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Purpose: Antimicrobial agents are frequently prescribed during pregnancy. This study aims to explore the association between
antimicrobial exposure and pregnancy outcomes.

Patients and Methods: A multi-center retrospective cohort study of pregnant patients (n=370) was conducted in 22 tertiary hospitals
in China. Adverse pregnancy outcomes and admission of neonate to neonatal intensive care unit (NICU) were considered as outcomes.
The effect of antimicrobial exposure on pregnancy outcomes was assessed using a multivariate logistic regression model.

Results: Use of first-generation cephalosporins during pregnancy was associated with a significantly higher risk of adverse pregnancy
outcomes (odds ratio [OR]: 3.64 [95% confidence interval, CI: 1.43-9.24], P=0.007) and admission of neonate to the NICU (OR:
3.41, 95% CI: 1.37-8.53, P=0.009) compared with use of third-generation cephalosporins, after adjusting for gestational age of
exposure to antimicrobial agents, cesarean section, and antimicrobial dose. Similarly, a higher risk of adverse pregnancy outcomes
(OR: 14.76, 95% CI: 4.43-49.11) and neonatal NICU admission (OR: 11.74, 95% CI: 3.59-38.35) were observed among women with
first-generation cephalosporins use compared with mothers with no antimicrobial use.

Conclusion: Both first- and third-generation cephalosporins use was associated with an increased risk of adverse pregnancy and
neonatal outcomes. In addition, first-generation cephalosporins were associated with an increased risk of those pregnant and neonatal
outcomes, when compared with third-generation cephalosporins. We should require to determine the indications and contraindications
for use of cephalosporins during pregnancy.
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Introduction

Infectious diseases commonly occur during pregnancy, due to changes in the maternal internal environment and
weakened immune functions. Infection induces the production of numerous inflammatory cytokines.' Most maternal
pathogens may transmit to the progeny through the placenta, birth canal, or even during postpartum breastfeeding, and
the immune response triggered by these cytokines can adversely affect fetal development. Therefore, infection is one of
the main causes of first-trimester abortion,” premature delivery,® premature rupture of membranes,* and neonatal
complications® in the second and third trimesters.

Appropriate selection of the antimicrobial regime for treatment of infection during pregnancy is a key imperative to
reduce adverse pregnancy outcomes. However, due to ethical constraints, it is difficult to prospectively assess the risks
and benefits of different antimicrobials in infectious diseases during pregnancy. In previous study, antimicrobial therapy
can prolong pregnancy and reduce neonatal morbidity in women with preterm premature rupture of membranes

(PPROM) at a gestation of 34 weeks or less.” However, due to the altered pharmacokinetics affecting the absorption

Infection and Drug Resistance 2023:16 2441-2451 2441\
Received: 18 October 2022 © 2023 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 27 January 2023
Published: 25 April 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-3100-1842
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Li et al Dove

and excretion of drugs, the use of antimicrobials during pregnancy is still controversial.” There is inconsistent evidence
regarding the association between gestational antimicrobial use and the risk of pregnancy outcomes. According to
a meta-analysis of data from 61 studies, use of macrolides and clindamycin in women with a higher risk of preterm birth
may lower the incidence of preterm birth, while metronidazole may increase the preterm birth rate when used alone in
the second trimester.® Accordingly, a large number of studies focused on exposure to a single antimicrobial or

a combination of antimicrobials;’'?

there is a paucity of studies that have compared the outcomes between different
antimicrobial agents. In addition, in most studies, only a few confounders were considered, such as the timing of use, the
use of broad or narrow-spectrum antibiotics, and the dose.'*'> Moreover, this subject has rarely been investigated in the
Chinese population. Therefore, we performed a multicenter retrospective cohort study to compare the effect of exposure
to different antimicrobial agents on the pregnancy outcomes in Chinese pregnant women with infectious diseases, after

adjusting for confounders related to the obstetric history and antimicrobial use.

