
Abstract. – Background and Objectives:
During pregnancy, a number of changes occur in
women`s body, and some medications are safe
and some are not. The aim of our study was to
establish the possible correlation between use
of β-lactam antibiotics in pregnancy and occur-
rence of congenital malformations.

Material and Methods: The study included
893 pregnant women from Zagreb and 6099 preg-
nant women from Novi Sad. 527 pregnant women
used β-lactams. First part of the study (one month
study) was performed at four maternity hospitals
in Zagreb, Croatia. Second part were collected as
a part of the study analysing the teratogenicity of
drugs used in pregnancy, a longitudinal study per-
formed in Novi Sad district.

Results: Pregnant women most frequently
used antibacterial agents in the first trimester of
pregnancy. They used 15 different antibacterial
medications, most often β-lactams. In Zagreb
arm, out of the total number of pregnant women
that used medications during pregnancy (859),
231 (26.9%) used β-lactam antibiotics. Malforma-
tions were detected in 8 (3.5%) cases. The preva-
lence of malformations in newborns whose
mothers did not take β-lactam antibiotics in
pregnancy (662) was 2.7% (18 newborns with
malformations). In Novi Sad arm, out of the total
number of pregnant women that used medica-
tions during pregnancy (2013), 296 (14.7%) used
β-lactam antibiotics. Malformations were detect-
ed in 14 (4.7%) cases. The prevalence of malfor-
mations in newborns whose mothers did not
take β-lactam antibiotics in pregnancy (5803)
was 1.7% (99 newborns with malformations).

Discussion: The results show possible terato-
genic potential even with those antibacterials
which are considered safe (amoxicillin) but as
those are usually minor malformations they of-
ten pass undetected. International pharmacoepi-
demiological studies of drug use in pregnancy
could substantially contribute to the improve-
ment of pharmacotherapy, and could be of great
help in assessing the fetal risks.
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Introduction

During pregnancy, a number of changes occur
in women’s body, and some medications are safe
and some are not. Some require a higher than usu-
al dose, and some doses change with the advanc-
ing pregnancy. Prescribing drugs during pregnan-
cy poses a challenge to the physician to balance
optimal treatment of the maternal symptoms and
disease against possible harm to the foetus1,2.

Pharmacoepidemiological studies dealing with
prescription of drugs in pregnancy are numer-
ous1-2,4,5. Epidemiological studies of pregnancy
outcome after specific drug exposures are often
superficially reassuring, but most are severely
limited in their power to detect adverse
outcomes6. Results showed, that only exception-
ally drugs that are used in pregnancy have been
proven teratogenic. However, little is known
about subtle effects of drugs on fetal develop-
ment, particularly when dealing with old drugs7-8.
Controlled studies of drug use during pregnancy
cannot be performed for ethical reasons. There-
fore, data can only be obtained from animal ex-
periments, general databases, professional litera-
ture, and individual reports on sporadic use of
drugs in pregnancy9.

According to the Food and Drug Administra-
tion (FDA) all drugs can be classified in five risk
groups. Risk factors (A, B, C, D and X) have
been assigned to all drugs on the level of risk the
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and Obstetrics, Zagreb University Hospital Cen-
ter; University Department of Gynecology and
Obstetrics, Sestre Milosrdnice University Hospi-
tal; University Department of Gynecology and
Obstetrics, Merkur University Hospital; and Uni-
versity Department of Gynecology and Obstet-
rics, Sveti Duh General Hospital (part 1).

Second part were collected as a part of the
study analysing the teratogenicity of drugs used
in pregnancy, a longitudinal study performed in
Novi Sad district, designed to investigate the po-
tential teratogenicity of the drugs.

This part of the study (one year study) was
performed at the Genetic Counseling Unit, Insti-
tute for Children and Adolescents, University
Department of Gynecology and Obstetrics, and
Department of Pathology and Histology, Clinical
Center in Novi Sad, Serbia, included pregnant
women presenting to the Genetic Counseling
Unit for risky pregnancy and pregnant women
hospitalized at University Department of Gyne-
cology and Obstetrics for delivery or abortion
(part 2).

The study included 893 pregnant women from
Zagreb and 6099 pregnant women from Novi
Sad. An informed consent on their participation
in the study was obtained from all study subjects. 

