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ABSTRACT

The urinary tract is a common site of
infection in humans. During preg-
nancy, urinary tract infection (UTI)
is associated with increased risks of
maternal and neonatal morbidity
and mortality, even when the infec-
tion is asymptomatic. By mapping
available rates of UTI in pregnancy
across different populations, we
emphasize this as a problem of glob-
al significance. Many countries with
high rates of preterm birth and neo-
natal mortality also have rates of
UTI in pregnancy that exceed rates
seen in more developed countries. A
global analysis of the etiologies of
UTI revealed familiar culprits as
well as emerging threats. Screening
and treatment of UTI have improved
birth outcomes in several more
developed countries and would like-
ly improve maternal and neonatal
health worldwide. However, chal-
lenges of implementation in
resource-poor settings must be over-
come. We review the nature of the
barriers occurring at each step of the
screening and treatment pipeline
and highlight steps necessary to
overcome these obstacles. It is our
hope that the information compiled
here will increase awareness of the
global significance of UTI in mater-
nal and neonatal health and embold-
en governments, nongovernmental
organizations, and researchers to do
their part to make urine screening
and UTI treatment a reality for all
pregnant women.
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SINOPSIS

El tracto urinario es un lugar frecuente
de infeccion en los seres humanos.
Durante el embarazo, la infeccion del
tracto urinario (ITU) va asociada a un
aumento del riesgo de morbilidad y
mortalidad maternas y neonatales,
incluso cuando la infeccién es asin-
tomadtica. Al trazar un mapa de los indi-
ces disponibles de ITU durante el
embarazo en diferentes poblaciones,
subrayamos que se trata de un problema
de importancia mundial. Muchos paises
con elevados indices de nacimientos pre-
maturos y de mortalidad neonatal
tienen también indices de ITU durante
el embarazo superiores a los que se
observan en los paises mds desarrolla-
dos. Un andlisis a nivel global de las eti-
ologias de la ITU puso en evidencia
responsables ya conocidos, pero tam-
biénamenazas emergentes. La deteccion
y el tratamiento de la ITU han mejorado
los resultados de los partos en varios de
los paises més desarrollados, y probable-
mente mejorardn en todo el mundo la
salud materna y neonatal. Sin embargo,
se han de superar los retos que plantea la
puesta en practica en entornos con bajos
recursos. Revisamos la naturaleza de las
barreras que aparecen en cada etapa del
desarrollo de la deteccion y el tratamien-
to, y destacamos los pasos necesarios
para vencer esos obstdculos. Tenemos la
esperanza de que la informacién que
aqui hemos reunido aumentara la con-
ciencia de la importancia a nivel mun-
dial de1aITU en la salud materna y neo-
natal, y animard a los gobiernos, las
organizaciones no gubernamentales y
los investigadores a poner de su parte
para que la deteccién en la orina y el
tratamiento de la ITU sean una realidad
para todas las mujeres embarazadas.
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GENITOURINARY INFECTION IS A LEADING CAUSE OF
PREVENTABLE ADVERSE PREGNANCY OUTCOMES

In response to Millennium Development Goals 4
and 5 (MDG4 and MGDs)—to reduce childhood mor-
tality and improve maternal health—a variety of global
efforts have arisen to improve birth outcomes.

One example is a recent collaborative report from
the March of Dimes, the Partnership for Maternal,
Newborn and Child Health (MNCH), Save the Children
and the World Health Organization (WHO). The “Born
Too Soon: Global Action Report on Preterm Birth,” esti-
mated that 15 million babies are born preterm every
year, resulting in more than a million deaths annually.*
Complications of delivery can have lifelong effects on
mother and child. For example, preterm infants often
experience lung problems, diabetes, heart disease, men-
tal retardation, hearing loss and visual impairment,
learning disabilities, behavioral problems, and cerebral
palsy. Authors of the “Born Too Soon” report stress that
global efforts to reduce the death-toll attributable to
PTB should begin with implementation of proven strat-
egies such as antenatal corticosteroid treatment and
“Kangaroo Mother Care.”

Indeed, prevention of deaths due to preterm deliv-
ery and other complications of pregnancy is a worthy
primary goal. However, prevention of the complica-
tions that lead to neonatal deaths is likely to have an
even larger health and economic impact and should be
placed at the center of the research agenda. For example,
prenatal care practices that can prevent life-threatening
complications include the detection and treatment of
preeclampsia, intermittent presumptive treatment of
malaria, and immunization of pregnant women with
tetanus toxoid.>* Maternal genitourinary infection dur-
ing pregnancy is another leading cause of pregnancy
complications such as preterm birth and stillbirth. This
article will focus on infection (and in particular urinary
tract infection) as a cause of maternal and neonatal mor-
bidity and mortality that might be prevented with
appropriate screening and treatment programs. For
example, a variety of infectious conditions of the female
genitourinary tract have been associated with higher
risks of adverse birth outcomes, including syphilis, chla-
mydia, gonorrhea, bacterial vaginosis (BV), and urinary
tract infection (UTT).24 Maternal infection is one of few
causes of neonatal complications/deaths that are poten-
tially preventable through routine screening and treat-
ment. In fact, prevention and management of sexually
transmitted infections both before and during pregnan-
cy is recommended by the World Health Organization
and the “Born Too Soon” report.