Materials and Methods

Data Source
A multi-center study was conducted in 22 tertiary hospitals in China (6 general hospitals and 16 maternity hospitals)
(Supplementary Table 1). Data pertaining to the following variables were collected from the medical record system:

demographic information, obstetric history, gestational age (GA) of exposure to antimicrobial agents, GA at delivery,
information about infectious disease, pathogenic bacteria, onset time, treatment time, course and dose of antimicrobial
used, treatment outcomes, and the condition of neonate, birth weight, and Apgar score. This research was approved by
the Ethics Committee of Department of Obstetrics and Gynecology affiliated to Fudan University (2020-131). All data
are available at the ResMan Manager of Chinese Clinical Trial Registry (Registration number: ChiCTR2100044398).
Informed consents were obtained.

Study Population

This was a retrospective cohort study based on the above database. Antimicrobial use was considered as exposure, and
pregnant patients were followed-up until delivery. The endpoint event was maternal and neonatal health condition and
development of adverse pregnancy outcomes or neonatal intensive care unit (NICU) admission. The study included
patients treated between January 1, 2009, and December 31, 2020. Inclusion criteria: (1) maternal age >20 years; (2) GA
at the time of hospital admission with infectious disease: <37 weeks; (3) admitted to hospital due to an infectious disease
diagnosed according to the Chinese version of International Classification of Diseases-Tenth Revision.'® The exclusion
criterion was exposure to antitumor drugs, incomplete records, and puerperal infections. Finally, a total of 370 pregnant
women were included in this study. The flow chart of the study population is shown in Figure 1.

Measurements

Exposure variables: Antimicrobial agents were classified according to Anatomic Therapeutic Chemical (ATC) classifica-
tion system.'” The control group consisted of all those who did not redeem any prescriptions. Those who received at least
one prescription were defined as exposure group. See Supplementary Table 2 for the specific types and names of

antimicrobial agents.

Outcome variables: There were two outcome variables of interest. First, the pregnancy outcome was coded as healthy
or adverse [including premature birth (ICD-10:060); abortion (ICD-10:004); and undefined fetal death (ICD-10: P95)].
Second, admission of infant to the NICU, which is typically due to any of the following conditions: birth trauma,
hypoxia/asphyxia, shock/resuscitation, infection/sepsis, respiratory complications, premature birth, low birth weight.'®

Covariates: Based on previous literature on antimicrobial use in pregnancy,'® the covariates examined in this study
covered the following three domains: demographic characteristics, obstetric history, and factors related to antimicrobial
use. Demographic characteristics included maternal age (20-, 35-, 45-), GA of maternal exposure to antimicrobial agents
(first trimester: 1-13 weeks, second trimester: 13—27 weeks, third trimester: >27 weeks), and complications. Obstetric
history included history of pregnancies, birth, and abortions, delivery type (normal childbirth, cesarean section, or
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Maternal infections
N=6549(January 1, 2009, and December 31, 2020)

Exclusion:

-Maternal age < 20 (N=168)

-Gestational age at admission > 37(N=3269)
-Puerperium infections (N =2137)

Infectious diseases
referring to ICD-10
N=975

Exclusion:

-Incomplete record:Neonatal (N=391),
maternal (N=178)

-Use of antitumor drugs(N=36)

Included in analysis of pregnant women(N=370)

Figure | Flow chart of the study population.

obstetric forceps). Antimicrobial use-related factors included drug administration route, drug dose (defined daily dose,
DDD, higher value represents higher tendency of clinical use), whether single antimicrobial or combination used, and the
spectrum of activity of the antibiotic. Based on previous research, second- and third-generation cephalosporins, macro-
lides, penicillins, and streptomycin were considered as broad-spectrum antibiotics, and the first-generation cephalospor-
ins and other antibiotics such as B-lactamase sensitive penicillins were considered as narrow-spectrum antibiotics.

