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Abstract: Regarding the risk of antibiotic therapy during pregnancy, any medication given

to the mother should be according to the indications due to the risk of possible side effects.

Antibiotics are one of the most important groups of these medications to be considered.

Along with direct antibiotic-induced side effects, indirect pathways also affect the fetus

through the maternal changes. According to the data, different cytokines including inter-

leukin-1β (IL-1β), IL-6, and tumor necrosis factor-α (TNF-α) are involved in both term and

preterm parturition. These cytokines could trigger expression of different substances such as

prostaglandins (PGs), their receptors, and PGs synthetizing molecules with already proven

roles in parturition. Moreover, IL-1, IL-6, and TNF-α knocked-out mice have delayed

parturition and lower levels of PGs compared to the wild types. The earlier-mentioned

cytokines are able to induce matrix metalloproteinases and are also involved in parturition.

Certain antibiotics have been shown capable of inducing inflammation cascade directly. Both

in-vivo and in-vitro studies in human have also demonstrated this inflammation as elevated

levels of inflammatory cytokines especially IL-1, IL-6, and TNF-α. This increase has been

observed both in the presence and the absence of lipopolysaccharide (LPS). Moreover,

antibiotics can induce endotoxemia in healthy cases which finally leads to the pro-

inflammatory cytokine release. Regarding the role of mentioned pro-inflammatory cytokines

in both term and preterm parturition, it seems that non-indicated use of antibiotics during

pregnancy may increase the risk of preterm labor.

Keywords: preterm labor, antibiotic, inflammation, interleukin-1, interleukin-6, tumor

necrosis factor-α

Introduction
Preterm labor, which has been defined as birth in <37 weeks of gestation, categorizes

into four major types: late preterm (34 weeks≤birth<37 weeks of gestation), moderate

preterm (32 weeks≤birth<34 weeks of gestation), very preterm (28 weeks ≤birth<32

weeks of gestation), and extremely preterm (birth<28 weeks of gestation).1 This

phenomenon has been known as the most prevalent cause of prenatal morbidity and

mortality in developed countries. However, not only developed countries but also the

world is struggling with this issue, with 15 million preterm births in which, unfortu-

nately, 1 million of them lead to death.2–4 With the prevalence of 5–18% in

pregnancies3 (as well as morbidities and mortalities), preterm labor forces a lot of

expense on the healthcare system beginning from neonatal intensive care unit (NICU)

bed requirements.1,5,6 Data have shown that preterm labor induces costs equal to

$26.2 billion/year in the United States that increases each year.5 So far, different

etiologies such as diabetes, low weight, obesity, increased blood pressure, tobacco,
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and intrauterine infection have been reported to cause pre-

