4. The
prevalence of UTI greatly exceeds the incidence of adverse events associated with the circumcision
procedure (0.4% in infancy and 1.5% or more in older males). Most adverse events are minor. Because
of the potential seriousness of UTI, high lifetime UTI incidence among uncircumcised males, and the
strong protection afforded by circumcision, this simple, safe procedure (best performed early in infancy)
should be more widely adopted. Circumcision confers an extensive array of other benefits, and has no
adverse effect on sexual function or pleasure. Current evidence suggests that male circumcision should
be regarded as a highly beneficial public health intervention similar to childhood vaccination.

Keywords: circumcision, foreskin, urinary tract infections, male, infancy, childhood, adult, meta-analysis,
bacteria

Key points

UTI is common, affecting 1 in 3 uncircumcised males over their lifetime

Circumcision of males, preferably early in infancy, is highly protective against UTI

The benefit in reduction of UTI by circumcision exceeds the procedural risk by 50:1

UTI can lead to renal parenchymal disease

Increases in antibiotic resistance adds to the challenges of treating pediatric and later age UTI
Adopting ways of reducing UTI prevalence in males should be regarded as desirable

Male circumcision has other lifetime benefits and is cost-saving for disease reduction
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1 Introduction

The extensive medical and health benefits of male circumcision are now widely recognized and
encapsulated in evidence-based policy statements [1], [2], [3], [4]. These include protection against
several common sexually transmitted infections (STIs), genital cancers in both sexes, as well as physical
problems and penile inflammation [5]. Penile inflammatory conditions will be reviewed in chapter 8 of
section 18. In this chapter we discuss urinary tract infection (UTI), a common condition seen in both
childhood and in later in life, focusing on the protection that male circumcision provides. We also discuss
whether the risks seen in a minority of males are sufficient to justify calls for infant male circumcision to
be promoted and supported by medical bodies and governments.

2 Urinary tract infections

UTI can occur at any age, but in males UTls are most common in infancy [ 6], outnumbering those seen i
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infant girls by 5 to 1 [7]. The risk of UTI in boys is greatest during the first month of life [ 8]. UTI is the mos
common (4-10%) serious bacterial illness in febrile infants under 60 days of age [9], [10]. In infant boys
presenting with intense pain and fever, lack of circumcision should alert the physician to consider UTI as
the possible cause [11]. While most UTIs can be readily treated, significant morbidity can occur under
some circumstances [12]. In very young boys a UTI can often be severe and in extreme cases can even
lead to sepsis and death [13]. By age 7 years at least 2% of uncircumcised boys have had at least one
UTI, although the true proportion has been suggested as being 5% [14]. A study by the American
Academy of Pediatrics of UTIs in 1,895 infants aged 29 to 60 days in 20 US centers found bacteremia in
6.5% [10]. Among patients with bacteremia adverse events occurred in 8.1%, as compared with 2.3% in
those without bacteremia. The likelihood of adverse events in infants with UTI and fever were: shock
(0.4%), bacterial meningitis (0.3%), admission to an intensive care unit (2.0%), need for ventilatory
support (0.6%), need for surgery (0.2%), death (0.1%), and other complications (0.6%). Over a 10-year
follow-up, hypertension was seen in 12.8% of children with a history of UTI and surgically corrected
vesico-ureteral reflux [15], [16].

Uropathogenic Escherichia coli account for 70-95% of UTIs [17], the ascending route being the most
common avenue of acquisition, although seeding from systemic infection and health-care associated
infections also occur [16]. In the bladder, experiments in mice found that bacteria colonize and invade
superficial cells to form biofilms that appear on the bladder surface as pod-like bulges in which the
bacteria are encased in a polysaccharide-rich matrix surrounded by a protective shell of uroplakin [18].
Such events may explain persistence of bladder infections in the face of robust host defences and
represent a source of recurrent UTI [19]. How often these events occur in humans is unclear. Antibiotic
prophylaxis has only modest efficacy in reducing UTI rates in children [20].

