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» See related patient information handout on urinary tract infections during pregnancy (http://www.aafp.org/afp/2000/0201/p713.html), written by the authors of this article.

Urinary tract infections are common during pregnancy, and the most common causative organism is Escherichia coli. Asymptomatic bacteriuria can lead
to the development of cystitis or pyelonephritis. All pregnant women should be screened for bacteriuria and subsequently treated with antibiotics such as
nitrofurantoin, sulfisoxazole or cephalexin. Ampicillin should no longer be used in the treatment of asymptomatic bacteriuria because of high rates of
resistance. Pyelonephritis can be a life-threatening iliness, with increased risk of perinatal and neonatal morbidity. Recurrent infections are common during
pregnancy and require prophylactic treatment. Pregnant women with urinary group B streptococcal infection should be treated and should receive
intrapartum prophylactic therapy.

Urinary tract infections (UTls) are frequently encountered in the family physician's office. UTIs account for approximately 10 percent of office visits by women, and 15
percent of women will have a UTI at some time during their life. In pregnant women, the incidence of UTI can be as high as 8 percent.!2 This article briefly examines
the pathogenesis and bacteriology of UTIs during pregnancy, as well as patient-oriented outcomes. We review the diagnosis and treatment of asymptomatic
bacteriuria, acute cystitis and pyelonephritis, plus the unique issues of group B streptococcus and recurrent infections.

Pathogenesis

Pregnant women are at increased risk for UTIs. Beginning in week 6 and peaking during weeks 22 to 24, approximately 90 percent of pregnant women develop
ureteral dilatation, which will remain until delivery (hydronephrosis of pregnancy). Increased bladder volume and decreased bladder tone, along with decreased ureteral
tone, contribute to increased urinary stasis and ureterovesical reflux.! Additionally, the physiologic increase in plasma volume during pregnancy decreases urine
concentration. Up to 70 percent of pregnant women develop glycosuria, which encourages bacterial growth in the urine. Increases in urinary progestins and estrogens
may lead to a decreased ability of the lower urinary tract to resist invading bacteria. This decreased ability may be caused by decreased ureteral tone or possibly by
allowing some strains of bacteria to selectively grow."3 These factors may all contribute to the development of UTIs during pregnancy.

Bacteriology

The organisms that cause UTlIs during pregnancy are the same as those found in nonpregnant patients. Escherichia coli accounts for 80 to 90 percent of infections.
Other gram-negative rods such as Proteus mirabilis and Klebsiella pneumoniae are also common. Gram-positive organisms such as group B streptococcus and
Staphylococcus saprophyticus are less common causes of UTI. Group B streptococcus has important implications in the management of pregnancy and will be
discussed further. Less common organisms that may cause UTI include enterococci, Gardnerella vaginalis and Ureaplasma ureolyticum.!45

Diagnosis and Treatment of UTls

UTls have three principle presentations: asymptomatic bacteriuria, acute cystitis and pyelonephritis. The diagnosis and treatment of UTI depends on the presentation.

ASYMPTOMATIC BACTERIURIA

[ corrected (http://www.aafp.org/afp/2000/0615/p3567b.html)] Significant bacteriuria may exist in asymptomatic patients. In the 1960s, Kass® noted the subsequent increased risk
of developing pyelonephritis in patients with asymptomatic bacteriuria. Significant bacteriuria has been historically defined as finding more than 10° colony-forming
units per mL of urine.” Recent studies of women with acute dysuria have shown the presence of significant bacteriuria with lower colony counts. This has not been
studied in pregnant women, and finding more than 10° colony-forming units per mL of urine remains the commonly accepted standard. Asymptomatic bacteriuria is
common, with a prevalence of 10 percent during pregnancy.?-8 Thus, routine screening for bacteriuria is advocated.