Here we focus specifically on UTI as a potentially
preventable cause of pregnancy complications. This
article will (1) provide a historical and scientific over-
view of the link between UTI and adverse pregnancy
outcomes, (2) overlay literature rates of bacteriuria (bac-
teria in urine at specific threshold levels) on a global
map to estimate the scope of UTI in pregnancy as a
global problem, (3) compile available information about

the global patterns of bacterial species isolated from
urines of pregnant women, and finally, (4) discuss the
challenges associated with implementation of bacteri-
uria screening and treatment programs in low-resource
settings. The goal of this effort is to foster communica-
tion between researchers and the global health commu-
nity and to stimulate innovation and action for the
benefit of pregnant women and their babies.

Urinary Tract Infections Are Common and Can Be
Dangerous During Pregnancy

Urinary tract infections (UTI) are among the most
common bacterial infections in humans. UTI is com-
monly diagnosed based on clinical findings of bacteri-
uria (bacteria in midstream urine) counts of > 105 colony
forming units (cfu)/mL along with patient-reported
symptoms. Lower bacterial counts are considered clini-
cally significant when urine is collected by catheteriza-
tion. Cystitis, or infection of the bladder, is typically
accompanied by painful urination (dysuria), urgency,
and frequent urination. A more severe infection of one or
both kidneys, called pyelonephritis, is often accompa-
nied by fever and flank pain, often in addition to symp-
toms of cystitis. When bacteria (at > 105/ml) are observed
in urine in the absence of UTI symptoms, a patient is
diagnosed as having asymptomatic bacteriuria (ASB).
ASB is a common finding, but is currently only consid-
ered clinically important during pregnancy, when physi-
ological and hormonal changes increase the risk of
ascending infections of the kidney.

Women are disproportionately affected by UTI
compared to men, and risk of UTI increases further dur-
ing pregnancy.> Pregnant women are at increased risk of
bacterial ascension to the kidneys and pyelonephritis,®
due partly to dilation of the renal pelvis and ureters by as
early as the eighth week of pregnancy.” Bacteriuria that
progresses to pyelonephritis during pregnancy is associ-
ated with poor outcomes for both the mother and child,
including maternal sepsis and anemia, preterm birth
(PTB) low birth weight (LBW), and perinatal death. Even
without progression to pyelonephritis, bladder infection
during pregnancy is associated with increased risk of
maternal hypertension, anemia, amnionitis, and prema-
ture labor, as well as PTB, and LBW (reviewed in Schnarr
and Smaill®). However, in countries with rigorous
screening and treatment of bacteriuria in pregnancy,
only a small percentage of pregnant women progress to
pyelonephritis.9

SCREENING AND TREATING ASYMPTOMATIC BAC-
TERIURIA (ASB) PREVENTS ADVERSE PREGNANCY
OUTCOMES

The first evidence that ASB may be associated with
adverse pregnancy outcomes came in 1960, when Kass
hypothesized that ASB, which persisted in 6% of preg-
nant women, was associated with the development of
acute pyelonephritis.’® In a randomized, placebo con-
trolled trial, he demonstrated that antibiotic treatment
of ASB successfully eliminated bacteriuria and com-
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pletely prevented acute pyelonephritis in pregnant
women, while untreated ASB led to pyelonephritis in
40% of women receiving placebo **.** Although not the
topic of his inquiry, Kass’ investigation led to the fortu-
itous discovery that, in addition to the increased risk of
pyelonephritis, women with ASB in the placebo treated
group had two- to three-fold higher incidence of LBW,
neonatal death and prematurity compared to both non-
bacteriuric women and to antibiotic treated women who
cleared bacteriuria."®* Based on his findings, Kass made
the first recommendation to screen and treat pregnant
women for ASB, estimating that his strategy would pre-
vent 10% of preterm births.*®

During the next 50 years, the potential association
between ASB and adverse pregnancy outcomes such as
PTB was the subject of many studies, yet remained con-
troversial (see Smaill'* for references of ASB in pregnan-
cy). The advent of meta-analyses that combine the results
of clinical trials offered a new opportunity to synthesize
data from multiple studies. In 1989, Romero et al applied
this approach to seventeen cohort studies from 1962 to
1975, revealing that the risk of LBW in non-bacteriuric
patients was two-thirds that of ASB patients receiving no
treatment, and moreover, that the risk of PTB in non-
bacteriuric patients was about half that of ASB patients
receiving no treatment.’3> Additional meta-analysis of
eight randomized clinical trials revealed that antibiotic
treatment of bacteriuria reduced LBW risk by 6.4%.%3
The authors concluded that a strong association exists
between untreated ASB and LBW/PTB and that antibiot-
ic treatment of ASB during pregnancy is effective at
reducing LBW."3 A 2001 Cochrane Review including
fourteen studies concluded that antibiotic treatment was
effective against ASB, and reduced incidence of pyelone-
phritis, LBW and PTB."# An update in 2007 confirmed
the antibiotic effectiveness for pyelonephritis and LWB
prevention, but failed to show a significant reduction in
PTB with antibiotic treatment.”>