Of infants with UTI, 47% have a radiographically-identified urinary tract abnormality [ 21]. Vesicoureteric
reflux is most common, with 1-2% affected, and comprises 30-40% of children with UTI [22]. Children
with normal urinary tracts or non-dilating reflux do not benefit from antibiotic prophylaxis. In a study of
boys aged 3-34 months with reflux, antibiotic prophylaxis did not decrease bacterial colonization of the
foreskin, leading the authors to recommend circumcision [23]. Moreover, increasing bacterial resistance
and low adherence to prescribed medication, represent major obstacles to successful antibiotic
prophylaxis [24]. Maternal antibiotics during pregnancy also increase the risk of resistant pathogens
causing neonatal UTI [25]. In children with prenatal hydronephrosis, febrile UTI was seen by 1-31
months of age in 19%, with a hazard ratio of 3.2 [26]. In such children continuous antibiotic prophylaxis
reduced recurrent UTI risk, especially if there was ureteral dilation, high-grade reflux, or and uretero-
vesicular junction obstruction [27]. Continuous antibiotic administration to children under the age of 2
years with high-grade, but not low-grade, prenatal hydronephrosis halved the incidence of UTI [28].

3 Circumcison to prevent UTIs

3.1 Retrieval of publications

A search of the PubMed database on 8 Feb 2016 for articles matching one or more of the keywords
“circumcision”, “circumcised or “uncircumcised” plus one or more keywords yielded, for “UTI”, 60, 26 and
32 articles for each respective keyword combination; for “urinary tract infection” 305, 78, 87 articles,
respectively; and for “bacteriuria” 19, 13, 13 articles, respectively. The abstracts of each were used to
judge whether they were of sufficient quality to merit inclusion. Criteria for inclusion were that the article
had to include either non-duplicated original data or meta-analysis of original data, publication in a peer-
reviewed journal, and publication in English. A total of 22 studies reporting original data on circumcision
and UTI were selected for inclusion (tables 1 and 2), together with 4 meta-analyses of studies of

circumcision and UTI. We retrieved the full text of each article for detailed review.

Table 1: Characteristics of the studies included the most recent meta-analysis B7] (CFU = Colony Forming Units)

Population Circumcision

Study Location Design UTI definition e
age range classification
Wiswell USA Army Cohort 1975—- Birth—1 Not stated (92% of Birth records
1987 [32] hospitals 1984 year cultures suprapublic)
Herzog (B:ﬁﬁ:joan's Case-control Birth—1 5105 CEUMI Il\/ltetdictal recorc;ls;
_ 2 etter to parents
1989 [38] Hospital, USA 1985-1986 year
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Kashani
1989 [39]

Crain 1990
[41]

Rushton
1992 [43]

Spach
1992 [81]

Wiswell
1993 [33]

Craig 1996
[49]

Kim 1996
[72]

Shaw 1998
[44]

To 1998
[35]

Herndon
1999 [45]

Schoen
2000 [34]

Nayir 2001
(80]

Newman
2002 [37]

Kwak 2004
[47]

Zorc 2005
[9]
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UCSD Medical
Ctr, USA

New York, USA

Washington, DC,
USA

Seattle, WA,
USA

USA Army
hospitals

Sydney,
Australia

Seoul, Korea

Philadelphia PA,
USA

Ontario, Canada

3 sites, USA

Kaiser Hospitals,
CA, USA

Istanbul, Turkey

219 sites, USA

Seoul, Korea

8 sites, USA

Case-control
1980-1985

Case-control
1982-1987

Case-control
1987-1988

Case-control
(STI clinic
urine culture)

Cohort 1985—
1990

Case-control
1993-1994

Case-control

Case-control
1995-1996
(1 year)

Cohort 1993
(fiscal yr)

Case-control
1993-1998

Retrospective
cohort 1996—
1997

Randomized
controlled trial

Case-control
1995-1998

Cohort 1985—-
1993

Cross-sectional

1 month-2
years

<8 weeks

2 wk—6 mo

Adult
(median
age
cases 30
Controls
32)

Birth—1
year

Birth—4
years

<15 years
<1 year
(84%
African

American)

Birth—3
years

“Boys”

Birth—1
year

3 mo-10 yr

who had a
UTI

Birth—98
days

4.2-174
months

<60 days

>10° CFU/mI (catheter \;oqical records

or suprapubic aspir)

>104 CFU/mI
(bag/cath)

>102 (suprapub)

>10° CFU/mI (clean

catch)

>104 (catheterized)

>10° CFU/m
midstream
plus =1 symptoms

Not stated

>10° (suprapub or
cath);

>108 (midstream
urine)

>10° CFU/ml

>10° CFU/m (sterile

urethral
catheterization)

ICD 9 codes 590, 595,

597, 599

Society for Fetal Urol

data sheets

ICD-9 coding or
outpatient
clin rec

>10° CFU/ml +
symptom

>102 CFU/mI
(suprapubic);
>2x10% (cath);

>10° (bag, clean
voided)

>10° CFU/ml
>103 CFU/ml

(suprabubic);
>5x10% (cath);

>10° (cath plus +ve

urinanalysis)
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Medical records