Untreated asymptomatic bacteriuria leads to the development of symptomatic cystitis in approximately 30 percent of patients and can lead to the development of
pyelonephritis in up to 50 percent.® Asymptomatic bacteriuria is associated with an increased risk of intra-uterine growth retardation and low-birth-weight infants.® The
relatively high prevalence of asymptomatic bacteriuria during pregnancy, the significant consequences for women and for the pregnancy, plus the ability to avoid
sequelae with treatment, justify screening pregnant women for bacteriuria.
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The American College of Obstetrics and Gynecology recommends that a urine culture be obtained at the first prenatal visit.’? A repeat urine culture should be obtained
during the third trimester, because the urine of treated patients may not remain sterile for the entire pregnancy.'® The recommendation of the U.S. Preventative
Services Task Force is to obtain a urine culture between 12 and 16 weeks of gestation (an “A” recommendation). !

By screening for and aggressively treating pregnant women with asymptomatic bacteriuria, it is possible to significantly decrease the annual incidence of pyelonephritis
during pregnancy.812 In randomized controlled trials, treatment of pregnant women with asymptomatic bacteriuria has been shown to decrease the incidence of
preterm birth and low-birth-weight infants. '3

Rouse and colleagues'# performed a cost-benefit analysis of screening for bacteriuria in pregnant women versus inpatient treatment of pyelonephritis and found a
substantial decrease in overall cost with screening. The cost of screening for bacteriuria to prevent the development of pyelonephritis in one patient was $1,605, while
the cost of treating one patient with pyelonephritis was $2,485. Wadland and Plante'S performed a similar analysis in a family practice obstetric population and found
screening for asymptomatic bacteriuria to be cost-effective.

The decision about how to screen asymptomatic women for bacteriuria is a balance between the cost of screening versus the sensitivity and specificity of each test.
The gold standard for detection of bacteriuria is urine culture, but this test is costly and takes 24 to 48 hours to obtain results. The accuracy of faster screening
methods (e.g., leukocyte esterase dipstick, nitrite dipstick, urinalysis and urine Gram staining) has been evaluated (Table 1'6). Bachman and associates'® compared
these screening methods with urine culture and found that while it was more cost effective to screen for bacteriuria with the esterase dipstick for leukocytes, only one
half of the patients with bacteriuria were identified compared with screening by urine culture. The increased number of false negatives and the relatively poor predictive
value of a positive test make the faster methods less useful; therefore, a urine culture should be routinely obtained in pregnant women to screen for bacteriuria at the
first prenatal visit and during the third trimester.10:11

TABLE 1.
Accuracy of Screening Tests for Asymptomatic Bacteriuria*

The rightsholder did not grant rights to reproduce this item in electronic media. For the missing item, see the original print version of this publication.

TREATMENT

Pregnant women should be treated when bacteriuria is identified (Table 217:18). The choice of antibiotic should address the most common infecting organisms (i.e.,
gram-negative gastrointestinal organisms). The antibiotic should also be safe for the mother and fetus. Historically, ampicillin has been the drug of choice, but in recent
years E. coli has become increasingly resistant to ampicillin.’® Ampicillin resistance is found in 20 to 30 percent of E. coli cultured from urine in the out-patient
setting.29 Nitrofurantoin (Macrodantin) is a good choice because of its high urinary concentration. Alternatively, cephalosporins are well tolerated and adequately treat
the important organisms. Fosfomycin (Monurol) is a new antibiotic that is taken as a single dose. Sulfonamides can be taken during the first and second trimesters but,
during the third trimester, the use of sulfonamides carries a risk that the infant will develop kernicterus, especially preterm infants. Other common antibiotics (e.g.,
fluoroquinolones and tetracyclines) should not be prescribed during pregnancy because of possible toxic effects on the fetus.

View/Print Table

TABLE 2.