Despite minor disagreements over the strength of
the ASB-PTB relationship, treatment of bacteriuria in
pregnancy has widespread support. In fact, screening and
treatment for bacteriuria in pregnancy is currently com-
mon practice in several more developed countries and is
currently recommended by the United States Preventive
Services Task Force,™® the Infectious Diseases Society of
America,7 the Canadian Task Force on Preventive Care,'8
the Scottish Intercollegiate Guidelines Network,™ the
European Association of Urology,"> and the National
Collaborating Centre for Women’s and Children’s Health
of the National Institute for Health and Clinical
Excellence (UK).2° Although ASB screening and treat-
ment was initially implemented to reduce PTB and LBW,
several current recommendations cite prevention of
maternal pyelonephritis as the primary goal. In agree-
ment with the 2007 Cochrane review, the Global Alliance
to Prevent Prematurity and Stillbirth (GAPPS) review
group gave only a weak recommendation for preventing
PTB by screening and treatment for asymptomatic bacte-
riuria,>* due to the low quality of evidence stemming

from methodological issues in the studies addressing PTB
risk. However, bacteriuria screening was strongly recom-
mended by GAPPS for intervention of LBW and maternal
morbidity (including pyelonephritis).

Recently, studies using a mouse model have pro-
vided even more compelling evidence for a causal rela-
tionship between UTI and adverse pregnancy outcomes.
Experimental UTI in pregnant mice was sufficient to
cause intrauterine growth restriction and resulted in
significantly reduced litter size.?? This study is signifi-
cant as it shows for the first time that there is a causal
relationship between UTI and LBW in an experimental
model of UTI in pregnancy. The authors provided evi-
dence that the uropathogenic Escherichia coli inoculated
into the bladder in these experiments did not gain access
to the kidneys, nor could bacteria be isolated from blood,
spleen, uterine horns or placentas. However, despite the
absence of live bacteria from these compartments, the
bladder-localized infections appeared to be sufficient to
result in both fetal growth restriction and systemic
immune activation, as evidenced by elevated inflamma-
tory cytokines in kidney homogenates and serum. These
data suggest that immune activation in response to a
localized bladder infection may be responsible for the
observed effects on birth weight.

In summary, while a direct association between ASB
and PTB is still a point of disagreement in the literature,
there is a strong consensus regarding the clear connec-
tion between untreated ASB and elevated risk of pyelone-
phritis (and subsequent complications of pregnancy,
including PTB), with especially strong data in trials that
carefully consider the effectiveness of treatment.?

BACTERIURIA IN PREGNANCY: A GLOBAL PROBLEM

Since screening and treatment of bacteriuria has
resulted in improved birth outcomes in several more
developed countries, many have reasoned that the same
approach might help make tangible gains in prenatal
care and birth outcomes worldwide. In their analysis of
strategies to achieve MDG4 Millennium development
goals, Adam et al cited screening for ASB as one of the
most practical and cost-efficient means by which to
improve maternal and neonatal health in developing
countries.?> Moreover, of 46 treatment strategies
reviewed, ASB screening was highlighted as one of six-
teen evidence-based, cost-effective practices, along with
similar interventions including screening and treatment
for syphilis and malaria, that can reduce neonatal mor-
tality in the developing world.?* ASB screening is thus
included in the WHO recommended antenatal care
(ANC) package. One study estimated that screening/
treatment of bacteriuria in pregnancy is likely to reduce
the incidence of prematurity and low birth weight by
20% to 55% and reduce neonatal mortality due to PTB
by 5% to 14%.2*

To estimate the magnitude of bacteriuria (symptom-
atic or asymptomatic) in pregnancy as a global problem,
we examined the literature for rates of bacteriuria, using
“urinary tract infection,” “UTI” or “bacteriuria” along
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(Urinary Tract Infection) UTI Rates Among Pregnant Women

\
|
3% 7%

|:| No UTI data found, preterm > 10%

10% 19% 35%

[] Preterm < 10% or no preterm data

Figure 1 Prevalence of bacteria in urine of pregnant women among countries with preterm birth rates of >10%.

Worldwide rates of urinary tract infection (UTI) in pregnant women ranging from moderate (yellow) to high (red). Countries with >10% preterm birth rates but
without available data on bacteriuria are colored gray. Countries with <10% preterm birth rates are shown in white. Despite improvements in pregnancy outcomes
with treatment of UTI in more developed nations, high rates of UTI in many third-world countries likely contribute substantially to maternal and infant morbidity and
mortality. While different methodologies were employed by the studies summarized here, this figure is meant to illustrate the scale of the problem of bacteriuria in
pregnancy and the potential widespread impact of treating bacteriuria among pregnant women to prevent adverse health outcomes. The majority of studies used
urine culture to determine bacterial titers. When multiple studies of bacteriuria in pregnancy were available, median values were calculated without weighting. Data
were plotted using the Rworldmap package in the R project for statistical computing.'%5 The data and references used to generate this figure appear in Table 1.

with “pregnant” or “pregnancy” and the country of inter-
est. We focused on countries with rates of PTB >10%
according to “Born Too Soon.”* Using PubMed and Google
Scholar, we were unable to find data on bacteriuria in
pregnancy for most of the countries with the highest
rates of PTB (countries in grey, Figure 1). Similarly, of the
11 countries with rates of PTB over 15% (Malawi, Congo,
Comoros, Zimbabwe, Equatorial Guinea, Mozambique,
Gabon, Pakistan, Indonesia, Mauritania, and Botswana)
we found reports of ASB or UTI rates in only three
(Congo, Pakistan, Botswana). This dearth of available
information is likely a reflection of the overall lack of
health care infrastructure for research, screening, and
treatment programs in these areas. However, despite the
paucity of data, viewing the results of this search on a
world map (Figure 1, data provided in Table 1) empha-
sizes that ASB/UTI in pregnancy is, in fact, a global phe-
nomenon, with median rates of 3% to 35% reported in a
wide range of countries spanning five continents.

