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Abstract Objective Group B Streptococcus (GBS) colonization of the lower urinary tract in
pregnancy is associated with severe infections such as chorioamnionitis, endometritis,
and pyelonephritis. The objective of this study was to compare rates of progression to
pyelonephritis between GBS and Escherichia coli lower urinary tract infections (LUTIs),
as well as compare infectious and obstetric morbidity secondary to these pathogens.
Study Design Retrospective cohort of pregnant women with LUTIs (asymptomatic
bacteria or acute cystitis [AC]) from a single health system between July 2013 and
May 2019. Demographic, infectious, antepartum, and intrapartum data were abstract-
ed from medical records of women with GBS or E. coli LUTI. The primary outcome was
progression to pyelonephritis. Secondary outcomes included pyelonephritis-related
anemia, sepsis, pyelonephritis length of stay (LOS), median gestational age (GA) at
delivery, preterm delivery, and low birth weight (LBW). Logistic regression was used to
calculate the adjusted odds of the primary outcome.
Results Of 729 pregnant women with urinary colonization, 433 were culture positive
for one of the aforementioned bacteria, with 189 (43.6%) having GBS and 244 (56.4%)
having E. coli. Women with E. coli were more likely to be younger, use tobacco, have a
history of AC, and have a history of preterm birth. Rates of progression to pyelone-
phritis were markedly higher with E. coli (15.6%) than with GBS (1.1%; p<0.001).
Median LOS for pyelonephritis and pyelonephritis-related morbidities did not differ.
Median GA at delivery, preterm delivery, and LBW rates also did not differ. In adjusted
analysis, controlling for history of AC, insurance status, tobacco use, prior preterm
birth, primary infection type, and maternal age, women with GBS LUTI had markedly
decreased odds of developing pyelonephritis in pregnancy compared with those with E.
coli (adjusted odds ratio: 0.04, 95% confidence interval: 0.01–0.28).
Conclusion Escherichia coli infections progress to pyelonephritis in pregnancy at
markedly higher rates than GBS, although obstetric outcomes are similar.
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Lower urinary tract infections (LUTIs) are the most com-
mon infection in pregnancy, occurring in 5 to 10% of all
pregnancies.1 LUTIs may be classified as asymptomatic
bacteriuria (ASB) or acute cystitis (AC). Both ASB and AC
have been associated with increased risk of pyelonephritis
in pregnancy. Acute pyelonephritis affects 1 to 2% of
pregnant women, and has been associated with increased
rates of preeclampsia, preterm labor, sepsis, and low birth
weight (LBW).2,3

Escherichia coli is the most common organism associated
with symptomatic and asymptomatic LUTI, found in 65 to
84% of pregnant women.4 Another common uropathogen of
pregnancy is group B Streptococcus (GBS), which is found in 2
to 10% of ASB cultures.1 Vaginal colonization with GBS is
associated with increased risk of premature rupture of
membranes, preterm labor, and neonatal sepsis. Additional-
ly, GBS is the primary uropathogen in approximately 10%
cases of pyelonephritis in pregnancy.5 However, less is
known about the risk of progression to pyelonephritis and
the severity of the pyelonephritis when caused by GBS.5

Thus, the objective of this study was to evaluate if the rate
at which GBS colonization progresses to pyelonephritis is
different from the rate at which the more common uropath-
ogen, E. coli, progresses to pyelonephritis, and compare how
colonization with these two organisms affects pyelonephri-
tis-related morbidity and obstetric outcomes.

Methods

This was a retrospective cohort study of all pregnant women
presenting to a single health care systemwith LUTI, including
ASB or AC, from the first trimester of pregnancy through 6
weeks postpartum (Institutional Review Board: Pro00101602
Approved February 20, 2019). Women delivering at a Duke
University-affiliatedhospital from July1, 2013, toMay1, 2019,
were included. Eligible patientswere identified using Interna-
tional Classification of Diseases, 9th (ICD-9) and 10th (ICD-10)
revision codes for ASB, AC, and pyelonephritis and culture data
(►Supplementary Table 1, available in the online version).
For this study, we defined pyelonephritis as coded by ICD-9 or
ICD-10 code. Then, tobe included in the study, patientsneeded
to have a clinical diagnosis of pyelonephritis documented in
the medical record, including documentation of UTI symp-
toms, with flank pain and/or fevers. All patients were treated
with antibiotics to which they were sensitive per institution
protocol.