Antibiotic Choices for Treatment of UTIs During Pregnancy
ANTIBIOTIC PREGNANCY CATEGORY DOSAGE

Cephalexin (Keflex) B 250 mg two or four times daily
Erythromycin B 250 to 500 mg four times daily
Nitrofurantoin (Macrodantin) B 50 to 100 mg four times daily
Sulfisoxazole (Gantrisin) c* 1 g four times daily
Amoxicillin-clavulanic acid (Augmentin) B 250 mg four times daily
Fosfomycin (Monurol) B One 3-g sachet
Trimethoprim-sulfamethoxazole (Bactrim) Ct 160/180 mg twice daily

*—Contraindicated in pregnant women at term.
t—Avoid during first trimester and at term.

Information from Duff P. Antibiotic selection for infections in obstetric patients. Semin Perinatol 1993;17:367-78, and Krieger JN. Complications and treatment of urinary tract infections
during pregnancy. Urol Clin North Am 1986;13:685-93.

A seven- to 10-day course of antibiotic treatment is usually sufficient to eradicate the infecting organism(s). Some authorities have advocated shorter courses of
treatment—even single-day therapy. Conflicting evidence remains as to whether pregnant patients should be treated with shorter courses of antibiotics. Masterton?’
demonstrated a cure rate of 88 percent with a single 3-g dose of ampicillin in ampicillin-sensitive isolates. Several other studies have found that a single dose of
amoxicillin, cephalexin (Keflex) or nitrofurantoin was less successful in eradicating bacteriuria, with cure rates from 50 to 78 percent.!22-24 Fosfomycin is effective
when taken as a single, 3-g sachet.
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2 WHUDQUEIRWFRY KDYH GRWEHHQ H \WQUYHD UHVHDUFKHG IRUXVH IQ8 7,V DQG IXUKHUMMGAHVY DUH GHFHWDY R GHMUP 1GH Z KHWHUD VKRUMUFRXWH R RHUDQUEIRINRY
Z RX@ EH DV HIHAIYH DV \WH WDAUMRQDOMHDW HOABIQI\K! - $ I\MUSDIHQW KDYH FRP SGMIG \WH WHDW HQALHI 1P HQ D UHSHDWEXE@MUH VKRX@ EH REVIAGHG \R GREXP HQW
VXFFHWIXCHIDAFDMRQ RN EDPWAUXUD'0

$ FXWM &\ VWIAY/

$PXW A VMY LV GMIQI XIVKHG [URP DV P SVRP DU EDRMUXUD B\ WH SUHVHCFH R W P SWRP V VXFK DV G VXUD XWHCR DQG IUHTXHCQR 1O DIHEWB! SDHOW Z W QR
HYIGHGFH R VA WP IF LEHW 8 S\R SHUFHQAR SDWHQW Z WK XQUHDG DV P S\RP DUE EDPMUXUD OWUGHYHES W P SWP DUF A AMYS 2 YHUD V[ \ HDUSHURG + DUl
DQG* IOWDS® IRXQGWDW  SHIFHQAR REVWWAE SDUHQN Z KR GHOYHUHG DVWD VIQJI ®1 KRVSMIGEHYHBSHG DFX\WM P\ VMY Z M QR W P SWRP V R S\ HBGHSKUMY

