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Abstract Background: Choices of antibacterial for infections in pregnancy are limited
because of potential risksto the fetus, particularly in the early months. However,
infections may result in preterm labour or other problems and so treatment is
needed. Increasingly, resistance is reported among common pathogens to older
agents, such as ampicillin or amoxicillin, that have been widely used in preg-
nancy.

Objective: To assessthe saf ety and efficacy of cefuroxime axetil inthetreatment
of infections during pregnancy.

Design: This was a retrospective analysis of case records for women who were
treated with cefuroxime axetil at some point during pregnancy.

Setting: Patients were treated at one centre in Lubliniec, Poland in 1996 and
1997.

Patients and participants: The study included 78 women aged 19 to 38 years
(mean 26 years) and their 80 infants.

Main outcome measures and results: Efficacy in treating maternal infections
was assessed, and the physical and mental development of childrenborntotreated
mothers was evaluated for at least 18 months after birth. 13 women were treated
inthefirst trimester, 19 in the second trimester and 46 in the third trimester. There
were no abnormalities causing concern in terms of physical or mental develop-
ment in any of the children, and no abnormality that was attributable to the
treatment the mother had received.

Conclusions: Theresults add clinical support for the use of cefuroxime axetil in
pregnancy if an antibacterial isneeded, thus offering an alternativeif antibacterial
resistance to older agentsis an issue for the pregnant mother.
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Treatment of bacterial infections in pregnancy
raises issues for both fetus and mother. The infec-
tion may result in miscarriage, premature birth, or
intrauterine fetal infection.[l However, treatment
of the infection carries potential risk to the fetus,
particularly during the first trimester of pregnancy.
All currently marketed antibacterials undergo ex-
tensive preclinical testing to assess possible em-
bryopathogenic or teratogenic potential, but even
when these tests are negative caveats are usually
included in prescribing recommendations because
no testing can be undertaken in pregnant women.
Consequently, only sparse clinically based dataare
available.

The choice of antimicrobial agents for use in
pregnancy is usually limited to agents that offer a
high therapeutic index.[2 Agents such as the
quinolones, which act on DNA synthesis, or anti-
bacterials acting on protein synthesis or that are
known to have mutagenic potential or to depositin
teeth or bone are also ruled out for use in preg-
nancy.l? The B-lactam antibacterials have a highly
sel ective mode of action, and no comparabletarget
exists in human cells. This selectivity has been an
important reason for the use of agents such as pen-
icillins and cephalosporins in pregnancy.

Amoxicillinl® and cefalexinl¥l have both been
available for clinical use for the last 30 years and
both are categorised as showing no evidence of risk
in humans. Both aretherefore considered appropri-
ate for use in pregnancy if thereis amedical indi-
cation for their use. However, both these agents
have been widely used and resistance is now a
problem in some organisms and in some geograph-
ical locations. Resistance to ampicillin and
amoxicillin in Escherichia coli strains from uri-
nary tract infections (UTIs) has reached 40 to 60%
in many countries, and so alternative antibacterials
may be needed to cope with these more resistant
isolates.[?!

Cefuroxime axetil, the ora prodrug of cefurox-
ime, isindicated for treatment of a wide range of
infections and is estimated to have been prescribed
for more than 200 million patients during the last
15 years. Cefuroxime free acid, the active agent,
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has al so been used in the injectable form in women
during the peripartum period and for treatment of
neonatal infections.[®7] Preclinical studieswith ce-
furoxime showed no embryopathic or teratogenic
potential when used in rats and mice at dosages up
to 3200 mg/kg/day (23 times the recommended
maximum human dosage based on body surface
area).l8l There are, however, no well controlled
studies in pregnant women because of the issues
associated with performing such studies. As with
other agents, because animal studiesare not always
predictive of human studies, cefuroxime axetil is
recommended to be used in pregnancy only when
itis clearly needed.l8

The spectrum of cefuroxime includes many am-
picillin- and cefalexin-resistant Gram-negative
strains, making it an appropriate choice for UTls
and peripartum infections in the mother.[® We
therefore undertook a retrospective evaluation of
the safety and efficacy of cefuroxime axetil in the
treatment of infections during pregnancy. Because
of concerns of possible adverse outcome for the
fetus, the children born to mothers who had been
treated with cefuroxime axetil were monitored for
at least 18 months and in some cases for up to 4
years after the mother had received the antibacte-
rial.

