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Abstract 

The purpose of this review is to highlight the complex influence of antibiotics on human 
fertility and the need for them not to be underestimated. In creating this review article, 
data and information from the following international databases were used: PubMed, Sco-
pus and Clarivate Analytics. Only full text articles were used. Antibacterial antibiotics are 
a group of drugs essential in fighting infections, having multiple mechanisms of action at 
the level of the bacterial cell; but at the same time they also act on human cells. One of the 
important actions of antibiotics is on fertility. There are both experimental and clinical 
data showing the influence of some antibiotics on fertility. There are both positive and 
negative influences of these drugs on fertility. Some of the most important actions with a 
positive impact on fertility are: therapy of pelvic infections in women, treatment of endo-
metritis, reduction in post-abortion infections, treatment of infections of the male genital 
tract—infections that reduce fertility. The most important negative implications of some 
antibiotics are the direct effects of reducing the production of gametes, decreasing the ac-
tivity or quality of the gametes, reducing the synthesis of sexual hormones and negative 
influences on the evolution of pregnancy, including spontaneous abortion in some cases. 
Other negative influences are produced by the direct action of some antibiotics on the 
embryo. Some antibiotics such as azithromycin and nitrofurantoin increase the risk of 
miscarriage. Although only a limited number of antibiotics are known to have an influ-
ence on fertility, this influence should not be underestimated in clinical practice. 
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1. Introduction 
Human fertility has several definitions, but in general it is considered to be the ability 

of a couple to have children through normal sexual activity. Subfertility and infertility are 
important public health problems. Over the past few decades fertility has declined in most 
countries and globally [1]. The increase in the mean age at initiation of first pregnancy, 
the effect of many toxic agents, stress, ignoring genital infections and other factors are 
among the important causes of infertility [2,3]. In the first two decades of the 21st century, 
infertility affected more than 183 million people globally [4]. Infertility is defined (by the 
World Health Organization) as the absence of conception of a child after one year of nor-
mal regular unprotected sexual intercourse in a couple [5,6]. 
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The average prevalence of infertility in the world is currently around 10% [7]. The 
World Health Organization shows that worldwide about 9% of couples have fertility 
problems [8]. The contribution of male infertility to total infertility is 30–50% [9]. 

Other studies state that infertility affects about 15% of all couples in the world [10]. 
Worldwide, it is estimated that at least 50 million couples are affected by infertility [11]. 
Various statistics indicate important differences between different regions of the world 
and between urban and rural areas [12]. 

Fertility is affected by many factors, including some medicines. Antibacterial antibi-
otics are some of the most used drugs. Currently, a number of 100–110 antibacterial anti-
biotics are used in the world. Their implications for human fertility and interactions with 
factors that regulate fertility are only partially known. Antibacterial antibiotics influence 
fertility both through their actions on bacteria and through their interactions with the cells 
and systems of the human body [13–18]. Quite frequently the interactions of antibacterial 
antibiotics with human and animal body cells are underestimated and they are sometimes 
not taken into account in clinical practice. 

The influence of antibiotics on fertility occurs both through their action in the bodies 
of men and in the bodies of women. Antibiotics have both positive and negative effects 
on human fertility. The aim of this review is to highlight the influence of some antibacte-
rial antibiotics on fertility. The data used were taken from the following databases: Pub-
med and Google Scholar. Only full text articles were used. The main keywords used were: 
human infertility, antibiotics, male infertility, antibiotic treatment of genital infections of 
women and men. The aim of this review is to show the influences that antibiotics have on 
fertility. 

1.1. Positive Action of Antibiotics on Fertility 

The benefits of their use are huge. The positive effect of the use of antibiotics on fer-
tility is produced by treating bacterial infections that reduce fertility. 

The most important practical uses of antibiotics in this direction are: 

Therapy of pelvic infections in women. 
Preventing infection during embryo transfer and increasing pregnancy rates. 
Treatment of all kinds of infections of the male genital tract [19]. 
Treatment of postpartum uterine infections which induce ovarian dysfunctions [20] 
Prevention of infective sequelae of abortion [21] and management of post-abortion com-
plications. 
Broad-spectrum antibiotics are necessary to treat or prevent infections in the case of sur-
gical complications of cesarean section and also in some cases of hysterectomy [22]. Ad-
ministering antibiotics before cesarean section for all patients is a controversial issue [23]. 
However, for some women there are indications for use. Penicillins are the most recom-
mended antibiotics in the management of preterm premature rupture of membranes and 
the reduction in the incidence of chorioamnionitis [24]. 
Urinary tract infections reduce fertility [25]. Treatment with antibiotics is beneficial for 
increasing fertility. Multiple antibiotics are used in the treatment of urinary tract infec-
tions. A high proportion of pathogenic bacteria have developed resistance to co-trimoxa-
zole [26]. Extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae are 
frequent and pose therapeutic problems. Carbapenems and nitrofurantoin are commonly 
used in these cases [27]. Fosfomycin, an old drug, has been reintroduced into the treatment 
of infections related to ESBL-producing E. coli spp [28]. Nitrofurantoin and pivmecillinam 
are also used in the treatment of urinary tract infections [29]. 
There are a few situations where some antibiotics have a direct positive effect on gametes 
or gamete production. 
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Chronic and acute endometritis have negative effects on fertility [30]. Chronic endo-
metritis plays an important role in female infertility. Postpartum endometritis is fre-
quently a polymicrobial condition. It occurs more frequently after cesarean sections than 
normal vaginal delivery [31]. This disease is present in 19.5% of infertile women compared 
to 7.7% in the control group [32]. Chronic endometritis is a common cause of failure of in 
vitro fertilization procedures. There diseases were identified in 30.3% of patients with re-
peated implantation failure [33]. Antibiotic treatment has significantly reduced the rate of 
pregnancy loss and significantly increased the rate of successful pregnancies [33]. 

Postpartum endometritis is also relatively common after cesarean section. Among its 
consequences, it causes an important reduction in fertility. And in this situation, antibiotic 
treatment can restore normal fertility [34]. 

The prophylactic administration of antibiotics reduces the incidence of post-abortion 
infectious complications and limits the cases of post-abortion infertility [35]. Pelvic bacte-
rial infections are common in women during the fertile period and they reduce fertility 
[36]. Pelvic inflammatory disease is diagnosed in 4% to 12% of women of reproductive 
age. In the case of women aged between 18 and 49 years with pelvic inflammatory disease, 
infertility is associated in 13.8% of cases, a significantly higher percentage than in the case 
of women without this disease [37]. Treatment with antibacterial antibiotics had a positive 
effect both on the evolution of the disease and on fertility [38]. Prophylaxis with antibiotics 
increases the effectiveness of in vitro fertilization and implicitly fertility [39]. 

Bacterial infections of the male genital tract also reduce fertility. Infertility is attribut-
able to male genital tract infection in 15% of cases. Infections are considered the third cause 
of male infertility after idiopathic infertility (28.4%) [40] and varicocele (18.1%) [41]. The 
prevalence of female genital tuberculosis in infertile women ranges from 7% to 15% in 
developing countries. Female genital tuberculosis affects the fallopian tubes (90%), endo-
metrium (50–80%) and ovaries (20–30%) [42,43] 

Treatment with anti-tuberculosis antibiotics for six months significantly reduces the 
incidence of infertility in these women. 

Bacterial infections affect sperm quality, can cause DNA fragmentation in spermato-
zoa, and increase oxidative stress and apoptosis in male gametes. Toxins produced by 
some bacteria can negatively affect sperm quality. In some cases, bacteria can attach to the 
sperm membrane [26]. Antibiotic treatment prevents or suppresses these negative effects. 
Prostate infections negatively affect the prostatic epithelium and also the prostatic fluid. 
Male fertility is closely related to the quality of the prostate gland and is significantly re-
duced by these infections [44]. Some bacterial infections of the male genital tract produce 
acrosome impairment [45]. 

The administration of minocycline at 200 mg/day for 7–14 days to infertile men 
caused an increase in the number of spermatozoa and their motility [46]. Chronic admin-
istration of minocycline at 25 mg/kg/day enhanced the number of germ cells in testis but 
testosterone production and Leydig and Sertoli count were not changed in rats [47]. Mino-
cycline at both 50 and 100 mg/kg/day for 5 days reduced male germ cell apoptosis in rats 
[48]. 

Doxycycline increases the plasma level of FSH and increases ovulation. In female 
mice, doxycycline doubled the number of ovulations and increased the number of em-
bryos by 30% [49]. In the case of experimental models of polycystic ovary syndrome 
(PCOS), minocycline produced an increase in the number of ovarian follicles and corpus 
luteum [50]. 
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1.2. Negative Effect of Antibiotics on Fertility 

However, some antibiotics also have negative influences on human fertility. 
There are more and more frequent cases of infertility in contemporary society. Anti-

biotics influence fertility by acting on both sexes. In the case of male infertility, idiopathic 
sperm abnormalities occur in about 30% of cases. We consider that in some of these cases 
the abnormalities could be determined by some antibiotics [8]. Some studies show a de-
cline in sperm concentration worldwide. The causes of this are multiple, but it is wrong 
to underestimate the possibility that sometimes this decrease in sperm concentration may 
be due to some antibiotics [51]. 

The mechanisms by which antibiotics effect a negative influence on fertility are as 
follows: 

I. Action on gametes and gamete production: 
a. Direct action; 
b. Indirect action. 

II. Preconception effects of antibiotics. 
III. Effects on the subsequent evolution of a pregnancy. 

2. Action on Gametes and Gamete Production 
2.1. Direct Action 

2.1.1. Fluoroquinolones 

Regarding the direct action of some antibiotics on gametes, the ability of these drugs 
to reach effective concentrations in the gonads and at the sperm level is very important. 
Some groups of antibiotics such as the fluoroquinolones have a good penetrability both in 
the sperm and in the prostatic fluid [52,53]. For some fluoroquinolones, such as gatifloxa-
cin and lomefloxacin, concentrations in the seminal fluid are approximately equal to those 
in the blood plasma, but for other antibiotics in this group, the concentrations in the sem-
inal plasma are higher than those in the blood plasma [54]. 

Ofloxacin at 2 × 200 mg/day for a period of 20 days administered to adult men deter-
mined significant morphological changes in the spermatozoa but reduced their motility 
compared to the motility before the administration of the antibiotic. The motility of the 
spermatozoa slowly recovered to the level measured before treatment with ofloxacin after 
finishing the treatment [55]. Experimental animal studies have shown that doses of oxy-
tetracycline and enrofloxacin similar to those used in the human clinic administered for 7 
days decreased sperm density, sperm motility and testosterone levels, and prompted an 
increase in sperm DNA damage in comparison with a control group that did not receive 
any drug. These effects were more intense in the case of enrofloxacin [56]. There were no 
statistically significant changes in sperm volume in the animals that received the two an-
tibiotics. In the case of pubescent mice, the experimental administration of enrofloxacin 
determined the inhibition of mouse Leydig and Sertoli cell proliferation. This antibiotic 
reduced the expression of some genes (17β-HSD, cyp11a1, 3β-HSD) in the Leydig cells 
and also altered the gene expression in Sertoli cells [56]. Testicular weight was reduced 
compared to animals that did not receive this antibiotic. Ciprofloxacin induced injury of 
spermatogonial tissue and reduced the sperm weight [57]. Oral ciprofloxacin (150 
mg/kg/day) for 10 days reduced the testicular volume and sperm concentration in rats 
[58]. 