TREATMENT

,QIHHIDOWHDW HOWR SUHI QDOWBDMHQN Z 1M DEXW P\ VAMY 1V IQMIDMG EHIRUH \WH UHVXOV Rt \WH FXGMUH DUH DYDIDE®! $ QIEIRWE FKRIEH DV 1Q DV P S\RP DU EDRMUIXUD
WKRX@ IREXV RQFRYHDIH R \WH FRP P RQ SDIMRJ HQV DQG FDQ EH FKDQJ HG DIVMUMEH RUDQVP 1V IGHQMHG DQG VHQUMY MV DUH GHMP IOHG $ \WUHH GD\ \WHDW HQW
FRXWH LQ QROBUHI CDOVBDMHQN Z W DEX\WM P\ VMY KDV D FXUH UDW VIP UMK D WHDW HOWFRXWH R VHYHQWR  GD\V EXVWIKLY 11QAQ) KDV QRWEHHQ VWNGHG 1Q \WH REVARMUE
SROXOMRY' 3 DUHQIV WHDWMG | RUD VKRUMUMP H [UDP H DUH P RUH @NHO W KDYH D UHFXUWHQRH R WH IQHAURQ |, Q WH SUHI CDQSDMAQMRLY KL KHUUDW Rl UHEXUHQRH Z W
VKRUUWHDWY HQASHURGY P D\ KDYH VHURXY FRQUHTXHQRHV Table 217+18 @AV RUDADQUELIRIEY WDWDUH DFFHSWBE®! WHDWW HQWFKRIEHY * URXS % \MHSWIFRFFXV IV JHQHD®
VXVIFHSVE®! R SHQFIG) EX\E. coli DQG RKHUIWDP GHI DWYH URGY WSIEDE KDYH D KLIK UDWM R UMMBQRH \R KLY DI HQW

3\ HRQHSKUWY

$ PXW S\ HRCHSKUMY GXUQ) SUHIQDGR 1V D VHURXY VA VP IE L@HW WDWADQ SURT UAW R P DMCDOVHSMY SUAWMUP @ERUDQG SUHP DWW GHIYHY  7KH GDIQRWV IV P DGH
Z KHQWH SUAVHQFH R EDRMUXUD 1V DFFRP SDQHG B\ Vi WP IE WA P SWRP V RUMJ QV VXK DV IHYHU FKIQY CDXVHD YRP M DQG IOQN SDIQ 6\ P SWP V Rl & HUOWDFW
IQHAIRQ LH IWHTXHQR DQGQA VXUD P D\ RUP D\ QRWEH SUHVHQAB\ HBQHSKUMY RFFXWY/IQ  SHIFHQAR SIHJQDQWZ RP HQ XSWR  SHIFHQWR! \KHVH Z RP HQKDYH D
UHRXUWIHQRH GXUQ) \H VDP H SUHI QDGR 26

( DD DIIBAMYH WHDW HOAY [P SRUBOND SUHYHQID) FRP STFDMRQY IURP S\ HRGHSKUMY + RVSIMIXG) DURQ DIKRXIK RIMQ IQEAFDIMG 1V GRWDE DV GHFHWDY + RZ HYHU
KRVSMIQ DURQ LV IQEFDMG IRUSDUHQN Z KR DUH H, KIEMZY MIQV R VHSMY Z KR DUH YRP MY DQG XCQDEG! R B K\ GIDWG DQG Z KR DUH KDYIQI FROMDPAIRYY $
WQERP [ HGVWG R REVIAMIE IOSDUHQN Z W S\ HBQHSKUMY FRP SDUHG WHDW HQWZ MY RUDCFHSKD®[ 1O R WHDW HOAZ W LORDYHCRXV FHSKDRWIQ . HA DQGIRXQG GF
GUUIHHGFH EHEZ HHQ WH TR JURXSV IQWH VXFFHW R \WHDS\ 1 DQVEIL Z HI KWRUSUMMP  GHOYHUHNT

) XUMHUVXSSRIWRURX\SDUHQAKHIDS\ 1V SURYIGHG 1Q D UDQGRP 1] HG FERFDOMDONDWARP SDUHG ABQEDLS [GEDMHQMQRDYHQRXY WHOW HQAR RASDIHQANHDW HQAZ LW
IQADP XVFXOUFHWID[ RQH 5 RFHSKIQ SV RUDCFHSKDG[ 128 5 HVSRQVH VR DQUEIRIE WHUDS\ 1Q HDFK JURXS Z DV VP DU Z M GR HYIGHQWALHIHQRHV 1Q WH QXP EHUR
UHPXUWHQAGI HARQY RUSUAMP  GHIYHUHY