Women with a urine culture that grew E. coli or GBS and
who delivered in a single health care system were included.
Women who had one single culture come back positive for
both organisms, E. coli and GBS, or who had a urine culture
that grew out a different uropathogen were also excluded.
The primary infection type was defined as ASB or AC and
was defined as urine culture positive for a single organism
with 105 cfu/mL or greater and 102 cfu/mL or greater
without or with symptoms, respectively.4 Asymptomatic
women with urine cultures less than 105 cfu/mL were
excluded. Demographic variables, antepartum and preg-
nancy complications, delivery, and postpartum data were

collected via review of the electronic medical record by
trained chart abstractors.

The primary outcome was pyelonephritis, defined clini-
cally by fever at or above 38.0°C, flank pain, and a positive
urine culture. Secondary outcomes included length of stay
(LOS) for pyelonephritis admission, median gestational age
(GA) at delivery, preterm delivery (PTD), LBW, and pyelone-
phritis-related complications, including renal abscess, sep-
sis, and pyelonephritis-related anemia. PTD was defined as
delivery prior to 370/7 weeks. LBWwas defined based on GA-
specific national norms.6 Pyelonephritis-related anemia was
defined as a hematocrit of less than 33 identified at the time
of pyelonephritis diagnosis, in the setting of a prior normal
hematocrit.7

Baseline demographics were analyzed using bivariate
analysis. Continuous, normally distributed variables were
compared using Student’s t-test, while nonparametric con-
tinuous variableswere compared usingWilcoxon’s rank-sum
tests. Categorical variables were analyzed using chi-square
tests or Fisher’s exact tests as appropriate. Multivariate
logistic regression was used to determine significant pre-
dictors of the primary outcome. Statistical significance was
defined as p-value less than 0.05. Statistical analysis was
performed using STATA software.

Results

Of 729 pregnant women with urinary colonization informa-
tion in the study period, 433 grew one of the bacteria of
interest, with 189 (43.6%) being culture positive for GBS and
244 (56.4%) being culture positive for E. coli (►Fig. 1).

Women with E. coli were younger and less likely to have
private insurance (►Table 1). Women with E. coli were also
more likely to use tobacco, to have a prior history of AC before
this pregnancy and have AC in this pregnancy (►Table 1).
Prior preterm birth was also twice as common among
women with E. coli than women with GBS (21.0 vs. 10.6%,
p<0.01). Other baseline demographics, including GA at first
infection did not differ, and are seen in ►Table 1. Median
duration of antibiotic treatment did not differ by uropath-
ogen (7 days with interquartile range 7, 7 for both, p¼0.69).

Rates of progression to pyelonephritis were markedly
higher with E. coli LUTI than with GBS (15.6 vs. 0.50%;
p<0.01). However, LOS during the admission for pyelone-
phritis did not differ (►Table 2). Pyelonephritis-related
morbidity was rare in both groups. There was no difference
between time from positive culture to diagnosis of pyelone-
phritis between the E. coli and GBS groups (►Table 2). No
women in either group had an intrauterine fetal demise, and
only one patient (E. coli group) delivered during the admis-
sion for pyelonephritis. Similarly, only one patient (E. coli
group, though different than the one who delivered during
her pyelonephritis admission)went to the intensive care unit
(ICU). This patient also received a blood transfusion. Anemia
and hematocrit nadir also did not differ by infectious agent
(►Table 2).

Obstetric outcomes, including median GA at delivery,
preterm delivery, and LBW rates, did not differ (►Table 2).
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When controlling for history of AC, black race, insurance
status, tobacco use, prior preterm birth, primary infection
type, and maternal age, womenwith GBS LUTI had markedly
decreased odds of progressing to pyelonephritis compared
with those with E. coli LUTI (adjusted odds ratio: 0.06, 95%
confidence interval: 0.01–0.53).

Comment
Principal Findings
Women with an E. coli LUTI were significantly more likely to
progress to pyelonephritis than women with cultures posi-
tive for GBS. However, other pyelonephritis-related and
obstetric morbidities did not differ.