Medical records
(prospectively
for circumcised)

Examination

Birth records

Parents or
examination

Examination

Not stated

Canad Class
Code 76.0 (in

15t month)

Society for Fetal
Urol data sheets

ICD-9 coding

Performed as
part of trial

Not stated

Performed
during study

Examination
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Ghaemi Isfahan. Iran Case-control Jul ?Irr?ggr?tleg 8
2007 [48] ' 2001-Feb 2002 '
days)
S Retrospective
Mukherjee Blrmmgham cross-sectional 1-18 years
2009 [51] ~ Childrem's not mean 6.7
[51] Hospital, UK case-note (mean 6.7)
review
. , 1-11
Roth 2009 Chlldren S Retrospective months
Hospital of !
[40] Oklahoma. USA analysis (mean 6.1
' months)
Children’s
. Hospital Prospective .
;—\(I)slaz)yw[ig] Westmead, cohort study L rday 8.8
Sydney, 1995-2006 y
Australia
. Neonatal
. Prospective
Simforoosh followed
Tehran, Iran cohort study
2012 [36] 2004-2008 for 15
months
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Any CFU in
suprapubic spec;
or 2104 in clean-
voided

Proven pure bacterial
culture (organisms
tabulated)

Positive urine culture

Urine culture;
organisms identified

>10° CFU/ml; if +ve or
equivocal rechecked
by suprapublic cath

Examination

Not stated

Not stated

Performed
during study

Performed
neonatally as
part of study

Table 2: The studies included in the most recent meta-analysis B7], showing number of UTI cases/subject

number for each.
Ref.

Wiswell 1987 [32]
Herzog 1989 [38]
Kashani 1989 [39]
Crain 1990 [41]
Rushton 1992 [43]
Spach 1992 [81]
Wiswell 1993 [33]

Craig 1996 [49]

Kim 1996 [72]

Shaw 1998 [44]
To 1998 [35]
Herndon 1999 [45]

Schoen 2000 [34]

Circumcised

151/173663

0/52

1/43

4/96

2/37

18/64

112/80279

2/49

0/19

6/497

55/29217

7/37

22/9668

Uncircumcised

459/46112

36/60

16/83

18/103

21/49

8/14

384/27319

142/837

8/70

6/75

205/29217

10/19

132/5225

AOR?, ARRP, OR®
11.4 (9.53-13.8)
156 (9.22-26.60)
10 (1.28-78.4)
4.87 (1.58-15)
13.1 (2.83-60.8)
3.41 (1.04-11.2)
10.1 (8.17-12.4)

5.6 (1.4—20)
5.3 (0.293-96.1)

7.12 (2.23-22.7)
3.7 (2.8-5)
4.76 (1.41-16.1)

11.1 (7.08-17.4)
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Notes

e, h,ij
c,d, e h,ij
c e f h,i
c,e h,i
c,eh,i
C,g,hi

e hij

a, e f, hi

c,d, e f,i
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Nayir 2001 [80] 0/35 3/35 7 (0.375-131) d,ef,i
Newman 2002 [37] 15/572 41/197 9.76 (5.26-18.1) c,e,i

Kwak 2004 [47] 6/27 18/50 1.97 (0.672-5.77) c, fi

Zorc 2005 [9] 6/262 62/291 10.4 (4.7-31.4) a, ei
Ghaemi 2007 [48] 2/105 16/148 6.24 (1.4-27.8) c, e i
Mukherjee 2009 [51] —/NA —/NA 12 (6.4-23.6) a,fi

Roth 2009 [40] 0/41 2124 9.22 (0.424-201) c,d,e,i
Alsaywid 2010 [50] 5/74 62/137 11.4 (4.33-30) c, e fi
Simforoosh 2012 [36] 0/2000 20/1000 83.7 (5.05-1380) c,d, e fh,i

The studies are listed in chronological order.

In 'Notes' column: a = adjusted odds ratio; b = adjusted relative risk; ¢ = odds ratio; d = small sample
correction; e = infant; f = child; g = adult; h = general population; i = systematic search; j = USA. NA, not
available. When a, b or ¢ does not appear above it means that the study did not report one of these.