$ QEEIRIF \WHUDS\  DQG IQADYHQRXV UGV 1L KRVSMIQ DURQ LY UBHTXILHG P D\ EH IQUWDWG EHRH REWIQIQ) \WH UHVXOY RI XUOH FXEMUH DQG VHQUMYIW 6 HYHUDCDQUELRWF
WP HQVP D\ EHXVHG $ FOIFDONDGRRP SDUQ) \WUHH SDUHQMUDAUHI 1P HQV IRXQG QR GLIHHQAHV 1Q GIQIW R KRVSMIQ) DUIRQ UHFXUWHCFH R S\ HBCGHSKUMY RUSUHWMUP
GHYHYZ® 3 DIHQIW 1Q WIY WD HUH UDQERP [} HG \R UHFHLYH WHDW HQAZ M IQADYHCRXY FHID| RID $GFH IQADYHQRXV JHQEBP \ FIQ SGV DP SIFIA) RUIQADP XVFX@U
FHWO[ RCH

3 DUHQMUDONHDW HOMR S\ HBQHSKUMY VKRX@ EH FRQIXHG XQUDKH SDWHQNEHFRP HY DIHEUB! 0 RAWBDUHQN UHVSRQG W K\ GUIMIRQ DQG SURP SWOQUEIRWIF WHDW HOWZ LK
W KRXW 7KHP RWRP P RQ UHDVRQ I RUIQMDONHDW HQNDIOIUH IV BAMMBGFH R WH IQHRIY RUDQVP VR \WH DQUIELRVF | THYHUFRQUOXHY RURKHUMIQV R VA VAP IE
ICQIHW UHP DIQ DIMUDSSURSUDWM DQIEIRIF \WHDS\  \WH SRMEIDV R D VKPXUDCRUDCDWRP (E DEQRUP DOW VKRX@ EH IQYHWM DMG 3 HWVMMOAQIHAIRQP D EH FDXVHG E\

XURDKIDVY Z KIEK RFFXWY IQRGH R SUHICDQAHVAY RUBM/ FRP P RQD FRQI HQMIOHCDCDEQRUP DIMAY RUD SHUGHSKUE DEVFHW

* 1D CRWIF \MAW P D\ IGFOGH HQDOXGADVRGRIUDSK!. RUDQ DEEUHYIDWMG IQADYHGQRXY S\ HBIWDP 7 KH IQAFDIRQ\R SHURWP  DQ IQRDYHQRXV S\ HBIWDP 1V SHMMQWN
QI HPRQ DIMUDSSURSUDW DQUEIRIE WHIDS\ Z KHQWHUH 1V \WH VXJ JHIRQ R D VWKPWUDCDEGRUP DOV CRAHYIGHQWRQ XBDVRQRI WDSKL 30 ( YHQWH BZ GRVH LDADIRQ
IQVROHG 1Q DQ IQADYHCRXV S\ HRIWDP  KRZ HYHU P D EH GDQI HIRXV \R WH IHMV DQG VKRX@ EH DYRGHG L SRME®!

* URXS % 6 WHS\RFRFFDO QT HRWRQ

* RXS % WIHSWFRFFDO* %6 YIU IQDOFREBQ] DURQ IV NQRZ QWR EH D FDXVH Rl GHRQDIBO/HSMY DQG IV DWRFIDWMG Z W SURMP IXSWUH R P HP EUDQHY DQG SUHMP @ERU
DQGGHIYHY * %6 1V IRXQG R EH WH FDXVDMYH RUDQVP 1Q87,VIQDSSUR IP MO SHFHQWR SDUHQRA 32 ( YIGHQFH \WDW %6 EDRMUXUD IQFUHDVHY SDIHQNIMN R
SUHMP XSWUH R P HP EUDGHY DQG SUHP DIWUH GHIYHY IV P I[ HG3:34 $ WIDQGRP 1] HG FROARGIG\WDES FRP SDUHG WH WHDW HOAR! * %6 EDPWMUXUD Z W SHQELIGD R
WHDW HQ/Z W SDFHER 5 HVXOV IQAFDWMG D VL QUEDQAHGXRIIRQ [Q UDWV RN SUHP DU LXSWUH RN P HP EUDGHV DQG SURMUP GHIYHY IQWH Z RP HQ Z KR UHFHIYHG
DQIEIRIFY WY XQFODULL * %6 EDRMUIXUD 1V HTXLYDBIQAR * %6 YDJIQDOFRBQ] DIRQ EXVBUHI QDQWZ RP HQZ MK * %6 EDRMUXUD VKRX@ EH WHDWG DV * %6 FDUIHY DQG
VKRX@ UHAHLYH D SURSK\ OFWF DQIFEIRIF GXUQ) OERJS