It has been estimated in many studies that about 2%
to 10% of women in more developed countries will expe-
rience ASB or UTI in pregnancy.'? However, as shown in
Table 1 and illustrated in Figure 1, many studies indicate
that pregnant women in developing countries have as
high or higher rates of bacteriuria than their counter-
parts in more developed nations. For example, several
countries in Africa, the Middle East, and Asia appear to
have higher rates of UTI during pregnancy than the
United States (Figure 1). In fact, it was not uncommon to

find reported rates of asymptomatic bacteriuria in excess
of 25%. These high rates did not appear to be due to dif-
ferences in the definition of ASB, since most of these
studies used standard methods of quantitative bacterial
culture with the accepted cutoff of 105cfu/ml for report-
ing a positive result. It is routine for clinical labs to dis-
card plates with three or more different bacterial species,
since this result is most often due to contamination of
the urine with vaginal bacteria. However, many of the
studies of ASB in the developing world identified a single
bacterial species (i.e. monoculture) in the vast majority
of ASB cases, strongly suggesting that the high rates of
ASB were not due to false positives as a result of con-
tamination of urine with vaginal bacteria.

One striking example of the high rates of ASB
observed in some developing countries was a study of 500
consecutive pregnant women in Benin, Nigeria.?> The
study used standard methods in clinical microbiology
and the accepted definition of “significant bacteriuria” as
>105 cfu bacteria per ml of midstream urine. Authors of
the study described a striking 86.6% of these women as
having asymptomatic bacteriuria with >90% of the cul-
tures resulting in growth of a single organism. Urine
microscopy further revealed that 72.4% of ASB-positive
women also had pyuria (white blood cells in urine). S
aureus was isolated from the urines of nearly one in three
of these ASB-positive women and was the most frequent
organism isolated (29.9%), followed closely by E coli
(29.1%). Vaginal swabs taken from the ASB-positive
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Table 1 Urinary Tract Infection Rates in Pregnancy Among Coun-
tries With Preterm Birth Rates >10%2

Bacteriuria No. Pregnant Reference
Country Rate (%) Women Year no.
Bangladesh 1 300 1977 57
Bangladesh 4 600 2012 58
Bangladesh 7 115 2012 59
Bangladesh 12 216 2007 60
Congo 24 1535 1992 61
Ethiopia 7 326 1998 62
Ethiopia 9 367 2012 33
Ethiopia 10 173 2007 63
Ethiopia 10 385 2012 32
Ethiopia 20 414 2008 31
Ghana 7 220 2007 30
India 4 161 2005 64
India 8 500 2002 65
India 10 300 2012 66
India 20 161 2005 64
India 25 8379 2011 67
India 26 200 2010 68
Iran 5 389 2009 35
Iran 6 1100 2007 69
Iran 9 1505 2008 36
Iran 13 322 2007 70
Jamaica 9 - 2007 71
Jordan 14 260 2003 72
Jordan 20 4501 2012 73
Kenya 15 270 2009 74
Malaysia 19 1661 2002 75
Nepal 12 — 2007 76
Nigeria 4 1000 1989 77
Nigeria 9 352 2008 78
Nigeria 1 — 2011 79
Nigeria 1" 205 2011 80
Nigeria 11 — 2010 81
Nigeria 26 357 2010 28
Nigeria 21 300 2006 82
Nigeria 24 510 1993 83
Nigeria 29 473 2011 84
Nigeria 38 352 2008 78
Nigeria 40 125 2012 26
Nigeria 45 1228 2010 27
Nigeria 87 500 2001 25
Pakistan 4 232 2010 85
Pakistan 5 1579 1994 67

(Continued on next page.)

women revealed S aureusin only 15.8% of those sampled.
Taken together these studies seem to suggest that vaginal
contamination is an unlikely explanation for the high
rate of S aureus-associated ASB in this population.

GLOBAL SIGNIFICANCE OF STAPHYLOCOCCUS AURE-
US AS A UROPATHOGEN

S aureus is not considered a typical uropathogen,
although S aureus UTI is known to occur in patients
with urinary catheters and is associated with the devel-
opment of invasive infection in these patients. To deter-
mine if the findings of S aureus in the Nigerian study
were a curiosity of a single cohort, or if they were char-
acteristic of Nigeria or developing countries in general,
we examined other reports of urine microbiology, using
the studies presented in Figure 1. In fact, three indepen-
dent studies conducted in different Nigerian cities also
reported high rates of S aureus ASB in pregnancy, rang-
ing from 21% to 36% of all ASB-positive women (Figure
2).2628 S qureus was also reported as one of the major
etiologies of pregnancy-associated ASB in Sudan (39%
of isolates)?? and Ghana (31% of isolates).3° Studies sug-
gest it may also be endemic in areas of Ethiopia (9-20%
of isolates),3"33 Uganda,3* and Iran (0% to 20% of iso-
lates).35:36 In contrast, S aureus was identified only rarely
as the etiology of pregnancy-associated ASB in Tanzania
(1.9% of isolates)3” and Turkey (0.6% of isolates) 3838
and was not found at all among pregnant women in
South Africa39 or India*° (see Figure 2 for a summary of
these findings). Thus, it appears that a growing body of
evidence is demonstrating that S aureus is quite com-
mon in some parts of the world and is a major cause of
pregnancy-associated ASB. Further discussion about the
significance of S aureus genitourinary colonization can
be found in the section “Urine sample collection: con-
tamination, confounders, and other considerations.”