Statistical Analysis
First, chi-square test or Fisher's exact test was used to compare the baseline characteristics between pregnant women with
healthy and adverse pregnancy and neonatal outcomes. Second, univariate logistic regression was applied to explore the
association between covariates and the two outcome variables. Variables that showed a significant (P < 0.05) association
on univariate analysis were included in multivariate logistic regression analysis. Third, the effect of antimicrobial use on
the two outcomes of interest was estimated using multivariate logistic regression. Moreover, third-generation cephalos-
porins were used as a reference to test the above relationship again.

SPSS 25.0 software was used to establish the database and to perform data analysis. For all statistical tests, two-sided
P values <0.05 were considered indicative of statistical significance.

Results

Baseline Characteristics

This multi-center retrospective cohort study included 370 pregnant women treated at 22 hospitals, which represents the
widest coverage by any study on this subject in China. The study population showed a wide geographical distribution
across the country (Figure 2). The highest number of cases belonged to the eastern region (99 and 30 cases treated at
specialized hospitals and general hospitals, respectively), while the western region accounted for the lowest number of
cases (16 treated at specialized hospitals).

As shown in Table 1 and Table 2, 37 patients with upper respiratory tract bacterial infection or gastritis did not receive
antimicrobial treatment due to mild symptoms; 54.05% of these patients experienced adverse pregnancy outcomes and
51.35% neonates required NICU admission. Among the 333 pregnant women who used antimicrobial agents, 60.06%
experienced adverse outcomes and 60.36% of neonates required NICU admission. Maternal age, GA of exposure to
antimicrobial agents, number of pregnancies and abortions, delivery type, complications, single/combined drug use, drug
dose, the spectrum of antibiotic, and its type were all significantly different between patients with healthy and adverse
pregnancy outcomes. Similar results were observed concerning neonatal outcomes. A total of 333 patients (90%) have used
at least one antimicrobial; among these, 269 (72.7%) have used only one kind of antimicrobial. The most commonly used

antimicrobial agents were third-generation cephalosporins (26.76%) followed by first-generation cephalosporins (15.68%).
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Figure 2 Distribution of included cases. (A) The distribution of hospitals. (B) The distribution of included pregnant women.

Antimicrobial Use in Infectious Disease
Pathogenic microorganisms were identified in only approximately one-third of cases; the gram-negative bacteria included

Escherichia coli and Pseudomonas aeruginosa; and gram-positive bacteria included group B streptococcus and
Staphylococcus aureus. Mycoplasma with urealyticum and Candida albicans were the main fungi. The majority of

cases received empirical antimicrobial therapy prior to the detection of the causative organism.

Table | Baseline Characteristics Stratified by Pregnancy and Neonatal Outcomes

Pregnancy Outcome Neonatal Outcome
Healthy Adverse P-value Healthy NICU Admission P-value
(n=150) (n=220) (n=150) (n=220)
Age 0.025 0.118
20- 108 (72.00%) 128 (58.18%) 105 (70.00%) 131 (59.55%)
35- 39 (26.00%) 85 (38.64%) 42 (28.00%) 82 (37.27%)
45- 3 (2.00%) 7 (3.18%) 3 (2.00%) 7 (3.18%)
Number of pregnancy 0.047 0.015
Once 64 (42.67%) 89 (40.45%) 65 (43.33%) 88 (40.00%)
Twice 48 (32.00%) 51 (23.18%) 49 (32.67%) 50 (22.73%)
More than twice 38 (25.33%) 80 (36.36%) 36 (24.00%) 82 (37.27%)
(Continued)
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Table | (Continued).