5 HFXUHQFH DQG 3 UIRSK\ @) LV

7KH P DRUW R 87,V DUH FDXVHG B\ J DWRIQMANLDCRU DQVP V' (- YHQ Z M DSSURSUDM WHOWW HQMKH SDIHQAP D H SHUHGRH D UHQIHANRQ R WH XUGDY WDRWURP WH
WHRAROHVHYRU 8 7,V IHXUIQDSSWR [P DIMD  \R  SHUFHQWR SUHI QDQRIHV DQG \WH UMN RN GHYHBSIQU S\ HERGHSKUMY 1V \WH VDP H DV \KH UMN Z W SUP DU 87,V $ VIQI®I
SRWFRIBIOERVH RUGDI® VXSSUHWIRQ Z W FHSKDGH 1Q RUQMIRI XUDQIRIQ IQ SDMHQN Z I UHEXUHQYS 7,V 1V HIHRIYH SUHYHQIYH WHIDS\ 37 $ SRASDWMP  XURR IE HYDODURQ
P D EHQHHWODU 1Q SDIHQW Z W UHFXUWHQNQ HARQY EHFDXVH WH. DUH P RUH @\HO \R KDYH VIKRPWUDCDEGRUP DIMHV R \WH UHQDOA WP 26:30.38 3 DWHQW Z KR DUH IRXQG
VR KDYH XUCDY ARGHV Z KR KDYH P RUH WDQ RQH UHEXUHQUS 7, RUZ KR KDYH D UHEXWHQ/B 7, Z KIB! RQ VXSSUWWLYH DQUEIRVE \WHUIDS\ VKRX@ XQGHU R D SRASDWYP
HYmeQ'SOﬁg

2 XWRP HV

7KH P DWUDADQG QHRQDINCFRP STFDMRQV R D8 7, GXUQ) SUHIQDGR FDQEH GHYDVBAY 7 KILW SHUFHQAR SDHQW Z M XQUHDWWG DV P SVRP DUFE EDRMUXUD GHYHBS

WA P SRP DI¥ P MY DQGXS R SHIFHQAGHYHEBS S\ HRGHSKUMYS $\A P SVRP DMF EDPWAIXUD 1 DOR DWRADWG Z W IQADX\MUGH J URZ \K UBAEDMRQ DQG BZ. EILK Z HIK
IQIDOAP 6 FKIHYH DQG DWRADM?®  FRQGXAMG D VXG, IQYROIQ) SUHIQDQWZ RP HQ DQG | RXQG WDVWKH SUHVHGFH R 8 7, Z DV DWRFIDMG Z W SUHP DXUH OERU
OERURQMVEHRIH  ZHHW R JHABIRQ K\ SHUWWQUYH GVRIEHY R SHIQDQR  VXFK DV SUHI QDGR IQGXFHG K\ SHIWWQVRQ DQG SIHHFOP SVID  DQHP 1D KHP DIRFUW
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GYHOBMWWDQ  SHIFHQWDQG DP QRQUWY 7DEG © KIBH WKLY GRHV QRWBURYH D FDXVH DQG HIHPAHOMRQUKLS  UDQGRP 1] HG WD KDYH GHP ROMDWG WDVWDQUEIRIF
WHOW HOAEHFUHDVHY \WH IQFIGHGFH R SUHMUP EILW DQG BZ. ELLW Z HIKWQIDQN — $ UMN R XURVHSMY DQG FKURQIE S\ HBQHSKUMY Z DV DOR IRXQG,Q DEGMRQ DRX\WM
S\ HBQHSKUMY KDV EHHQ DWRADMG Z W DQHP 1D