BACTERIURIA SCREENING AND TREATMENT IN THE
DEVELOPING WORLD: OPPORTUNITIES AND
CHALLENGES

In many areas of the world suffering from high rates
of pregnancy complications, it is likely that modern ante-
natal urine screening combined with appropriate antibi-
otic treatment could significantly improve maternal and
neonatal health. As with many infectious diseases, it
appears that the burden of ASB/UTT in pregnancy is great-
est in some of the poorest nations. Implementing bacteri-
uria screening of pregnant women in resource-poor set-
tings presents significant challenges, which we discuss
further below. We also attempted to identify countries
that might benefit most from the implementation of ASB
screening and treatment and/or those that are best pre-
pared to overcome some of the challenges.

Screening for bacteriuria in the United States typi-
cally occurs as follows: (1) A pregnant woman visits a
clinic to receive ANGC; (2) a midstream urine specimen is
collected, appropriately contained and stored, followed
by any transport required for analysis; (3) a clinical
microbiology lab receives urine and uses standard aero-
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Table 1 Urinary Tract Infection Rates in Pregnancy Among Coun-
tries With Preterm Birth Rates >10%? (cont)

Bacteriuria No. Pregnant Reference
Country Rate (%) Women Year no.
Pakistan 9 1000 2006 86
Pakistan 29 250 2000 87
Pakistan 3-7 580 2006 88
Sudan 14 235 2011 29
Thailand 5 24430 2009 89
Thailand 10 360 2009 90
Turkey 4 250 2006 91
Turkey 5 406 2003 92
Turkey 8 110 2005 93
Turkey 9 2011 2011 38
Turkey 9 270 2002 94
Turkey 16 159 2005 95
Uganda 35 120 1971 96
gp?::z';zf;“b"c 5 5153 2005 37
g;‘;‘::z:m“b"c 6 1007 1983 97
g::‘::;;i%”bnc 18 247 2009 98
United States 3 4200 2004 99
United States 6 8000 2008 100
United States 17 — 2008 101
Uruguay 4 885338 2000 102
Yemen 39 2256 2002 103
Yemen 30 137 2005 104

3 PubMed and Google Scholar were searched using the terms bacteriuria,
urinary tract infection, or UTI and pregnancy or pregnant along with the
name of the country. Countries with >10% preterm births not appearing on
this table are those for which we could find no reported bacteriuria rates in
pregnancy using the given search criteria.

bic culture techniques to measure potential uropatho-
gens in the sample, performs antibiotic susceptibility
testing and identification of any uropathogens and
reports the findings to the clinician; and finally (4) if
necessary, the clinician prescribes or provides antibiotic
treatment for the woman, along with sufficient patient
education to help ensure compliance. Implementation
of bacteriuria screening in resource-poor settings will
face hurdles at each of these four steps.

1. The Problem of Available Antenatal Care

The currently accepted methods for bacteriuria
screening and antibiotic treatment (eg, doctor in a clinic
with access to a microbiology lab) can only be successful
if pregnant women within a region of interest have
access to ANC and seek it out. The World Health
Organization’s “Opportunities for Africa’s Newborns”
report classified screening and treatment of asymptom-
atic UTIs using standard approaches as a “more complex
and expensive” intervention, but still considered it a

desirable addition to an ANC package once basic care has
become available in the region of interest.4*

The best opportunities for antenatal ASB screening
to be effective are countries with high rates of perinatal
morbidity and existing ANC programs with minor “gaps
in coverage” (ie, most women receive care). To identify
some of the top candidates for implementing ASB screen-
ing and treatment, we analyzed reports from the WHO,
including “Born Too Soon,”* “Opportunities for Africa’s
Newborns,”#* and “Countdown to 2015.”4> We consid-
ered PTB rate, progress toward MDGg4, presence of a
Partnership for MNCH task force and ANC utilization as
measures of overall maternal and child health. We also
included “gap in coverage” data, which indicates differ-
ences in coverage between the poorest and the least poor,
thereby serving as an indicator of whether ASB screen-
ing could be universally implemented. Here we focused
on the eleven countries with >15% preterm birth (com-
piled in Table 2); however, women in many countries
likely would benefit from implementation of ASB
screening and treatment. We refer readers to the resourc-
es listed above for additional potential candidates.