Pregnancy Outcome Neonatal Outcome
Healthy Adverse P-value Healthy NICU Admission P-value
(n=150) (n=220) (n=150) (n=220)
Number of birth 0.209 0.013
None 97 (64.67%) 144 (65.45%) 100 (66.67%) 141 (64.09%)
Once 48 (32.00%) 60 (27.27%) 46 (30.67%) 62 (28.18%)
Twice 3 (2.00%) 14 (6.36%) | (0.67%) 16 (7.27%)
Three time 2 (133%) 2 (0.91%) 3 (2.00%) 1 (0.45%)
Number of abortions 0.021 0.009
Once 91 (60.67%) 113 (51.36%) 93 (62.00%) 111 (50.45%)
Twice 37 (24.67%) 50 (22.73%) 37 (24.67%) 50 (22.73%)
Three time 17 (11.33%) 31 (14.09%) 15 (10.00%) 33 (15.00%)
More than three times 5 (3.33%) 26 (11.82%) 5(3.33%) 26 (11.82%)
GA at exposure antimicrobial agents 0.000 0.000
1-13 weeks 21 (14.00%) 7 (3.18%) 22 (14.67%) 6 (2.73%)
13-27 weeks 54 (36.00%) 44 (20.00%) 56 (37.33%) 42 (19.09%)
>27 weeks 75 (50.00%) 169 (76.82%) 72 (48.00%) 172 (78.18%)
Delivery type 0.000 0.000
Normal vaginal delivery 75 (50.00%) 44 (21.89%) 73 (51.05%) 46 (22.12%)
Cesarean section 73 (48.67%) 147 (73.13%) 68 (47.55%) 152 (73.08%)
Obstetric forceps 2 (1.30%) 10 (4.98%) 2 (1.40%) 10 (4.81)
Complications 0.004 0.034
None 79 (52.67%) 113 (51.36%) 83 (55.33%) 109 (49.55%)
Diabetes 13 (8.67%) 37 (16.82%) 15 (10.00%) 35 (15.91%)
Hypertension 4 (2.67%) 4 (1.82%) 4 (2.67%) 4 (1.82%)
Anemia 10 (6.67%) 8 (3.64%) 8 (5.33%) 10 (4.55%)
Cervical incompetence 2 (1.33%) 5(2.27%) 1 (0.67%) 6 (2.73%)
Hypothyroidism 3 (2.00%) 6 (2.73%) 2 (1.33%) 7 (3.18%)
Fibroid 1 (0.67%) 8 (3.64%) 1 (0.67%) 8 (3.64%)
Eclampsia 0 (0.00%) 4 (1.82%) 0 (0.00%) 4 (1.82%)
Other 27 (18.00%) 14 (6.36%) 24 (16.00%) 17 (7.73%)
Multiple 11 (7.33%) 21 (9.55%) 12 (8.00%) 20 (9.09%)

Table 2 Characteristics Related to Drug Use Stratified by Pregnancy and Neonatal Outcomes

Pregnancy Outcome Neonatal Outcome
Healthy Adverse P-value Healthy NICU Admission P-value

Drug delivery route 0.090 0.007

No medicine 17 (11.33%) 20 (9.09%) 18 (12.00%) 19 (8.64%)

Parenteral 109 (72.67%) 181 (82.27%) 105 (70.00%) 185 (84.09%)

Oral 3 (2.00%) 2 (0.91%) 4 (2.67%) 1 (0.45%)

Vaginal 18 (12.00%) 11 (5.00%) 19 (12.67%) 10 (4.55%)

Combination 3 (2.00%) 6 (2.73%) 4 (2.67%) 5(227)
Single/combined use 0.009 0.008

No medicine 17 (11.33%) 20 (9.09%) 18 (12.00%) 19 (8.64%)

Single 118 (78.67%) 151 (68.64%) 117 (78.00%) 152 (69.09%)

Combined 15 (10.00%) 49 (22.27%) 15 (10.00%) 49 (22.27%)
Drug dose (DDD) 0.000 0.000

No medicine 17 (11.33%) 20 (9.09%) 18 (12.00%) 19 (8.64%)

<4 57 (38.00%) 165 (75.00%) 61 (40.67%) 161 (73.18)

5- 40 (26.67%) 15 (6.82%) 38 (25.33%) 17 (7.73%)

10- 29 (19.33%) 17 (6.82%) 27 (18.00%) 19 (8.64)

>20 7 (4.67%) 3 (1.36%) 6 (4.00%) 4 (1.82%)

(Continued)
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Table 2 (Continued).