Data were collected from the following sources:

1. Questionnaire for pregnant women, filled in by
a physician, containing two types of data: hos-
pital records and information obtained by in-
terview;

2. Thorough physical examination of the
neonate, performed by a neonatologist accord-
ing to standard protocol; and

3. Thorough pathologic examination of the fetus,
performed by a pathologist according to stan-
dard protocols.

The questionnaire, based on the validated ques-
tionnaire of the year 1987, was designed. Mater-
nal data were collected retrospectively by inter-
viewing the participating women before delivery.
Questionnaires were fulfiled by a trained, highly
qualified medical doctor. Information requested
on the questionnaire included mother’s data (age,
education, obstetrical history), and drug therapy,
use of contraception, ultrasound (US) studies, x-
rays, as well as use of alcohol, caffeine, nicotine
and narcotics during pregnancy. Only the women
who took beta-lactam antibiotics during pregnan-
cy were analysed. Altogether, 527 (231 from Za-
greb and 296 from Novi Sad) pregnant women

drug poses to the fetus. Risk factors are designed
to help the reader to classify quickly a drug for
use during pregnancy. They do not refer to breast
feeding risk. Drugs from category A and B are
safe, drugs from category C should be given only
if the potential benefit justifies the potential risk
to the fetus, drugs from category D should be
given only in a life-treatening situation or for a
serious disease for which safer drugs cannot be
used or are ineffective. The risk of the use of the
drugs from category X in pregnant women clear-
ly outweighs any possible benefit10.

An International multicentric study entitled Col-
laborative Study on Drug Use in Pregnancy (DUP)
was initiated in 1987 by the Mario Negri Institute
(Milan, Italy) and co-sponsored by the WHO Re-
gional Office for Europe (Copenhagen). There were
22 countries involved in four continents, among
which two centers from former Yugoslavia: Zagreb
and Novi Sad. Therefore, educational efforts were
made in order to improve prescribing habits, and 10
years later, considerable improvements were seen.
However, this sample was limited in number, cover-
ing only 100 pregnant women11. 

Administration of antibacterials during preg-
nancy is very common12,13. Beta-lactam antibiotics
represent the oldest class of antibiotics used in the
treatment of infections, and they are the most
widely-used group of antibiotics in pregnancy. Be-
ta-lactam antibiotics are bactericidal antibiotics
that inhibit the synthesis of cell walls of sensitive
bacteria14. There are a broad class of antibiotics
that include penicillin derivatives (penams),
cephalosporins (cephems), monobactams, and car-
bapenems15 that is, any antibiotic agent that con-
tains a β-lactam nucleus in its molecular structure.

Penicillins and cephalosporins, according to
FDA classification of drugs based on safety for
the fetus belong to category B. Therefore, they
belong to the most often used drugs in
pregnancy16,17. Nevertheless, some recent papers
report presence of teratogenic potential of these
drugs18. Therefore, the aim of our study was to
establish the possible correlation between use of
antibacterial drugs in pregnancy and occurrence
of congenital malformations. 

Materials and Methods

First part of the study (one month study) was
performed at four maternity hospitals in Zagreb,
Croatia: University Department of Gynecology
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Novi Sad were from FDA (Food and Drug Ad-
ministration) category B (296; 100%).

All drugs used during pregnancy and number
of malformations detected in their fetuses or
newborns are presented in Table I. 

The most often used β-lactam antibiotics in
Zagreb were cephalexin (55 pregnant women),
amoxicillin (47 pregnant women). Cefuroximax-
etil and amoxicillin-clavulanic acid combination
(38 pregnant women) were used throughout preg-
nancy too. 

The most often used β-lactam antibiotics in
Novi Sad were cephalexin (87), amoxicillin (81)
and ampicillin (56). Penicillin G (43) and amoxi-
cillin-clavulanic acid combination (12) were used
throughout pregnancy too (Table II).

Malformations which were detected on fetuses
exposed to β-lactam antibiotics and trimester of
exposure are shown in Table III. We detected
eight malformations in Zagreb arm (three malfor-
mations of osteomuscular system, two of cardio-
vascular and the same number of the head and
neck malformations and one of urogenital sys-
tem). In Novi Sad arm, we detected one major
malformation (hypospadias) in newborn exposed
to amoxicillin during the first trimester after con-
ception. In this case, additional teratogens were
not detected. In this part of the study we detected
13 minor malformations.

The use of β-lactam antibiotics together with
another potential teratogen during pregnancy is
shown in Table IV. 

Discussion

Stages of pregnancy that are critical with re-
spect to possible harmful effects of medications on
the developing fetus are still inexplicitly defined
and potential risks of drugs for mother and the fe-
tus are faintly understood. Thus, question of med-
ication use during pregnancy still remains a chron-
ic and everlasting problem. A comprehensive
monitoring of the use of medicines in a particular
environment over a long period of time can de-
crease the risk of harmful effects of drugs during
pregnancy through proper evaluation of pharma-
cotherapy during pregnancy, and if necessary,
through appropriate educational measures towards
improvement of pharmacotherapeutical practice. 

Drug prescribing for pregnant women has been
monitored in Zagreb and Novi Sad since 1987, in
the framework of International Collaborative

were included in final analysis. After delivery or
abortion, newborn and fetuses were analysed in
order to establish existence of minor or major
malformations. 