Total sperm count, viability, and motility reductions were observed in the case of the 
administration of these doses of levofloxacin. The most important morphological lesions 
observed were the presence of spermatid giant cells, cystic dilatation of seminiferous tu-
bules, a few spermatogenic cells lining the seminiferous tubules and interstitial edema. It 
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is important that even at lower doses (0.06–0.08 mg/kg/day) levofloxacin induces testicu-
lar lesions and negatively affects sperm quality and spermatogenesis [59]. 

The mechanisms of the harmful action of some antibiotics at the level of the testicle 
are not completely known, but increased oxidative stress is certainly one of the most im-
portant. 

Levofloxacin at 40 mg/kg/day in rats causes a decrease in sperm quality simultaneous 
with an increase in oxidative stress at the testicular level. The administration of zinc oxide 
resveratrol nanoparticles (a compound with antioxidant action) reduced the harmful ef-
fect of levofloxacin on the testicle and sperm. These data show that increased oxidative 
stress is an important mechanism of the damaging action of fluoroquinolones at the tes-
ticular and spermatic levels [60]. Ofloxacin administered at a dose of 400 mg/day in 
healthy volunteers reaches a concentration in the spermatic fluid of 2.4–2.5 mg/L. At this 
concentration, the antibiotic does not change sperm motility [61]. Experimental data show 
that enrofloxacin at its usual doses causes a significant reduction in the number of growing 
follicles and atresia of granulosa at the ovarian level. These negative effects were observed 
two months after the end of antibiotic administration, which implies that enrofloxacin 
primarily affects early-growing follicles [62]. It should be noted that there are few data 
regarding the late adverse effects (after stopping the treatment) of antibiotics. It is possible 
that some of them occur in the reproductive area. 

Moxifloxacin at 30 mg/kg/day daily for 7 days significantly reduced the percentage 
of mobile sperms compared to a control group [63]. 

2.1.2. Aminoglycozides 

Streptomycin, neomycin and gentamicin significantly decrease the number and con-
centration of spermatozoa in human sperm [64]. The major mechanism by which amino-
glycosides produce negative effects on spermatozoa is the increase in oxidative stress and 
the decrease in the activity of antioxidant systems [65,66]. 

In mice testis, the administration of gentamicin significantly decreased the level of 
reduced glutathione (GSH) and affected the activity of superoxide dismutase (SOD). Sper-
matogenesis was decreased compared to animals that did not receive antibiotics. In ex-
perimental studies in adult rats, gentamicin 80 mg/kg increased oxidative stress at the 
testicular level. At the same time, apoptosis increased significantly. Streptomycin pro-
duced a significant increase in sperm head defects in rats. The addition of amikacin to 
stallion sperm did not affect sperm quality, sperm mobility or fertility [67]. 

2.1.3. Anti-Tuberculosis Drugs 

The administration of widely used anti-tuberculosis drugs (rifampicin, isoniazid, py-
razinamide, streptomycin and ethambutol intraperitoneally, for 4 weeks) to mice during 
the prepubertal period causes a reduction in the number of oocytes produced by the ova-
ries in females, as well as an increase in the incidence of degenerated oocytes or those with 
various anomalies. Regarding male animals, anti-tuberculosis drugs do not reduce the 
number or motility of spermatozoa, but they decrease their quality and increase the num-
ber of DNA anomalies and the frequency of mitochondrial lesions [68]. Therapeutic doses 
of ethambutol administered to rats produced a significant reduction in sperm count and 
fertility index [69]. 

Isoniazid, another anti-tuberculosis drug, did not adversely affect sperm quality [70]. 
This fact has clinical importance because many patients with tuberculosis have received 
or have been receiving this drug for a long time, usually associated with other anti-tuber-
culosis drugs. 
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2.1.4. Tetracyclines 

Tetracycline at a dose of 28.6 mg/kg body-weight daily 14 days in adult rats for two 
weeks significantly affected sperm quality, reduced sperm motility and the amount of 
sperm produced and increased the amount of sperm with different morphological defects. 

This antibiotic also significantly reduced testicular weight and seminal vesicle weight 
in rats, as well as motility in the epididymal sperm motility and sperm count. These effects 
of tetracycline are partially diminished by the simultaneous administration of vitamin C 
or N-acetylcysteine (NAC) with the antibiotic [71]. Administration of antioxidants re-
duced but did not suppress these negative effects of tetracycline on sperm. 

2.1.5. Chloramphenicol 

Experimental studies showed that therapeutic doses of chloramphenicol (28 mg/kg 
body-weight) for ten days produced a decrease in epididymal sperm number, a reduction 
in sperm motility and a decrease in the live/dead ratio for sperm. Thiamphenicol has also 
shown in experimental studies a degree of toxicity at the level of male gonads and sper-
matozoa [72]. 

2.1.6. Beta-Lactams 

α. Penicillins 

Amoxicillin increased the rate of malformed human sperm [73]. In the case of animals 
such as bulls, the percentage of mobile spermatozoa decreases if the concentration of di-
cloxacillin in the incubation medium is higher than 200 microg/mL. 

β. Cephalosporines 

Cefpodoxime administered to male rats at 20 mg/kg bid for 7 days determined a sig-
nificant reduction in live sperm count and the number of intact acrosomes [74,75]. This 
effect was not observed for other third-generation cephalosporins. 

In rats, cefuroxime at 30, 60 or 120 mg/kg administered daily for 7 days decreased 
sperm quality and reduced the weight of the testicles and epididymis as well as testos-
terone secretion [76]. In these cases, the decrease in testosterone secretion is probably the 
consequence of the direct action of the antibiotic on the testis. 

Cefotaxime at 0.5 mg/kg/day administered for five days to non-pregnant adult rats 
reduced the number of ovarian follicles [77]. In our experimental studies using adult rats, 
cefepime at 100 mg/kg/day daily for 10 days reduced the sperm motility (tested in vitro 3 
h after the last dose of cefepime) by 56% compared to the sperm motility of a group of rats 
that received no drug [63]. 

γ. Imipenem/Cilastin 

Imipenem/cilastatin administration (30 mg/kg, 50 mg/kg and 80 mg/kg daily) for 7 
days in rats also decreased testis, seminal vesicle and prostate weights as well as the 
plasma testosterone level. The main reason for this effect is the increase in the testicular 
level of lipid peroxidation. Severe lesions of the seminiferous tubules were observed after 
the administration of this antibiotic, alongside a significant decrease in the activity level 
of superoxide dismutase [76]. 

In male rats, imipenem (15, 50 or 100 mg/kg) increased oxidative stress and increased 
the expression of B-cell lymphoma 2 (Bcl-2) and interleukin-1 beta (IL-1 beta) at the testic-
ular level. It also resulted in a stronger expression of Bax, which is a regulatory factor in 
apoptosis [78]. 
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2.1.7. Sulfonamides 

Some sulfonamides, such as sulfasalazine, cause oligospermia, reduction in sperm 
motility and morphological changes [79]. Treatment with sulfamethoxazole decreased 
sperm quality in humans [80]. 

2.1.8. Macrolides 

The administration of erythromycin in men with asthenospermia did not signifi-
cantly increase either the number or the motility of sperm compared to a group of patients 
with the same disease who received a placebo [81]. In human studies, clarithromycin in-
duced an increase in the sperm concentration and the rate of malformed sperm [73]. Clin-
ical studies have shown that erythromycin reduces sperm motility and testosterone pro-
duction [82]. In male mice, clarithromycin (2–10 mg/kg/day) reduced epididymal weight 
and seminal vesicle weight after seven to ten days of treatment [83]. Clarithromycin acts 
as a mixed inhibitor, binding to both active and inactive sites of CYP3A4 [84]. 

2.1.9. Vancomycin 

Vancomycin administered at high doses to rats for seven weeks has a toxic action at 
the testicular level. The number of spermatozoa and the plasma concentration of testos-
terone were significantly reduced. Administration of resveratrol simultaneously with 
vancomycin reduces the effect of vancomycin. The increased oxidative stress is involved 
in the toxic effect of vancomycin at the testicular level [85]. 

2.1.10. Metronidazol 

Low and medium doses of metronidazole administered for 2–4 weeks to adult male 
rats slightly affected spermatogenesis without changing testicular or epididymal weight. 
However, fragmentation of spermatozoa or spermatids occurred sporadically. Higher 
doses or longer treatments (6–8 weeks) determined the inhibition of spermatogenesis and 
the appearance of areas of atrophy of the seminiferous tubules [86]. Metronidazole at 165 
mg/kg/day for 16 days in mice reduced spermatozoon tail length and sperm count as well 
as the number of spermatozoa [87]. A significant reduction in the weights of the testis and 
epididymis was also observed [88]. Ornidazole decreased sperm motility in rats. Experi-
mental studies in female mice showed that this drug, when administered for 28 days, sig-
nificantly reduced the fertility index [88]. 

Apart from increasing oxidative stress, no other mechanisms have been identified for 
the negative effects of some antibiotics on fertility. We believe that some antibiotics pro-
duce these negative effects through other mechanisms. Fluoroquinolones penetrate the 
human cell membrane [89]. This is an important advantage in the treatment of intracellu-
lar bacterial infections, but is also the route through which some adverse effects, including 
those related to fertility, can occur. Fluoroquinolones (norfloxacin, ciprofloxacin, and en-
rofloxacin) are strong ion chelators. These antibiotics inhibit histone demethylases and 
collagen prolyl 4-hydroxylases. This fact causes an increase in the amount of methylated 
histones and disrupts collagen metabolism [90]. Ciprofloxacin reduces cell proliferation 
and produces G2/M cell cycle arrest [91]. Fluoroquinolones, not only the older ones 
(ciprofloxacin, levofloxacin) but also the newer ones (moxifloxacin and gatifloxacin) de-
crease membrane integrity and increase paracellular permeability [92]. Not only fluoro-
quinolones have good penetrability into the human cell. Azithromycin penetrates the cells 
of the human body and accumulates there. Azithromycin decreases tropomyosin-related 
kinase A signaling and reduces protein kinase B activity [93]. Direct negative influences 
of some antibiotics on sperm and sperm production are indicated in Figure 1. 
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Figure 1. Negative influences of some antibiotics on sperm and sperm production. 

2.2. Indirect Action 

The main indirect mechanism through which some antibiotics can influence the pro-
duction of gametes and their quality is their action on the secretion of pituitary and gon-
adal hormones in both sexes. In the case of some antibiotics, different morphological le-
sions and functional changes in the gametes are produced both by direct action and by a 
significant reduction in the secretion of gonadotropins and sex hormones. 
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2.2.1. Anti-Tuberculosis Drugs 

Anti-tuberculosis drugs (ATDs) used in DOTS (directly observed treatment short 
course) have a complex effect on ovarian activity. They reduce the level of progesterone 
in plasma and the number of ovulated oocytes, but increase the number of morphological 
changes in the ovarian follicles. The levels of LH and FSH are also reduced after taking 
these drugs [94]. 

2.2.2. Fluoroquinolones 

Experimental research on animals has shown that norfloxacin acts on male gonad 
and gamete production both directly and indirectly by reducing testosterone secretion 
and by altering androgen receptor gene expression in the testes [95]. Levofloxacin at 40 
mg/kg/day administered orally every day for 2 months decreased the plasma level of tes-
tosterone in adult rats (6.89 ± 0.5 ng/mL in animals from the control group vs. 3.77 ± 0.5 
ng/mL that received this antibiotic). Significant statistical decreases also occurred in the 
case of FSH (0.97 ± 0.18 mU/mL in the control group vs. 0.41 ± 0.08 mU/mL in the group 
treated with levofloxacin), and also in the case of LH [60]. 