Pregnancy Outcome

Neonatal Outcome

Healthy Adverse P-value Healthy NICU Admission P-value
Narrow/Broad spectrum 0.000 0.001
No medicine 17 (11.33%) 20 (9.09%) 18 (12.00%) 19 (8.64%)
Narrow 30 (20.00%) 67 (30.45%) 32 (21.33%) 65 (8.64%)
Broad 88 (58.67%) 84 (38.18%) 84 (56.00%) 85 (38.63)
Combined 15 (10.00%) 49 (22.27%) 16 (10.67%) 51 (23.18%)
Antimicrobial classification 0.000 0.000
No medicine 17 (11.33%) 20 (9.09%) 18 (12.00%) 19 (8.64%)
First-generation cephalosporins 11 (7.33%) 47 (21.36%) 14 (9.33%) 44 (20.00%)
Second-generation cephalosporins 20 (13.33%) 15 (6.82%) 20 (13.33%) 15 (6.82%)
Third-generation cephalosporins 52 (34.67%) 47 (21.36%) 50 (33.33%) 49 (6.82%)
Antifungals 15 (10.00%) 6 (2.73) 15 (10.00%) 6 (2.73%)
Macrolides 6 (4.00%) 11 (5.00%) 6 (4.00%) I'l (5.00%)
Nitroimidazoles 3 (2.00%) 13 (5.91%) 3 (2.00%) 13 (5.91%)
Penicillins 9 (6.00%) 6 (2.73%) 8 (5.33%) 7 (3.18%)
Other 2 (1.33%) 6 (2.73%) 0 (0.00%) 5 (2.27%)
Combined 15 (10.00%) 49 (22.27%) 16 (10.67%) 51 (23.18%)

Abbreviation: DDD, defined daily dose.

A total of 19 infectious diseases were found in 370 patients. Specific diseases, diagnoses, and the number of

cases are listed in Supplementary Table 3. The top three disease diagnoses were urethritis (N71), vaginitis or

vulvitis (N76), and acute upper respiratory infection (J06). More than half of all cases with cystitis, acute nephritic

syndrome, acute appendicitis, gastritis and duodenitis, or acute bronchitis received third-generation cephalospor-

ins; other commonly used drugs were second-generation cephalosporins followed by penicillins. For infection of

the reproductive system, such as vaginitis or vulvitis, cervicitis, and urethritis, a lower proportion of cases were

treated with third-generation cephalosporins, while a greater proportion was treated with second-generation

cephalosporins and antifungal agents. The use of antimicrobial for different diseases is illustrated in Figure 3.
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Univariate Regression

The results of univariate logistic regression are shown in Table 3. The same set of variables showed a significant
association for both pregnancy and neonatal outcomes. Maternal age, GA of exposure to antimicrobial agents, number of
abortions, delivery type, single or combined use, dose, first-generation cephalosporins, and combined use were all
significantly associated with pregnancy and neonatal outcomes (P < 0.05). Since whether or not combined use was
included in the antimicrobial classification, this variable was not included in the subsequent multivariate regression.