The use of beta-lactams was analysed accord-
ing to their use in first, second or third trimester
of pregnancy. Antibacterials used by pregnant
women were categorized by risk of harmful ef-
fect on fetus in 5 categories according to FDA.
Vital data on the newborns and maternal data on
previous deliveries and on medication taken be-
tween hospital admission and delivery were col-
lected from hospital records.

The independent Ethics Committees of the
School of Medicine, Zagreb and Faculty of Med-
icine, Novi Sad, approved the study. Student’s t-
test and Chi-square test with a significance level
of p ≤ 0.05 were used when appropriate for the
evaluation of the results.

Statistical Analysis
All analysis were performed with SigmaStat

3.0 for Windows (SPSS Science software prod-
ucts, Chicago, IL, USA).

Results

Zagreb Arm
Out of the total number of pregnant women

(893), 859 (96.2%) of them used medications. Out
of the total number of pregnant women that used
medications during pregnancy (859), 231 (26.9%)
used β-lactam antibiotics. Malformations were de-
tected in 8 (3.5%) cases. The prevalence of malfor-
mations in newborns whose mothers did not take
β-lactam antibiotics in pregnancy (662) was 2.7%
(18 newborns with malformations). The most fre-
quently used β-lactam antibiotics were from FDA
category B (146; 63.2%), while 85 (36.8%) β-lac-
tam antibiotics belonged to category C.

Novi Sad Arm
Out of the total number of pregnant women

(6099), 2013 (33.0%) of them used medications.
Out of the total number of pregnant women that
used medications during pregnancy (2013), 296
(14.7%) used β-lactam antibiotics. Malforma-
tions were detected in 14 (4.7%) cases. The
prevalence of malformations in newborns whose
mothers did not take β-lactam antibiotics in preg-
nancy (5803) was 1,7% (99 newborns with mal-
formations). All β-lactam antibiotics used in
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Study on Drug Use in Pregnancy (DUP). In Novi
Sad the second pilot study, encompassing 100
pregnant women was conducted in 199919.

In the meantime, usage of medications in preg-
nancy becomes more rational, including antimi-
crobials. Rationalization of the antimicrobial us-
age in pregnancy is very important to reduce fetal
risk of congenital malformation and, on the other
hand, reduces antimicrobial resistance20-22.

A multicenter trial of the prevalence and spec-
trum of urinary infection agents, their resistance
to beta-lactame antibiotics in pregnant women in
Russia was conducted in two stages. Stage 1
(2001) included microbiological studies, stage 2
(2005-2006) pharmacoepidemiological ones.
Most frequent uropathogens in the examinees
were Escherichia coli (62.9%) and Klebsiella
spp (9.7%). Their most common strains were of-
ten resistant to ampicillin, amoxicillin. There-
fore, these drugs are often ineffective against
urinary infections in pregnant women. Drugs of
choice are oral cephalosporins of the third gen-
eration (cephoxim), inhibitor-protected
aminopenicillins, for parenteral administration-
parenteral cephotaxim, cephtriaxon followed by
oral (cephisim) cephalosporins of the second-
third generation23.

Reassuringly, penicillins, erythromycins, and
cephalosporins, although used commonly by
pregnant women, were not associated with many
birth defects24. 

Penicillins and cephalosporins were the most
frequently used antibiotics during pregnancy. Be-
ta-lactam antibiotics are widely used because of
their lack of toxicity in humans. However, during
pregnancy, exposure of the fetus is likely to oc-
cur because beta-lactam antibiotics cross the pla-
centa25. From previous data, it is unlikely that
penicillins and cephalosporins are teratogenic26.
Only one reference has linked the use of peni-
cillin G with congenital abnormalities: an exami-
nation of hospital records indicated that in three
of four cases the administration of penicillin G
had been followed by birth of a malformed baby.
However, due to uncompleted analysis of the da-
ta no causal relationship to penicillin G could be
shown27,28. According to Briggs et al10, the use of
ampicillin in early pregnancy was associated
with a prevalence ratio estimate of 3,3 for con-
genital heart disease in a retrospective study. A
specific defect, transposition of the great arteries,
had a risk of 7,7 based on exposure in 2 of the 29
infants with anomaly. The investigators did note
that the results had to be viewed cautiously be-
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cause the data were subject to recall bias (drug
histories were taken by questionnaire or tele-
phone up to one year after presumed exposure)
and the study could not distinguish between the
fetal effects of the drug versus those of the infec-
tious agent for which the drugs were used29. The
prenatal administration of amoxicillin on fetuses
of mice at doses of 500 or 650 mg/kg body
weight resulted in both teratogenic and toxic ef-
fects on fetuses of treated mothers. Such effects
comprised the development of abnormal
hindlimbs and tails. The drug was safe to treated
dams at all dose levels and at all times during
gestation30. In young rats exposed to ampicillin
and amoxicillin in utero, a mild oligonephronia
was present and cystic tubule dilation was ob-
served in newborn and in young animals as well. 