Ciprofloxacin and enrofloxacin experimentally administered to adult male animals 
reduced their sperm concentration and significantly decreased the plasma levels of LH 
and FSH. Some authors [57] consider that the mechanism of action mediated by this re-
duction in gonadotropin secretion is the main mechanism of action of these antibiotics in 
the male gonads. 

Ciprofloxacin at 135 mg/kg/day administered to adult male rats negatively influ-
enced the hypothalamic–pituitary–gonadal axis, reduced FSH and LH secretion and af-
fected sperm quality and fertility [96]. In male zebrafish, ciprofloxacin significantly de-
creased the secretion of FSH, LH and testosterone [57]. 

At the gonadal level, at least in some species of animals, the action of enrofloxacin is 
complex. It increases the conversion of estradiol to estriol but inhibits the conversion of 
testosterone to estradiol [97]. Norfloxacine at 20 mg/kg/day for 14 days can reduce fertility 
through another mechanism. In some animals, such as male quail, this antibiotic reduced 
androgen receptor (AR) gene expression and also sperm concentration and serum testos-
terone. 

2.2.3. Other Antibacterial Drugs 

Rifampin at 600 mg daily administered for 2 weeks in adult women (median age was 
28.2 years) caused a significant increase in serum estradiol concentration [98]. 

Experimental research has shown that relatively high concentrations of sulfathiazole 
reduce aromatase activity and the synthesis of sexual hormones. Through this effect, fer-
tility is negatively influenced. 

Metronidazole administered to rats in doses close to the clinical practice (15 mg/kg) 
does not change the levels of testosterone or serum FSH and does not change the count or 
the mobility of sperm. At high doses (200 mg/kg/day) the serum levels of the two hor-
mones and sperm motility are reduced [99]. Daily administration of metronidazole for 6 
weeks to prepubertal rats produced a significant decrease in serum concentrations of tes-
tosterone, FSH and LH [100]. More studies are needed to clarify whether age plays a role 
in this effect of metronidazole. Existing experimental data on the negative influences of 
some antibiotics on fertility are presented in Table 1. 
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Table 1. Experimental data on the negative influence of antibiotics on fertility. 

Antibiotic Actions Antibiotics 
I. Action on gametes and gamete production 
a. Direct action 
Fluoroquinolones 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aminoglycozides 
 
 
 
 
 
 
 
 
Anti-tuberculosis drugs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Enrofloxacin and Ofloxacin decrease sperm density, sperm mo-
tility and testosterone levels, and increase sperm DNA damage 
[56]. 
- In pubescent mice, the experimental administration of enroflox-
acin determined the inhibition of mouse Leydig and Sertoli cell 
proliferation, reduced the expression of some genes (17β-HSD, 
cyp11a1, 3β-HSD,) in the Leydig cells, and also altered gene ex-
pression in Sertoli cells [56]. 
- Ciprofloxacin induced injury of spermatogonial tissue and re-
duced sperm weight [57]. 
- Oral ciprofloxacin (150 mg/kg/day) for 10 days reduced testicu-
lar volume and sperm concentration in rats [58]. 
- Levofloxacin reduced total sperm count, viability, and motility. 
- At lower doses (0.06–0.08 mg/kg/day) levofloxacin induces tes-
ticular lesions and negatively affects sperm quality and spermat-
ogenesis [71]. 
- Levofloxacin at 40 mg/kg/day in rats causes a decrease in sperm 
quality simultaneous with an increase in oxidative stress at the 
testicular level. 
- In the common marmoset, enrofloxacin at usual doses causes a 
significant reduction in the number of growing follicles and atre-
sia of granulosa at the ovarian level [62]. 
- Moxifloxacin at 30 mg/kg/day daily for 7 days significantly re-
duced the percentage of mobile sperm compared to a control 
group [63]. 
 
-In mice testes, the administration of gentamicin significantly de-
creased the level of reduced glutathione (GSH) and affected the 
activity of superoxide dismutase (SOD), decreasing spermato-
genesis. 
- In adult rats, gentamicin at 80 mg/kg increased oxidative stress 
at the testicular level. Apoptosis increased significantly. 
- Streptomycin produced a significant increase in sperm head de-
fects in rats. 
 
- Anti-tuberculosis drugs (rifampicin, isoniazid, pyrazinamide, 
streptomycin and ethambutol intraperitoneally) administered for 
4 weeks to mice during the prepubertal period cause a reduction 
in the number of oocytes produced by the ovaries in females, as 
well as an increase in the incidence of degenerated oocytes and 
those with various anomalies [68]. 
- Anti-tuberculosis drugs do not reduce the number or motility 
of spermatozoa, but they decrease their quality and increase the 
number of DNA anomalies and the frequency of mitochondrial 
lesions [68]. 
- Therapeutic doses of ethambutol administered to rats produced 
a significant reduction in sperm count and fertility index [69]. 
 



Reprod. Med. 2026, 7, 36 11 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

Tetracyclines 
 
 
 
 
 
 
Chloramphenicol 
 
 
 
 
 
Beta-lactams 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Imipenem/cilastin 
 
 
 
 
 
 
 
 
 
 
Macrolides 
 
 
 
 
 
Vancomycin 
 
 
 
Metronidazole 
 
 

- Tetracycline significantly affected sperm quality, reduced 
sperm motility and the number of sperm produced and in-
creased the number of sperm with different morphological de-
fects [71]. 
- Tetracycline significantly reduced testicular weight and seminal 
vesicle weight in rats, as well as motility in the epididymal 
sperm motility and sperm count [71]. 
 
- Therapeutic doses of chloramphenicol (28 mg/kg body-weight) 
for ten days produced a decrease in epididymal sperm number.  
- Thiamphenicol has shown, in experimental studies, a degree of 
toxicity at the level of male gonads and spermatozoa [72]. 
 
- Amoxicillin increased the rate of malformed human sperm [73]. 
The percentage of mobile spermatozoa decreased. 
- Cefpodoxime administered to male rats at 20 mg/kg bid for 7 
days caused a significant reduction in live sperm count and the 
number of intact acrosomes [74,75]. 
- In rats, cefuroxime at 30, 60 or 120 mg/kg administered for 7 
days daily decreased sperm quality and reduced the weight of 
the testicles and epididymis as well as testosterone secretion [64]. 
- Cefotaxime at 0.5 mg/kg/day administered for five days to non-
pregnant adult rats reduced the number of ovarian follicles [66]. 
- Cefepime at 100 mg/kg/day daily 10 days reduced sperm motil-
ity (tested in vitro 3 h after the last dose of cefepime) by 56% 
compared to the sperm motility of a group of rats that received 
no drug [65]. 
 
- Imipenem/cilastatin (30 mg/kg, 50 mg/kg and 80 mg/kg daily) 
administered for 7 days in rats decreased testis, seminal vesicle 
and prostate weights as well as plasma testosterone level. Severe 
lesions of the seminiferous tubules were observed [ 76]. 
- In male rats, imipenem (15, 50 or 100 mg/kg) increased oxida-
tive stress and increased the expression of B-cell lymphoma 2 
(Bcl-2) and interleukin-1 beta (IL-1 beta) at the testicular level. It 
also resulted in a stronger expression of Bax, which is a regula-
tory factor in apoptosis [78]. 
- Some sulfonamides, such as sulfasalazine, cause oligospermia, 
reductions in sperm motility and morphological changes [79] 
 
- In male mice, clarithromycin (2–10 mg/kg/day) reduced epidid-
ymal weight and seminal vesicle weight after seven to ten days 
of treatment [83]. 
- Clarithromycin binds to both active and inactive sites of 
CYP3A4 [84]. 
 
- Vancomycin administered at high doses to rats for seven weeks 
has a toxic action at the testicular level [85]. 
 
- Higher metronidazole doses or longer treatments (6–8 weeks) 
caused the inhibition of spermatogenesis and the appearance of 
areas of atrophy of the seminiferous tubules [86]. 
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b. Indirect action 
Fluoroquinolones 
 
 

- Metronidazole at 165 mg/kg/day for 16 days in mice reduced 
spermatozoon tail length and sperm count as well as the number 
of spermatozoa [87]. 
- A significant reduction in the weights of the testis and epididy-
mis was observed after metronidazol administration in mice [87]. 
- Ornidazole decreased sperm motility in rats [88]. 
- In female mice, ornidazol administered for 28 days significantly 
reduced the fertility index [88]. 
 
- Norfloxacin acts on the male gonad and gamete production 
both directly and indirectly by reducing testosterone secretion 
and by altering androgen receptor gene expression in the testes 
[95]. 
- Levofloxacin at 40 mg/kg/day administered orally every day for 
2 months decreases the plasma level of testosterone in adult rats 
(6.89 +/− 0.5 ng/mL in animals from the control group vs. 3.77 +/− 
0.5 ng/mL in those that received this antibiotic) [60]. 
- Levofloxacin also decreases FSH level (0.97 +/− 0.18 mU/mL in 
the control group vs. 0.41 +/− 0.08 mU/mL in the group treated 
with levofloxacin) and LH concentration [60]. 
- Ciprofloxacin and enrofloxacin experimentally administered to 
adult male animals reduced the sperm concentration and signifi-
cantly decreased the plasma levels of LH and FSH [57]. 
- Ciprofloxacin at 135 mg/kg/day administered to adult male rats 
negatively influenced the hypothalamic–pituitary–gonadal axis, 
reduced FSH and LH secretion and affected sperm quality and 
fertility [92]. 
- In male zebrafish, ciprofloxacin significantly decreased the se-
cretion of FSH, LH and testosterone [57]. 
- Enrofloxacin increases the conversion of estradiol to estriol but 
inhibits the conversion of testosterone to estradiol [97]. 
- In some animals, norfloxacin reduced androgen receptor (AR) 
gene expression and also sperm concentration and serum testos-
terone. 
- Sulfathiazole reduces aromatase activity and the synthesis of 
sexual hormones. 
- Metronidazole administered daily for 6 weeks to prepubertal 
rats produced a significant decrease in serum concentrations of 
testosterone, FSH and LH [100]. 

II. Effects on evolution of pregnancy 
a. Direct action on embryo 
 
 
 
b. Action on uterine contractility 

- Tetracycline produced major disturbances in the development 
of Cyprinus carpio embryos and teratogenic effects. The concen-
trations at which these effects (145.3 μg–500/L) occur can be 
reached in the human body [101]. 
- In an organ bath containing uteri from pregnant rats, it was 
shown that pretreatment of the animals for 7 days with amoxicil-
lin increases the sensitivity of the uterus to oxytocin. Administer-
ing fosfomycin before testing achieves the same thing [102]. 
- Enrofloxacin (10−4 M in the organ bath) also increases the con-
tractile response of the non-pregnant uterus to oxytocin [103]. 
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3. Preconception Effects of Antibiotics 
The data regarding the influence on fertility of administration of antibiotics in the 

days immediately preceding conception are few and sometimes contradictory. In some 
studies the use of antibiotics such as nitrofurantoin, penicillins and cephalosporins in the 
last 4 weeks before conception did not change fecundity in women aged between 21 and 
45 years. In other studies, at therapeutic concentrations in the human body, cefuroxime 
axetil and nitrofurantoin monohydrate significantly decreased the motility of human 
spermatozoa after two days of treatment. 