9IHZ 3UQATDE®!
7$% (
Comparison of Adverse Outcomes in Pregnant Patients Who Developed UTI During Pregnancy and Those Who Did Not
287&20( 2''65%$7,2 &21), (1&( ,17(59%/
3HIQDWO
| RZ ElW Z HIKWZ HI KWBMWV \KDQ J>&@ R@ \R
3UHP DWWV BWWDQ  ZHHW R J HBMRQ DWEHIYHY W
SUAMP &Z EILWK Z HIKWZ HIKWBMW WDQ J DQGOWWDQ  ZHH\WV R JHAIMRQ DAGHDYHY \R
0 DM.QDO
3UHP DIMUH @ERU GWWDQ  Z HHNWY R J HABMRQ DWGHIYHY W
+\ SHUMOURQ SWHHFDP SVD R
$CHP ID KHP DIRFUMBIYHOBWV \WDQ R
$P QRQW RKRURDP QRQWY DP QRQWY W
UTI = urinary tract infection
Information from Pfau A, Sacks TG. Effective prophylaxis for recurrent urinary tract infections during pregnancy. Clin Infect Dis 1992;14:810-4

1 HRCDBCRX\WRP HV \WDWDUH DWRADWG Z W 8 7, LQFGGH VHSMY DQG SCHXP RQD  VSHALIFD@®  JURXS % \MHSWFRFFXV IQHRWRQ 87, IGFUHDVHV WHUMNR G&Z EILWK
ZHIKWQDQN Z HIKWBW \KDQ J>E@ R O@SUHPDXW GBWWDQ ZHHW R JHAIMRQDWEHIHY DQGSUHMP &Z EWWW Z HIKWQIDQN Z HIKWBMWV \KDQ

J DQGOWWDQ  ZHH\WVR JHABMRQ DACHDHY 7DE®
Final Comment
87,VGXUQ) SUHIQDQR DUH D FRP P RQFDXVH Rl VHURXY P DMQDADQG SHUQDVICP RUEIGW  Z W DSSURSUDWM VFUHHQIQ) DQG WHDW HQMKLY P RUEEIGW FDQEH P WG $ 87,
P D P DQUHWDV DV P SWRP DU EDPMUXUD DRX\WM P\ VAMY RUS\ HBGQHSKUMY $ @BUHI CDQUZ RP HQ VKRX@ EH VFUHHQHG | RUEDRWUXUD DQG VXEVHTXHQ® WHDWMG Z W
DSSURSUDWM DQIEIRIF \WHIDS\  $ FX\W P\ AMY DQG S\ HBGQHSKUMY VIKRX@ EH DJ.J UWWLYHD WHDWG GXUQ) SUHIQDQR 2 UDOQWIR XUDQRQ DQG FHSKD®Y 1Q DUH J RRG DQIFIRIF
FKREHV | RUWHDW HQNQ SUHI QDQAZ RP HQ Z 1M DV P SURP DWF EDRMUXUD DQG DRX\M A MY EXVSDUHQMIDADQIEIRIE WHIDS\ P D\ EH UHTXWHG IQZ RP HQZ MW
S\ HRGQHSKUMY
The Authors \KRZ DODXWRUIQR

-2+1( " (/=(// -5 0" IVDWMBQNSIRHWRUR FOIFDADP I®© DQG FRP P XQW P HAFQH DQG DWIMBQAHVIGHOR GUHRRUDVWH 8 QYHWW R 0 IWRXUL& RGP EID
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