In the study of Novi Sad 192 pregnant women
used penicillins. Malformations were detected in
11 fetuses (5.7%). In newborns exposed to ampi-
cillin activity in utero short lingual frenulum in
two and right ear flap in one newborn were de-
tected. Out of the three newborns which were
born with minor malformations, one was ex-
posed to X-rays during the preconception peri-
od. However, this X-ray exposition is probably
not the cause of minor malformation that we de-
tected. In newborns exposed to amoxicillin ac-
tivity in utero short lingual frenulum (1 new-
born), hypospadias (1 newborn), talipes valgus
of the right foot (1 newborn) and micrognathia
(1 newborn) were detected. These newborns

were not exposed to another potential terato-
gens. The results show possible teratogenic po-
tential of amoxicillin. In newborns exposed to
penicillin G activity in utero syndactyli of the 2nd

and 3rd toe in both feet (1 newborn), four fingers
line (1 newborn) and cyst of choroid plexus (1
newborn) were detected.

Several published reports have described the
administration of cephalosporins to pregnant pa-
tients in various stages of gestation31,32. None of
these have linked the use of cephalosporins with
congenital defects or toxicity in the newborn33.

In our study 104 pregnant women used
cephalosporins. Malformations were detected in
3 newborns (2.9%). In newborns exposed to
cephalexin activity in utero, cyst of choroid
plexus (1 newborn) and short lingual frenulum (1
newborn) were detected. One newborn with short
lingual frenulum was exposed to X-rays during
the first trimester after conception. X-ray expo-
sure could theoretically contribute to appearance
of the malformation. In 1 newborn exposed to ce-
faclor activity in utero, syndactyli of the 2nd and
3rd toe of the left foot was detected. This new-
born was not exposed in utero to other potential
harmful factors.

Analysis of antibiotic prescribing in the period
1989-2002 revealed a distinct decreasing tenden-
cy. Such trends of reduction of drugs during
pregnancy strongly suggest that healthcare
providers, as well as their patients, are aware of
potential risks of medications for pregnancy and
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Zagreb Novi Sad

Trimester

ATK β-lactam antibiotics Total I II III Total

J01CA Ampicillin 10 18 12 32 56
Amoxicillin 47 32 27 43 81

J01CE Penicillin G 10 17 21 43
Benzilpenicillin 11
Benzatin fenoximetrilpenicillin 9

J01CF Cloxacillin 4
J01CR Amoxicillin+clavulanic acid 38 8 3 4 12
J01DA Cephalexin 55 34 18 69 87

Cefaclor 8 1 4 10
Ceftriaxone 2 2 3 7
Cefazolin 5

J01DC Cefuroksim 13
Cefuroximaxetil 38

J01DD Ceftibuten 1

Table II. β-lactam antibiotics used by pregnant women (Zagreb and Novi Sad.
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development of the fetus. It is well established
that first-trimester exposure to drugs is critical
for the fetus. At advanced stages of pregnancy
most of the drugs may result in individual minor
malformations. Thus, abandonment of particular
medication after first or second trimester does
not necessarily imply ceasing of its potential
harmful effects on the fetus, mother or pregnancy
course. All this emphasized the need for urgent
educational efforts aimed at instructing medical
professionals, as well as the women in reproduc-
tive period. The scope of such education is three-
fold, i.e.: 1. the pregnancy should be planned
whenever possible 2. in all cases when monthly
period is late, if possible within the »all-or-noth-
ing« period (the first 21 days of pregnancy) it is
necessary to confirm pregnancy, and if so, with-
draw the use of all medications; and 3. healthcare
providers should take into account that all their
patients may be pregnant. Thus, the therapy of
choice should include medications from the
group B or at least C, as well as continuous mon-
itoring of the patient’s health status.

Conclusions

According to our investigation pregnant
women most frequently used antibacterial agents
in the first trimester of pregnancy. They used 15
different antibacterial medications, most often
beta lactam antibiotics. The most frequently used
antibacterial were drugs from category B accord-
ing to harmful effects to the fetus. The results of
this study show possible teratogenic potential
even with those antibacterials which are consid-
ered safe (amoxicillin) but as those are usually

minor malformations they often pass undetected.
International pharmacoepidemiological studies
of drug use in pregnancy could substantially con-
tribute to the improvement of pharmacotherapy,
and could be of great help in assessing the fetal
risks, especially when using new drugs.
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