In a recent study of 9462 women with an average age of 29 who were enrolled in the 
study for 12 months or until conception, a significant reduction in fecundability was 
shown in women who received macrolides or sulfonamides compared to women who did 
not receive antibiotics [104]. Lincosamides produced a slight increase in fecundability 
[105]. 

On the other hand, in some cases, the long-term use of antibiotics causes disturbances 
in the vaginal microbial flora. This can influence the vaginal pH and the movement of 
spermatozoa [106]. In some cases, disturbances in the vaginal flora can cause the ascent of 
some bacteria in the female genital tract with negative influences on fecundability [107]. 

Minocycline significantly decreases the number of motile spermatozoa at all concen-
trations that exceed 100 microg/mL. Administration of doxycycline for the treatment of 
chronic endometritis in women undergoing assisted reproduction procedures had no ef-
fect on pregnancy outcomes [108]. 

In other studies, it was shown that ciprofloxacin and doxycycline, both in low doses 
and in high doses, increase the fragmentation of sperm DNA [109]. The previously men-
tioned authors contraindicated the use of ciprofloxacin for the preservation of human 
sperm. 

If the fertilizing capacity is preserved but a partial DNA fragmentation occurs in the 
spermatozoa, then we consider that there would be a possibility of an increase in the inci-
dence of spontaneous abortions and even some congenital malformations, but there is no 
data in this direction [110,111]. 

Oxytetracycline added to cryopreserved human sperm significantly affected sperm 
quality. 

The total motility, the progressive motility and the speed of movement of the sper-
matozoa significantly decreased. Administration of this drug for six days in men also de-
creased all the previously mentioned sperm kinetic parameters [112]. 

Ciprofloxacin at 200 mg/kg/day for 45 days reduced the rate of fertilization in mice 
and significantly increased DNA damage [113]. Although these doses are higher than 
those used in the human clinic, the obtained results indicate possible adverse effects of 
ciprofloxacin in the fertilization process in humans. 

4. Effects on the Evolution of Pregnancy 
4.1. Direct Action on the Embryo 

The use of antibiotics by pregnant women is common. Approximately 20–40% of 
women receive antibiotic treatment during pregnancy for various reasons. Regarding the 
evolution of pregnancy, there are both positive and negative effects of antibiotics. 

Administration of antibiotics in the first weeks of pregnancy causes increases of 17% 
in the risk of preterm birth (<37 gestation weeks) and 11% in low birth weight risk. 

Administration of some antibiotics in late pregnancy also increased the risk of pre-
term birth [114]. Both premature birth and low birth weight cause increased mortality in 
the first year of the child�s life. The problem is complex because untreated urinary and 
genital infections in pregnant women are also associated with an increase in the frequency 
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of premature birth and low birth weight. Since not all antibiotics have the same effect on 
the duration of pregnancy and on the weight of the newborn, more studies are needed in 
this direction [115,116]. 

4.1.1. Quinolones 

Regarding fluoroquinolones, some studies have shown that their use in the first tri-
mester of pregnancy did not increase the risk of premature birth [117]. However, other 
studies show that fluoroquinolones increase the risk of bone malformations [118]. There 
are some suspicions that moxifloxacin could increase the incidence of spontaneous abor-
tion. 

In experimental studies, ciprofloxacin induced morphological alterations in the em-
bryos (growth slowing and craniofacial malformations) and in some cases even the death 
of embryos [119]. Fluroquinolones should be avoided as much as possible in the first tri-
mester of pregnancy [120]. 

4.1.2. Other Antibiotics 

Administration of metronidazol, azithromycin and clarithromycin increased the in-
cidence of spontaneous abortion [121]. Azithromycin use during pregnancy was associ-
ated with an increased risk of abortions [122]. Regarding the use of clarithromycin in 
women in the first trimester of pregnancy and the risk of spontaneous abortion, the results 
of clinical studies are controversial. Some studies say that this risk increases and others 
say that it remains unchanged [123]. 

There are clinical data that show an increased incidence of spontaneous abortion of 
8% in the case of the administration of nitrofurantoin [122]. 

Tetracycline produced major disturbances in the development of Cyprinus carpio 
embryos and teratogenic effects. The concentrations at which these effects (145.3 μg–500/L) 
occur can be reached in the human body [101]. 

4.1.3. Sulfonamides 

Studies done on a large number of pregnant women show that sulfonamides admin-
istered in the first weeks of pregnancy induce congenital malformations in several cases 
and increase the risk of spontaneous abortion [124]. Studies conducted on a large number 
of women show that trimethoprim/sulfamethoxazole significantly increases the risk of 
premature birth and low birth weight of the child [125]. 

The use of trimethoprim–sulfamethoxazole in the first weeks of pregnancy signifi-
cantly increases the risk of spontaneous abortion [126]. Inhibition of folic acid synthesis is 
probably the main mechanism behind these effects by sulfonamides. Clinical studies show 
that the use of trimethoprim in the first trimester of pregnancy doubles the risk of spon-
taneous abortion separate from the effect of sulfonamides. The exact mechanism of this 
effect is not known, but it is possible that the action of this drug as an antagonist of folic 
acid is involved [127]. Existing clinical data on the negative influences of some antibiotics 
on fertility are presented in Table 2. 

Table 2. Clinical data on the negative influence of antibiotics on fertility. 

Antibiotic Actions Antibiotics 
I. Action on gametes and gamete production 
a. Direct action 
Fluoroquinolones 
 
 

- For gatifloxacin and lomefloxacin, concentrations in the sem-
inal fluid are approximately equal to those in the blood 
plasma, having good penetrability both in the sperm and in 
the prostatic fluid [52,53]. 
- Ofloxacin at 2 × 200 mg/day for a period of 20 days adminis-
tered to adult men determined significant morphological 
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Aminoglycozides 
 
 
 
Anti-tuberculosis drugs 
 
Beta-lactams 
 
 
Sulfonamides 
 
 
 
Macrolides 
 
 
 
 
 
 
 
Anti-tuberculosis drugs 
 
 
 
b. Indirect action  
 

changes in the spermatozoa and reduced their motility. The 
motility of the spermatozoa slowly recovers after finishing the 
treatment [55]. 
- Ofloxacin administered at a dose of 400 mg/day in healthy 
volunteers reaches a concentration in the spermatic fluid of 
2.4–2.5 mg/L. At this concentration, the antibiotic does not 
change sperm motility [61]. 
 
- Streptomycin, neomycin and gentamicin significantly de-
crease the number and concentration of spermatozoa in hu-
man sperm [64]. 
 
- Isoniazid did not adversely affect sperm quality [70]. 
 
- Amoxicillin increased the rate of malformed human sperm 
[73]. 
 
- Some sulfonamides, such as sulfasalazine, cause oligo-
spermia, reduction in sperm motility and morphological 
changes [79]. 
 
- Erythromycin administration in men with asthenospermia 
did not significantly increase either the number or the motil-
ity of sperm compared to a group of patients with the same 
disease who received a placebo [81]. 
- Clarithromycin induced an increase in sperm concentration 
and the rate of malformed sperm [55]. 
 
- Anti-tuberculosis drugs (ATDs) used in DOTS reduce the 
level of plasma progesterone and the number of ovulated oo-
cytes, but increase the number of morphological changes in 
the ovarian follicles. The levels of LH and FSH are also re-
duced after taking these drugs [94]. 
- Rifampin at 600 mg daily administered for 2 weeks in adult 
women (median age was 28.2 years) caused a significant in-
crease in serum estradiol concentration [98]. 

II. Preconception effects of antibiotics - In a recent study of 9462 women with an average age of 29 
who were enrolled in the study for 12 months or until concep-
tion, a significant reduction in fecundability was shown in 
women who received macrolides or sulfonamides [104]. 
- Cefuroxime axetil and nitrofurantoin monohydrate signifi-
cantly decreased the motility of human spermatozoa after two 
days of treatment. 
- Sulfonamides and lincosamides produced a slight increase 
in fecundability, and macrolides caused a moderate decrease 
in it [105].  
- The long-term use of antibiotics causes disturbances in the 
vaginal microbial flora. This can influence the vaginal pH and 
the movement of spermatozoa [106]. 
- Ciprofloxacin and doxycycline both in low doses and in 
high doses increase the fragmentation of sperm DNA. Ciprof-
loxacin is contraindicated for the preservation of human 
sperm [109]. 



Reprod. Med. 2026, 7, 36 16 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

- Oxytetracycline added to cryopreserved human sperm sig-
nificantly affected sperm quality [110]. 

III. Effects on evolution of pregnancy. 
a. Direct action on embryo 
 

- Administration of antibiotics in the first weeks of pregnancy 
causes increases of 17% in the risk of preterm birth (<37 gesta-
tion weeks) and 11% in low birth weight risk. 
- Administration of antibiotics in late pregnancy increased the 
risk of preterm birth [114]. 
- Fluoroquinolones increase the risk of bone malformations 
[114]. 
- Ciprofloxacin induced morphological alterations in the em-
bryos (growth slowing and craniofacial malformations) and 
in some cases even the death of embryos [120]. 
- Fluroquinolones should be avoided as much as possible in 
the first trimester of pregnancy [120]. 
- Azithromycin use during pregnancy was associated with an 
increased risk of abortions [122]. 
- Incidence of spontaneous abortion of 8% was observed in 
the case of the administration of nitrofurantoin [122]. 
- Sulfonamides administered in the first weeks of pregnancy 
induce congenital malformations in a number of cases and in-
crease the risk of spontaneous abortion [124].  
- Trimethoprim/sulfamethoxazole significantly increases the 
risk of premature birth and low birth weight of the child 
[125]. 

4.2. Direct Action on Uterine Contractility 

The influence of antibiotics on uterine contractility is diverse and insufficiently stud-
ied. There is data in this direction for a small number of antibiotics. 

The possibility that some antibiotics can influence fertility by inducing spontaneous 
abortion or premature birth would be due to their direct action on uterine contractility. In 
experimental studies in an organ bath on uteri from pregnant rats, it was shown that pre-
treatment of the animals for 7 days with amoxicillin increased the sensitivity of the uterus 
to oxytocin. Administering fosfomycin before testing achieved the same thing. The mech-
anism by which this sensitivity changes is a reduction in protein for aquaporin 5 (AQP5) 
expression [102]. Enrofloxacin (10−4 M in the organ bath) also increases the contractile re-
sponse of the non-pregnant uterus to oxytocin [103]. Other studies have shown that eryth-
romycin inhibits uterine contractions induced by prostaglandin F2alpha (PGF2alpha). 

4.2.1. Postpartum Antibiotics� Adverse Effects 

The adverse effects of some postpartum antibiotics do not affect fertility but may 
have important effects on the newborn. Some antibiotics pass into breast milk and can 
have a negative effect on the gut microbiota [128]. In some cases, alterations to the micro-
biota are implicated in the pathogenesis of necrotic enteritis, a severe complication with 
high mortality [129]. 