3.2 Infant UTI and circumcision

The first suggestion that male circumcision was associated with reduced UTI risk was in 1972 [ 29]. In
1982 Ginsburg and McCracken noticed that of 100 infants under 8 months of age with UTI, 95% were not
circumcised [30]. Wiswell and co-workers examined the medical records for 1,919 circumcised and 583
uncircumcised boys born at Tripler Army Medical Center in Honolulu, Hawaii, from 1982-1983. They
found the prevalence of UTI during infancy was 20 times higher among uncircumcised boys (0.21% vs.
4.12%, respectively) [31]. They then studied the birth records of 173,663 circumcised and 46,112
uncircumcised infant boys at US Army hospitals worldwide from 1975 to 1984. The key finding was that
UTI rates were 11.4 fold higher in the uncircumcised group [32]. A further study of the medical records for
80,279 circumcised boys and 27,319 uncircumcised boys for the first year of life confirmed that UTI
incidence rates during infancy were 10-fold higher among uncircumcised boys (1.4%) than among
circumcised boys (0.14%) [33]. Another large US retrospective cohort study, at Kaiser Hospitals in
California, included 9,668 circumcised and 5,225 uncircumcised infant boys monitored for 12 months.
The key finding was that UTI incidence rates were 11.1-fold higher in the uncircumcised group (2.5%)
than in the circumcised group (0.23%) [34].

A study in Ontario, Canada of 29,217 circumcised boys and 29,217 uncircumcised boys over the period
from birth to age 3 years found that UTIs occurred 3.7 times more often among those who were
uncircumcised [35]. A prospective cohort study of 2,000 boys circumcised in the newborn period and
1,000 uncircumcised boys followed for the first 15 months of life found that UTI incidence was 84-fold
higher among uncircumcised infants [36].

The Pediatric Research in Office Settings’ Febrile Infant Study in the USA of 219 pediatric practices of
infants younger than 3 months presenting with fever, diagnosed UTI in 2.6% of circumcised boys vs.
20.8% of uncircumcised boys [37]. In this study, being uncircumcised was the strongest UTI risk found in
a multivariate analysis (OR=11.6; 95% CI=5.9-22.6).

The much higher UTI prevalence in uncircumcised male infants was confirmed in subsequent years by

numerous smaller studies. These include studies from the Boston Children's Hospital [38], the University
of California San Diego Medical Center [39], the Children's Hospital of Oklahoma [40], New York City
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[41], [42], Washington, DC [43], Philadelphia [44], multiple additional sites in the USA [ 45], [46], in Seoul,
South Korea [47], Isfahan, Iran [48], Sydney, Australia [49], [50], and the Birmingham Children's Hospital,
UK [51].

Israel appears to be an exception to the lower rate of UTI among male infants. In Israel, circumcision is
performed by mohels (ritual circumcisers). UTI occurs commonly afterwards [52]. Hemostasis arising
from tight bandaging of the penis post-circumcision to stem bleeding has been proposed as the cause,
leading to recommendations that modifications to the traditional technique should be implemented [52],

[53].

As indicated above, UTIs are especially common in uncircumcised boys with underlying urinary tract
abnormalities [51], [54]. However, the risk reduction conferred by circumcision is 90% for both boys with
normal urinary tracts and those with upper urinary tract abnormalities [55]. In patients with vesico-ureteral
reflux antibiotic prophylaxis was not effective in reducing the bacterial colonization of the prepuce [56].
The authors recommended circumcision, particularly for boys with reflux, to reduce UTI risk. Prenatal
hydronephrosis in infant males is associated with 3.6-fold higher UTI rate in uncircumcised compared
with circumcised boys. Antibiotic prophylaxis did not reduce the UTI rate in male infants in this population
[57]. Uncircumcised formula-fed infants with reflux were at higher UTI risk [ 58]. Early postnatal
circumcision reduces UTI frequency in males with prenatal hydronephrisis [59]. In boys under 16 years of
age with prenatal hydronephrosis and reflux, the incidence of UTI was 52% [60]. After circumcision the
UTI rate decreased to 22%, compared to a UTI rate of 68% among boys who remained uncircumcised.

Amongst boys diagnosed with UTls, recurrent UTI occurred in 19% of those who were not circumcised,
but in none of those who were circumcised [61]. Recurrent UTI was seen in 39% of boys aged <2 years
and 61% of boys aged 2 to 6 years (peaking at 3-5 years), although the period from first UTI to
recurrence was not reported.

Some studies suggest that phimosis may further increase UTlI risk [ 7], [62], [63], [64], [65], supporting the
view that UTI pathogenesis involves bacteria ascending from the preputial sac where uropathogens
accumulate [66], [67], [68]. Retractability of the foreskin is low among newborns, but common in
adolescence [69]. A Japanese study found that presence of a nonretractile foreskin increased UTI risk
7.8-fold [62]. In contrast, a Canadian study of 440 boys, found similar UTI prevalence in uncircumcised
boys with a completely visible (30%) vs. a partially or nonvisible (24%) urethral meatus [70].