term labor. Intrauterine infection has been proven to be

related to the preterm rupture of themembranes and therefore

preterm labor. According to the data, infection-induced

inflammation which could cause chorioamnionitis is one

the most important leading causes of preterm labor.2,7

However, not only microbial-induced inflammation but also

non-infectious inflammation (also known as sterile inflam-

mation) could cause preterm labor. In a multicenter study it

was shown that in patients with preterm labor (with intra-

amniotic inflammation and intact membrane) sterile inflam-

mation was significantly higher than microbial-associated

inflammation (26% vs 11% with P-value=0.005) while

other possible risk factors such as maternal age, body mass

index (BMI), race, and cervical dilation at admission were

not different between both groups.8

Treating infectious diseases such as pyelonephritis,

sexually transmitted diseases, and upper respiratory

tract infections during pregnancy has always been

given extra attention in the clinic. Despite some possible

side effects, the most effective treatment for these dis-

eases is still antibiotic therapy. Unfortunately, due to

ethical considerations, the side effects of antibiotics on

pregnant women have not been thoroughly evaluated in

clinical trials and no exact data are available on this

subject. Considering that antibiotics are noticeably, and

sometimes blindly, prescribed during pregnancy, it seems

very crucial to avoid any non-indicated treatment with

antibiotics.9,10 There are reports indicating that consum-

ing antibiotics during pregnancy has adverse effects on

the fetus through direct and indirect pathways. In the

indirect pathway, the mother is affected by antibiotics

which consequently affects the fetus. For example,

an antibiotic-induced anaphylactic reaction in the

mother11,12 reduces blood flow to the fetus which may

lead to hypoxia and even cause fetal mortality.13,14

Through the direct path, on the other hand, the immune

system of the fetus is targeted15 where the antibiotics

may lead to the development of allergic conditions,16,17

higher risk of necrotizing enterocolitis,18,19 and cerebral

palsy.20 Also, it has been shown that non-indicated intra-

partum antibiotic administration seems to increase the

risk of antibiotic-resistant neonatal sepsis if an infection

occurs.21 Also, as we have stated before, consuming

antibiotics in pregnant patients without bacterial infec-

tion may cause different mental diseases in their

offspring.22

As has been reported once, pregnant women receiving

empirically antibiotic treatment without any evidence of

bacterial infection affirmed by high-sensitive polymerase

chain reaction (PCR) had a significantly higher preterm

labor risk in comparison to patients with positive

infection.23 Thus, to clear up this crucial issue, this review

aimed to investigate any possible relation between anti-

biotic consumption and preterm labor as well as possible

pathways and pathogeneses, especially in pregnant women

who do not meet the indications for antibiotic treatment.

General Concept
It has been shown that different pro-inflammatory cytokines

such as interleukin-1β (IL-1β), IL-6, and tumor necrosis fac-

tor-α (TNF-α) are involved in both term and preterm labor.

The mentioned cytokines trigger the production of uterine

activation proteins and chemokines, and therefore cause pre-

term parturition.24,25 As would be discussed, using some anti-

biotics in the absence of bacterial infection increases release of

pro-inflammatory cytokines such as IL-1, IL-6, and TNF-α, all
being capable of inducing preterm parturition through differ-

ent pathways. Moreover, the cytokine release could be ampli-

fied by antibiotic-induced endotoxemia through activation of

Toll-like receptors (TLRs). Thus, consumption of non-

indicated antibiotics for non-infected pregnant women, espe-

cially those more prone to preterm parturition, may increase

the risk of preterm parturition.

Pro-Inflammatory Cytokines and Preterm

Labor
Interleukin-1

IL-1β is one of the most important members of the IL-1

family26 with affinity to its receptors; IL-1R1 and

IL-1R2.26,27 As a major mediator of inflammation, IL-1β is

involved in different disorders such as infections, autoim-

mune, and degenerative diseases which affect a wide variety

of organs and cells. IL-1β expresses from hematopoietic cells

such as macrophages, monocytes, microglia, and dendritic

cells. This pro-inflammatory cytokine produces from the men-

tioned resources through different pathways such as TLR

activation and pro-inflammatory cytokine activities (such as

TNF-α and even IL-1β itself).27 IL-1β is the first known pro-

inflammatory cytokine involved in preterm parturition

produced following the release of different other cytokines

including TNF-α, IL-1α, and IL-1β itself.25 The role of IL-1β
during parturition has been proved by being detected in the

myometrium, cervix, and fetal membranes,28 especially in
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non-infective preterm parturition.29 In an invivo study in mice,

it was shown that IL-1β administration induces premature

contractility of the myometrium.30 Moreover, in-vivo studies

have determined that the administration of IL-1β could induce
preterm labor which, by the way, could be prevented using the

antagonist of IL-1 receptor.31,32 Beside term parturition, stu-

dies have evaluated the role of IL-1β in preterm labor.

According to the data, the IL-1β concentration was increased

in amniotic fluid (AF)33,34 and plasma35 of women with pre-

term labor. Also, systemic administration of IL-1β in pregnant
rhesus monkeys was also proven to stimulate the uterine

contractility as well as significantly increase the production

of other pro-inflammatory cytokines such as IL-6 and TNF-α
along with different prostaglandins (PGs) including PGF2α
and PGE2.36 PGF2α, on the other hand, has been introduced as
the most potent contractile prostanoid in parturition which acts

through its receptor, PGF receptor (PTGFR).37 Furthermore,

IL-1β is able to activate prostaglandin H synthase 2 (PGHS-2;

also known as cyclooxygenase-2 or COX-2) which is respon-

sible for the synthesis of prostaglandins.38–40 As it has been

shown, IL-1β (targeting amnion epithelial cells) is able to

increase matrix metalloproteinase-9 (MMP-9) expression

which leads to degradation of the amniochorionic membrane

as well as cervical ripening.41

Tumor Necrosis Factor-α
TNF-α is a pro-inflammatory cytokine belonging to the TNF