4.2.2. Future Research Directions 

Clinical and experimental research is needed regarding the effect of antibiotic asso-
ciations on fertility, but also regarding the possible influence that the associations between 
antibiotics and other drug groups can have on it. For the future, studies are needed to 
reveal the differences between species in terms of the influence of some antibiotics on fer-
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tility. More data are needed in terms of the impact that different doses and different du-
rations of treatment have on the influence of antibiotics on male and female fertility. The 
effect of off-label use of antibiotics has not been researched and is not known. More studies 
are needed to correlate the results obtained with the antibiotic doses used in experimental 
studies with the doses used in therapeutic practice. It is necessary to research the influence 
of all groups of antibiotics used today on fertility. Existing data regarding the negative 
effects of antibiotics on fertility are currently mainly obtained through experimental stud-
ies but should not be ignored. Existing data refer to a relatively small number of antibiotics 
used. Any data on post-antibiotic effects on human fertility are lacking. Studies are needed 
on the action of the newest antibiotics introduced into medical practice on fertility. Data 
are also needed on the effect of the association between antibiotics and the association of 
antibiotics with other groups of drugs on fertility. 

4.2.3. Conclusions 

The complex influence of antibiotic therapy on fertility should not be underesti-
mated. Existing data show that there are both positive and negative influences of antibi-
otics on fertility. These effects occur in both sexes. 

A significant number of existing results are experimental data. Translating experi-
mental data into clinical practice always requires caution. If the positive effects of antibi-
otics are generally produced by their bactericidal or bacteriostatic action, the mechanisms 
by which the negative effects are produced are much less known. The favorable effects of 
antibiotics on fertility are also frequently underestimated in medical practice. On the other 
hand, in all cases of infertility without a clear cause, a possible negative effect of antibiotics 
must be considered. 

Author Contributions: M.N.: Conceptualization, original draft preparation, writing—review and 
editing, supervision. C.G.: Literature search, data curation, original draft preparation. G.R.-Z.: Data 
acquisition, formal analysis. C.L.Z.: Data acquisition, original draft preparation, formal analysis. 
D.C.G.: Data acquisition, software. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is 
not applicable to this article. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Gnoth, C.; Godehardt, E.; Frank-Herrmann, P.; Friol, K.; Tigges, J.; Freundl, G. Definition and prevalence of subfertility and 

infertility. Hum. Reprod. 2005, 20, 1144–1147. https://doi.org/10.1093/humrep/deh870. 
2. Leridon, H.; Slama, R. The impact of a decline in fecundity and of pregnancy postponement on final number of children and 

demand for assisted reproduction technology. Hum. Reprod. 2008, 23, 1312–1319. https://doi.org/10.1093/humrep/den106. 
3. Manouchehri, A.; Shokri, S.; Pirhadi, M.; Karimi, M.; Saber Abbaszadeh, S.; Ghazal Mirzaei, G.; Bahmani, M. The Effects of Toxic 

Heavy Metals Lead, Cadmium and Copper on the Epidemiology of Male and Female Infertility. JBRA Assist. Reprod. 2022, 26, 
627–630. https://doi.org/10.5935/1518-0557.20220013. 

4. Inhorn, M.; Patrizio, P. Infertility around the globe: New thinking on gender, reproductive technologies and global movements 
in the 21st century. Hum. Reprod. Update 2015, 21, 411–426. https://doi.org/10.1093/humupd/dmv016. 

5. Szamatowicz, M.; Szamatowicz, J. Proven and unproven methods for diagnosis and treatment of infertility. Adv. Med. Sci. 2020, 
65, 93–96. 



Reprod. Med. 2026, 7, 36 18 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

6. Collins, J.A.; Wrixon, W.; James, L.B.; Wilson, E.H. Treatment-independent pregnancy among infertile couples. N. Engl. J. Med. 
1983, 309, 1201–1206. 

7. Moghaddam, D.A.; Delpisheh, A.; Sayehmiri, K. An Investigation of the Worldwide Prevalence of Infertility as a Systematic 
Review. Qom Univ. Med. Sci. J. 2016, 10, 76–87. 

8. Fainberg, J.; James, A.; Kashanian, J.A. Recent advances in understanding and managing maleinfertility. F1000Research 2019, 16, 
F1000. https://doi.org/10.12688/f1000research.17076.1. 

9. Eisenberg, M.L.; Esteves, S.C.; Lamb, D.J.; Hotaling, J.M.; Giwercman, A.; Hwang, K.; Cheng, Y.S. Male infertility. Nat. Rev. Dis. 
Prim. 2023, 9, 49. https://doi.org/10.1038/s41572-023-00459-w. 

10. Agarwal, A.; Mulgund, A.; Hamada, A.; Chyatte, M.R. A unique view on male infertility around the globe. Reprod. Biol. Endo-
crinol. 2015, 13, 37. https://doi.org/10.1186/s12958-015-0032-1. 

11. Suleiman, M.; August, F.; Nanyaro, M.W.; Wangwe, P.; Kikula, A.; Balandya, B.; Ngarina, M.; Projestine Muganyizi, P. Quality 
of life and associated factors among infertile women attending infertility clinic at Mnazi Mmoja Hospital, Zanzibar. BMC Wom-
ens Health 2023, 23, 400. https://doi.org/10.1186/s12905-023-02536-4. 

12. Boivin, J.; Bunting, L.; Collins, J.A.; Nygren, K.G. International estimates of infertility prevalence and treatment-seeking: Poten-
tial need and demand for infertility medical care. Hum. Reprod. 2007, 22, 1506–1512. https://doi.org/10.1093/humrep/dem046. 

13. Wanleenuwat, P.; Suntharampillai, N.; Iwanowski, P. Antibiotic-induced epileptic seizures: Mechanisms of action and clinical 
considerations. Seizure 2020, 81, 167–174. https://doi.org/10.1016/j.seizure.2020.08.012. 

14. Prajapati, P.; Dalwadi, P.; Gohel, D.; Singh, K.; Sripada, L.; Bhatelia, K.; Joshi, B.; Roy, M.; Wang, W.X.; Springer, J.E.; et al. 
Enforced lysosomal biogenesis rescues erythromycin- and clindamycin-induced mitochondria-mediated cell death in human 
cells. Mol. Cell. Biochem. 2019, 461, 23–36. https://doi.org/10.1007/s11010-019-03585-w. 

15. Nechifor, M.; Luca, M.C.; Gales, C. Behavioral Effects of Antibacterial Antibiotics-from Theory to Medical Practice. Int. J. Phar-
macol. 2023, 19, 595–603. 

16. Li, M.; Anderson, G.D.; Phillips, B.R.; Kong, W.; Shen, D.D.; Wang, W. Interactions of amoxicillin and cefaclor with human renal 
organic anion and peptide transporters. Drug Metab. Disp. 2006, 34, 547–555. https://doi.org/10.1124/dmd.105.006791. 

17. Jiang, X.; Zhang, S.; Azad, M.A.K.; Roberts, K.D.; Wan, L.; Gong, B.; Yang, K.; Yuan, B.; Uddin, H.; Li, J.; et al. Structure-Inter-
action Relationship of Polymyxins with the Membrane of Human Kidney Proximal Tubular Cells. ACS Infect. Dis. 2020, 6, 2110–
2119. https://doi.org/10.1021/acsinfecdis.0c00190. 

18. Hao, W.Z.; Li, X.J.; Zhang, P.W.; Chen, J.X. A review of antibiotics, depression, and the gut microbiome. Psychiatry Res. 2020, 
284, 112691. https://doi.org/10.1016/j.psychres.2019.112691. 

19. Saint, F.; Huyghe, E.; Methorst, C.; Priam, A.; Seizilles de Mazancourt, E.S.; Bruyère, F.; Faix, A. Infections and male infertility. 
Prog. Urol. 2023, 33, 636–652. https://doi.org/10.1016/j.purol.2023.09.015. 

20. Dahiya, S.; Kumari, S.; Rani, P.; Onteru, S.K.; Singh, D. Postpartum uterine infection & ovarian dysfunction. Indian J. Med. Res. 
2018, 148, S64–S70. https://doi.org/10.4103/ijmr.IJMR_961_18. 

21. Penney, G.C. Preventing infective sequelae of abortion. Hum. Reprod. 1997, 12, 107–112. 
22. Vuong, A.D.B.; Pham, T.H.; Pham, X.T.T.; Truong, D.P.; Nguyen, X.T.; Trinh, N.B.; Nguyen, D.V.; Nguyen, Y.O.N.; Nguyen, 

T.N.T.N.; Ho, Q.N.; et al. Modified one-step conservative uterine surgery (MOSCUS) versus cesarean hysterectomy in the man-
agement of placenta accreta spectrum: A single-center retrospective analysis based on 619 Vietnamese pregnant women. Int. J. 
Gynaecol. Obstet. 2024, 165, 723–736. https://doi.org/10.1002/ijgo.15220. 

23. Mackeen, A.D.; Sullivan, M.V.; Bender, W.; Mascio, D.D.; Berghella, V. Evidence-based cesarean delivery: Postoperative care 
(part 10). Am. J. Obstet. Gynecol. MFM 2025, 7, 101549. https://doi.org/10.1016/j.ajogmf.2024.101549. 

24. Lin, L.L.; Hung, J.N.; Shiu, S.I.; Su, Y.H.; Chen, W.C.; Tseng, J.J. Efficacy of prophylactic antibiotics for preterm premature rup-
ture of membranes: A systematic review and network meta-analysis. Am. J. Obstet. Gynecol. MFM 2023, 5, 100978. 
https://doi.org/10.1016/j.ajogmf.2023.100978. 

25. Perslev, K.; Msemo, O.A.; Minja, D.T.R.; Møller, S.L.; Theander, T.G.; Lusingu, J.P.A.; Bygbjerg, I.C.; Nielsen, B.B.; Schmiegelow, 
C. Marked reduction in fertility among African women with urogenital infections: A prospective cohort study. PLoS ONE 2019, 
14, e0210421. https://doi.org/10.1371/journal.pone.0210421. 

26. Seitz, M.; Stief, C.; Waidelich, R. Local epidemiology and resistance profiles in acute uncomplicated cystitis (AUC) in women: 
A prospective cohort study in an urban urological ambulatory setting. BMC Infect. Dis. 2017, 17, 685. 
https://doi.org/10.1186/s12879-017-2789-7. 



Reprod. Med. 2026, 7, 36 19 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

27. Toner, L.; Papa, N.; Aliyu, S.H.; Dev, H.; Lawrentschuk, N.; Al-Hayek, S. Extended-spectrum beta-lactamase-producing Enter-
obacteriaceae in hospital urinary tract infections: Incidence and antibiotic susceptibility profile over 9 years. World J. Urol. 2016, 
34, 1031–1037. https://doi.org/10.1007/s00345-015-1718-x. 

28. Cho, Y.H.; Jung, S.I.; Chung, H.S.; Yu, H.S.; Hwang, E.C.; Kim, S.O.; Kang, T.W.; Kwon, D.D.; Park, K. Antimicrobial suscepti-
bilities of extended-spectrum beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae in health care-associated 
urinary tract infection: Focus on susceptibility to fosfomycin. Int. Urol. Nephrol. 2015, 47, 1059–1066. 
https://doi.org/10.1007/s11255-015-1018-9. 

29. Frimodt-Møller, N.; Bjerrum, L. Treating urinary tract infections in the era of antibiotic resistance. Expert Rev. Anti-Infect. Ther. 
2023, 21, 1301–1308. https://doi.org/10.1080/14787210.2023.2279104. 