Patients and Methods

Patients

The study involved retrospective analysis of
case records from 1996 and 1997 for 78 women
aged from 19 to 38 years (mean 26 years) who were
treated orally with cefuroxime axetil 250mg twice
daily at some point during their pregnancy. Table|
shows the numbers of patients treated during each
trimester of pregnancy. Patientsweretreated at one
centre, and were either ambulatory, attending an
outpatient clinic or were hospitalised. Thedecision
to use cefuroxime axetil wastaken by the attending
physician and was based on clinical judgement or
in some cases on bacteriological tests.
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Table I. Trimester of pregnancy when cefuroxime axetil was administered and outcomes for children

Trimester of No. of babies Timing of delivery (no.) Apgar scores of babies  Abnormalities (no.) llinesses in first
pregnancy when delivered (no.) year of life (no.)
mother was treated

First trimester (1to 13 Term (11), no date (2) 8-10 (13) None UTI (1), RTI (2)
12wk)

Second trimester 20 (includes 1 set Term (12), premature (2), 8-10 (15), 5-7 (3), <5 (1), Hip dysplasia (1) UTI (1), RTI (2)
(13 to 24wk) of twins) late (1), immature (1), no dead at 24wk (1)

date (3)
47 (includes 1 set Term (37), premature (8),
of twins) late (1), caesarean
section (9)

Third trimester
(25wk to term)

8-10 (31), 5-7 (11), <5 (5) Hypospadia (1),

UTI (1), RTI (15),
imperforate anus (1) diarrhoea (1),
chickenpox (1),
death from
unknown cause (1)

RTI = respiratory tract infection; UTI = urinary tract infection.

Case Records

48 patients were diagnosed as having UTI and
positive cultures were obtained from all these pa-
tients. Organismswereisolated on M cConkey agar
and Uromedium. A further 5 UTIswere diagnosed
clinically (table I1) and for others, asymptomatic
bacteriuria was detected and treatment was given.
Case evaluations included diagnosis and type of
maternal infections. Concomitant medications
were recorded, as were ultrasound records of fetal
development, details of births and assessments of
psychomotor and physical development of the
children.

Antibacterial Treatment

Cefuroxime axetil was administered orally
250mgtwicedaily for periodsof 1to 10 days(aver-

age 3.6 days).
Ultrasonography

Fetal development was monitored by ultra-
sonography. This was usually performed during
weeks 6 to 43 of pregnancy and any potential ab-
normality was noted.

Infant Development

After thebirth of thechild, it was assessed using
Apgar scores.[19 Observations were also made of
bodyweight and length and of the physical and
mental development of the child for an average
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period of 18 months. Physical and mental devel op-
ment evaluations were based on typical physical
and neurol ogical assessmentswhich areobligatory
in Poland. A variety of developmental scales and
observationswere available from the children’sre-
cords during the 18-month to 3-year period of ob-
servation.

Results

Maternal Demographics

The 78 women included in the study were aged
from 19 to 38 years (mean 26 years). Most were
treated with cefuroxime axetil in thelater stages of
pregnancy (average 27.6 weeks, range 6 to 42
weeks). An overall summary of outcome for moth-
ersand childrenis shown intablel. There were no
abnormalities causing concern interms of physical
or mental development in any of the children, and
no abnormality that was attributabl e to the antibac-
terial treatment that the mother had received.

Table Il. Reason for maternal antibacterial treatment during preg-
nancy

Cause Cases
no. %

Cystitis or pyelonephritis 53 67.9
Threatened miscarriage 16 20.5
Prolonged childbirth 5 6.4
Respiratory tract infection 2 2.6
Thrombotic complications 2 2.6
Total 78
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A total of 13 women received antibacterial dur-
ing the first 12 weeks, the earliest treatment being
at 6 weeks. All of thechildren born to these mothers
were normal at birth and no abnormalities possibly
associated with the treatment were observed. Sev-
eral patients were recorded as having also received
other antibacterial s during the pregnancy. Thesein-
cluded ampicillin (5 patients), amoxicillin-clavula-
nic acid (1 patient), amikacin (1 patient), gentami-
cin (1 patient) and metronidazole (1 patient). Of
these agents, the last has possible mutagenic ef-
fectd but was used in this patient in the third tri-
mester without problem. Other agents administered
included promethazine, for which epidemiological
data on use in pregnancy are available, verapamil
(an antihypertensive) for which animal studies
have shown no teratogenicity, and diazepam.

Maternal Infections

Infections in pregnancy were most commonly
UTlIs (table I1) caused predominantly by E. coli
(75%) [tablell1]. Proteusmirabilisand Streptococ-
cus pyogenes were also found. Positive urine cul-
tureswere only available from 48 of 53 UTI cases.
Thesewere negative 14 daysafter treatment in 84%
of cases where samples could be obtained. A good
clinical response was also recorded for 37 women
for whom bacteriological studies were not carried
out. Cefuroxime axetil waswell tolerated in al pa-
tients. Threatened miscarriage was also common,
a major reason for administering antibacterial in
pregnancy (21% of treatment cases). One preg-
nancy terminated at 24 weeks and the child did not
surviveathough it wasassessed asnormal by ultra-
sonography. Two patients had concomitant throm-

Table Ill. Aetiology of urinary tract infections in pregnant women

Causative organism Cases

no. %
Escherichia coli 36 75
Streptococcus pyogenes 5 10.4
Proteus mirabilis 4 8.3
Klebsiella pneumoniae 2 4.2
Enterobacter spp. 1 2.1
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botic complicationsand received cefuroxime axetil
prophylactically for other suspected infections.

Infant Development

80 children were born, 49 boys and 31 girls,
including 2 sets of twins. Details of the births are
shown in table I. 51 births were spontaneous at
term, 1 was a forceps delivery and 9 babies were
delivered by caesarean section. A further 10 births
were preterm, 5 birthsfollowed prolonged delivery
and there was 1 immature delivery at 24 weeks.