superfamily which couples to its specific receptors: TNF

receptor-1 (TNFR1 or p55) and TNFR2 (p75). This cytokine

has a wide range of activity in different inflammatory and

non-inflammatory situations such as cachexia, septic shock,

inflammatory disorders, and autoimmune diseases. The same

as IL-1β, TNF-α is expressed by different cells such as

macrophages, monocytes, dendritic cells, B and T cells, and

activated natural killer cells.42,43 Similar to IL-1β, TNF-α is

another pro-inflammatory cytokine elevated in AF of women

with preterm parturition.33 This cytokine is also involved in

the regulation and stimulation of PG synthesis during pre-

term parturition, such as COX-2. Also, TNF-α and IL-1β
could decrease levels of chorionic prostaglandin 15-hydroxy

dehydrogenase (PGDH) in cultured chorion and placental

trophoblast cells. PGDH could inactivate the PGs through

catalyzing them to natural substances.24 Moreover, it has

been shown that topical administration of TNF-α could sti-

mulate cervical ripening.25 According to the data, knockout

mice lacking receptors for both IL-1β and TNF-α had

a significantly lower rate of preterm labor following intrau-

terine inoculation of killed Escherichia coli (E.coli) in

comparison to the wild types. This result was accompanied

by lower levels of COX-2 in the myometrial tissue in the

knockout group in comparison to the controls.44 As it has

been studied, inhibiting COX-2 in mice is associated with the

prevention of inflammation-induced preterm parturition.45

Furthermore, in a study on rhesus monkeys, the release of

bacterial-induced TNF-α and IL-1β led to more uterine

contractility.46 Like IL-1β, TNF-α could increase MMP-9

activity, expression, and activity and secretion in trophoblast,

chorion cells, and amnion cells, respectively.41 Moreover, it

has been shown that TNF-α could induce mRNA expression

of MMP-1, MMP-3, and MMP-9 in cervical smooth muscle

cells after 24–48 h of administration. This pattern is also seen

in treatment with IL-1β.47

Interleukin-6

The IL-6 cytokine family consists of different cytokines

such as IL-6, IL-11, IL-27, and leukemia inhibitory

factor.48 IL-6, which is the most important pro-

inflammatory cytokine in this family, plays a critical role

in the inflammation cascade. This pro-inflammatory cyto-

kine is involved in the pathogenesis of different autoim-

mune and inflammation-dependent diseases and mostly acts

through binding to its receptor, IL-6R.49 This pro-

inflammatory cytokine has shown to be increased in pre-

term parturition even in asymptomatic women.50,51

Pregnant IL-6 knocked-out mice have been demonstrated

to have a delay in delivery compared to the wild types. This

delay is proved to be accelerated through the administration

of exogenous IL-6. Moreover, after lipopolysaccharide

(LPS) treatment, the IL-6 knocked-out mice group showed

lower prevalence of preterm parturition in comparison to

the wild types. In the IL-6 knocked-out mice, oxytocin

receptor(Oxtr) mRNA expression was 73% lower than the

wild type on day 19.5 post coitus, which reached acompar-

able level with wild type with a 1-day delay. Also, in the

wild type group during day 19.5 post coitum to the labor

time, PTGFR and prostaglandin-endoperoxide synthase 2

(PTGS2) showed a 3.9 and 2.6 (respectively) fold increase.

On the other hand, the knocked-out mice showed a similar

increase in the expression of PTGFR and PTGS2 from day

20.5 post coitum.52 More interestingly, the amount of

PTGFR, as the receptor of most important uterine contrac-

tile prostanoid (PGF-2α), was shown to increase in both

term and preterm parturition.24 Also, it has been demon-

strated that IL-6 is able to induce PGE2 production in

amnion and decidual cells.53 According to the data, IL-6

is also responsible for an increase in MMP-9 and MMP-2
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activity through targeting trophoblasts.41 Furthermore, data

have cleared that IL-1β and IL-6 are able to induce oxytocin

secretion in human uterine smooth muscle cells.54

Considering the affirmed role of oxytocin and PGs in term

and preterm parturition, it seems that they could be involved

in the possible hypothesized molecular pathways caused by

IL-6 and IL-1β in preterm parturition.55 Furthermore, IL-1β

seems to be capable of increasing PGE2 production from

human amnion cells.56 Some of the most important roles of

pro-inflammatory cytokines in term/preterm labor have

been provided in Table 1.