Malawi and Zimbabwe are good examples of coun-
tries that have shown significant progress in the area of
women’s and children’s health during the past two
decades (Table 2), with 90% of women attending at
least one ANC visit and ~50% attending the recom-
mended four or more ANC visits (ANC 4+). Gaps in
coverage between the poorest and least poor are also
relatively low in Malawi and Zimbabwe. This is not the
case for several other countries in Table 2, as discussed
below. However, Malawi and Zimbabwe still have
among the highest rates of PTB in the world. In their
April 2007 planning meeting report, the Maternal
Health working group of the Malawi MNCH empha-
sized that in low-resource settings there is an urgent
need to prioritize interventions. We encourage this
group to consider ASB screening and treatment in their
package of ANC services.

Botswana and Equatorial Guinea also appear to
have made great strides recently in achieving greater
availability and utilization of ANC within their popula-
tions. For example, coverage in Equatorial Guinea rose
from 37% to 86% between 1994 and 2012. However,
there was no available data for either country regarding
gaps in coverage. This is important to consider when
estimating accessibility to ASB screening and treat-
ment. For example, while the percentage of women
receiving ANC appears to be high in Mozambique, a
large gap in coverage indicates that there is still more to
be done to make care available to the poorest women.
In this regard, Gabon and Indonesia fare well with
respect to coverage for one ANC visit; however, the gap
in coverage for the optimal ANC (4+) remains large.
The problem of inaccessible ANC is even more pro-
nounced in Pakistan, Comoros and Mauritania, where
the realities of poverty and lack of available services are
at present, an insurmountable obstacle for implement-
ing universal healthcare during pregnancy.
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Figure 2 Etiologies of bacterial urinary tract infection (UTI) in pregnancy with an emphasis on Staphylococcus aureus.

A comparison of clinical studies that performed screening of pregnant women for bacteriuria and a breakdown of the etiologies involved. Studies included
pregnant women studied in 10 countries.2>4? Bars farthest to the right provide a comparison to the microbial etiologies of neonatal sepsis in Nigeria and
Ethiopia.?®1% Note in particular the striking similarity between etiologies of maternal UTI and neonatal sepsis in Nigeria. Studies that are short of 100% did

not provide detailed identifications for the remaining isolates.

Abbreviation: CN, coagulase-negative.

2. Genital Mutilation as an Additional Risk Factor for
UTI and Poor Pregnancy Outcomes

It is estimated that more than 140 million women
today have endured some type of genital mutilation,
which, despite bans, continues to be common in at least
28 African countries.3 There are several types of female
genital mutilation (FGM), often performed on girls
aged 4 to g years, ranging from clitoridectomy (removal
of the clitoris, type I FGM) to infibulation (type III
FGM). Infibulation often entails the complete excision
of the clitoris, labia minora, and labia majora, followed
by surgical closure of the remaining tissue with nar-
rowing and sometimes near-complete closure of the
vaginal opening, which may require surgical re-open-
ing (de-infibulation) to facilitate intercourse.
Infibulation is associated with a variety of adverse uro-
logic, gynecologic, and obstetric outcomes including
obstructed labor, stillbirth, hemorrhage, and fistula.*4

FGM not only permanently alters a girl’s urogeni-
tal anatomy; data suggest it may fundamentally change

the way her genitourinary mucosa interacts with her
genitourinary microbiota.454% Anecdotal reports
describe long-term sequelae of type III FGM to the uri-
nary tract, including difficult and/or painful urination,
urinary stasis, and heightened susceptibility to repeat-
ed urinary tract infections.#54® In one prospective
study that examined UTI among 255 consecutive girls
aged 4 to 9 years in Sudan, FGM was associated with a
five-fold higher risk of UTT in girls under 7 years of age
and a three-fold increase among those who had a type
III FGM (infibulation).#9 Unfortunately, studies have
not adequately addressed the impact of FGM on the
risks of bladder and kidney infections in nonpregnant
and pregnant women. However, if the three-fold
increased risk of UTI among infibulated girls is more
widely applicable to infibulated women, it is likely that
FGM-associated UTI contributes significantly to
adverse pregnancy outcomes.

It is recommended by the WHO that health care
providers ascertain the status of pregnant women with
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_ Table 2 Antenatal Care and Gaps in Coverage Among Countries With Preterm Birth Rates >15%

66

ANC Gap in ANC(4+) Gap % NND dueto  MNCH task Trending toward
Country ANC*2  coverage?? ANC (4+)*2 in coverage® PTB*2 force®! PTB rate' MDG44142
Malawi 95 3.1 46 10.3 30 Yes 18.1 Yes
DR Congo 88 17.8 45 215 38 No 16.7 No
Comoros 75 28 52 445 38 Yes 16.6 Yes
Zimbabwe 90 44 57 15.4 34 Yes 16.6 Yes
Equatorial Guinea 86 nd nd nd 34 Yes 16.5 Yes
Mozambique 92 313 53 39.9 25 No 16.4 Yes
Gabon 94 13.7 63 38.9 37 No 16.3 No
Pakistan 61 55 28 53.9 37 Yes 15.8 Yes
Indonesia 93 17 82 353 44 No 15.5 Yes
Mauritania 75 40.6 16 nd 26 No 15.4 No
Botswana 94 nd 73 nd 37 in process 15.1 No