30. Singh, N.; Sethi, A. Endometritis—Diagnosis, Treatment and its impact on fertility—A Scoping Review. JBRA Assist. Reprod. 
2022, 26, 538–546. https://doi.org/10.5935/1518-0557.20220015. 

31. Chaim, W.; Bashiri, A.; Bar-David, J.; Shoham-Vardi, I.; Mazor, M. Prevalence and clinical significance of postpartum endome-
tritis and wound infection. Infect. Dis. Obstet. Gynecol. 2000, 8, 77–82. https://doi.org/10.1002/(SICI)1098-0997(2000)8:2<77::AID-
IDOG3>3.0.CO;2-6. 

32. Ticconi, C.; Inversetti, A.; Marraffa, S.; Shoham-Vardi, I.; Mazor, M. Chronic endometritis and recurrent reproductive failure: A 
systematic review and meta-analysis. Front. Immunol. 2024, 15, 1427454. https://doi.org/10.3389/fimmu.2024.1427454. 

33. Cicinelli, E.; Matteo, M.; Tinelli, R.; Lepera, A.; Alfonso, R.; Indraccolo, U.; Marrocchella, S.; Greco, P.; Leonardo Resta, L. Prev-
alence of chronic endometritis in repeated unexplained implantation failure and the IVF success rate after antibiotic therapy. 
Hum. Reprod. 2015, 30, 323–330. https://doi.org/10.1093/humrep/deu292. 

34. Barinov, S.V.; Di Renzo, G.C.; Tsibizova, V.I.; Shifman, E.M.; Leonteva, N.N.; Arbuzov, A.B. Detoxification treatment in Gyne-
cology using a modified molded sorbent. Best Pract. Res. Clin. Obstet. Gynaecol. 2023, 88, 102346. https://doi.org/10.1016/j.bpob-
gyn.2023.102346. 

35. Kapp, N.; Whyte, P.; Tang, J.; Jackson, E.; Brahmi, D. A review of evidence for safe abortion care. Contraception 2013, 88, 350–
363. https://doi.org/10.1016/j.contraception.2012.10.027. 

36. Chen, Y.; Wei, S.; Huang, L.; Luo, M.; Wu, Y.; Yin, C. Fuke qianjin combined with antibiotic therapy for pelvic inflammatory 
disease: A systematic review and meta-analysis. Evid.-Based Complement. Altern. Med. 2020, 2020, 10. 
https://doi.org/10.1155/2020/5372839. 

37. Anyalechi, G.E.; Hong, J.; Kreisel, K.; Torrone, E.; Boulet, S.; Gorwitz, R.; Kirkcaldy, R.D.; Bernstein, K. Self-Reported Infertility 
and Associated Pelvic Inflammatory Disease Among Women of Reproductive Age-National Health and Nutrition Examination 
Survey, United States, 2013–2016. Sex. Transm. Dis. 2019, 46, 446–451. https://doi.org/10.1097/OLQ.0000000000000996. 

38. Savaris, R.F.; Fuhrich, D.G.; Maissiat, J.; Duarte, R.V.; Ross, J. Antibiotic therapy for pelvic inflammatory disease. Cochrane Da-
tabase Syst. Rev. 2020, 8, CD010285. https://doi.org/10.1002/14651858.CD010285.pub3. 

39. Pereira, N.; Hutchinson, A.P.; Lekovich, J.P.; Hobeika, E.; Elias, R.T. Antibiotic Prophylaxis for Gynecologic Procedures prior 
to and during the Utilization of Assisted Reproductive Technologies: A Systematic Review. J. Pathol. 2016, 2016, 4698314. 
https://doi.org/10.1155/2016/4698314. 

40. Preetham, K.; Chatterjee, J. Research trend on the emerging role of the microbiome in idiopathic male infertility. Antonie Leeu-
wenhoek 2025, 16, 193. https://doi.org/10.1007/s10482-025-02194-6. 

41. Rivero, M.J.; Kulkarni, N.; Thirumavalavan, N.; Ramasamy, R. Evaluation and Management of Male Genital Tract Infections in 
the Setting of Male Infertility: An Updated Review. Curr. Opin. Urol. 2023, 33, 180–186. 
https://doi.org/10.1097/MOU.0000000000001081. 

42. Aliyu, M.H.; Aliyu, S.H.; Salihu, H.M. Female genital tuberculosis: A global review. Int. J. Fertil. Womens Med. 2004, 49, 123–136. 
43. Sharma, J.B.; Sneha, J.; Singh, U.B.; Kumar, S.; Roy, K.K.; Singh, N.; Sona Dharmendra, S. Effect of antitubercular treatment on 

ovarian function in female genital tuberculosis with infertility. J. Hum. Reprod. Sci. 2016, 9, 145–150. https://doi.org/10.4103/0974-
1208.192050. 

44. Motrich, R.D.; Salazar, F.C.; Breser, M.L.J.; Mackern-Oberti, J.P.; Godoy, G.J.; Olivera, C.; Paira, D.A.V.E.; Rivero, V.E. Implica-
tions of prostate inflammation on male fertility. Andrologia 2018, 50, e13093. https://doi.org/10.1111/and.13093. 

45. Oghbaei, H.; Rezaei, Y.R.; Nikanfar, S.; Zarezadeh, R.; Sadegi, M.; Latifi, Z.; Nouri, M.; Fattahi, A.; Ahmadi, Y.; Bleisinger, N. 
Effects of bacteria on male fertility: Spermatogenesis and sperm function. Life Sci. 2020, 256, 1. 
https://doi.org/10.1016/j.lfs.2020.117891. 

46. Malallah, Y.A.; Zissis, N.P. Effect of minocycline on the sperm count and activity in infertile men with high pus cell count in 
their seminal fluid. J. Chemother. 1992, 4, 286–289. 



Reprod. Med. 2026, 7, 36 20 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

47. Ranjbarkohan, F.; Hamedi, S. Chronic minocycline administration improves spermatogenesis in rats. Rev. Int. Androl. 2023, 21, 
100332. https://doi.org/10.1016/j.androl.2021.11.003. 

48. Castanares, M.; Vera, Y.; Erkkilä, K.; Kyttänen, S.; Lue, Y.; Dunkel, L.; Wang, C.; Swerdloff, R.S.; Hikim, A.P.S. Minocycline up-
regulates BCL-2 levels in mitochondria and attenuates male germ cell apoptosis. Biochem. Biophys. Res. Commun. 2005, 337, 663–
669. https://doi.org/10.1016/j.bbrc.2005.09.101. 

49. Su, P.; Wu, J.C.; Sommer, J.R.; Gore, A.J.; Petters, R.M.; Miller, W.L. Conditional induction of ovulation in mice. Biol. Reprod. 
2005, 73, 681–687. https://doi.org/10.1095/biolreprod.104.039164. 

50. Khajouei, A.; Hosseini, E.; Abdizadeh, T. Beneficial effects of minocycline on the ovary of polycystic ovary syndrome mouse 
model: Molecular docking analysis and evaluation of TNF-α, TNFR2, TLR-4 gene expression. J. Reprod. Immunol. 2021, 144, 
103289. https://doi.org/10.1016/j.jri.2021.103289. 

51. Levine, H.; Jørgensen, N.; Martino-Andrade, A.; Mendiola, J.; Weksler-Derri, D.; Mindlis, I.; Pinotti, R.; Swan, S.H. Temporal 
trends in sperm count: A systematic review and meta-regression analysis. Hum. Reprod. Update 2017, 23, 646–659. 
https://doi.org/10.1093/humupd/dmx022. 

52. Naber, K.G.; Sörgel, F.; Kees, F.; Schumacher, H.; Metz, R.; Grobecker, H. In-vitro activity of fleroxacin against isolates causing 
complicated urinary tract infections and concentrations in seminal and prostatic fluid and in prostatic adenoma tissue. J. Anti-
microb. Chemother. 1988, 22, 199–207. https://doi.org/10.1093/jac/22.supplement_d.199. 

53. Naber, K.G.; Kinzig, M.; Sörgel, F.; Weigel, D. Penetration of ofloxacin into prostatic fluid, ejaculate and seminal fluid. Infection 
1993, 21, 98–100. https://doi.org/10.1007/BF01710740. 

54. Naber, C.K.; Steghafner, M.; Kinzig-Schippers, M.; Sauber, C.; Sörgel, F.; Stahlberg, H.J.; Naber, K.G. Concentrations of Gat-
ifloxacin in Plasma and Urine and Penetration into Prostatic and Seminal Fluid, Ejaculate, and Sperm Cells after Single Oral 
Administrations of 400 Milligrams to Volunteers. Antimicrob. Agents Chemother. 2001, 45, 293–297. 
https://doi.org/10.1128/AAC.45.1.293-297.2001. 

55. Andreessen, R.; Sudhoff, F.; Borgmann, V.; Nagel, R. Results of ofloxacin therapy in andrologic patients suffering from therapy-
requiring asymptomatic infections. Andrologia 1993, 25, 377–383. https://doi.org/10.1111/j.1439-0272.1993.tb02746.x. 

56. Yücel, U.M.; Koşal, V.; Kara, M.; Taşpınar, F.; Uslu, B.A. Adverse effects of oxytetracycline and enrofloxacin on the fertility of 
Saanen bucks. Trop. Anim. Health Prod. 2021, 53, 466. https://doi.org/10.1007/s11250-021-02898-7. 

57. Hou, L.; Fu, Y.; Zhao, C.; Fan, L.; Hu, H.; Yin, S. Ciprofloxacin and enrofloxacin can cause reproductive toxicity via endocrine 
signaling pathways. Ecotoxicol. Environ. Saf. 2022, 244, 114. https://doi.org/10.1016/j.ecoenv.2022.114049. 

58. Demir, A.; Türker, P.; Onol, F.; Sirvanci, S.; Findik, A.; Tarcan, T. Effect of experimentally induced Escherichia coli epididymo-
orchitis and ciprofloxacin treatment on rat spermatogenesis. Int. J. Urol. 2007, 14, 268–272. https://doi.org/10.1111/j.1442-
2042.2007.01682.x. 

59. Ahmadi, R.; Ahmadifar, M.; Safarpour, E.; Vahidi-Eyrisofla, N.; Darab, M.; Eini, A.M.; Alizadeh, A.R. The Effects of Levofloxacin 
on Testis Tissue and Spermatogenesis in Rat. Cell J. 2016, 18, 112–116. https://doi.org/10.22074/cellj.2016.3994. 

60. Zaki, N.F.; Orabi, S.H.; Abdel-Bar, H.M.; Elbaz, H.T.; Reda, H.; Korany, M.S.; Ismail, A.K.; Daoush, W.M.; Abduljabbar, M.H.; 
Alosaimi, M.E.; et al. Zinc oxide resveratrol nanoparticles ameliorate testicular dysfunction due to levofloxacin-induced oxida-
tive stress in rats. Sci. Rep. 2024, 14, 2752. https://doi.org/10.1038/s41598-024-52830-w. 

61. Schramm, P. Ofloxacin: Concentration in human ejaculate and influence on sperm motility. Infection 1986, 14, S274–275. 
https://doi.org/10.1007/BF01661292. 

62. Tkachenko, O.Y.; Scheerer-Bernhard, J.U.; Delimitreva, S.; Wedi, E.; Valle, R.R.; Heistermann, M.; Nayudu, P.L. A retrospective 
analysis of adverse effects of an in vivo fluoroquinolone antibiotic enrofloxacin treatment on oocyte quality in the common 
marmoset. Reprod. Toxicol. 2018, 75, 86–95. https://doi.org/10.1016/j.reprotox.2017.12.004. 