Toll-Like Receptors, Inflammation, and

Preterm Labor
TLRs are a major group of pattern recognition receptors

(PRRs). These transmembrane receptors are responsible

for recognition of pathogen-associated molecular patterns -

(PAMPs).57 The involved cells in the innate immune sys-

tem such as neutrophils, macrophages, monocytes,

dendritic cells, and natural killer cells use TLRs for

PAMP recognition. These type I transmembrane glycopro-

teins consist of three major parts: (1) leucine-rich repeats

as the ectodomain; (2) the transmembrane domain; and (3)

the intracellular Toll-interleukin domain which is respon-

sible for signal transduction.57 For activation of TLRs, two

different types of molecules are involved by their origin:

endogenous and exogenous. Most endogenous agents such

as heat-shock protein 60 (Hsp60), Hsp70, Hsp90, high-

mobility group box protein 1 (HMGB1), fibrinogen, and

fibronectin could activate the TLR4, while the rest of them

which are not notable in count bind to the other TLRs. On

the other hand, the exogenous molecules by type have

their specific TLR(s). TLR1 (activation by triacetylated

lipoproteins), TLR2 (activation by peptidoglycan, lipopep-

tides, lipoteichoic acids, and zymosan), TLR3 (activation

by double-stranded RNA), TLR4 (activation by LPS and

paclitaxel), TLR5 (activation by flagellin), and TLR6

(activation by diacylated lipoprotein (with TLR2)) are

among the TLRs activated by exogenous factors.58

Activation of TLRs causes a downstream pathway led by

nuclear factor-κB (NF-κB) which finally causes pro-

inflammatory cytokines, chemokines, proteases, and pros-

taglandins, which are all role players in preterm labor.59–63

Also, it has been mentioned that HMGB1 seems to be one

of the most important factors playing a role in the sterile

inflammation during preterm labor. Data have shown that

pregnant women with higher amniotic fluid levels of

HMGB1 (>8.5 ng/mL) had a higher risk of preterm labor

than those with <8.5 ng/mL.8 Other than cells involved in

the innate immune response, it has been shown that all

TLRs are expressed in the human placenta as well as some

co-receptors and accessory proteins such as CD14. Also,

in a time-dependent manner, the presence of different

TLRs has been shown in the decidua and amnion. As it

has been shown, human decidual cells (third trimester)

expressed TLR1–6. Moreover, the presence of TLR4 has

been approved in the apical side of human amnion64 as

well as mesenchymal and epithelial cells of the uterus and

cervix.65,66

It has been shown that pregnant mice which received

uterus injection of heat-killed E. coli experienced signifi-

cantly higher risk of preterm labor than the similar TLR4-

knockout ones.67,68 In a similar study on the TLR4-knockout

Table 1 Expression Status and Role of Pro-Inflammatory Cytokines in Preterm Labor

Cytokine Tissues with Increased Expression During PTL Outcome of Increased Expression

IL-1β Myometrium,24,28 cervix, fetal membrane,28 amniotic fluid33,34 Induction: inflammation30,31 and uterine contractility35,46

Increasing: IL-6, TNF-α, PGF2α, PGE2,36 PTGRF,24 COX-2,38–

40 MMP-9,41 and oxytocin54

Decreasing: PGDH24

TNF-α Amniotic fluid33 Induction: inflammation,24 cervical ripening,25 and uterine

contractility46

Increasing: COX-2,24 MMP-1, MMP-3, and MMP-941,47

Decreasing: PGDH24

IL-6 Vaginal fluid, extraplacental membrane, decidua,50

cervicovaginal, and amniotic fluid51
Induction: inflammation50,51

Increasing: PTGFR, OTR,24 COX-2, PTGFR,52 PGE2,53 MMP-2,

MMP-9,34 and oxytocin54

Abbreviations: PTL, preterm labor; IL, interleukin; TNF-α, tumor necrosis factor-α; COX-2, cyclooxygenase-2; PGF2α, prostaglandin F2α; PGE2, prostaglandin E2; PTGFR,

prostaglandin F receptor; MMP, matrix metalloproteinase; PGDH, 15-hydroxyprostaglandin dehydrogenase; OTR, oxytocin receptor.
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mice, it was shown that pro-inflammatory cytokines includ-

ing IL-1β, IL-6, and TNF-α were decreased as well as CC

chemokine ligand 2 (CCL2) which is a chemokine involved

in parturition. Also, as it is expected, the knockout group had

a longer period of gestation in comparison to the wild

types.69 Moreover, in an in-vivo study, (+)-naloxone was

used as a TLR4 antagonist for prevention of preterm labor.