Multivariate Regression
Furthermore, a multivariate regression model was used to explore the differences in outcomes after adjusting for maternal
age, GA of exposure to antimicrobial agents, number of abortions, delivery type, and drug dose. When compared with no
antimicrobial use (Table 4), use of antimicrobial combination was a risk factor for adverse pregnancy outcome [odds ratio
(OR): 18.94, 95% CI: 5.24-68.38], followed by use of first-generation cephalosporins (OR: 14.76, 95% CI: 4.43-49.12),
as well as third-generation cephalosporins (OR: 4.033, 95% CI: 1.424-11.424), Moreover, GA of exposure to anti-
microbial agents near delivery was associated with an increased risk of adverse pregnancy outcomes. Compared with
normal vaginal delivery, cesarean section was associated with an increased risk of adverse pregnancy outcomes.
Concerning neonatal outcome, in addition to GA of exposure to antimicrobial agents, delivery type, antimicrobial
dose, and the number of previous abortions were significant risk factors for NICU admission.

On the other hand, somewhat different results were obtained when using those exposed to third-generation cepha-
losporins (most commonly used) as a reference in multivariate regression (Table 5). Use of first-generation

Table 3 Results of Univariate Logistic Regression Showing Factors Associated with Pregnancy Outcome and NICU Admission

Variables Pregnancy Outcome NICU Admission
OR P value 95% ClI OR P value 95% CI
Age 1.712 0.0094 1.141-2.567 1.509 0.043° 1.013-2.248
Number of pregnancy 1.202 0.142 0.940-1.537 1.260 0.066 0.958-1.613
Number of birth 1.071 0.684 0.770-1.491 1.168 0.364 0.836—1.632
Number of abortions 1.380 0.0054 1.099-1.932 1.458 0.0014 1.157-1.837
GA at exposure 2.675 <0.001* 1.871-3.825 3.068 <0.001* 2.123-4.434
Complication 0.967 0.287 0.910-1.028 0.994 0.855 0.935-1.058
Delivery type (normal—ref)
Cesarean section 3.432 <0.001* 2.154-5.471 3.547 <0.001* 2.224-5.658
Obstetric forceps 8.523 0.0074 1.785-40.686 7.935 0.0094 1.663-37.850
Drug delivery route
Parenteral 1.411 0.327 0.709-2.811 1.669 0.144 0.839-3.320
Oral 0.567 0.558 0.085-3.798 0.237 0.216 0.024-2.325
Vaginal 0.519 0.195 0.193-1.398 0.499 0.173 0.183-1.357
Combined 1.700 0.496 0.368-7.845 1.184 0.821 0.274-5.121
Single/combined use 1.745 0.0094 1.150-2.649 1.827 0.0054 1.201-2.779
Drug dose (DDD) 0.537 <0.001* 0.420-0.685 0.623 <0.001* 0.493-0.788
Narrow/Broad spectrum 1.049 0.767 0.9763-1.443 1.110 0.524 0.806—1.528
Antimicrobial classification (None-ref)
First-generation cephalosporins 3.632 0.0064 1.445-9.126 2977 0.015° 1.233-7.190
Second-generation cephalosporins 0.638 0.343 0.251-1.617 0.711 0.471 0.281-1.800
Third-generation cephalosporins 0.768 0.495 0.36-1.638 0.928 0.847 0.436-1.976
Antimycotics 0.340 0.065 0.108-1.070 0.379 0.097 0.121-1.191
Macrolides 1.558 0.464 0.476-5.104 1.737 0.36l 0.531-5.683
Nitroimidazoles 3.683 0.070 0.897-15.118 4.105 0.050 1.001-16.836
Penicillins 0.567 0.361 0.168-1.917 0.829 0.760 0.249-2.757
Combined 2.947 0.014° 1.241-6.997 3.020 0.011° 1.284-7.100

Notes: *P<0.05; 4P<0.01; *P<0.001.
Abbreviation: DDD, defined daily dose.
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Table 4 Results of Multivariate Logistic Regression Showing the Effect of Antimicrobial Use on the Pregnancy and Neonatal
Outcome (Non-Exposure as Reference)