Of infants diagnosed with their first UTI and anatomically normal urinary systems, recurrent UTI occurred
in 34% of uncircumcised boys with nonretractile foreskins compared with 18% among boys whose
foreskins could be retracted [7]. Presence of acute pyelonephritis was another risk factor for recurrent
UTI in this study. Amongst infants born prematurely, a US study found that those who were
uncircumcised had an 11-fold higher risk of UTI (95% CI 3.3-29; P<0.001) and that risk of UTI
recurrence was eliminated by circumcision [71].

3.3 Circumcision and UTI in older boys

After infancy the prevalence of UTI in boys is lower. To and co-workers studied Canadian boys up to 3
years of age [35]. The inclusion of older boys, by diluting the UTI rate in infancy, would contribute to the
rate in uncircumcised boys being 3.7 times higher than the rate in circumcised boys. A study in Sydney,
Australia of 144 boys under 5 years of age (mean 0.5 years) found microbiologically proven UTIs in 47
(6.3%) of those who were uncircumcised vs. 2 (1.4%) of those who were circumcised (P=0.02) [49]. Othel
studies in older boys included another in Sydney of boys from infancy to age 8.8 years [50], two in Seoul,
South Korea of boys under 15 years [72], [47], one in the USA of boys whose ages were not specified
[45], and a UK study of boys aged 1 to 18 years [ 51]. The cumulative incidence of UTI was 2.2% by age :
in a Swedish study [73], 1.8% by age 6 in Sweden [74], 6% in uncircumcised vs. 1.4% (n=2) in
circumcised boys by age 5 years in a study in Western Sydney [49], and 3.6% to age 16 in a UK study
[75]. The latter data were for specialist referrals and may be underestimates, since many UTIs are treated
in primary care settings, which could include pediatricians, nurse practitioners and others in addition to
general practitioners.

Bacterial colonization was found under the foreskin of over 98% of uncircumcised boys aged 2.9-7.4
years, more than 86% of the bacteria being uropathogenic [76]. After circumcision, bacterial colonization
rates dropped from 100% to 86.3% (83.6% uropathogenic) in boys under 5 years of age and from 98.6%
to 77.1% (70% uropathogenic) in boys aged 5 years or more. Foreskin swabs taken before circumcision
from boys circumcised at an average age of 5.7 years (range 2 months to 9 years) contained 72
microorganisms, including 54 gram-positive bacteria (57% Enterococcus spp.) and 17 gram-negative
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bacteria (41% E. coli) and Candida spp. [76]. Bacteria cultured from periurethral swabs taken from
healthy males who were uncircumcised (mean age 26.5 years) and circumcised (mean age 8.3 years)
comprised gram negative rods in 17% vs. 4%, respectively, gram positive cocci in 62% vs. 80%, while
streptococci, strict anaerobes and genital mycoplasmas were only present in the uncircumcised [77]. In
boys aged from newborn to 13 years (mean 5.8 years), three yeast species were present under the
foreskin of 12%. After circumcision this rate decreased to 1% of boys [78]. Swabs taken under the
foreskin of boys aged 7 days to 11 years identified 50 bacterial isolates, most of which were multi-drug-
resistant strains [79]. Taken together, these data suggest that uncircumcised males are more likely to
harbour uropathogenic and antibiotic-resistant bacteria in their subpreputial space that are likely to be
important in the pathogenesis of UTI.

A small randomized controlled trial was conducted in Istanbul, Turkey, of 88 boys aged 3 months to 10
years [80]. This population included 18 whose parents did not want them to be circumcised and 70 boys
whose parents requested circumcision. All were followed for 6 months with monthly urine cultures. When
a positive urine culture was detected antibiotics were administered. Of the 70 boys slated for
circumcision, 35 receiving immediate circumcision and 35 had delayed circumcision 6 months later. In the
delayed circumcision group bacteriuria was maintained until their circumcision. The rate plunged 25-fold
after circumcision, the level becoming similar to that seen in the boys circumcised immediately after UTI
diagnosis. A drawback of this study was the very small number of 6 symptomatic UTI cases. Clearly,
much larger studies would be helpful.