Superscript numbers indicate the references from which data were taken. Data from “Countdown to 2015”42 were taken from the “Health Data-2012 Profile”
for each country. In columns two and four, “ANC” and “ANC(4+)" refers to the overall average percentage of women who had at least 1 or more than 4
antenatal care visits, respectively. As found in the “Health Data-2012 Equity Profile” for each country, gaps in coverage with respect to socioeconomic status
were estimated by dividing the population into 5 wealth quintiles and determining the average coverage in each group. The data listed in columns three

and six refer to the difference in the percentage of coverage between the wealthiest and poorest quintiles. Gaps in coverage were taken from the “Health
Data-2012 Equity Profile” for each country. %NND due to PTB is the percentage of neonatal deaths that are due to preterm birth, calculated based upon
“Causes of under-five deaths, 2010” data found in each “Health Data-2012 Profile.” MNCH task force indicates whether the country has a Partnership for
Maternal, Newborn and Child Health Task Force in place. Trending toward MDG4 indicates whether the under-5 mortality rate is decreasing since 1990.

respect to FGM at the first antenatal visit and when
necessary, to perform culturally sensitive counseling
regarding the complications associated with infibula-
tion during pregnancy and childbirth. To avoid such
complications, which have been associated with 1 to 2
additional deaths per 100 deliveries,*+ de-infibulation is
often recommended in the second trimester, allowing
the tissue to heal prior to delivery. Studies regarding
the timing of bacteriuria screening and treatment
among infibulated women are needed.

3. Urine Sample Collection: Contamination,
Confounders, and Other Considerations

The implementation of urine screening requires
collection of a urine specimen that does not come into
contact with excess bacteria from other genitourinary
sources such as periurethral areas or the vagina.
Contamination of urine with vaginal bacteria during col-
lection is a frequent cause of inconclusive urine screen-
ing. Since the number of formal ANC visits attended by
women in resource-poor settings is limited (Table 2),
care must be taken to obtain urine specimens from
which a clear positive or negative result can be obtained.
To address this issue, patient education regarding urine
collection procedures needs to be performed by trained
personnel using validated education materials.

Urine contamination may be particularly difficult to
avoid in women who have undergone infibulation. In this
situation, the urethral opening is covered by infibulated
scar tissue and urine exits the body from the vaginal neo-
introitus. It is curious that S aureus, a bacterium most
often associated with skin infections, is a common cause
of ASB in regions that practice FGM (see Figure 2 and
“global significance of S aureus” section, above). The pres-
ence of keratinized scar tissue over the urethral opening
might lead to a more habitable environment for skin-

associated bacteria such as S aureus in a niche directly
adjacent to the urethral opening. We were unable to
assess rates of ASB/UTI in pregnancy in many resource-
poor settings where FGM is common. Moreover, none of
the published studies that examined ASB in pregnancy in
regions known to practice FGM offer any information
about the possible association of S aureus ASB and FGM. It
is possible that the high rates of ASB in some areas, (Figure
1),is an artifact of urine “contamination” due to high rates
of type III FGM. As mentioned above, most of the studies
were carried out using accepted methods and definitions
and suggest that S aureus ASB is occurring as a monomi-
crobial infection at titers > 105 cfu/ml. Unfortunately, most
of the published datasets do not provide adequate details
to formally exclude the possibility that S aureus may be
coming from a genitourinary niche other than the blad-
der. Future studies in populations where FGM is endemic
should provide a better understanding of the possible
relationships between UTIL, FGM, and adverse pregnancy
outcomes and better illuminate the possible contribution
of S aureus in this context.

Whether the presence of S aureus in urine is an indi-
cation of bladder colonization or heavy vaginal coloniza-
tion is an important distinction. Perhaps even more
important is whether maternal genitourinary coloniza-
tion with S aureusis associated with pregnancy complica-
tions and/or fetal infection. S aureus is an important peri-
natal pathogen in many areas of the developing world.
For example, in Nigeria, it is both the leading cause of
early onset neonatal sepsis>® and the leading cause of
maternal sepsis in childbirth.>* In fact, the microbiologi-
cal profiles of the causes of maternal and neonatal sepsis
around the time of birth in Nigeria are remarkably simi-
lar to the causes of maternal UTI (Figure 2). Future studies
should examine whether S aureus, in the developing
world, has a similar transmission route as Group B
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Streptococcus (GBS). GBS is the most common cause of
neonatal sepsis in the United States and many other more
developed countries. GBS is known to colonize the female
genitourinary tract and to be transmitted vertically to the
neonate before, during, or after birth. Maternal vaginal
GBS colonization status has been linked with risk of neo-
natal infection. Moreover, presence of GBS in urine is an
independent risk factor for GBS neonatal disease.*?
Similar studies should be carried out to examine whether
S aureus presence in urine is associated with a higher risk
of maternal or neonatal sepsis. Screening and intrapar-
tum prophylaxis has been very effective in reducing
morbidity and mortality of perinatal streptococcal infec-
tions and may also be an effective strategy for controlling
perinatal staphylococcal infections.