Table 1 Maternal demographics among with GBS or E. coli lower urinary tract infection

E. coli
n¼244 (%)

GBS
n¼ 189 (%)

p-Value

Median age, y (IQR) 26 (22, 31) 28 (23, 33) < 0.01

African American race 54 (22.1) 44 (23.3) 0.78

Private insurance 66 (27.5) 71 (38.6) 0.02

Limited prenatal care 13 (5.4) 13 (7.1) 0.48

Chronic hypertension 21 (8.6) 14 (7.4) 0.65

Diabetes mellitus 17 (7.0) 9 (4.8) 0.34

Sickle cell trait 16 (6.6) 13 (6.9) 0.91

Tobacco use 42 (17.2) 13 (6.9) < 0.01

Median baseline hematocrit (IQR) 36.7 (34.0, 38.7) 37.0 (35.3, 39.6) 0.05

Multiparous 150 (61.5) 127 (67.2) 0.22

Prior preterm birth 51 (21.0) 20 (10.6) < 0.01

History of AC 79 (32.4) 24 (12.7) < 0.01

GA of first infection 12.1 (9.3, 18.4) 11.2 (8.9, 19.3) 0.49

First infection: UTI 63 (26.8) 19 (10.2) < 0.01

Abbreviations: AC, acute cystitis; GA, gestational age; GBS, group B Streptococcus; IQR, interquartile range; UTI, urinary tract infection.

Fig. 1 Study population. GBS, group B Streptococcus.
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Results
Previous studies have found E. coli to have a higher rate of
progression to pyelonephritis when compared with other
organisms, such as GBS, Klebsiella, and Proteus.8 However,
data related to the morbidity associated with specific uro-
pathogens is not well described in the literature. As pyelo-
nephritis-related morbidities are rare, it is challenging to
identify a datasetwith enough detail to drill down to the level
of the urinary pathogens, but large enough to be powered to
show specific pyelonephritis-related morbidities. Despite
the difference in progression, rates of pyelonephritis-related
morbidity and obstetric outcomes between E. coli and GBS in
this study did not differ. Due to the physiologic changes in
pregnancy, pyelonephritis during this time is associatedwith
higher maternal risks than this infection outside of pregnan-
cy. Thus, it is physiologically plausible that it is not the
pathogen which causes the morbidity, but the specific phys-
iologic changes themselves. Other authors have shown simi-
larly that more pathogenic infections are also not associated
with differences in pyelonephritis-related morbidities, add-
ing validity to this theory.9

Clinical Implications
Pyelonephritis is the most common infectious cause of
hospitalization in pregnancy and has been associated with
severe maternal morbidity. Women with pyelonephritis
during delivery have been found to have increased odds of
pulmonary edema, acute respiratory distress syndrome,
conditions leading to transfusion and mechanical ventila-
tion, and end-organ failure compared with women without
pyelonephritis.10 More severe infections, including sepsis
and chorioamnionitis were also more likely to occur among
women with pyelonephritis.10 In this study, severe morbidi-
ty including ICU admission, transfusion, and sepsis was rare,
though it did occur with higher frequency in the E. coli group.

Though GBS is such a common vaginal pathogen with
major neonatal and fetal implications, little attention has
been paid to the maternal impact of GBS infections. Vaginal
GBS cultured in pregnancy and the postpartum period has

been associatedwith chorioamnionitis, mastitis, bacteremia,
sepsis, and wound infections. GBS has also been implicated
as the sole pathogen in 2 to 14% of endometritis and was
more likely to be isolated after vaginal deliveries than
cesarean deliveries.11 These infections have been docu-
mented to have life-threatening maternal sequelae, includ-
ing peritonitis and pelvic abscesses, underscoring the
importance of not minimizing GBS infections.11 Though
the risks of progression to pyelonephritis is low when
compared with E. coli, pyelonephritis due to any bacteria
can still have maternal, obstetric, and neonatal implications,
thus emphasizing the importance of treating GBS LUTI.

Research Implications
As pyelonephritis-related morbidities are uncommon, larger
studies are needed to better examine the risks of these as
they relate to specific urinary pathogens. Similarly, given the
overall low number of women with pyelonephritis, larger
studies are needed to determine the true obstetric implica-
tions of GBS-related pyelonephritis. Additionally, nearly one
in six women in the E. coli group had progression to pyelo-
nephritis. This rate is high and warrants further consider-
ation as to specific infection-related risk factors that lead to
treatment failure and infectious progression.