3.4 Circumcision and UTI in men

In 80 young (median age 30 years) men attending STI clinics in Seattle, Washington, 26 had
microbiologically confirmed UTI and 52 (median age 32 years) had urinary symptoms but negative urine
cultures [81]. Eight (31%) of the 26 bacteriuric men presented as uncircumcised compared with 6 (12%)
of the 52 nonbacteriuric men (odds ratio 3.4; 95% CI 1.0, 11.2; P=0.037). Among 19 men with gram-
negative bacilli, 8 (42%) were uncircumcised vs. 6 (12%) of 52 nonbacteruric men (odds ratio 5.6; 95%
Cl 1.6, 19.4; P=0.004 [81]. Based on presentation of only 38 previously healthy university men with
symptomatic UTIs, prevalence was considered low in another Seattle study [82]. Of these, 33 were
circumcised and 5 were uncircumcised, indicating a similar rate of UTI in each. The number of cases
were, however, too low to infer whether circumcision had a protective effect.

In elderly men UTI is common [83]. While genitourinary tract instrumentation (catheter placement and
urological procedures) is a well-recognized risk factor for UTI [84], it is plausible that lack of circumcision
might also contribute to UTI risk in elderly men. It is surprising that we could find no reports comparing
UTI rates among elderly circumcised and uncircumcised men. Since nursing homes constitute a setting in
which environmental factors are reasonably standardized for all occupants, studies of men in care
facilities should be considered.

4 Meta-analyses of effect of circumcision on UTI rate

Meta-analyses have consistently noted strong protection conferred by infant circumcision against UTI
[33], [85], [86], [87]. In 1992 the first meta-analysis conducted included 6 studies involving a total of
221,799 male infants [86]. The key finding was that being uncircumcised conferred a 13.1-fold higher UTI
risk (95% CIl 10.9-15.7) [86]. In 1993, Wiswell and Hachey [33] published a meta-analysis of male
circumcision and UTIs in 209,399 infants from 9 studies. They found a 12.0-fold increase in UTI risk
among uncircumcised boys (95% CI 10.6-13.6; range, 5-89-fold) [33]. A subsequent meta-analysis by
Singh-Grewal and co-workers of 12 studies totalling 402,908 boys, including one randomized controlled
trial, 4 cohort studies and 7 case-control studies found that circumcised boys had 87% lower UTI risk
than uncircumcised boys (odds ratio 0.13, 95% CI 0.08-0.20), with the odds ratio being similar for each
type of study design [85]. That meta-analysis was criticized by Schoen, who suggested that, “studies of
older children and men [were] inappropriately included in the analysis,” and, “may explain why the odds
ratio in boys is not as favourable as in earlier studies” [13]. Singh-Grewal et al. [ 85] recommended that
circumcision should only be performed on boys with recurrent UTI or vesico-ureteric reflux. This
recommendation was denounced by Schoen as being, “analogous to postponing immunization of an
infant until the child is exposed to the pathogen or is diagnosed with the disease” [13]. Schoen regarded
the newborn period as a, “window of opportunity” for circumcision because of simplicity, speed, faster
healing, use of local anesthetic, and 10-times lower cost [13]. He also pointed out that, “the 2%
complication rate mentioned is high”, noting that, “the American Academy of Pediatrics stated that
complications of newborn circumcision are 'rare and usually minor' and that complications occur at a rate
of 0.2% to 0.6% — [which is] 3 to 10 times lower than the rate cited by Singh-Grewal et al.” [13]. In
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addition, Schoen criticized the authors’ failure to point out that circumcision also protects against
phimosis and balanitis during infancy and childhood, facilitates cleanliness, in young men helps prevent
certain sexually transmitted infections (including human immunodeficiency virus and human
papillomavirus) and protects against penile cancer later in life as well as cervical cancer in female sexual
partners [13].

The most recent meta-analysis (in 2013) — that included data from 22 studies (Figure 1) involving a total
of 407,903 males (296,837 circumcised and 111,066 uncircumcised) — determined the level of protection
at three different ages of life — age 0-1 year, age 1-16 years and age >16 years (table 3) [87]. In infancy
the relative risk of UTI was 9.9-fold higher in uncircumcised than in circumcised males (95% CI 7.5—
13.1). For ages 1-16 years the relative risk of UTI was 6.6-fold higher in uncircumcised than in
circumcised males (95% CI 3.3-13.2). For age >16 years the relative risk of UTI was 3.4-fold higher in
uncircumcised than in circumcised males (95% CIl 0.92-12.7) [87]. The study calculated that 32.1% (95%
Cl 15.6-49.8) of uncircumcised males experience a UTI over their lifetime compared with 8.8% (95% CI
4.2-13.2) of circumcised males (relative risk 3.7; 95% CI 1.1-11.8). The number needed to treat
(circumcise) to prevent one case of UTI was 4.3 (95% CI 2.2-27.2). By subtracting 8.8 from 32.1 it was
calculated that the single risk factor of lack of circumcision conferred a 23.3% risk of UTI over the lifetime
[87]. No relevant original studies have been published since that meta-analysis so there is currently no
need for an updated meta-analysis.