Children were assessed within the first 10 to 30
minutes after birth using Apgar scores?d to indi-
cate their general condition. Three children had
congenital defectsat birth, 1 had ahip joint dyspla-
sia(mother treated at week 23 of pregnancy), 1 had
hypospadia (mother treated at week 38 of preg-
nancy) and 1, delivered by caesarean section, had
an imperforate anus (mother treated at week 40).

Of the 13 children born to motherstreated in the
first trimester, 1 fetus was exposed to cefuroxime
axetil at each of the time-points 6 weeks, 7 weeks
and 8 weeks. Five mothers received cefuroxime at
9 weeks, 3 at 10 weeks and 1 each at 11 and 12
weeks. All these children were normal at birth and
had Apgar scoresof 8 or greater. Subsequent devel-
opment was uneventful. One child born to amother
treated at 13 weeks had a poor Apgar score of only
4 at birth and no follow-up details were available
for this child.

Ultrasonography at approximately week 21 to
22 of pregnancy showed transient dilation of the
pelvis of the kidney in 2 children. Both were born
at term and were otherwise healthy. No other prob-
lems were diagnosed via ultrasonography.

Children’s development was followed for at
least 12 to 18 monthsin most cases and for up to 3
years in a small number of cases. Records of their
general physical and mental development were
made and of any illnesses that they experienced
(table 1). In the first year, 1 child died from un-
known causes. 19 children were reported to have
had a respiratory tract infection. UTIs were re-
ported for 3 children, 1 of whom had dilation of the
kidney diagnosed in utero. There was 1 case of
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chickenpox. The mgjority of the children were
healthy at 1 year. There were no associations of
childhood infections either with maternal treat-
ment or with the trimester of pregnancy when the
antibacteria treatment was given.

Overdl, thefindings of the study confirmed the
tolerability of cefuroxime axetil and showed that
for this small sample of patients there were no
problems for the fetus occurring as a result of ce-
furoxime axetil treatment in pregnancy.

Discussion

The choice of antibacterials for use in preg-
nancy isvery limited and even when antibacterials
or other drugs are needed, there is particular con-
cern about use in the first trimester of pregnancy.
Very few clinical publications are available to in-
dicate outcome of treatment in pregnancy in a
fairly large group of patients. Most reports are of
individual case records. The present study of 78
women treated during pregnancy is therefore un-
usual. The first trimester is the period of greatest
concern for the use of any drug during pregnancy,
but the number of patients treated in this period
was only 13 and so the study is very limited in its
predictive value for treatment in early pregnancy.
The background incidence of major congenital
malformation isestimated at approximately 2%.11
Effects due to adrug are likely to be very rare. To
detect an incidence of 0.5% effect attributable to a
drug with 90% power and 95% confidence would
need more than 7000 patients in a comparative
study. To detect a rare effect with an incidence of
<0.1%, enormous humbersof patientsarerequired,
probably approaching 400 000. These calculations
underscore the difficulty in interpreting data from
very small noncomparative studies.

Mothers of the 3 children born with congenital
defectsin this study were all treated in the second
or third trimesters of pregnancy. Both hypospadia
and imperforate anus are developmental defects,
which usually occur at an early stagein pregnancy
and were unlikely to have been associated with the
very late stage antibacterial treatments, at 38 and
40 weeks respectively.
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Infectionsin pregnancy can of coursealso result
in abortion or other problems, and so the risk-to-
benefit ratio needs to be carefully assessed. The
commonest infections in this study were UTIs,
which may or may not have an obvious aetiology.
Asymptomatic bacteriuria is common in preg-
nancy and is detected because of routine health
checks. It isamost always treated because of pos-
sible risks to the fetus from infection.[2

Threatened miscarriage is also a common rea-
son for giving antibacterials, and in several cases
in this study antibacterial was given at alate stage
of pregnancy. For mothers given antibacterials at
thistime, thetransfer of drug acrossthe placental12
and also into breast milk[13] needs to be taken into
account. Cefuroxime axetil is excreted into breast
milk, and safety recommendations note that cau-
tion should be exercised when the antibacterial is
administered to nursing mothers.[*4 Cefuroximein
theinjectableform hasbeen used extensively inthe
treatment of neonates.[!>19 However, experience
of cefuroxime axetil use islimited in children be-
low 3 months of age and so the risks and benefits
of usein nursing mothers need to be evaluated.

Overall, cefuroxime axetil hasbeen shownto be
well tolerated in clinical use involving more than
200 million patients. The current study adds clini-
cal support for the use of cefuroxime axetil in preg-
nancy when an antibacterial isneeded, thusprovid-
ing an alternative to the small range of agents that
can be considered when antibacterial resistanceto
older agents is an issue for the pregnant mother.
However, the numbers of patients receiving cefur-
oxime axetil in the first trimester of pregnancy
were limited in this study, and so it should be used
with caution in the early months of pregnancy. Use
in nursing mothers also needs to be assessed care-
fully.
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