63. Antohi, E.; Gales, C.; Nechifor, M. Pharmacological agents that affect sperm motility. Med.-Surg. J. 2011, 115, 1183–1188. 
64. Khaki, A. Assessment on the adverse effects of Aminoglycosides and Flouroquinolone on sperm parameters and male repro-

ductive tissue: A systematic review. Iran. J. Reprod. Med. 2015, 13, 125–134. 
65. Narayana, K. An aminoglycoside antibiotic gentamycin induces oxidative stress, reduces antioxidant reserve and impairs sper-

matogenesis in rats. J. Toxicol. Sci. 2008, 33, 85–96. https://doi.org/10.2131/jts.33.85. 
66. Aly, H.A.A.; Hassan, M.H. Potential testicular toxicity of gentamicin in adult rats. Biochem. Biophys. Res. Commun. 2018, 497, 

362–367. https://doi.org/10.1016/j.bbrc.2018.02.085. 
67. Hernández-Avilés, C.; Love, C.C.; Serafini, R.; Ramírez-Agámez, L.; Kelley, D.E.; de Andino, E.M.; Teague, S.R.; LaCaze, K.A.; 

Brinsko, S.P.; Varner, D.D. Inclusion of supplemental antibiotics (amikacin-penicillin) in a commercial extender for stallion 



Reprod. Med. 2026, 7, 36 21 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

semen: Effects on sperm quality, bacterial growth, and fertility following cooled storage. Theriogenology 2020, 158, 209–217. 
https://doi.org/10.1016/j.theriogenology.2020.09.018. 

68. Rao, A.; Nayak, G.; Kumari, S.; Kalthur, S.G.; Mutalik, S.P.; Mutalik, S.; Adiga, S.K.; Kalthur, G. Exposure to first line anti-
tuberculosis drugs in prepubertal age reduces the quality and functional competence of spermatozoa and oocytes in Swiss 
albino mice. Environ. Toxicol. Pharmacol. 2020, 73, 103292. https://doi.org/10.1016/j.etap.2019.103292. 

69. Shayakhmetova, G.M.; Bondarenko, L.B.; Voronina, A.K.; Matvienko, A.V.; Kitam, V.; Kovalenko, V.M. Administration of eth-
ambutol in therapeutic dose causes testes alteration and spermatogenesis disruption in Wistar rats. Hum. Exp. Toxicol. 2017, 36, 
520–533. https://doi.org/10.1177/0960327116655390. 

70. Alp, H.; Cirit, U.; Tas, M.; Rifaioglu, M.M.; Hatipoglu, N.K.; Aytekin, I.; Yucel, M.; Firat, U.; Ozmen, M.F.; Seker, U.; et al. Effects 
of sildenafil citrate, isoniazid, and streptomycin on testicular tissue and epididymal semen quality in rats. Urology 2012, 80, 
953.e9–953.14. https://doi.org/10.1016/j.urology.2012.05.016. 

71. Farombi, E.O.; Ugwuezunmba, M.C.; Ezenwadu, T.T.; Oyeyemi, M.O.; Ekor, M. Tetracycline-induced reproductive toxicity in 
male rats: Effects of vitamin C and N-acetylcysteine. Exp. Toxicol. Pathol. 2008, 60, 77–85. https://doi.org/10.1016/j.etp.2008.02.002. 

72. Maita, K.; Kuwahara, M.; Kosaka, T.; Inui, K.; Sugimoto, K.; Kashimoto, Y.; Takahashi, N.; Harada, T. The effect of testosterone 
propionate supplement on testicular toxicity with thiamphenicol in male Sprague-Dawley rats. J. Toxicol. Sci. 2004, 29, 187–193. 
https://doi.org/10.2131/jts.29.187. 

73. Luo, M.; Su, T.; Wang, S.; Chen, J.; Lin, T.; Cheng, Q.; Chen, Y.; Gong, M.; Yang, H.; Li, F.; et al. Proteomic Landscape of Human 
Spermatozoa: Optimized Extraction Method and Application. Cells 2022, 11, 4064. https://doi.org/10.3390/cells11244064. 

74. King, K.; Chan, P.J.; Patton, W.C.; King, A. Antibiotics: Effect on cryopreserved-thawed human sperm motility in vitro. Fertil. 
Steril. 1997, 67, 1146–1151. https://doi.org/10.1016/s0015-0282(97)81453-7. 

75. Mujeeb, M.A.; Pardeshi, M.L. Pharmacokinetics of cefpodoxime proxetil with special reference to biochemical parameters, tis-
sue residue, and spermatozoa motility in rats. Indian J. Med. Sci. 2011, 65, 43–49. 

76. Tahri, A.; Ksouda, K.; Kallel, R.; Daoud, S.; Boudawara, T.; Zeghal, K.M.; Sahnoun, Z. A carbapenem antibiotic imipenem/cilas-
tatin induces an oxidative stress-status and gonadotoxic effects in «wistar» rats. BiomedPharmacother 2017, 95, 308–316. 
https://doi.org/10.1016/j.biopha.2017.08.039. 

77. Omairi, S.; Alyodawi, K.; Al Qaisi, T. Histological Changes in Ovary Treated with Dexamethasone and Cefotaxime Sodium. 
Arch. Razi Inst. 2022, 77, 999–1005. https://doi.org/10.22092/ARI.2022.357511.2050. 

78. Cherif, B.; Triki, H.; Sahnoun, S.; Hamden, K.; Sallemi, A.; Charfi, S.; Lassoued, S. Imipenem toxicity in male reproductive organs 
as a result of inflammatory microenvironment and oxidative stress in germinal cells. Toxicology 2019, 416, 44–53. 
https://doi.org/10.1016/j.tox.2019.02.001. 

79. Mariën, D.; Bailey, G.P.; Eichenbaum, G.; De Jonghe, S. Timing is everything for sperm assessment in fertility studies. Reprod. 
Toxicol. 2016, 64, 141–150. https://doi.org/10.1016/j.reprotox.2016.05.001. 

80. Drobnis, E.Z.; Nangia, A.K. Antimicrobials and Male Reproduction. Adv. Exp. Med. Biol. 2017, 1034, 131–161. 
https://doi.org/10.1007/978-3-319-69535-8_10. 

81. Baker, H.W.; Straffon, W.G.; McGowan, M.P.; Burger, H.G.; de Kretser, D.M.; Hudson, B. Controlled trial of the use of erythro-
mycin for men with asthenospermia. Int. J. Androl. 1984, 7, 383–388. https://doi.org/10.1111/j.1365-2605.1984.tb00795.x. 

82. Millsop, J.W.; Heller, M.; Eliason, M.J.; Murase, J.E. Dermatological medication effects on male fertility. Dermatol. Ther. 2013, 26, 
337–346. https://doi.org/10.1111/dth.12069. 

83. Ji, Y.; Wang, Y.; Liu, Y.; Liu, Y.; Qin, J.; Yuan, D.; Liu, Q. Responses in organs, sperm, steroid hormones and CYP450 enzyme in 
male mice treated by quinestrol only or in conjunction with clarithromycin. Sci. Rep. 2024, 14, 27366. 
https://doi.org/10.1038/s41598-024-78752-1. 

84. Lee, J.; Beers, J.L.; Geffert, R.M.; Jackson, K.D. A review of CYP-mediated drug interactions: Mechanisms and in vitro drug-
drug interaction assessment. Biomolecules 2024, 14, 99. https://doi.org/10.3390/biom14010099. 

85. Alshehri, F.S. Resveratrol Ameliorates Vancomycin-Induced Testicular Dysfunction in Male Rats. Medicina 2023, 59, 486. 
https://doi.org/10.3390/medicina59030486. 

86. McClain, R.M.; Downing, J.C.; Edgcomb, J.E. Effect of metronidazole on fertility and testicular function in male rats. Fundam. 
Appl. Toxicol. 1989, 12, 386–396. https://doi.org/10.1016/0272-0590(89)90014-6. 

87. Karbalay-Doust, S.; Noorafshan, A. Ameliorative effects of curcumin on the spermatozoon tail length, count, motility and tes-
tosterone serum level in metronidazole-treated mice. Prague Med. Rep. 2011, 112, 288–297. 

88. Kumari, M.; Singh, P. Study on The Reproductive Organs and Fertility of The Male Mice following Administration of Metroni-
dazole. Int. J. Fertil. Steril. 2013, 7, 225–238. 



Reprod. Med. 2026, 7, 36 22 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

89. Alvarez, A.I.; Pérez, M.; Prieto, J.G.; Molina, A.J.; Real, R.; Merino, G. Fluoroquinolone efflux mediated by ABC transporters. J. 
Pharm. Sci. 2008, 97, 3483–3493. https://doi.org/10.1002/jps.21233. 

90. Badal, S.; Yeng, F.; Her, Y.F.; Maher, L.J., 3rd. Nonantibiotic Effects of Fluoroquinolones in Mammalian Cells. J. Biol. Chem. 2015, 
290, 22287–22297. https://doi.org/10.1074/jbc.M115.671222. 

91. Tsai, W.C.; Yang, Y.M. Fluoroquinolone-associated tendinopathy. Fluoroquinolone-associated Tendinopathy. Chang Gung Med. 
J. 2011, 34, 461–467. 

92. Tsai, T.H.; Chen, W.L.; Hu, F.R. Comparison of fluoroquinolones: Cytotoxicity on human corneal epithelial cells. Eye 2010, 24, 
909–917. https://doi.org/10.1038/eye.2009.179. 

93. Waetzig, V.; Riffert, J.; Cordt, J.; Reinecke, K.; Haeusgen, W.; Boehm, R.; Cascorbi, I.; Herdegen, T. Neurodegenerative effects of 
azithromycin in differentiated PC12 cells. Eur. J. Pharmacol. 2017, 809, 1–12. https://doi.org/10.1016/j.ejphar.2017.05.002. 

94. Rao, A.; Nayak, G.; Ananda, H.; Kumari, S.; Dutta, R.; Kalthur, S.G.; Mutalik, S.; Thomas, S.A.; Pasricha, R.; Raghu, S.V.; et al. 
Anti-tuberculosis drugs used in a directly observed treatment short course (DOTS) schedule alter endocrine patterns and reduce 
the ovarian reserve and oocyte quality in the mouse. Reprod. Fertil. Dev. 2022, 34, 1059–1077. https://doi.org/10.1071/RD22108. 

95. Singh, R.P.; Sastry, K.V.; Dubey, P.K.; Agrawal, R.; Singh, R.; Pandey, N.K.; Jag Mohan, J. Norfloxacin drug induces reproductive 
toxicity and alters androgen receptor gene expression in testes and cloacal gland of male Japanese quail (Coturnix japonica). 
Environ. Toxicol. Chem. 2013, 32, 2134–2138. https://doi.org/10.1002/etc.2291. 

96. Adedara, I.A.; Awogbindin, I.O.; Mohammed, K.A.; Da-Silva, O.F.; Farombi, E.O. Abatement of the dysfunctional hypotha-
lamic-pituitary-gonadal axis due to ciprofloxacin administration by selenium in male rats. J. Biochem. Mol. Toxicol. 2021, 35, 
e22741. https://doi.org/10.1002/jbt.22741. 