Wiswell 1987 . m 11.55[9.61, 13.89]
Wiswell 1993 . m 10.20[8.26, 12.60]
Schoen 2000 o 11.36[7.23, 17.87]
To 1998 o 370[2.77, 4.94]
Nayir 2001 - : 7.65[0.38, 153.75]
Herzog 1989 o . . 156.43[9.22, 2655.08 ]
Kashani 1989 [E— 10.03[1.28, 78.44]
Crain 1990 a— 487[158, 14.97]
Rushton 1992 o 13.12[2.83, 60.81]
Craig 1996 Ja— 560[1.48, 2117]
Spach 1992 —— 3.41[1.04, 1121]
Newman 2002 - 9.76[5.26, 18.10]
Kwak 2004 e 197067, 577]
Zorc 2005 A 10.40[4.02, 26.88]
Shaw 1998 J— 7.12[2.23, 22.68]
Herndon 1999 Ju— 476[1.41, 16.13]
Mukherjee 2009 - 12.00[6.25, 23.04]
Kim 1996 — : 5.30[0.29, 96.12]
Ghaemi 2007 I 6.24[1.40, 27.76]
Roth 2009 — : 9.22[0.42, 200.54 ]
Alsaywid 2010 — 11.41[4.33, 30.04]
Simforoosh 2010 o : 83.65[5.05, 1384.52 ]

| E| | | |
0.05 115 2794 678.58
Odds ratio

Figure 1: Forest plot showing odds ratios for studies included in a meta-analysis published in 2013§7]. Mean is
depicted as a square symbol and the first number immediately to the right of the symbol in each case. Horizontal
bars and numbers in brackets show the 95% confidence intervals.
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Table 3: UTI risk estimates for circumcised and uncircumcised males of different age groups found in the most
recent meta-analysis [87]

Age group RR (95% CI) Circ risk (95% CI) Uncirc risk (95% CI)
0-1 years 9.91 (7.49-13.1) 0.127% (0.072%—0.223%) 1.26% (0.737-2.14)
1-16 years  6.56 (3.26-13.2) 0.409% (0.221%—-0.704%) 2.68% (1.67-4.13)
16+ years 3.41 (0.916-12.7) 8.26% (3.61%—12.7%) 28.2% (11.6-45.7)
Lifetime 3.65 (1.15-11.8) 8.8% (4.15%—13.2%) 32.1% (15.6-49.8)

Note that this Table does not include results for both meta-regression and stratified meta-analysis
models, nor an analysis of various subsets such as studies of a general population versus those with
VUR.

5 UTI and risk of kidney damage

The data outlined above show that circumcision of male neonates and infants provides substantial
protection against UTI. The developing kidney is especially susceptible to renal injury and scarring [43],
[88], and the potential long-term consequences of these [ 89]. Renal imaging showed 50-86% of children
with febrile UTI and presumed pyelonephritis have renal parenchymal defects [90]. These persisted. UTI
in the first year of life was accompanied by pyelonephritis in 34—70% of cases in one study [9] and 90%
in another [91]. Following treatment of febrile infants for UTI, nuclear scans revealed scarring in 10-30%

[92].

Estimates in 1996 suggest that infant circumcision prevented 20,000 cases of acute pyelonephritis in the
USA annually [93]. Today that figure would be higher. Acute pyelonephritis is a major cause of renal
scarring [94], with a likelihood of 36-52% following UTI [91], [95], [96], [97]. A meta-analysis of 1,280
patients aged 0-18 years who underwent renal-bladder ultrasonography found renal scarring in 15.5%
assessed 5 months after a first UTI [98].

Although grade IV or V reflux has been found to be the strongest predictor of renal scarring (22-fold
higher likelihood than in patients without reflux), renal scarring was present in only 4.1% of patients [98],
consistent with earlier observations [99]. For most patients, high fever (=39°C) and an organism other
than E. coli were associated with high risk of renal scarring [ 98]. Recurrent UTI increases the risk of renal
damage. In male infants with normal urinary systems, the incidence of recurrent UTI in those less than 6
months of age was 26%, decreasing to 7.7% for males aged 6—12 months [7]. Acute pyelonephritis is one
of the biggest risk factors for recurrent UT]I, increasing the prevalence 4.6-fold [7]. Parenchymal infection
and inflammation, rather than reflux, are the prerequisites for renal scarring [96], [97], [99].