Strengths and Limitations
This study has many strengths. First, based on a systematic
search of the literature, it is among the larger studies to date
specifically examining GBS-related pyelonephritis and com-
paring it to themore commonpyelonephritis caused by E. coli.
Additionally, the rate of progression to pyelonephritis in this
study was similar to those previously published in the litera-
ture,5 adding validity to our findings. There are also multiple
limitations. Our total number of women with GBS-related
pyelonephritis was low, thus limiting our ability to comment
on morbidity related to this specifically. However, even in the
E. coli group, morbidity was uncommon. Similarly, due to low
numbers of womenwith pyelonephritis, we were only able to
look at obstetric outcomes by urinary pathogen and not

Table 2 Pyelonephritis-related and obstetrics outcomes among with GBS or E. coli lower urinary tract infection

E. coli
n¼ 244 (%)

GBS
n¼189 (%)

p-Value

Progression to pyelonephritis 38 (15.6) 1 (0.50) < 0.001

Median time from positive culture to pyelonephritis diagnosis, wk (IQR) 16.6 (9.6, 22.3) 17.2 (–) 0.79

Median GA at pyelonephritis diagnosis (IQR) 25.6 (19.7, 32.1) 21.6 (–) 0.56

Median pyelonephritis LOS (IQR) 3 (2, 4) 3 (–) 0.89

Median hematocrit nadir (IQR) 30 (26.3, 32.7) 30.3 (–) 0.79

Anemia 27/38 (71.1) 1/1 (100) 0.53

Sepsis 3/38 (7.9) 0/1 0.68

Median GA at delivery, wk (IQR) 39.1 (37.6, 40.1) 39.4 (38.6, 40.1) 0.07

Preterm birth 30 (12.3) 16 (8.5) 0.20

Low birth weight 21 (8.6) 21 (11.1) 0.38

Abbreviations: GA, gestational age; GBS, group B Streptococcus; IQR, interquartile range; LOS, length of stay.
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perform a subanalysis including only those with pyelonephri-
tis. The use of ICD-9 and ICD-10 codes for diagnosis introduces
potential transition and coding errors that may disrupt the
observed rates. Regarding treatment, we are unable to assess
compliance unless it is documented in themedical record, and
in those cases, it is dependent onpatient honesty. Tests of cure
could be used as a measure of compliance, but this is further
limited because though they are recommended, they are not
routinely performed. As with all retrospective studies, we can
comment in associations but not causality. Additionally, this is
retrospective data from a single health system, thus this may
not be generalizable to all populations.

Conclusion

In sum, in this study, even after controlling for confounders,
women with E. coli LUTI develop pyelonephritis at markedly
higher rates than those with a GBS-related LUTI. Though
larger studies are needed to collaborate these data, this
should not undervalue the importance of treating GBS UTI,
as any progression to pyelonephritis can be dangerous for the
mother, the fetus, and the pregnancy.

Highlights

• E. coli-related UTI progresses to pyelonephritis at marked-
ly higher rates than GBS-related LUTI.

• Obstetric outcomes were similar between women with E.
coli and GBS-related LUTI.

• Maternal consequences of pyelonephritis may be severe
regardless of causal urinary pathogen.

Condensation

Women with an E. coli lower urinary tract infection were
significantly more likely to progress to pyelonephritis than
women with urine cultures positive for GBS.

AJOG at a Glance

A. Why was this study conducted?
To assess if there is a difference in progression to pyelone-

phritis during pregnancy for E. coli infections versus GBS
infections.

B. What are the key findings?
E. coli lower urinary tract infections progress to pyelone-

phritis at significantly higher rates than GBS, though
obstetric outcomes were similar.

C. What does this study add to what is already known?
Urinary tract infections have higher rates of progression
to pyelonephritis during pregnancy; however, differences
in the rates of pyelonephritis-related morbidity for spe-
cific uropathogens have not been well studied. This study
highlights a significantly higher rate of progression for E.
coli compared with GBS, though obstetric outcomes are
similar.
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This work was presented as a poster presentation at the
Society for Maternal-Fetal Medicine’s 40th Annual Preg-
nancy meeting in February 2020 in Dallas, TX.
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