97. Liu, H.; Wan, G.; Luo, P.; Huang, J.; Wu, J.; Nie, Z.; Ruan, J. Short-term exposure of enrofloxacin inhibits synthesis of central 
estradiol through secretoneurin a/aromatase B (cyp19a1b) pathway in crucian carp. Comp. Biochem. Physiol. C Toxicol. Pharmacol. 
2025, 289, 110112. https://doi.org/10.1016/j.cbpc.2024.110112. 

98. Lazorwitz, A.; Sheeder, J.; Teal, S. The effect of rifampin on serum etonogestrel concentrations and biomarkers of ovulation 
among contraceptive implant users: A pharmacokinetic and pharmacodynamic study. Contraception 2023, 123, 110035. 
https://doi.org/10.1016/j.contraception.2023.110035. 

99. Ligha, A.E.; Bokolo, B.; Didia, B.C. Antifertility potentials of metronidazole in male Wistar rats. Pak. J. Biol. Sci. 2012, 15, 224–
230. https://doi.org/10.3923/pjbs.2012.224.230. 

100. Grover, J.K.; Vats, V.; Srinivas, M. Effect of metronidazole on spermatogenesis and FSH, LH and testosterone levels of pre-
pubertal rats. Indian J. Exp. Biol. 2001, 39, 1160–1162. 

101. Escobar-Huerfano, F.; Gómez-Oliván, L.M.; Luja-Mondragón, M.; SanJuan-Reyes, N.; Islas-Flores, H.; Hernández-Navarro, 
M.D. Embryotoxic and teratogenic profile of tetracycline at environmentally relevant concentrations on Cyprinus carpio. Chem-
osphere 2020, 240, 124969. https://doi.org/10.1016/j.chemosphere.2019.124969. 

102. Csányi, A.; Hajagos-Tóth, J.; Kothencz, A.; Gaspar, R.; Eszter Ducza, E. Effects of different antibiotics on the uterine contraction 
and the expression of aquaporin 5 in term pregnant rat. Reprod. Toxicol. 2018, 81, 64–70. https://doi.org/10.1016/j.repro-
tox.2018.07.082. 

103. Piccinno, M.; Rizzo, A.; Cariello, G.; Staffieri, F.; Sciorsci, R.L. Oxytocin plus antibiotics: A synergism of potentiation to enhance 
bovine uterine contractility. Theriogenology 2016, 86, 1203–1211. https://doi.org/10.1016/j.theriogenology.2016.04.011. 

104. Mikkelsen, E.M.; Ulrichsen, S.P.; Johannesen, B.R.; Laursen, A.S.D.; Wise, L.A.; Hatch, E.E.; Rothman, K.J.; Wesselink, A.K.; 
Crowe, H.; Sørensen, H.T. Preconception use of antibiotics and fecundability: A Danish prospective cohort study. Preconception 
use of antibiotics and fecundability: A Danish prospective cohort study. Fertil. Steril. 2023, 120, 650–659. 
https://doi.org/10.1016/j.fertnstert.2023.04.030. 

105. Crowe, H.M.; Wesselink, A.K.; Wise, L.A.; Wang, T.R.; Horsburgh, C.R.; Mikkelsen, E.M.; Hatch, E.E. Antibiotics and fecunda-
bility among female pregnancy planners: A prospective cohort study. Hum. Reprod. 2021, 36, 2761–2768. 
https://doi.org/10.1093/humrep/deab173. 

106. Levi-Setti, P.E. Antibiotics use in infertile couples and during ART procedures: A review. World Reprod. Med. Genet. Stem Cell 
Biol. 2016, 04, e120. 

107. Moreno, I.; Simon, C. Deciphering the effect of reproductive tract microbiota on human reproduction. Reprod. Med. Biol. 2019, 
18, 40–50. https://doi.org/10.1002/rmb2.12249. 

108. Liu, W.J.; Huang, J.; Sun, L.; Huang, L.; Zhang, Q.Y.; Nong, Y.Q.; Wei, J.H.; Wu, K.H.; Liu, F.H. New biopsy after antibiotic 
treatment: Effect on outcomes of assisted reproduction in patients with infertility and chronic endometritis. Reprod. BioMed. 
2022, 45, 1167–1175. https://doi.org/10.1016/j.rbmo.2022.07.020. 



Reprod. Med. 2026, 7, 36 23 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

109. Tímermans, A.; Vázquez, R.; Otero, F.; Gosálvez, J.; Johnston, S.; Fernández, J.L. Antibiotic toxicity on human spermatozoa 
assessed using the sperm DNA fragmentation dynamic assay. Andrologia 2022, 54, e14328. https://doi.org/10.1111/and.14328. 

110. Cannarella, R.; Gül, M.; Rambhatla, A.; Agarwal, A. Temporal decline of sperm concentration: Role of endocrine disruptors. 
Endocrine 2023, 79, 1–16. https://doi.org/10.1007/s12020-022-03136-2. 

111. Song, S.H.; Lim, J.J.; Bang, J.K.; Cha, S.K.; Lee, D.R.; Kim, Y.S.; Ahn, T.Y.; Yoon, T.K. Evaluation of sperm deoxyribonucleic acid 
(DNA) damage and effects on embryo development using a mouse cryptorchidism model. Urology 2013, 82, 743.e17–743.e23. 
https://doi.org/10.1016/j.urology.2013.05.015. 

112. Mohammedi, L.; Messai, A.; Touazi, L.; Iguer-Ouada, M. In vitro and in vivo effect of oxytetracycline on sperm parameters in 
breeding rooster. Cryo Lett. 2023, 44, 291–298. 

113. Zobeiri, F.; Sadrkhanlou, R.A.; Salami, S.; Mardani, K.; Ahmadi, A. The effect of ciprofloxacin on sperm DNA damage, fertility 
potential and early embryonic development in NMRI mice. Vet. Res. Forum 2012, 3, 131–135. 

114. Cantarutti, A.; Rea, F.; Franchi, M.; Beccalli, B.; Locatelli, A.; Corrao, G. Use of Antibiotic Treatment in Pregnancy and the Risk 
of Several Neonatal Outcomes: A Population-Based Study. Int. J. Environ. Res. Public Health 2021, 18, 12621. 
https://doi.org/10.3390/ijerph182312621. 

115. Jefferson, K.K. The bacterial etiology of preterm birth. Adv. Appl. Microbiol. 2012, 80, 1–22. https://doi.org/10.1016/B978-0-12-
394381-1.00001-5. 

116. Oliver, R.S.; Lamont, R.F. Infection and antibiotics in the aetiology, prediction and prevention of preterm birth. J. Obstet. Gynae-
col. 2013, 33, 768–775. https://doi.org/10.3109/01443615.2013.842963. 

117. Bar-Oz, B.; Moretti, M.E.; Boskovic, R.; O�Brien, L.; Koren, G. The safety of quinolones--a meta-analysis of pregnancy outcomes. 
Eur. J. Obstet. Gynecol. Reprod. Biol. 2009, 143, 75–78. https://doi.org/10.1016/j.ejogrb.2008.12.007. 

118. Wogelius, P.; Nørgaard, M.; Gislum, M.; Pedersen, L.; Schønheyder, H.C.; Sørensen, H.T. Further analysis of the risk of adverse 
birth outcome after maternal use of fluoroquinolones. Int. J. Antimicrob. Agents 2005, 26, 323–326. 
https://doi.org/10.1016/j.ijantimicag.2005.06.017. 

119. Rosas-Ramírez, J.R.; Orozco-Hernández, J.M.; Elizalde-Velázquez, G.A.; Demetrio Raldúa, D.; Islas-Flores, H.; Gómez-Oliván, 
L.M. Teratogenic effects induced by paracetamol, ciprofloxacin, and their mixture on Danio rerio embryos: Oxidative stress 
implications. Sci. Total Environ. 2022, 806, 150541. https://doi.org/10.1016/j.scitotenv.2021.150541. 

120. Bookstaver, P.B.; Bland, C.; Griffin, B.; Stover, K.R.; Eiland, L.S.; McLaughlin, M. Review of Antibiotic Use in Pregnancy. Phar-
macotherapy 2015, 35, 1052–1062. https://doi.org/10.1002/phar.1649. 

121. Omranipoor, A.; Kashanian, M.; Dehghani, M.; Sadeghi, M.; Baradaran, H.R. Association of antibiotics therapy during preg-
nancy with spontaneous miscarriage: A systematic review and meta-analysis. Arch. Gynecol. Obstet. 2020, 302, 5–22. 
https://doi.org/10.1007/s00404-020-05569-4. 

122. Crowe, H.M.; Hatch, E.E.; Wang, T.R.; Horsburgh, C.R.; Mikkelsen, E.M.; Kuohung, W.; Wise, L.A.; Wesselink, A.K. Pericon-
ceptional antibiotic use and spontaneous abortion: A prospective cohort study. Paediatr. Perinat. Epidemiol. 2023, 37, 179–187. 
https://doi.org/10.1111/ppe.12931. 

123. Andersen, J.T.; Petersen, M.; Jimenez-Solem, E.; Broedbaek, K.; Andersen, E.W.; Andersen, N.L.; Afzal, S.; Torp-Pedersen, C.; 
Keiding, N.; Poulsen, H.E. Trimethoprim use in early pregnancy and the risk of miscarriage: A register-based nationwide cohort 
study. Epidemiol. Infect. 2013, 141, 1749–1755. https://doi.org/10.1017/S0950268812002178. 

124. Li, P.; Qin, X.; Tao, F.; Huang, K. Maternal exposure to sulfonamides and adverse pregnancy outcomes: A systematic review 
and meta-analysis. PLoS ONE 2020, 15, e0242523. https://doi.org/10.1371/journal.pone.0242523. 

125. Yang, J.; Xie, R.H.; Krewski, D.; Wang, Y.J.; Walker, M.S.W.; Wen, S.W. Exposure to trimethoprim/sulfamethoxazole but not 
other FDA category C and D anti-infectives is associated with increased risks of preterm birth and low birth weight. Int. J. Infect. 
Dis. 2011, 15, e336–e341. https://doi.org/10.1016/j.ijid.2011.01.007. 

126. Muanda, F.T.; Sheehy, O.; Bérard, A. Use of trimethoprim–sulfamethoxazole during pregnancy and risk of spontaneous abor-
tion: A nested case control study. Br. J. Clin. Pharmacol. 2018, 84, 1198–1205. https://doi.org/10.1111/bcp.13542. 

127. Andersen, J.T.; Petersen, M.; Jimenez-Solem, E.; Broedbaek, K.; Andersen, N.L.; Torp-Pedersen, C.; Keiding, N.; Poulsen, H.E. 
Clarithromycin in early pregnancy and the risk of miscarriage and malformation: A register based nationwide cohort study. 
PLoS ONE 2013, 8, e53327. https://doi.org/10.1371/journal.pone.0053327. 

 



Reprod. Med. 2026, 7, 36 24 of 24 
 

https://doi.org/10.3390/reprodmed7030036 

128. Schwartz, D.J.; Langdon, A.E.; Dantas, G. Understanding the impact of antibiotic perturbation on the human microbiome. Ge-
nome Med. 2020, 12, 82. 

129. Roberts, A.G.; Younge, N.; Greenberg, R.G. Neonatal Necrotizing Enterocolitis: An Update on Pathophysiology, Treatment, 
and Prevention. Paediatr. Drugs 2024, 26, 259–275. https://doi.org/10.1007/s40272-024-00626-w. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