A 27-year follow-up study of pyelonephritis in childhood noted hypertension associated with
hyperreninemia (high plasma renin activity) and hypernatremia in 10-20% of cases, consistent with renal
involvement [100]. Hypertension was seen in 12.8% of children with a history of UTI and surgically
corrected reflux, with 17% of the hypertension occurring in those with gross renal scarring [15]. However,
the overall risk of hypertension has been found to be low two decades after a childhood UTI with or
without renal scarring [L01]. Renal scarring subsequent to a UTI can sometimes progress to renal
insufficiency and end-stage renal disease [100], [102]. Taken together, not only is the prevalence of UTI
highest in infancy, but it is a much more severe and generalized disease at this age [102] — with fever the
predominant sign due to pyelonephritis. UTI in early infancy has also been associated with a 1.5 times
higher risk of asthma [103]. These observations suggest that measures that prevent pediatric UTI merit
consideration.

A meta-analysis found an alarming rise in ciprofloxacin-resistant E. coli in UTI, leading to caution on the
use of this antibiotic for treatment [104]. The increasing prevalence of multi-resistant gram-negative
bacteria is occurring in all age groups, including children, as highlighted in a recent systematic review
and meta-analysis of resistance to commonly used antibiotics used to treat UTI in children globally [105].
For ampicillin, resistance was 53.4% in OECD countries and 79.8% in non-OECD countries, and for co-
amoxiclav was 8.2% and 60.3%, respectively. Antibiotic resistance was 13 times more prevalent in
children who had previously been prescribed antibiotics in primary care [105]. In Australia, multi-resistant
isolates of E. coli rose from 4.5% in 2008 to 7.2% in 2010, requiring treatment of uncomplicated UTIs with
intravenous instead of oral antibiotics [L06]. The impact of multi-drug resistant bacteria on health care
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costs and sepsis will be substantial. Methicillin-resistant Stapylococus aureus in children is increasing in
the community by 10% per year in the USA, being higher in infants aged less than 90 days (44 per
100,000) compared with older infants (11 per 100,000) and children (1-3 per 100,000) [107].

6 Risk of adverse events from circumcision and lack of
circumcision in the newborn period

The benefits of circumcision must be weighed up against the risks. In large series in 1989 it was found
that adverse events occurred after 0.19% of 100,157 circumcisions performed in the first month of life
[108]. Most adverse events were minor and easily treatable, leading to complete resolution. In contrast,
adverse events were seen in 0.24% of 35,929 uncircumcised infants. All adverse events in
uncircumcised infants were related to UTIs and included 32 in infants with concomitant bacteremia, 3
with meningitis, 2 with renal failure and 2 who died [108].

Subsequent studies reported similar findings. The most recent and authoritative data came from a study
in 2014 by the Centers for Disease Control and Prevention. This study documented adverse events
associated with circumcision of 1.4 million males in the USA (93.3% who were circumcised during the
newborn period) [109]. It found prevalence of adverse events in infancy was 0.14%. Virtually all of these
were minor, easily treatable and led to complete resolution. Adverse events were 20-fold higher for
circumcision of boys aged 1-9 years and 10-fold higher for males older than age 10 [109].

7 Conclusions

Based on the strong evidence, male circumcision substantially reduces the risk of UTI. An analysis by
researchers at Johns Hopkins University found enormous cost savings from circumcision when
considering just the protection against UTIs and STIs [110]. Protection in infancy against UTIs was
emphasized in the 2012 American Academy of Pediatrics infant male circumcision policy
recommendations [1], the draft recommendations by the US Centers for Disease Control and Prevention
[2], the American Urological Association policy on circumcision [ 3] and the infant male circumcision policy
of the Circumcision Academy of Australia [4]. Coupled with its other lifetime benefits [1], [3], [5],
circumcision of all infant males would seem desirable from a public health perspective. As pointed out by
the US Centers for Disease Control and Prevention [3], benefits of male circumcision exceed risks by 100
to 1 [5]. In the case of just UTI described herein, circumcision benefits exceed risk of an adverse event by
50:1. Early infant circumcision provides protection against adverse medical conditions comparable to
many childhood vaccines [34]. For example the level of protection deemed acceptable for vaccines
against influenza [111], [112], [113] justifies claims that circumcision in infancy might be regarded as a
“surgical vaccine” [114], [115], [116]. The benefit of male circumcision is even greater when one
considers that over their lifetime, approximately half of uncircumcised boys will suffer a medical condition
caused by the retention of the foreskin [5].
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