In the mentioned study, treatment with (+)-naloxone signifi-

cantly decreased LPS-induced preterm labor in the animals.

Also, after intrauterine E. coli instillation, the (+)-naloxone-

treated group showed a significant decrease in pro-

inflammatory cytokines including IL-1β, IL-6, and TNF-α

in comparison to their matched controls.70 In a cross-

sectional study it was shown that pregnant women with

preterm labor had increased levels of TLR4 expression in

the neutrophils obtained from peripheral blood in compari-

son to the control group.71

Antibiotics in Non-Infectious Situations

and Inflammation Cascade
All of the mentioned data were in favor of supporting

a proven role of inflammation in preterm labor. In this

section, the role of antibiotics in induction of inflammatory

cascade in non-infectious situations will be reviewed. In

an in vitro study on monocytes and lymphocytes, it was

revealed that these cells could be triggered by antibiotics

in order to release different cytokines. Beta-lactams

(mostly cephalosporins) were also proven to increase the

secretion of IL-4 and INF-γ from lymphocytes as well as

IL-1, IL-6, and TNF-α in monocytes. Moreover, in mono-

cytes, clindamycin increased the secretion of TNF-α and

IL-6 accompanied by an increase in IL-1, IL-6, and TNF-α

by teicoplanin.72

As it has been studied in mice, oral neomycin sulfate

and streptomycin could significantly increase gut endo-

toxin content lasting 3 days after antibiotic withdrawal.73

Moreover, another study evaluated endotoxemia after oral

antibiotic therapy for gut decontamination in E. coli- chal-

lenged rats. As it was shown, all of the groups receiving

antibiotics (including tobramycin plus polymyxin and

ciprofloxacin) experienced endotoxemia which shows

a translocation of endotoxins from the gut to blood circu-

lation after antibiotic therapy in comparison to the control

group.74 Similarly, it has been revealed that antibiotic

therapy is able to induce bacterial translocation into the

mesenteric lymph nodes in mice.75 The antibiotic-induced

endotoxemia is quite challenging since endotoxemia can

trigger the release of pro-inflammatory cytokines. In an

ex-vivo study on incubated rat blood with E. coli, different

antibiotics including imipenem, meropenem, and ceftazi-

dime were studied for their effect on cytokine levels in

comparison to the control (pyrogen-free saline 0.9%). It

was shown that ceftazidime and meropenem induced

a higher amount of endotoxin release than the control

group. Also, plasma levels of IL-6 and TNF-α in antibio-

tic-treated groups were higher than the controls. Moreover,

a correlation was found between endotoxin levels and both

TNF-α and IL-6 levels.76 Furthermore, in a human study

on healthy volunteers, the effect of endotoxin on the

release of IL-6 and TNF-α was studied. The intravenous

injection of 2 ng/kg of endotoxin caused increased serum

levels of IL-6 and TNF-α.77

Another study on monocytes indicated that antibiotics

are able to increase the expression of IL-1, IL-6, TLR1,

TLR2, TLR4, and TLR6 with and without the presence of

LPS. In detail, it was shown that the representative of the

beta-lactam group (piperacillin) co-stimulated with LPS

increased expression of IL-1β, IL-6, TLR1, TLR2, TLR4,

and TLR6. Also, piperacillin alone was able to increase

TLR1, TLR2, TLR4, and TLR6 in the monocytes.

Doxycycline, the representative of the tetracycline group,

increased IL-1, IL-6, TLR2, TLR4, and TLR6 co-cultured

with LPS in human monocytes. Moreover, in the non-LPS-

stimulated monocytes treated with doxycycline, increased

expression of IL-1, TLR1, TLR2, TLR4, and TLR6 was

observed. Human monocytes treated with the representa-

tive member of the macrolide family, erythromycin,

showed an increase in expression of IL-6, TLR1, TLR2,

TLR4, and TLR6 with and of IL-1, TLR1, TLR2, TLR4, and

TLR6 without LPS co-stimulation. Furthermore, the effect

of the mentioned antibiotics was assessed on purified

human peripheral blood mononuclear cells (PBMCs) as

well. It was revealed that gentamycin, doxycycline, and

moxifloxacin were able to increase IL-1 expression in

PBMCs in the absence of LPS.78 The importance of TLR

overexpression by antibiotics is the linking of two men-

tioned pathways: (1) overexpressed TLRs (especially

TLR4); and (2) endotoxemia and LPS release in the non-

infectious situations. It could be concluded that both of

these outcomes after antibiotic consumption are synchro-

nized with each other which leads to the cytokine over-

expression by LPS release as well as TLR overexpression.