4. Detecting Bacteria in Urine: The Need for Clinical
Microbiology Labs or Innovative Alternatives

Urine culture is considered the gold standard for
ASB screening, and should be the first choice for any set-
ting with adequate clinical microbiology resources.
Unfortunately, laboratory microbiology resources are
not always readily available in developing world set-
tings, even when ANC services may be present. Despite
being the gold standard, standard culture techniques are
inconvenient for low-resource settings. As discussed
above, few women have access to multiple ANC visits.
Routine bacterial culture of urine specimens requires
sterile media and 24 hours incubation at 37° C for bacte-
rial growth to occur. Bacterial antibiotic susceptibility
testing can take additional time to complete. Typically,
women in more developed countries are contacted by
their obstetrician’s office within 24 to 48 hours of their
visit when urine cultures are positive, and antibiotics are
prescribed. However, women in resource-limited set-
tings do not have access to neighborhood retail pharma-
cies. Thus, point of care tests would simplify the logistics
and timelines associated with urine microbiology and
treatment in resource-poor settings.

Various attempts have been made to replace stan-
dard culture techniques, but none have been shown to
be as effective as urine culture for identifying ASB.3 For
example, a number of studies have attempted to use
commercially available urine dipsticks that measure
nitrite (a product of nitrate reductase, expressed by some
uropathogens) and leukocyte esterase activity (evidence
of the host inflammatory process). However, this meth-
odisnot sensitive enough to detect many cases of asymp-
tomatic bacteriuria and often misses some of the less
common uropathogens (eg, enterococci and streptococ-
ci) that do not express nitrate reductase. We thus empha-
size that reported values of specificity and sensitivity
using this method will depend on the specific popula-
tion tested and the specific range of uropathogens caus-
ing UTI in that population. Another approach com-
monly used in place or in addition to urine culture is
microscopic examination of gram-stained urine sedi-
ments. This method is advantageous from the perspec-
tive that it can identify bacteriuria even when standard

aerobic culture techniques are insufficient to cultivate
certain less common uropathogens. However, it has
been reported that this method is highly sensitive to
error when performed as a point of care test rather than
by trained laboratory personnel. Dip paddles or
dipslides5? are another way of culturing bacteria from
urine that can be used outside the clinical microbiology
lab. Dipslides contain two different bacterial growth
media and facilitate CFU determination in a convenient
format thatassists with bacterialidentification. However,
the use of these alternative methods under “real” condi-
tions (in a general practice office) showed a sensitivity of
74% and a specificity of 94%.53 We note that while these
alternatives to urine culture may not be ideal, they may
still be useful in limited resource settings and could pro-
mote meaningful gains in the prevention of pregnancy
complications in target populations.

Clearly, there is a real need for portable methods
that can accurately measure bacteriuria and distinguish
potential uropathogens from contaminating vaginal
bacteria. In the field, urine tests must be stable to local
conditions, or convenient to store. Simplifying the clini-
cal/microbiology workflow would allow flexible use by
community health workers, perhaps expanding access
to urine screening outside the traditional clinic setting.

5. Antibiotics: Treatment, Risks, Compliance,
Susceptibility, and Resistance

UTI is one of the most common reasons for antibi-
otic use and is thus one of the main drivers of antibiotic
resistance. As such, it is important that antibiotics not be
given if they are not needed and that when needed, cor-
rect antibiotics are given to eliminate the infecting strain.
Certain antibiotics, for example metronidazole, given
during pregnancy have been associated with increased
frequency of preterm birth.5+5¢ Antibiotics for UTI with
moderately low risk in pregnancy (category B) include:
cephalexin, erythromycin, nitrofurantoin, amoxicillin-
clavulanate, fosfomycin. Patient education is important
for compliance, particularly in the context of asymptom-
atic UTL Antibiotic resistance is more likely to develop in
patients that do not comply with the full duration of
antibiotic therapy. Alternative treatment options such as
probiotics, functional food products and vaccines, may
help circumvent the antibiotic resistance issue, but fur-
ther studies are needed to establish their efficacy in the
pregnant population. As discussed above, portable tests,
particularly those that might be used within a communi-
ty-based ANC setting, would greatly enhance the ability
of healthcare workers to effectively treat UTL

SUMMARY AND CONCLUSIONS

In summary, a substantial body of evidence in the
United States and other more developed nations indicates
that UTI in pregnancy (whether symptomatic or asymp-
tomatic) is a risk factor for adverse outcomes that endan-
ger the health of both mother and fetus. Multiple sources
of evidence strongly support screening and treatment of
UTI as a valuable approach for improving birth out-
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comes. In most industrialized nations, E coli is the pre-
dominant cause of UTI in nonpregnant reproductive-age
women. Other bacterial genera such as Klebsiella,
Enterococcus, Streptococcus, Proteus, coagulase-negative
Staphylococci, and Pseudomonas also cause UTI. Studies
conducted in more developed countries have found that
this same collection of organisms are also responsible for
the vast majority of UTIs (symptomatic or asymptomat-
ic) in the pregnant host.® However, based on our analysis
of the literature, a large body of evidence is beginning to
suggest that a Gram-positive bacterium that has been
widely considered as an atypical cause of UTI—S aure-
us—actually is quite common in many parts of the devel-
oping world. Resource availability appears to be the pri-
mary hurdle for eventual reductions in adverse pregnan-
cy outcomes associated with UTL. Where the resources
are available, we encourage maternal and child health
organizations and local governments to consider, or
reconsider ASB screening and treatment as part of a pack-
age of infection prevention strategies (including sexually
transmitted infections) to reduce pregnancy complica-
tions. Finally, we hope that the information outlined here
serves to bring screening and treatment of UTI in preg-
nancy into the forefront of “essential” antenatal care.
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