Variables Pregnancy Outcome NICU Admission
OR P value 95% CI OR P value 95% ClI
Age 1.319 0.318 0.766-2.271 1.156 0.597 0.676—-1.977
Number of abortions 1.337 0.064 0.983-1.817 1.361 0.047° 1.004-1.844
GA at exposure 3.029 <0.000* 1.841-4.982 2.994 <0.000* 1.847—4.855
Drug dosage (DDD) 0.392 <0.000* 0.268-0.575 0.459 <0.000* 0.316-0.666
Delivery type (normal—ref)
Cesarean section 2.847 <0.000* 1.610-5.036 2.994 <0.000* 1.704-5.260
Obstetric forceps 3.180 0.185 0.574-17.598 2.943 0.219 0.527-16.428
Drug classification (None—ref)
First-generation cephalosporins 14.758 <0.000* 4.434-49.115 11.739 <0.000* 3.593-38.351
Second-generation cephalosporins 3.175 0.068 0.919-10.967 2471 0.149 0.723-8.448
Third-generation cephalosporins 4.033 0.0094 1.424-11.424 3511 0.018° 1.244-9911
Antifungals 0.937 0.932 0.213-4.127 1.116 0.879 0.272—4.585
Macrolides 2.769 0.137 0.723-10.602 3.297 0.088 0.836—13.002
Nitroimidazoles 10.604 0.0044 2.173-51.736 8.727 0.0074 1.793-42.477
Penicillins 3.246 0.140 0.680-15.502 3.642 0.107 0.758-17.503
Combined 18.937 <0.000* 5.244-68.379 13.326 <0.000* 3.803—46.693

Notes: *P<0.05; 4P<0.01; *P<0.001.

Table 5 Results of Multivariate Logistic Regression Analysis Showing the Effect of Antimicrobial Use on Pregnancy and
Neonatal Outcomes (Third-Generation Cephalosporins as Reference)

Variables Pregnancy Outcome NICU Admission
OR P-value 95% ClI OR P-value 95% ClI

Age 1.359 0.298 0.763-2.420 1.214 0.509 0.682-2.162

Number of abortions 1.262 0.169 0.906—1.760 1.372 0.064 0.981-1.919

GA at exposure 3.340 <0.000* 1.979-5.637 3.290 <0.000* 1.976-5.479

Drug dosage(DDD) 0.393 <0.000* 0.267-0.577 0.473 <0.000* 0.326-0.687

Delivery type (normal-ref)

Cesarean section 2.942 0.0014 1.583-5.467 3.328 <0.000* 1.798-6.162
Obstetric forceps 2414 0.323 0.420-13.883 2.329 0.346 0.401-13.530
Drug classification (Third-ref)

First-generation cephalosporins 3.635 0.007° 1.431-9.235 3414 0.0094 1.366-8.529
Second-generation cephalosporins 0.739 0.557 0.269-2.030 0.551 0.249 0.200-1.517
Antifungals 0.230 0.031° 0.061-0.874 0.320 0.078 0.09-1.135
Macrolides 0.671 0.521 0.199-2.270 0.930 0.910 0.264-3.278
Nitroimidazoles 2.592 0.194 0.615-10.917 2.494 0.216 0.586—-10.611
Penicillins 0.801 0.748 0.207-3.098 1.008 0.990 0.263-3.864
Combined 4.561 0.0014 1.869-11.132 4.116 0.0024 1.702-9.956

Notes: *P<0.05; 4P<0.01; *P<0.001.

cephalosporins during pregnancy was associated with a significantly higher risk of adverse pregnancy outcomes (odds
ratio [OR]: 3.63 [95% confidence interval, CI: 1.43-9.24], P=0.007) and admission of neonate to the NICU (OR: 3.41,
95% CI: 1.37-8.53) compared with use of third-generation cephalosporins. While use of antifungal agents (OR: 0.230,
95% CI: 0.061-0.874) was associated with a lower risk of pregnancy outcomes. As for neonatal outcomes, use of first-
generation cephalosporins (OR: 3.414, 95% CI: 1.366-8.529) and use of combination antimicrobial therapy (OR: 4.116,
95% CI: 1.702-9.956) were risk factors compared with third-generation cephalosporins.
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Discussion

The morbidity and mortality burden attributable to infection during pregnancy is an ongoing concern.”’ Severe infection
during pregnancy is a major health problem across the world. Use of antimicrobial agents during pregnancy can affect the
gut flora of the newborn, which has a critical impact on the development of innate immunity. Perinatal use of
antimicrobial agents can adversely affect immune tolerance and increase the risk of allergic and autoimmune diseases
in early childhood.?!