In a study on pregnant mice it was shown that LPS during

the induced endotoxemia could activate TLR4 and there-

fore increase the expression of pro-inflammatory cytokines
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including IL-β1 and TNF-α.79 Moreover, in a study on

mice, it was determined that after LPS injection leading

to induced preterm labor, cytokine expression was

increased in different sites. It was also established that

serum levels of IL-6 and TNF-α were increased after

LPS injection. This increase was accompanied by upregu-

lating IL-1β, IL-6, IL-10, and TNF-α in the uterus and IL-

1β and IL-6 in the placenta. As well as the mentioned

cytokines, TLR2 and TLR4 were overexpressed in uterus

tissue.80 Also, it has been shown that antibiotics are able to

induce cytokine production in the absence of sepsis or

LPS-mediated pathways in vivo. Healthy rats which

received 30 mg/kg (single intravenous dose) ceftazidime

had a significant increase in IL-6 and TNF-α levels

compared with controls.81 Figure 1 shows the direct and

indirect effects of antibiotics in the production of pro-

inflammatory cytokines.

Interestingly, as mentioned before, the output of the

current hypothesis has been shown in a 104-case study.

The mentioned study was performed on pregnant women

receiving empirically antibiotic treatment. In patients with-

out any evidence of bacterial infection (affirmed by high-

sensitive polymerase chain reaction (PCR)), the preterm

labor risk was significantly higher than patients with posi-

tive infection.23 Figure 2 shows possible pathways

associated with pro-inflammatory cytokine release after

antibiotic consumption in the non-infectious situation.

Role of Antibiotics in the Management of

Preterm Labor
The main purpose of this study was to review the potential

of antibiotics in induction of preterm labor via an inflam-

matory storm in a non-bacterial infection setting. As has

been stated by The American College of Obstetricians and

Gynecologists, intrauterine infections are important causes

of preterm labor. However, they have relied on

a systematic review and meta-analysis which found no

statistically significant difference between antibiotic-

treated pregnant women and the same placebo-treated

group regarding duration prevention of preterm delivery

and increasing gestation duration (with intact membrane).

Although, they stated that this suggestion is not applied to

group B streptococci carriers and pregnant women with

preterm premature rupture of membranes (PPROM).82

As has been stated in a guideline by the World Health

Organization (WHO), during preterm labor, antibiotic

administration (as a routine action) is not recommended

when the amniotic membrane is intact and no sign of

infection has been found clinically. On the other hand,

antibiotic administration is recommended in those

Figure 1 Current available data regarding the effects of some antibiotics on cytokine production.

Abbreviations: IL, interleukin; TNF-α, tumor necrosis factor-α; INF-γ, interferon-γ.
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pregnant women with PPROM (quality of evidence: strong

recommendation).83

According to the National Institute for Health and Care

Excellence (UK) guideline (last update: August 2019),

when PPROM has not been confirmed, clinicians should

avoid administration of prophylactic antibiotics. On the

other hand, pregnant women with PPROM should receive

antibiotic treatment.84

A recent systematic review has evaluated 16 guidelines

related to preterm labor without any language restriction.

According to their findings, most of the guidelines are

against prophylactic antibiotic administration for

a pregnant woman without PPROM.85

Conclusion
Antibiotic therapy is a sensitive area in pregnant womenwith

infection. It has been proven that treatment of these patients

with proper antibiotic(s) increases the gestational period.

However, it seems that in patients with no bacterial infection,

antibiotic treatment may cause preterm parturition through

direct (direct cytokine release) and indirect (induced endo-

toxemia) inflammatory reactions. The authors suggest com-

plementary studies on this issue in order to prevent preterm

parturition, one of the most important issues in gynecology

and neonatology. Due to the difference between antibiotics, it

is necessary to evaluate a single one of them for better insight

regarding the already mentioned side effect.
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