In this retrospective cohort study, we examined the effect of antimicrobial exposure on pregnant patients and
neonates. In our cohort, cephalosporins, especially third-generation cephalosporins, were the most commonly used
antimicrobial drugs to treat infection in pregnancy. Compared with third-generation cephalosporins, use of first-
generation cephalosporins and combination of antimicrobial agents were significant risk factors for adverse pregnancy
outcomes, while use of antifungal drugs was associated with reduced risk of adverse pregnancy outcomes, even after
adjusting for age, GA of exposure to antimicrobial agents, number of abortions, delivery type, and drug dose.

In our study, parenteral ceftriaxone sodium was the most commonly used third-generation cephalosporin, while
parenteral cefazolin sodium was the most commonly used first-generation cephalosporin. Cefazolin is characterized as
a narrow spectrum antimicrobial, which is most effective against streptococcal and staphylococcal infections, and it has
a destructive effect on the bacterial cell wall. Cefazolin is used for the treatment of urological diseases, for the prevention
of postoperative infections. While ceftriaxone exhibits a broad spectrum of activity against Enterobacteriaceae and some
Gram-positive bacteria, including Streptococcus spp. and MSSA.?> And is used to treat infectious diseases of the upper
respiratory tract, lungs, kidneys, and many others. A randomized, double-blind trial showed comparable efficacy of
a single daily dose of intravenous ceftriaxone with that of multiple doses of cefazolin for the treatment of acute
pyelonephritis in pregnancy.”® This indicated the safety and benefits of use of ceftriaxone during pregnancy.

Clotrimazole tablets were the most commonly used antifungal agents in our cohort. The mechanisms of action of
antifungal drugs include targeting the synthesis of the fungal cell membrane, cell wall components, membrane perme-
ability, synthesis of nucleic acids, and the mitotic spindle function of the fungi during cell division. However, vaginal
route of administration may have less impact on matrix than parenteral route, besides, compared with other infectious
diseases, the symptoms of vaginitis were lighter, which may have biased our results.

Some limitations of our study should be acknowledged. The antimicrobial exposure rate and the OR may have been
overestimated due to the limited sample size. Moreover, our study population comprised only hospitalized pregnant
women who are more likely to be prescribed antimicrobial agents for treatment of infection. Moreover, the measurement
of drug dose (DDD) does not necessarily reflect the doses dispensed. DDD may not be a reliable measure of
antimicrobial consumption. Nonetheless, our study compared the use of different antimicrobial agents during pregnancy
and examined some crucial confounding variables, which have seldom been adjusted for in previous studies. Future

studies should include prescribed daily doses in the analysis for a more robust evaluation of antimicrobial consumption.

Conclusion

Although previous studies have demonstrated the safety of the use of cephalosporins during pregnancy, our results
indicated an association between adverse pregnancy outcomes and cephalosporins exposure, especially first-generation
cephalosporins. The use of combination antimicrobial therapy also significantly increased the risk of adverse pregnancy
outcomes. Our results underline the need for detailed guidelines for use of cephalosporins in pregnant women to

minimize avoidable risks.

Highlights

1. The retrospective cohort study showed effects of antimicrobial on pregnant women.
2. Cephalosporins were the most commonly used antimicrobial drugs during pregnancy.
3. Use of first-generation cephalosporins was risky for adverse pregnancy outcomes.
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